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;RECOMMENDATIONS OF,THE ALL-INDiA-tROPICAL MOIST EVERGREEN 
FOREST SYMPOSIUM 

rThe. All-India Tropical·Moisr Evergre~n 'Forest ~symp?s~UJ?- as· recommended· ;under 
Recommendation No. (1) of Item No.I.B.(I':'), (v) ?f. the IX Silvicultur~l Cc:mference, 195_6, 
and approved by the Government of India, Mmistry _of Food. & Agncu~ture. \Agn:) 
under their No. 21-25/59-FD dated 26th June, 1959, was held dunng March-Apnl 1960. 
The study tour included-visits to the Tropical Moist Evergreen. forests. ofMysore~ Kerala, 
Madras Andamans Assam and NEFA .. The Plenary SessiOn of the· symposmm was 
held.at 'shillong fro~ 22rtd to 24th Apri1,'1960, and the followil-?.g recommendations-were 
adopted. · 

GENERAL 
I Policy .·and Objects of Management . 

· Recommendation 1-Most of the Tropical· Moist Evergreen Fore'!;tS · 6f ·India are so 
located that their protective functions are of paramount importance. · Con::;istent with this 
primary consideration, it is necessary to step up the productivity of th€1 forests to 'the•maxi
mum -possible. extent. 

Ecological Aspects . 
Recommendation 2-As far as possible, the evergreen character of the forests· be· main-

tained in· working these forests. · · 
. Recommendation · 3_:_Evergreen ··forests of the post-tlima:x· nature, as· are· met-with in 

the States of Madras and Assam, should' be cautiously worked; because they,are: highly 
. unstable and any·drastic change may alter the forest composition .abnormally. 

·Recommendation >4-In inaccessible areas, evergreen forests .have escaped the depreda
tions of man. Suitable areas from such forests should either, be constituted as ''Nature 
Preserves' or made into 'Presewation Plots'. · 

Silviculture 
Recommendation 5-Evergreen forests which are located in the catchmeni' of impor

tant rivers,; where their primary function is of protection, should be worked under the Selec
. tion System. The exploitation diameter limit and the yield should ~ be so fixed that no 
permanent gaps are caused in the upper canopies. · 

-Evergreen forests• mainly managed for the production· of timber may preferably be 
:worked under the Irregular' Shelterwood System. In areas where the-.number. of mature 
and overmature trees is proportionately higher, the surplus· ·growing • stock of such: trees 
should be removed in the first one or twd felling cycles to faCilitate the application of the 

1 Irregular .Shelterwood System. ' 
'Reco"!mendation· 6_j'R~fining'· which -includes retnova! (cutting,or:-poison:girdling) of 

uneconomic secondary species, at least one or two years .m a~vance of the ,main felling$ , 
may be a~opted in suitable ar~as wh_ere sue~ an operation is likely to ensure adequat~ 
regeneratiOn. of valuable species, wh~ch may. be· regularly terided to ·secure• establishment. 

R~commenf!ation 7-Regeneration surveys, in·advailce -of the main fellings, -and also 
from time to tlffie subsequently, should be made a regular feature for assessing ·the 
regeneration status of the forest with a. view to applying proper silvicultural treatment.in 

.'order to· secure· adequate· natural regeneration~ The proper techniques of Regeneration 
Surveys·for evergreen forests should also ·be worked out. 

'Management . 
· Recommendation 8-Ev~rgr7en ·forests are, _as- a rule, ·inadequately .. exploited. . There

fore,. the means -of commumcat10ns should be Improved and modern methods of logging 
should be· adopted in order to enhance their economic value. 

Recommendation _9-Creation of ~om_pensatory plantations elsewhere,. in order to 
make up for the deficiency of regeneration m.worked-over and untended evergreen forests 

· cannot be deemed to be a satisfactory silvicultural p~actice. Efforts- should be .made to 
obtain:. regeneration ·on all ·worked- areas by carrymg out proper -and timely, cultural 
operat10ns. · · 
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Re~ommendation 10-J?istribut~on of species in the evergreen forests of India should 
be studied ,and correlated with the climate of the region geolomcal history biotic influences 
etc. . ' c• ' ' 

Recommendation 1_1-A thorough typological study of the evergreen forests of India 
s~ould be made to dehne~t~ well-defined types, sub-types and constituent plant communi
ties. Apart from the fionstlcs of these classes emphasis should also be placed on the 
structural make-up of the forest profile. 

Recommendation 12-Syn-ecologica1 status of the individual types and sub-types 
of the evergreen forests should be determined., 

Successional studies both in the primary and secondary evergreen forests· should be 
carried out and the dynamic tendencies of each stage should be evaluated. 

· . Recommendation 13--:Aute~ological studies on economically important species and 
theu most common assoc~ates m the evergreen forests should be carried out, with regard 
to light requirement, mOisture balance, root competition, nutrition partition, nutrition 

. uptake, etc. 

Recommendation 14-Micro-climatic studies in the evergreen forests should be start
ed. These studies should be carried out separately for each forest type and each layer 
of the forest profile, in respect of such elements as rainfall, humidity, temperature, light, 
wind; etc. · 

. The micro-climatic changes attendant upon such forestry operations as lifting of the 
canopy, lowering the canopy, refining, brushwood cutting, etc. should also be assessed. 

Recommendation 15-Soils of the evergreen forests should be· studied in detail, both. 
morphologically in the field and critically in the laboratory. Correlations with vegetation 
types may also be investigated. 

The effect of various forest operations on the properties of the soil, particularly with 
regard to laterisation, should be studied. The effect of such operations on fluctuations 
of the permanent water table should also be investigated. · 

Recommendation 16-The effect of fires, grazing, shifting cultivation and plantation 
crops such as tea, coffee, rubber, cardamom, etc., on the site factors in the evergreen forest 
zone should be studied. . · 

Recommendation 17-Reed formations (Ochlandra spp.) in the evergreen forests of 
Kerala are of great economic importance. Ecological studies of reed communities should 
be made with particular reference to the associated tree crop. · · 

Recommendation 18-Studies on the regeneration complex of each type of evergreen 
forests· should be ma<f,e, with special reference to distributional patterns, indicative role of 
associates, site conditions, etc. 

Recommendation 19-Introduction of deciduous elements in the evergreen forests 
is said to enhance the productivity of these forests. Experiments designed to enhance the 
productivity, without deteriorating the soil, should be tried. 

Silviculture 
Recommendation 20-There are many gaps in our knowledge of the silvicultural, 

ecological and phenological characteristics of important species of the everg!een forests. 
Detailed studies should be initiated in respect of the more important species such as 
Dipterocarpus spp., Mesua ferrea, Hopea spp., Shorea assamica, etc. 

Recommendation 21-Canes form an important economic constituent of evergreen 
forests. Intensive ·studies on the silviculture of canes should be taken up with a view to 
their proper management. 

Recommendation 22-Experiments on natural regeneration techniques including lifting 
· and lowering of the canopy should 'be conducted, with reference to the regeneration of 
economically important species. 



Recommendation 23-Tending of regeneration in the evergreen forests. is a costly 
operation; it also makes a heavy demand on labour. Hence there is a general tendency to 
neglect it, much to the detriment of healthy growth of the new crop. It is, therefore, essential 
to work out methods involving less labour and expense in order that such tending may be 
regularly carried out. 

Recommendation 24-Enrichment planting is by far the surest method of enhancing 
the productivity of the evergreen forests. Planting techniques, including tunnel planting, 
gap planting, etc., should, therefore, be subjects of detailed study. Knowledge should also 
be gathered in respect of correct nursery techniques, proper sizes of transplants, suitable 
time for planting, optimum espacement (intermediate thinnings being contra-indicated due 
to the high cost of transplants and the low thinning returns), etc., in respect of economically. 
important species. . 

Recommendation 25 -Studies in the possibility of establishing commercial plantations 
of fast-growing indigenous and exotic tree species on evergreen forest sites should be taken 
up. 

Management 

· Recommendation· 26-Utilization of the secondary timbers of the evergreen''( forests 
should be improved by seasoning, preservative treatment, etc. Their mechanical properties 
and pulping qualities should also be investigated in order to increase their utility for parti
cular uses in industries such as those manufacturing paper pulp, veneers, chipboards, fibre-
boards, etc. · 

Recommendation 27-Volume, Yield and Stand tables for economically. important 
species should be prepared. · · . 

Recommendation 28-Adequate number of Sample Plots, L.T.I. Plots, Continuous 
Inventory Plots, etc., should be laid out. 



SUMMARY OF DISCUSSIONS .. OF STATE SYMBOSIA: 

TROPlCAL.MOIST: EVERGREEN· STATE· SYMPOSIUM (MYSORBSTATE) 
(Held-on 13th. March, 1960 at Makut). 

Besides· the delegates and ·the. obs~rvers · constitu~ing the ·Tropical ·Moist· Evergreen· 
Study-Tour·Party, Dr. K. Kada~bi; Chief'Conservator. of Forests, Shri J. Mascranehes; 
~onseryator of Fqrests, Coorg Gucle; and· the local forest officers participated: in the·. 
diSCUSSIOnS. 

. 2. Shri S. K. Seth {F.R.I.) ~equested Dr. K: Kadambi to. review the g~neral situation 
With .regard to evergreen forests m the Mysore State so that discussions eould be taken ·up, 
under the headings of (i) Ecological aspects, (ii) Silviculture, and (iii) Management. 

3. Dr. K. Kadambi (Mysore) stated that prior to 1930, exploitation of the evergreen 
forests was mostly confined to accessible localities like Agumbe, and only 2 to 3 species 
like. Hopea, Artocarpus, etc. were. extracted. With the establishment of the· wood pre
servation plant at Bhadravati more intensive selection fellings commenced ... Treated Diptero,. 
carpus sleepers were being supplied to the railways .. With increased rural electrifica-
tion, demand for. poles accordingly increased manifolds.· Similarly the pl~ood . factories 
established were requiring more and more of the softwoods. Therefore, these ever-increasing. 
demands caused the working of the evergreen forests to be progressively heavier and 
heavier. Thus, the areas worked in the past indicate a panorama of sites subjected to varying 
intensities of working. . ' 

4 ... The·. working pla1.1 formulated in· early forties for the Agumbe evergreen forests 
took advantage of the results obtained under various .intensities of working and prescribed. 
the method of ca:vopy-lifting, followed by intensive cultural operations, as the surest method 
of regenerating these forests. Unfortunately the fellings made to lift the canopy were 
not uniform in intensity and also the subsidiary cultural operations were not duly attended 

· to. During the past few years, however, these areas are being gone over under cultural 
operations. The heavily worked areas are fully stocked with young poles and are being 
freed to develop further. 

·. 5. Attempts were also made to plant Hopea in gaps of 5 to 10 acres. Tending opera-
tions were followed only for a few years and thus a uniform stocking ofyoung crop could 
not be obtained. The surviving stems are 30' to 40' in height. · 

6. In the Coorg areas selection fellings have been tried and the regeneration occurring 
in gaps has been tended adequately. The results are encouraging. In Kanara · area, 
the method of working followed hitherto was of exploiting the softwoods only. A working 
plan is being prep51-red for these areas. . · 

7. Dr.!{. Kadambi (Mysore) further said that for, the unworked evergreen forest~, it is 
desirable to introduce exploitation slowly so that the regeneration may keep pace with the 
amount of overwood removed. In such .areas, therefore, the first felling cycle should 
aim merely on the exploitation of over-mature trees on selection basis. In subsequl!nt 
felling cycle intensity of working may be heavier,· amounting to that of irregular shelterwood 
system. Such a plan of working induces adequate regeneration to re-stock the area fully. 

8. Shri J. Mascranehes (Mysore) added that the diffused working as is done under the 
selection system is usually costly and should on no account be taken up departmentally. 

Ecological Aspects 
· 9. While initiating the discussions, ~Shri S. K. Se!h (F.R.I.) s~d that .if _the ev~rg~een 

forests are considered as a broad vegetation formatwn, the various flonstlc associatw~s 
met with, can be explained on the basis of soil variations, as~ect, slope, etc. However, _soil 
is by far the most important single controlling factor and particularly the degree of later~
tion together with the condition and location of the lateritic pan. The study of soil
vegetation <;:omplex is, therefore, very important. 

10. Shri M.A. Waheed .khan (F.R.I.) elucidated further on ecological aspects and 
reiterated the views that though the typological, floristic and successional stu~ies are ?-eces
sary in primary forests for understanding the structural make up from ttme to time, a 
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thorough study of secondary succession is more important, particularly in the context of 
regeneration operations. In case of moist sal it has been observed that if the vegetation 
approaches the climax sta_ge, sal. fails to regenerate but slight. retrogressio? induced by 
fires, grazing or heavy fellings bnngs about a change under which regeneration comes up 
prolifically. Similarly in the case of evergreens it seems likely that a retrogression if in
duced by heavy fellings, there is a hope of obtaining adequate regeneration. Kamphole 
coupes worked on this basis substantiate this view. 

· 11. Study of secondary succession is also necessary because of intense soil chcinges 
involved by way of soil-wash, laterization and compaction of top soil. .•. , 

· 12. Shri K. K. Nair (F.R.I.) held the view that conversion of the evergreen fore:\ts to 
single· species culture is not advisable. T4e drastic change involved may deteriorat-; the 

, site quality abnormally. 
13. Shri s; K. Seth (F.R.I.) agreed with the view that the study of secondary succession 

is of immense importance but doubted the validity of the remark if site deterioration is a 
necessary accompaniment of monoculture practices. In fact, the productivity of the ever
green forests can only be enhanced by concentrating economic species at the expense of the 
multifarious inferior species. 

14. Dr. J. S. P. Yadav (F.R.I.) commented on the organic matter content in soil profiles 
examined in the State. His observations revealed that the maximum concentration of 
organic matter usually occurs in top layer whereas incipient infiltration goes far deep into 
the profile. Under the natural vegetation cover, therefore, the fertility status of the soil 
is fairly good but its maintenance under varied systems of fellings is a matter of further 
study. However, it seems highly probable that the litter formed by certain species may 
play an eminent role in the turnover of plant nutrients. Special attention to such species 
during the course of fellings is therefore desirable. 

15. He further commented that the clay content of the soil governs the moisture status 
of the profile. The lateritic soils as are found under the evergreen cover, have a varying 

· proportion of clay content and as such the varying moisture status reflects particularly on 
. the condition and development of the regeneration complex. The concretionary soils with 

\...j a low water retentivity bear a relatively poor growth, and the seedlings find difficult to esta
blish themselves. On the deeper ·soils with a high clay content, the associated vegetation 
is usually luxuriant and regenerates freely. 

16. Shri S. K. Seth (F.R.I.) observed that the degradation of the soil must be carefully 
watched. Under openings and consequent exposure of the soil leads to excessive leaching, 
soil wash and hardening of the lateritic mass. Retention of clay and humus can, however, be 
ensured if fast growing species are either encouraged to appear naturally or introduced 
artificially in the gaps created. 

Silviculture 

17. Shri S. K. Seth (F.R.I.) continued and said that in respect of the evergreen forests 
choice of a silvicultural system should effectively guard agamst the deterioration of the 
site and at the same time disturb the vegetation sufficiently so that natural regeneration may 
appear with ease. To meet these two divergent demands irregular shelterwood system 
appears to be most suitable. The orthodox selection system though suitable for preserving 
the site characteristics is not drastic enough to induce regeneration. The success achieved 
under selection system at some places is more due to deviations made from the standard 
selection fellings, almost a~ounting to irregular shelterwood system. . 

18. In the regeneration complex induced the distributional pattern is that of a mosaic. 
Small to large patches of single species appear. Thus the homogeneity with regard to 
regeneration of economic species is not maintained. This distributional pattern arises 
as the seed mother trees are. not uniformly distributed. Therefore, to have a uniform dis
tributJon 9f economically important species resort shall have to be made to enrichment 
stockmg etther by sowing or planting, particularly in patches where inferior species 
congregate. 

19. He agreed with the views of Dr. K. Kadambi that the hitherto unworked evergreen 
fores~s should be go_ne over under selection fellings till all the over-mature stems are 
explotted. I:ater on megular shelterwood system may be applied. He also drew attention 
to the operat10n of "refining" as is being practised in Tropical Africa. The inferior species 
are re~oved ~ to 3 years in advance of the main fellings. The resultant second srowth 
forest ts particularly rich in economic species, · 
MSDcptt. of Agri./61-~ • 
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20. Once the regeneration is obtained on the ground, subsequent tending for a number 
of years is very essential. A tending period of 3 to 5 years is usually sufficient. 

21. Shri Krishnamoorthy (D.F.O., North Coorg, Mysore) said that in his division ever
greens were worked both under selection and irregular shelterwood systems. The results 
o~tained ~nder the selection system are very encouraging. He also informed that under 
this selectiOn system 7 to s-trees per acre of the top canopy are removed. . 

22. Shri J .. Mascranehes (Mysore) further explained that though the working plan 
does not prescnbe remov~l of more than 6 trees per acre, a slight deviation has been made 
to meet the demands of timber and also to make the annual coupe a financial success. 

23. Shri M.A. Waheed Khan (F.R.I.) remarked that from what has been said it trans
pir~s that though a substanti~l deviation has been made from orthodox selection system, 
yvhicJl rna~ a~ount to ~lmost uregular shelterwood s~stem, the stamp of selection system ' 
1s still mamtamed. It IS, therefore, erroneous to beheve that the success achieved is as a 
result of selection working. 

Management 
24. Shri S. K. Seth (F.R.I.) said that most of the points which should have been 

discussed under "management" have already been covered. He, however, drew attention 
to regeneration surveys for assessing the progress achieved from time to time. The sampling 
technique is still to be evolved. Depending on the stocking and distribution of regenera
tion, the sampling technique will vary. He, therefore, suggested that if regeneration data 
are collected in telescopic plots of sizes ranging from 6' x 6' to about 33' x 33' and about 
40 to 50 sites are thus investigated, the data collected may be analysed to determine an 
efficacious method. 

25. Shri M.A. Waheed Khan (F.R.I.) suggested that several areas in the State have 
been worked under varying intensities. If all such areas are first classified according to 
topography, elevation, aspect and soil conditions, and then their history of working is traced 
particularly with regard to the number of trees removed per acre, the regeneration surveys 
will indicate the efficacious method of working. These indications will go a long way in _ 
formulating working prescriptions and guiding working of the evergreen forests, till definite_) 
researches are made in this regard. 

TROPICAL MOIST EVERGREEN STATE SYMPOSIUM (KERA.LASTATE) 

(Held on 23rd March, 1960 at Trivandrum) 

Besides the delegates and the observers constituting the Tropical Moist Evergreen 
Study-Tour Party, Shri M.P. George, C. C. F., Kerala State, Shri K. Krishnamoorthy, C. F., 
Quilon Circle, Shri C. M. John, C. F., Chalakudy Circle, Shri P. Narayana Nair, C. F., 
Calicut Circle and a number of District and Working Plans Officers participated in the 
discussions. 

2. While initiating the discussions, Shri S. K. Seth (F.R.I.) observed that the populatio? 
density in the Kerala State is high (over 1,000 persons per sq. mile) .and. therefore th~re IS 
an immense pressure on forested lands both for the extension of cultivation and max1~um 
yield of forest produce. The preservation of forested lands, however, can be ensured if ~he 
objects of management, in order of priority, are: (i) proper land us~, (ii) maximum productiOn 
per unit area, and (iii) adequately meeting the demands of the regiOn. 

' 3. The private forests and at places (e.g., the Cardamom Hill ~eserve) the large ~n
croachments in the Govt. reserves are entirely devoted to prod~ct10n of cas? crop.s hke 
rubber, cashew, coconut, tapioca, tea, cardamom, etc. The practi~e foll_owe? IS admrra):>ly 
suited to the preservation of site characteristics and may be termed Ideal If so~l conservatiOn 
measures are also adopted simultaneously. Under such a method of cultiva~IOn, the ~a?
cial returns obtained annually are very high and if the practice of forestry IS to survive m 
this State it will have to compete well with cash crop productio? and produce egually luc
rative financial results. Production of fuel for local consumptiOn cannot contmue to. be 
a long-term object of management because a number of hydro-electrical projects are bemg 
developed to supply energy at a comparatively l~w c~st. Apparentl:y, therefore, the small 
patches of evergreen forests, which are uneconomic umts from the pomt of v1e~ of mana$e
ment may profitably be a1Jotted for the production of rubber and cardamom if a pressmg 
need arises for doing so. The continued fertility of the site may, however, be e11sured by . ' 



retaining ail adequate vegetation cover or 3;rtifi~ially ~roviding ~he same. Such a ~ransf'or
tnation of patchy forested lands may be mevitable m a heavi~Y. populated regto~. A 
rational policy of this nature shall have t.o be adopted because 1t IS foreseeable .that m due 
course of time even the larger blocks will be fragmented and a large proportion of them 
devoted to the production of cash crops if the population pressure continues to increase. 

4. Shri M. P. George (Kerala) informed that the distribution of the evergreen forests 
in the Kerala State is rather peculiar. They extend from about 800' to 5,000' elevation. The 
best stands of these forests occur in the Cardamom Hill Reserve but have mostly been con
verted to Cardamom Plantations. Also the fresh-water swamps have m'ostly disappeared 
as they were the first to be excised for cultivation. A considerable portion of the evergreen 
forests has lost its true character and may only be regarded as semi-evergreens of a marginal 
nature. 

5. The evergreen forests in the Kerala State are worked under selection system, parti
cularly to meet the demands of the plywood industry. The number of species utilized for 
this purpose, however, is very limited and therefore it is necessary to popularise the remaining 
host of species which occur in these forests. 

6. The evergreen forests of the State are vanishing fast due to the development of hydel 
projects in high hills where the evergreen forests are located in particular. The Edki 
project will submerge about 250 sq. miles of the evergreen forests in due course of time. 
Protection of the remaining forests, therefore, is absolutely necessary. Continued annual 
fires convert the evergreen forest to grassland but with protection the grasslands are gradually 
colonised by the evergreen tree species. The role of fire protection, therefore, in the tech· 
nique of regeneration of these forests is paramount. 

Shri M. P. George (Kerala) quoted example of a private forest owner in Malabar who 
has successfully regenerated the evergreen forests. The technique adopted by him is to 
take out the selection trees and also all the inferior species up to 6" diameter. Canes are 
not cut. Seeds of economic species are sown broad-cast and the area is rigidly protected 
against fire and human interference. The area is successfully regenerated in due course 
of time. 

7. Shri K. Krishnamoorthy {Kerala) was critical of the expanding hydro-electrical 
projects in the State. He emphasised that for the very existence of these projects, preser· 
vation of the evergreen forests in the high hills is essential. Usually the irrigation channels 
run dry during summer season when water is required the most. Further expansion of 
such irrigation projects of doubtful utility should be limited to save the evergreen forests 
from wholesale devastation. 

8. Shri K. Krishnamoorthy (Kerala) also expressed the view that research should be 
conducted to find use for the.multi-specific flora of the evergreen forests which is utilized 
only partially, at present. 

· 9. Shri S. K. Seth (F.R.I.) replied that the main aim in the management of the ever
green forests should be of maximum production and for this purpose concentration of 
economic species is essential. This may either be achieved by enrichment planting or 
sowing or even by introducing the exotics. Merely focussing the attention on determining 
the economic uses of all the naturally occurring species is not expected to yield the maximum 
financial results. 

10. Shri V. Govinda Menon (S.F.R.C., Coimbatore) expressed the view that the ever
green forests must be preserved to save the hydel projects from being silted up. The role 
of the evergreen forests in regulating the stream-flow must be appreciated. 

1 ~· Shri M. P. Georlfe (Kerala) e~plained tha~ under the prevailing circumstances 
there ~s n? go but to reonent our planmng on multt-purpose use of land. The questions 
of s.ahsfymg the acute land-hunger and drawing maximum financial returns from land by 
cultiVatmg casi?- crops cannot be ignored. He further stated that only last year the Govern
ment were deSlfous of extending one lakh acres of rubber plantations in the evergreen 
forests. '!hough, at pr.esent, only about 8,000 acres have so far been handed over for this 
purp'?se, .It seems certam t?at in near future all plantable land will thus be got converted. 
Considenng the force. of circumstances, Shri George said, it is in fitness of things that the 
~orest _Develop.ment Itself .takes up the ~ulture of rubber plantations. Such an exigency 
1s nothi~g new m. the practice of forestry If we remember that about 90 per cent of the pine 
forests m the Himalayas are managed solely for resin-tapping. 

12. Shri s,. K. ~eth (F.R.I.) announced that as the discussions on general topics were 
over, ~~rther discussion would then be confined to (i) Ecological aspects, (ii) Silviculture 
and (m) Management. ' 



Ecological Aspects 
13. Shri S. K. Seth (F.R.I.) continued and observed that in the Travancore area otthe 

State, evergreen forests have been worked drastically mainly for the production of cash 
crops. In this area, therefore, ample opportunities are available to study the course of 
secondary succession, particularly with regard to effects of fires and the changes involved 
in the soil complex. The widely dispersed small patches of forest can best be made more 
productive by introducing deciduous species. He exemplified this view by stating that in 
tropical Africa, evergreens are felled in parallel strips and deciduous species are introduced 
artificially. Similarly in South America the evergreens are being gradually replaced by 
Eucalyptus grandis. · 

14. In the northern part of the State (e.g. Silent Valley Forests) there are large blocks 
of almost virgin forests. They should be studied ecologically with regard to floristics, 
typology, successional trends, structural composition, soil complex, etc. 

15. Shri M. A. Waheed Khan (F.R.I.) informed that recently a s~edish scientist, 
Dr. S. S. Peterson has worked on productivity trends of various vegetation formations of the 
world. This research has further been continued by Prof. Week in Germany and he has 
concluded that the productivity of tropical evergreen forests if judged by the amount of 
wood produced per unit of area, per annum, is lower than that of a moist deciduous forma
tion. He, therefore, suggested that if the object of management is to enhance the pro
ductivity of these forested lands, a drastic change in the evergreen character of the vegetation 
is imperative. 

16. Shri S. K. Seth (F.R.I.) elaborated on this aspect of productivity and informed 
that in the Ecology Section of the Forest Research Institute a map of India is being prepared 
showing the climato-isophytes and productivity correlations. It is intended to correlate 
both climate and soil with the maximum productive capacity of various vegetation forma
tions. The evergreen forests are thus included. The preliminary indications are that to 
enhance the productivity of evergreen forests, it is necessary to introduce deciduous element 
in the structural make-up of these forests. Thus the climax stage should be retrogressed 
so that a seral community capable of producing the maximum is built up. In this connec
tion, exotics may also play an eminent role. To keep up the high pitch of productivity, 
however, frequent re-introduction of new stock is necessary. 

17. Shri M. P. George (Kerala) enquired if the introduction of the exotics would not 
deteriorate the soil. 

18. Shri S. K. Seth (F.R.I.) replied that large-scale plantations of exotics are in.exis
fence since centuries in Europe, particularly on podsol soils. No marked deterioration in 
these soils has yet been noticed. It is, therefore, believed that under tropical conditions, 
no change in soil complex is expected for the first 1 to 2 rotations. 

19. Shri M. A. Waheed Khan (F.R.I.) elucidated further on this point and remarked 
that geologically podsols are immature soils and their static condition under exotics is 
conceivable. However, soils of the Indian peninsula, particularly under the tropical 
moist evergreen forests are of great antiquity and practically mature. Effects produced 
by exotics on such soils are yet to be studied. 

20 . . Shri K. K. Nair (F.R.I.) suggested that the evergreen forests should be preserved 
for the production of softwoods. 

21. Shri S. K. Seth (F.R.I.) replied that whenever adequate working in the evergreen 
forests is done, in the second growth forest, there is always a concentration of a few species 
only. These species may either be economic ones or otherwise. If the choice is for soft
woods only, the regeneration complex may be tended appropriat~l~ to achiev~ _this ~bject. 
It is, however, certain that the achieving of t~e ongmal flonstic com~ositt_o_n t.n the 
regeneration complex is neither possible nor desirable. Also, the economic utihzat10n of 
all the inferior species is not the pressing need at present. 

Silviculture 
22. Shri S. K. Seth (F.R.I.) continued and said that the silvicultural systems adopted 

for the working of the evergreen forests should aim to regenerate them m.os~ly with eco
nomic species. Usually the regeneration complex in an evergreen forest Is m the form 
of a mosaic. Patches of inferior species should, therefore, be replaced artificially with 
economic species. Enrichment planting or sowing is, therefore, an important operation 
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in regeneration practices of .the evergreens .. In we~ evergreens me_re sowing; ~s is ~dng 
practised in the Andamans IS enough, but m semi-evergreens desired success Is achieved 
only by planting. 

23. Shri A. I. Iyppu (Kerala) informec;l that in 1920 Fischer's burn in Palghat Division 
was clearfelled and planted up with natural seedlings of Palaquium and Artocarpus hirsuta. 
Seeds of Dysoxylum were also dibbled. These attempts, however, failed and .the area was 
again burnt and planted with species like Valeria, Palaquium, Hopea, etc. Still the results 
were not very encouraging. With protection afforded, however, the area was. gradually 
stocked first with Acrocarpus fraxinifolius _and subsequently by Hopea parviflora. On 
the other hand, artificial regeneration in gaps with Mesua, Hopea, Calophyllum, etc:, pro~ed 
successful. Attempts at regenerating the forests naturally were also made by mampulatmg 
the overhead canopy. The strip regeneration plots at Shendurney are an outstanding examJ?le 
where desired success has been achieved. He emphasised that if the evergreens are heavily 
worked and tending operations coupled with fire protection are continued for some years, 
plentiful regeneration comes in and establishes. In unworked areas, on the other hand, 
there is a usual lack of advance growth. 

24. Shri A. I. Iyppu (Kerala) suggested that reed formations are of fair economic 
importance to the State and as this formation also appears to be long persisting, it should 
be thoroughly studied ecologically. 

25. Shri S. K. Seth (F. R.I.) stated that if 7 to 8 top-canopy trees per acre are removed 
and adequate fire protection is provided, regeneration comes in easily. Reeds, if excessive 
in the locality should be continually suppressed till the tree species have grown sufficiently. 
This tending operation may, therefore, be necessary for 3 to 5 years. Canopy lifting coupled 
with enrichment stocking is by fa-r the surest method of regenerating the area with desired 
species. Therefore, the silvicultural system adopted should be a compromise between the 
true selection system and the irregular shelterwood system. 

26. Shri K. K. Nair (F.R.I.) pointed out that the working plan prescriptions are usually 
vague on tending operations. . Also no rigidity is _adhered to in executing these operations 
timely and adequately. He suggested that compartment and coupe histories should be 
introduced as a measure of control. 

27. Shri M.P. George (Kerala) said that there is no difficulty in introducing compart
ment and coupe histories and also in actually carrying out the tending operations, as the 
annual coupes are only about 300 acres in extent. It is, however, only a matter of establish-
ing healthy practices in due course of time. · 

28. Shri S. K. Seth (F.R.I.) observed that to ensure scientific working of the evergreen 
forests, it is but essential to have definite working plans with clearly defined prescriptions, 
compartment histories, control forms and all the rest. 
Management 

29. Shri S. K. Seth (F.R.I.) continued and said that the overwhelming mass of inferior
species must be got rid off before any regeneration operation of economic species succeeds. 
Thi.s ope~atiop is known as "refining" and is usually done 2 to 3 years in advance of the 
mam felhngs. Such· a drastic working is essential. The selection system as is being 
foll_owed at present, merely depletes the forests in selection trees, progressively at each 
felhng cycle . 

. 30. While commencing working in a virgin evergreen forest, the first one. to two 
f~lhng cycles should concentrate merely on liquidating the over-mature trees. This opera
tiOn should then be followed by heavy working amounting to that of an irregular shelter
wo~d _system. The regeneration comes in adequately and if necessary may also be restocked 
artificially. 

3~. For th~ forests which have already been worked heavily, the shelterwood system 
can still be apphed by lowering the exploitable girth limit and protecting the advance growth. 

~2. Shri K. Krishnamoorthy (Kerala) opined that under shelterwood system when 
plentiful trees are feiied damage to standing growth is enormous and may prove dis-
advantageous. · 

33. Shri S. K. Seth (F.R.I.) said that felling damage is inevitable and occurs in all 
types of forests. Usuaiiy_ the r~fining operation induces lot of regeneration and even after 
damage caused due to mam felhngs, adequate regeneration continues to exist on the ground 
to restock the area fully. 
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TROPICAL MOIST EVERGREEN STATE SYMPOSIUM 
(MADRAS STATE) 

(Held on 24th March, 1960 at Kanyakumarz} 

Besides the ~elegates and the observers cons.tituting the Tropical Moist Evergreen Study· 
Tour Party, :s~m T. !eydev, ~·F .•. Madura Cucle, and local District and Working Plans 
Officers partiCipated m the discussiOns. 

2. While initiating the discussions, Shri S. K. Seth (F.R.I.) observed that the extent of 
the evergreen forests in the .Madras State-is rather limited (about 150 sq. miles). 
Also they are confined to elevatiOns between 2,000' to 5,000' and their distributional pat· 
tern is wholly patchy, except a few compact blocks of 3,000 to 4,000 acres. Some of these 
patches represent only the post·climax stages on moisture·ladden site~ along water courses. 
Usually, the areas around these patches are devoted to cardamom and tea cultivation. 
The p~ess~re of dem~nd for the extensi.on of cultivation in these a~eas is heavy. Considering 
the cntenon of maXImum land·use this demand plays a dommant role in the ultimate 
management planning of these forests. 

3. Under the current management practice, about 2 to 3 selection trees are removed 
from each acre of the annual coupe. This method necessarily involves a diffused and 
extensive working but is obviously cut short due to small extent and scattered nature of the 
constituent blocks. For exceptionally small and uneconomic blocks it is desirable to 
augment productivity by intensive working and if necessary by artificial regeneration opera· 
tions, so that they may continue· as forested lands. If the diffused and selective working 
in such areas is allowed to continue it is not difficult to foresee that the cash crop planta
tions will wipe out these forests in course of time. An indication of this nature is already 
available round about Nagarcoil and Shaikalmudi where the evergreen forests are 
leased out for the cultivation of cash crops. 

4. Till intensive silvicultural practices are extended to the smaller blocks of the ever
green forests and till the leasing of these areas for cash crops is continued, main· 
tenance of site fertility, should be ensured by incorporating suitable stipulations to lease 
deeds. Density of over· head tree species like Grevillea, mango, etc., and their replenishment 
at regular intervals and if necessary, some solid conservation measures should be pres· 
cribed. The larger blocks should continue to be under forests but it is desirable to 
enhance their productivity either by suitable silvicu1tural methods of obtaining natural rege· 
neration of eco:rromic species or by stocking the area artificially. It is, probably, only the 
monoculture of economic species like Dipterocarpus, Hopea, etc. which can give financial 
returns compatible with cash crop production. 

5. Shri T. Jeydev (Madras) reviewed the current forest management practices in the 
Madras State and remarked that so far as the small patches of evergreen forests are con
cerned they can best be managed by leasing them for cardamom cultivation. With 
regard to larger blocks, it is desirable to manage them as forests. After evaluating the 
pattern and distribution of various age classes, the true selection system may be applied, 
as is practised in Europe. 

6. Shri S. K. Seth (F. R.I.) informed that the applicability of selection system for manag
ing thes~ evergre~n forests is questionable. F4:stly, the si!vicultural refu?.ement. required 
is of a high techmcal order, and secondly a defimte proportiOn of economic species IS not 
ensured in the regeneration complex. This is also evident from the fact that the selection 
system, hitherto followed, has not yielded any substantial results. There are indications 
that with every felling cycle passed, the number of available selection trees progressive!y 
decreases. Also considering the fact that the evergreen forests are scattered about m 
small patches mostly, the adoption of a selection system is not justified, because, the annual 
coupe will either be too small or will be scattered at several places, and can hardly be an 
economic proposition for workj.ng. 

7. Shri G .. J. Raja Singh (Working Plans Officer, Madras) said that i~ South Madras, 
cardamom cultivation is usually done on slopes at 2,500' to 3,500' elev~tiO!J. In gen~r~l, 
a cardamom cultivator looks after the land carefully and thereby mamtams the fertility 
of the site. The tree canopy retained varies from 0.8 to 0.9. 

8. Shri V. Govinda Menon (S.F.R.C., Coimbatore) opined that the evergre~n fo~ests 
should be managed as such. Their evergreen nature should on no account be tmparred. 
Usually, these l?atc~es of ev~rgr~en forest~ are located at the head of the streams and therefore 
their perpetuatiOn 1s essential m regulatmg the stream·flow. 
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. 9. Shri G: B .. Das~putre (Bombay) s~id .that if an ade9uate tree c~ver is provid~d as 
IS usually mamtamed m cardamom cult1vat10n and also If the lease oeeds are suitably 
worded to ensure this cover in perpetuity, there is hardly any ground for apprehensions. 

10. Shri s. K. Seth (F.R.I.) further amplified that the requirement ofnot changing the 
evergreen character of these forests necessarily means their maintenance at a climax stage. 
In India more than 80% of the forests are managed and maintained at several stages and 
the vast expenses of the

0 

sal and moist teak forests are the outstanding examples. It has 
lately been proved t~a~ from the point ~f view of p~o~uctivity (i.e. vol~~e production per 
unit area per year) It IS only the sub-climax or a Similar seral stage which produces the 
maximum. Changing of the evergreen character of these forests should, therefore, be an 
important object of management. 

II. Shri K. K. Nair (F.R.I.) remarked that for the isolated blocks of small extent as 
are obtainable in Madras, utilisation of the areas by leasing out for cardamom cultivation 
may be justified. 

12. Shri V. Govinda Menon (S.F.R.C., Coimbatore) was not fully convinced and he 
again advocated the maintenance of the evergreen character of the forests. Shri S. K. 
Seth (F.R.I.) said that a certain amount of flexibility is necessary in our mode of thinking 
and approach to the problem of maximum utilization of land. The forests which are 
protective in function should be maintained as such but as regards other forest lands the 
question of maximum land utilization cannot be ignored. Similarly in areas where 
demand for agricultural land is acute, marginal adjustments between forest and agriculture 
lands are inevitable. 

13. Shri D. K. Deshmukh (Mysore) informed that in inaccessible areas of North Coorg 
Division of Mysore State cardamom cultivation is allowed under the working plan pres
criptions. 

14. Summarising the discussions, Shri M.A. Waheed Khan (F.R.I.) observed that so far 
as the larger blocks of evergree:o. forests are concerned there is no diversity of opinion and 
it is unanimously agreed that they should be managed as such but the attention should be 
focussed in increasing the proportion of economic species in second growth forest; either 
by manipulating the regeneration complex or preferably by artificial means. Refinement 
fellings made a few years in advance of the main fellings and broadcasting seed of econbmic 
species after clearing the undergrowth may serve the purpose provided rigid schedule of 
cultural operations for a few subsequent years is followed. With regard to smaller patches 
of evergreen forests, it is also agreed that they should continue to be managed as at present 
but introduction of intensive silvicultural practices should be made at the earliest so that 
the financial returns obtainable may compare well with those of cash crop .plantations. 
Till such measures are adopted, adequate stipulations should be added to the lease deeds 
so that site characteristic may at least be maintained, if not improved. 

TROPICAL MOIST EVERGREEN STATE SYMPOSIUM (THE ANDAMAN 
& NICOBAR ISLANDS) 

(Held on 8th April, 1960 at Port Blair) 

Besides the delegates and the observers constituting the Tropical Moist Evergreen 
Study-Tour Party, Shri M. M. Srinivasan, C.C.F., Andaman and Nicobar Islands, Shri J. C. 
Varmah, C.F. and a number of local Forest Officers participated in the discussions . 

. 2. Shri M.A. Waheed Khan (F.R.I.) requested the Chief Conservator of Forests to 
review the general situation with regard to evergreen forests in the Andaman and Nicobar 
Islands, so that discussions could be taken up under the headings of (i) Ecological aspects 
(ii) Silviculture, and (iii) Management. ' 

. 3. Shri M. M. Srin~vas~n (Anda?Jan.& Ni<;:obar Islands) circulated a note prepared by 
Shn J. C. Vari?ah, reviewmg the situatiOn With regard to Forests and Forestry in the 
Anda~a~ & N1cobar Islands. In brief he dwelt on the forest types and floristic associations 
met Withm the ~stands and obs~rved that tilll~50, the ~nergy of the Forest Department was 
~oncentrated !llatnly on lumbermg and extractiOn of timber. The first working plan was 
Implement~d m 1951 an~ ~y way of obtaining the ~atural regeneration it prescribed brush
wood cutt.mg, gra?ual hftmg of canopy and retention of about six seed-bearers per acre. 
!he expenence g~med so far indicates that if brushwood cutting is thorough and seeding 
IS done at least m patches where advance growth is wanting, retention of seed-bearers is 
not necessary. Also the removal of seed-bearers at a subsequent date causes damage to 
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P!omising. growth and is not an economic proposition to work the. area for reasons of low 
yield obtamable. "The ~urrent :practice of securing natural ~egenerati.on _is to carry out 
advance brushwood cuttmg, seedmg on the whole area and fellmg and gudhng of the entire 
overwood within 2 to 3 years. · 

4. The conversion period adopted is 100 years and the annual total area worked in 
all the three Divisions of the Islands amounts to about 8,500 acres. This extent of the 
annual coupe is the minimum possible for reasons of heavy cost involved in extraction 
operations.· Labour is not only limited and costly but has to be recruited from the main 
land, mostly Bihar and Kerala. Current colonisation operations are fairly promising 
but have not yet yielded results in easing the labour tension. Also to work the vast area 
of the annual coupes ~ffectively extraction operations have to conti~ue incessantly through
out the year and durmg the hot weather paucity of drinking water is a serious hindrance. 
Thus a heavy strain caused merely to complete the extraction obligations hardly leaves 
any chance for attending to natural regeneration over the entire area worked. The force 
of circumstances· has compelled to restrict the regeneration operations to smaller areas 
and only about 1,800 acres (about 600 acres in each of the three Divisions) are followed 
up repeatedly with subsidiary tending operations to have a full stocking of second growth 
forest. To compensate loss of regeneration over the remaining area of 6,700 acres (8,500-
1,800=6,700 acres) a system of compensatory plantations has been evolved, wherein 750 
acres of teak plantations and 400 acres of matchwood plantations are raised. The rate of 
growth of the existing plantations favourably indicates that the expected high yields in the 
plantations will be sufficient enough to make up this loss. · 

5. Shri M. A. Waheed Khan (F.R.I.) enquired about the ultimate fate of the vast 
areas left over as wholly unattended. / 

6. Shri J. C. Varmah (Andaman and Nicobar Islands) stated that the untended areas 
are usually of the moist evergreen type in which advance growth ordinarily occurs in suffi~ 
cient quantities. Heavy working of the overwood, as is being practised in the Islands 
stimulates rapid growth and apparently there are no serious apprehensions to guard 
against. 

7. Shri M. M. Srinivasan (Andaman and Nicobar Islands) remarked that a Silvicul
turist has recently been appointed and in due course of time the regeneration behaviour· of 
the untended areas will be assessed to reorient the silvicultural practices, if necessary. 

8. Shri M.A. Waheed Khan (F.R.I.) remarked that almost a decade has elapsed since 
Shri Chengappa's working plan was introduced. It is extremely necessary to assess results 
of working.under that plan particularly as the revised- working plan is being formulated. 
He further suggested the assessment of colonisation impact on the distribution and extent 
of the evergreen forests. 

9. Shri M. M. Srinivasan (Andaman and Nicobar Islands) replied that un~er coloni
sation schemes only low-level gurjan forests occurring along water-courses are bemg cleared 
and the estimated extent is about 20,000 acres: Considering the vast forested areas of the 
Islands, the change imposed is negligible. 

10. Shri K. K. Nair (I.F.C.) observed that as a.result of intensive fellings the second 
growth vegetation particularly abounds in weed species like Macar71nga, L_eea,, T!ema, 
etc. For the adequate stocking and healthy growth of the econonnc species It IS but 
imperative that at least one to two tending operations are carried out. 

11. Shri M. M. Srinivasan (Andaman and Nicobar Islands) said that the strength of the 
permanent labour ·on the Islands ·is 4,500 only. Also it is costly. !vf~mthly wages of a 
labourer for a month of about 23 days are Rs. 67. Under the existn?-g cucumstances, 
therefore, it is not practicable to extend tending operations over extensl\~e areas. . AJso, 
as the silviculture of the evergreen species is little known it is risky to divert the limited 
labour and financial resources to this end. 

12. Shri H. Kakoti (Assam) while emphasising the need for tendi~g operations 
informed that in Assam, the evergreen forests whether worked under selectiOn sys~em or 
a type of shelterwood system with seed-bearers regeneration has constantly failed to 
appear if the follow-up operations are not paid attention to. 

13. Shri M. A. Waheed Khan (F.R.I.) stated that in the evergreen forests envi~onmental 
conditions for the growth of vegetation are not o_n1Y. the. best but a~e also so umf?rm. that 
any species may occur at any one place. The distnbutton of species, ther~fore, IS hxghly 
over-dispersed. Such a situation in respect of economic species presents a difficult problem 
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for the purposes of natural . regel!eration. T~e r~gel?-era~ion . cot;nplex on t~e other 
hand is an intricate mosaic m which the species distnbutwn IS htghly under-dispersed. 
Therefore, the patches o_f inferior species deserye a special a~tention_ so far as their r~place
ment by economic species IS concerned. This can b'~ acl;ueved either by regula~mg the 
intensity and nature of felling the overwo~d or. by s~edmg the patches pr_ofusely with e~o
nomic species. An assessment of the deSlfed mtensity of overwood fellmg and retentwn 
of advantageous species may be made by examining the hitherto worked but untended 
areas. 

Ecological Aspects 
14. Shri M. A. Waheed Khan (F.R.I.) continued and said that if the evergreens are 

considered as a broad vegetation formation, the occurrence of various floristic communities 
may be correlated with changes in soil, elevation, aspect, etc. Evaluation of typological, 
floristic, structural and successional details as governed by the characteristics of the site 
is, therefore, necessary. Generally speaking, the soils of the Andaman evergreen's widely 
differ from their counterparts in the Western Ghats. In the Western Ghats the geological 
formation is mainly of granites and metamorphic rocks like gneisses and schists. The 
soils derived are mostly lateritic in nature. Generally, a layer of 1' to 2' in thickness, com
pact and vesicular in structure lies about 2' to 3' below the ground level. Wherever this 
layer is exposed as a result of washing away of the top soil, an almost inert stratum of hard 
laterite is formed which inhibits occurrence of useful species. In the Andamans, however, 
the general geological formation is sandstone with such associated rocks as conglomerates 
and grits. At places pockets of localised clay deposits or extensive volcanic intrusions 
occur. Soils derived from sedimentary formations, as in Kitang, are yellowish brown in 
colour, well drained but have developed an incipient compact layer similar to that of the 
Western Ghats. They support an evergreen vegetation only if the water table is within 
about 10 ft. of the ground level, otherwise deciduous vegetation predominates. Heavy 
working of evergreen forests in these soils accentuates the pace' of natural regeneration. 
Soils derived from volcanic formations develop differently according to the prevailing 
drainage pattern. In valleys (as in Shoalbay Coupe II~, up to about 300 ft. elevation, 
dark ashy grey heavy clay is formed, and the drainage is strongly impeded. They 
support an evergreen vegetation but with heavy working water-logged conditions develop 
further almost to the exclusion of all the economic species. On highest elevations (as in 
Shoalbay Coupe I) the same geological formation, under free drainage, develops reddish 
brown clayey loamy on which heavy working of the evergreens results in prolific regeneration 
of the economic species. Shri M.A. Waheed Khan, therefore, suggested that a thorough 
study of soil-vegetation complex is necessary to devise suitable silvicultural practices for 
individual sites with a view to obtaining natural regeneration of the desired species. 

15. He further said that a peculiar ecological aspect of the Dipterocarpus forests in the 
Andamans is the occurrence of several species of the same genus, in an intimate mixture. 
~uch .a floristic composition usually indicates that the plant community has not yet attained 
Its chmax status. As the Dipterocarpus species are economically important the silvi
cultural practices must be so designed as to arrest the succession at this economic stage. 

16. Shri M. A. Waheed Khan (F.R.I.) also emphasised the necessity of studying 
secondary succession, particularly in context of the heavy working as is practised in the 
Andamans, and also as large worked areas remain untended. A definite knowledge of the 
course of such a succession may lead to reorient the current silvicultural practices, if 
necessary. 

. 1_7. Dr . .!_. S. P,. Yadav (F.R.I.) said that the water-logged clay soils in the low lying 
situatwns ar~ mtensively aftected by gleying and deserve to be managed with utmost caution. 
Heavy workmg of forests on such soils accentuates water-logging conditions which may be 
unfavoura~le for a satisfactory reappearance of ec<;momic vegetation. Jt is likely that 
water-loggmg J?ay ,lead to a greater. release of certam trace elements which may further 
aggravate the SituatiOn and as such this aspect has to be carefully examined. 

Silviculture 

18 .. Shri K. K. Nair (I.F.C.) while commenting on the silviculture of the evergreen 
f~rests m .the Andamans, o~s~rved that the method <;>f advan~e brushwood cutting, coupled 
With seedm& and can<;>py-hftmg appears .to be admuably smted in obtaining full stocking 
~f regeneratro~. ~ypical examples of ~h!s nature ~ere seen at Kitang and Porlob. Tend
mg, however, ts an mtegral part of substdtary operations and deserved to be practised more 
frequently and extensively. · · · · · · 
M5Dcrtt of Atri.61-3 
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19. He further desired that the feasibility of multi-rotational management of the ever
greens, i.e. 100 years for hardwoods (exploitable girth 60" and over) and 50 years for match
wood (exploitable girth 48" and oyer), may be discussed. However the extension of teak 
plantations is a {eature worthy of ·continuance. . . 

20. · Shri lvf. M. Srinivasan (Andaman and Nicobar Islands) observed that extraction of 
floaters alone will create problems for the extraction of sinkers and the regeneration of 
floaters will also pose to be a problem. As such he observed that multi-rotation management 
may not be practicable. 

. 21: Shri M. :4· Waheed K_han (F.R.I.) commented t~at the impression gained after 
mspectmg the vanous regeneratiOn coupes 1s that regeneratiOn occurs only in small to large 
patches and the so-called regenerated areas are never fully stocked with young growth. 
The mosaic pattern of regeneration complex continues to persist. The concentration of 
economic species is around the seed mother trees or where the areas have been sown arti
ficially.. Replacement of inferior species by economic ones is decidedly a matter for grave 
consideration, firstly to augment the potential productivity of the habitat, and secondly to 
reduce cost of extraction at the time of exploitation. 

22. With regard to the concept of "multi-rotational" theory, Shri M. A. Waheed Khan 
(F.R.I.) observed that the silvicultural requirements of the hardwood arid softwoods are 
antagonistic to each other. The softwood species which are strong light-demanders can 
hardly be expected to regenerate and establish themselves at the mid-rotation age for the 
hardwoods, particularly under the thick over-head canopy of the latter. He further said 
that the distributional pattern of the softwoods is specific and they mostly concentrate 
towards the drier end of the moist evergreen forests. Under such circumstances it is desirable 
to separate out the management of these species under distinct working circle. 

23. Shri M. M. Srinivasan (Andaman and Nicobar Islands) replied that the difficulties 
involved· in extraction have forced the department to adopt a system of multi-rotation. 
He, however, assured that within about 10 years the labour problem and extraction diffi
culties would be surmounted and the standard uni-rotation practice would be adopted. 

24. Shri M.A. Waheed Khan (F.R.I.) enquired regarding the thinning policy followed 
for the young stands of evergreen forests. He also desired to know if it is a fact that the 
softwoods. like papita (Sterculia campanulata) if allowed to grow free from competition 
develop a spongy heart. 

25. Shri J. C. Varmah (Andaman and Nicobar Islands) said that there is no demand for 
~hinning material. Also there is an acute paucity of labour and staff. Thus, no thinnings 
are carried out. Thinnings would be carried out only when the market for poles is 
developed or the stems have grown sufficiently to be saleable. 

26. As regards development of a spongy heart in papita he said that the matter is still 
under investigation at the Forest Research Institute, Dehra Dun. · 

- 27. Shri K. K. Nai~ (I.F.C.) suggested that under such circumstances the poisoning of 
the unwanted stems may prove useful. 

. 28. Shri M. M. Srinivasan .(Andaman and Nicobar Isla~ds).informed that an enquiry 
in this connection has already been made to the Forest Research Institute, Dehra Dun. 

Management 
29. Shri A. I. lyppu (Kerala) said that whether they are evergreen forests of the Western 

Ghats or the Andamans, their history of management is practically the same. As only a 
few species were commercially important, the earlier attempts of management 'Yere based 
on selective lumbering. Even with more and more of the new species comin~ m use, t~e 
original pattern of working continued though the same area was gone over agam and agam 
for the exploitation of particular species.' In Andaman forestry, however, a bold depa~ture 
has been made as the concentrated fellings amount to almost shelterwood or clear fellings. 
Unfortunately, as the regeneration and tending operations are not foll~wed. up ove! the 
entire area gone ·over, there seems to be a strong case to develop use of mfenor s~ec1es so 
that the utilisable yield per unit of area may be increased and a consequent reductl?n may 
be affected in the annual cut .. Probably it would not be difficult to follow up regeneratiOn and 
its establishment and development, on such limited areas. 

30. Shri K. K. Nair (I.F.C.) suggested the establishment of hardboard and chipboard 
factories. 
. 31. Shri G. B. Dashputre (Bombay) enquired as to how far the use of seasoning kilns 
and preservation plants have given a fillip to the utilization of tho inferior sp_ec~es, . 



32. Shri M. M. Srinivasan (Andaman and Nicobar isiands) said that the establish
ment of a hardwood factory is not possible due to its heavy demands .on fresh water. Also 
the seasoned and treated timbers have not become popular. He estimated that even by 
upgrading the use of the inferior species the gross yield can hardly be increased beyond 10 %. 

33 Shri M. A. Waheed Khan (F.R.I.) agreed with the views of the Chief Conservator 
of For~sts and observed that though the use for most of the spe~ies of the rich multi•speci~ 
fie flora of the evergreen forests may be developed in due course of time, there is only a 
remote possibility of s~bstantial enha!lcement in gross ut~lizaple. yield pe~ u~t of area. 
Concentration on a few Important species only and augmentmg their proportiOn m the crop 
by enrichment stocking, tending, etc., is a _Practical apl?roach to the problem. ~e also d~ew 
attention to the researches made on potential productlVlty and suggested that the mtroduct10n 
of deciduous element in the worked-up evergreen forests is likely to bear fruitful results. 

TROPICAL MOIST EVERGREEN STATE SYMPOSIUM 
(ASSAM STATE) 

(Held on the 20th April, 1960 at Kohora) 
Besides the delegates and the observers constituting the Tropical Evergreen Study· 

Tour Party, Shri M. C. Jacob, Chief Conservator of Forests, Assam, Shri P. B. Kar, Direc
tor of Forests, NEFA, Shri P. Barua, Conservator of Forests II, Assam, and a number of 
local Forest Officers participated in .the discussions. 

2. Shri M.A. Waheed Khan (F.R.I.) compared the evergreen forests of Assam with 
similar vegetation formation occurring elsewhere in India and observed that though the 
large part of these forests is located in the sub-tropics the composition and structure of the 
vegetation is essentially tropical in nature. The development of such a post-climax type 
of vegetation is primarily dependent on the peculiar climatic conditions enjoyed by these 
tracts and secondly the favourable textural composition of the prevailing soil type. The 
mean annual precipitation ranges. from about 80" to 140". Its distribution is extremely 
favourable and hardly there is any month during which drought conditions prevail. The 
mean maximum temperature is only about 94? F and thus the evapotranspiration losses 
are of a low value. The high clay fraction in the soil improved moisture retentivity and 
thus the soil moisture balance through the course of the year is favourable enough to support 
the luxuriant type of tropical evergreen vegetation. 

3. As compared to the lateritic soils of the Western Ghats or the sandy loam or clayey 
soils of the Andamans, the soils in Assam are primarily of alluvial nature except on low 
hills where sandy loam type of deep brown soils are formed in situ. The bhabar type of soils 
are extremely sandy and porous and a favourable soil moisture regime is caused due to 
occurrence of clayey or clay layers not far from the surface and developing a hanging water 
table. Such soils deserve adoption of careful management practices particularly while 
attempting to create the second growth forest. The original vegetation cover may bring 
about a substantial change in the soil to disturb the location .of the perched water table. 
Clayey soil formations, on the other hand, continue to preserve the favourable site character
istics, except when heavy clay layers are close to surface and may develop boggy conditions 
on excessive elimination of the vegetation cover. ' 

Assam evergreen forests mostly occur in the plains at low elevations, as compared 
to the mountainous or hilly tracts of high elevations in the Western Ghats and the 
Andamans. These favourable physiographic sites are less liable to soil-wasting, even 
after a heavy working of the protective vegetation cover. : 

4. Shri M. A. Waheed Khan (F.R.I.) then, requested the Chief Conservator of Forests, 
Assam t~ revie~ the general situation with regard to evergreen forests in the State of Assam, 
so that discussi~.ns could be taken up under the headings of (i) Ecological aspects, (ii) Silvi-
culture, and (m) Management. · · 

5. Shri M. C. Jacob (Assam) dwelt on the historical aspects of the evergreen forests 
of the State and said that not in distant past the evergreen forests extended over the greater 
part .of the State but the gradual inroads made by agriculture pushed the tribal inhabitants 
to hills where they carried out extensive clearings for shifting cultivation. The biotic dis
turbances so caused have either produced the bamboo brakes or the scrub formations with 
scattered ·trees. 

6. As reg~Fds the soils on which evergreen forests occur, Shri M. C. Jacob (Assam) 
added that ?esides th~ brown a}luvial soils, red loams in East Goalpara Division also 
support this vegetatiOn prov1ded the depth is good otherwise a sal type of forest 
develops. ' ' 
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7. Floristicaliy, the evergreen forests of Assam may be classified into three distinct 
types, viz., 

(i) Phoebes~Amoora association, 
(ii) D;pterocarpus-Mesua association, and 

(iii) The mixed association. 

The Phoebes-Amoora association is predominantly confined to porous bhabar soils, and the 
constituent species mostly belong to Lauraceae and Meliaceae families. These species 
usually produce large fruits incapable of wide dispersal, and regeneration appears below 
the mother trees only. The entire regeneration complex on the forest floor is, therefore, 
extremely patchy. Its full stocking can, however, be achieved either by adopting the 
Malayan technique of opening the canopy around seed mother trees and of expanding indivi
dual patches of regeneration through intensive cultural operations, or by resorting to artificial 
methods. A system of sowing or planting of large transplants, in strips 33' apart has been 
adopted and the results achieved are most satisfactory. 

8. The Dipterocarpus-Mesua association responds well and produces abundant re
generation as a result of somewhat heavy fellings. The top canopy trees of the economic 
species are removed on a selection basis. The middle storey is not much disturbed, except 
for the removal or girdling of a few trees where advance growth exists. Intensive cultural 
operations are followed up for a few years and the whole area is adequately stocked with 
regeneration. The entire working is more or less akin to irregular shelterwood system. 
The point of special attention in this working is· that the maintenance of a fair cover 
of undergrowth is very conducive to the appearance of regeneration. 

9 .. The mixed association, as is found in Cachar area does not bear dominance of 
any one species. Such areas are worked under a system of compensatory plantations. 
The techmque of assessing the occurrence and development of regeneration in worked 
areas should, however, be evolved. 

10. Shri M. A. Waheed Khan (F.R.I.) said that the patchy nature of regeneration in 
second growth forests of evergreen type is a characteristic feature. The regeneration com
plex is in the nature of a mosaic. Thus, small to large patches of economic species occur 
widely dispersed. Under such circumstances achievement of uniform stocking of the 
economic species is dependent on enrichment sowings or plantings. On porous soils 
planting is more successful whereas on loamy to clayey soils even sowings are as effective. 

11. Working under an orthodox selection system, preserves site characteristics, par
ticularly soil erosion is not accentuated. Regeneration, however, fails to appear ade
quately. Under heavier working of the crop, amounting to an irregular shelterwood system 
regeneration appears prolifically but the site is liable to soil-wasting. Fortunately for 
Assam, the nature of terrain is such that the apprehensions of soil erosion are. the least. 
The irregular shelterwood system of working is, therefore, most suitable for the manage-

-ment of Dipterocarpus-Mesua forests. 

12. The observation that regeneration appears satisfactorily under a fair amount of 
undergrowth is worthy of careful note. The Assam evergreen forests being of post-climax 
nature and primarily .conditioned on a favourable .soil moisture regime, the retention of 
a light undergrowth maintains a cool and humid atmosphere in top soil layer ~nd on the 
forest floor, which is congenial for the appearance and development of regeneratiOn. 

13. Assessment technique of regeneration in evergreen forests is dependent on the 
frequency and abundance of the seedlings on the ground. If pilot investigations are made 
by collecting data in telescopic plots of sizes ranging from about 6' x 6' to 33' x 33: and 
repeated for about 40 to 50 locations, statistical analysis may be made to evolve a sUitable 
technique. 

_ 14. With regard to the method of c,ompensatory pla!ltation, S!zri Jor!. A. Waheed Khan 
(F.R.I.) observed that the untenqed areas are liable to senous detenorat10n. He suggest.ed 
that till intensive and thorough regeneration operations are adopted to cover the entire 
area worked, it may prove advantageous to study the course of secondary. succession and 
to favour such associate species, with which regeneration of economic species appears and 
develops. / 

15. Shri M. C. Jacob (Assam) said that Shorea assamica is a valuable c:omponent in 
certain parts of Dipterocarpus-Mesua forests. Its regeneration, however, IS completely 
wanting. Factors responsible for such an inhibition should be studied. He als<;> suggest
ed that the volume and yield tables for the economically important evergreen species should 



i7 

be prepared at the earliest. Also, as the thinnings are usually unsaleable, the standard 
for the initial stocking of the regeneration should be fixed. 

16. Shri M. A. Waheed Khan (F.R.I.) informed that preparation of volume tables 
for some of the species is already in hand. A rapi~ progres.s in this connection may, ~ow
ever be made if the local Forest Departments help m collectmg field data on standard hnes. 
As ;egards regeneration problems of Shorea assamica and the initial stocking of regenera
tion, research shall have to be planned with the cooperation of the Forest Research Institute. 

17. Shri M. C. Jacob (Assam) said that the inaccessible evergreen forests are not worked 
on economic .grounds. It is worth consideration if cardamom cultivation may be 
introduced in such areas. · 

18. Shri K. K. Nair (I.F.C.) said that when an area is put under cardamom cultivation, 
regeneration of tree species is completely eliminated. If the. aim is to revert these areas to 
forest subsequently the proposition of cardamom cultivation may not be feasible. 

19. Shri M. A. Waheed Khan (F.R.I.) observed that large-scale cardamom cultivation 
is in vogue in the States of Kerala and Madras. If the area is permanently dedicated to 
cardamom cultivation, it is necessary to guard against deterioration of site characteristics. 
This can, however, be achieved if adequate provision is made for anti-erosion measures 
and an everlasting vegetation cover is ensured by repeated planting of the shade trees from 
time to time. 

20. Shri K. K. Nair (LF.C.) suggested that the Coorg method of patch cultivation of 
cardamom may also be tried with advantage. 

Ecological Aspects 

21. While initiating the discussion on this subject, Shri M. A. Waheed Khan (F.R.I.) 
suggested that ecological studies, involving the entire soil-vegetation complex, are necessary 
both for the primary and the secondary forests. Typological, floristic, structural and 
successional studies are essentiaf for classifying plant communities, as natural units of 
management. Also study of moisture and nutrient balances, emanating from soil studies, 
foliar analysis, nutritional experiments, etc., will go a long way in understanding the complete 
behaviour of regeneration complex. Studies on the light requirements of seedlings in the 
evergreen forests are equally important. 

22. He further informed that the question of exploiting the potential productivity of 
the land should also be considered. Researches made elsewhere have indicated that the 
productivity of evergreen forests is enhanced a good deal if deciduous element is also intro
duced artificially. Field experimentation in this regard is a prime necessity. 

23. Shri S. Rajkhowa (Assam) said that recently he made measurements ·in some of 
the plantations and the favourable indications of introducing a deciduous element were 
apparent. 

24. Shri M. C. Jacob (Assam) agreed that experiments in this regard should be laid 
out. · 

25. Dr . .J. S. P. Yadav (F.R.I.) reviewed the field observations made, with regard to 
evergreen soils in Assam and emphasised the role of soil moisture regime and water table 
as correlated with the appearance and establishment of regeneration. Soil moisture 
conditions are intimately linked with clay and organic matter fractions of the soil and water 
table fluc~u~tes with the ~aintenance and removal of the vegetation cover. He cautioned 
that the sll~1cultural practices adopted should pay due heed to these important aspects. 

Silviculture 

26. Shri K. K. Nair (I.F.C.) commented that ·the enrichment planting and sowings 
as are a?opted for J!hoebe-Amoora types appear to be suitable. However, the aim should 
not be hmit~d to rmse only about 40 stems per acre .. In Dipterocarpus-Mesua type the so
called selectiOn system ~lso produces satisfactory results. The actual working of the forest, 
however, amounts to Irregular shelterwood system. The nomenclature in this regard 
should, therefore, be revised. 

. 27. Shri M . . c. Jacob (Assam) enquired about the period during which tending opera
tions should contmue to help regeneration. 

" 2~. ~hri M.1. Waheed Khan (F.R.I.) said that in tropical Africa, an operation called 
refining Is earned out about 2-3 years in advance of the main fellings. The inferior 
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spedes are removed or gl.rdied in suitable proportions to achieve recruitment. if necessaty· 
sowings are also made. This operation is worthy of adoption and has already· proved 
successful in the Andamans. 

29. He also observed that under the present system of working in Assam quite a few 
large tree~ are left in the overwood and apparently it has not so far been decided whether 
they are to merge in the new crop or should be removed at some stage. Merging of these 
trees in the new crop is not possible as they are too big in size and suppress a lot of young 
promising stems. Removal at a late stage will cause enormous damage. He suggested 
that. they should be removed as soon as the young crop has attained a hei~ht of about 
20ft. Probably girdling or poisoning may also be necessary if the trees could not be 
utilized. · · 

30. As regards period for continued tending operations, Shri M. A. Waheed Khan 
(F.R.I.) said that the Assam Forest Department is most fortunate in having detailed plot 
histories for the areas ·already gone over. By correlating these histories with the actual 
results obtained fair deductions could be drawn. It seems likely that the tending· period, 
may last from 10 to 15 years. 

31. Dr. G. Panigrahi (B.S.I.) suggested creation of nature reserves to protect certain 
rare species and relict vegetation for which Assam forests are well-known. · . 

Management 
32. Shri A. I. Iyppu (Kerala) commented on the management practices in Assam and 

exemplified analogous situations occurring in other parts of India. He said that appa
rently there was no valid justification for fixing a high exploitation girth of 7! feet. Pro
bably it could be lowered down advantageously to meet the requirements of irregl!lar shelter
wood system as is practised in Assam forests. He also advocated research on secondary 
species for their full utilization. 

33. Shri A. I. Iyppu (Kerala) also opined that monoculture management of evergreen 
forests is dangerous, particularly in maintaining the site conditions. 

34. Shri K. K. Nair (I.F.C.) objected to the system of compensatory plantations and 
suggested that a sound forestry practice must necessarily regenerate the entire area gone 
over under main fellings. . 

35. Shri S. Rajkhowa (Assam) informed that a revised plan is under formulation and 
it is contemplated to do away with the system of compensatory plantations. 

36. Shri M. A. Waheed Khan (F.R.I.) said that the evergreen forests are exceptionally 
rich in their floristic composition. It is, therefore, not a practical proposition to deal with 
all these species silviculturally and to aim at reproducing the same floristic composition in 
the second growth forest. If the attention is fixed on about 3 to 6 species only, the silvicul
tura] treatment is not only easy but also the productivity is considerably improved. 



WELCOME SPEECH FOR THE MOIST TROPICAL EVERGREEN 
SYMPOSIUM 

BY SHRI M. c. JACOB, I.F.S., 

Chief Conservator of Forests, Assam 

HONOURABLE MINISTER, DELEGATES AND FRIENDS, 

On behalf of the Forest Department of the State I have great pleasure in welcoming you 
to this All-India Tropical Moist Evergreen Forest Symposium orga:oised by the Forest 
ResearGh Institute, Dehra Dun. Many of you have been touring the evergreen forest.s of 
the different parts of India continuously for over a month now and have had dtscusstons 
with the Officers-in-Charge of these forests of the different States, and have held State-level 
Symposia at different places. The present symposium is the culmination of your very 
important deliberations. We, in the State Forest Department, have been extremely happy 
that our State has been chosen as the venue for holding this meeting of experts in Tropical 
Evergreen Forestry and administrators of this type of forests, because a very considerable 
proportion of the forests of this State belongs to this type. We look forward to the expert 
and experienced guidance in the management and administration of these forests that will 
be available from you as a result of your visit and deliberations. 
· 2. Shillong, being the headquarters of the North-East Frontier Agency Administration, 

which has also extensive forest areas of the Moist Tropical Evergreen type and being in 
close proximity to .other administrations such as of the Naga Hills Tuensang Area and the 
Tripura and Manipur States, your deliberations here, I have no doubt, will also be greatly 
appreciated by these Administrations. 

3. All these areas in the North-East Zone of India have got common problems in 
respect of forestry development, not the least among which is that of inadequate means of 
communication and consequent lack of industrial development leading to a present compara
tively low level of timber consumption in the industries. However, even with this important 
handicap, as many of you must have noticed, there is a fairly flourishing plywood industry 
existing in the State devoted, till recently, to the production of tea chest plywood, having 
their raw material source in the evergreen forests of this State, the North-East Frontier Agency 
and the Naga Hills Tuensang Area. The production of commercial and ornamental ply
wood also has now commenced, having their main raw material source also in the 
local Moist Evergreen Forests. With .the industrial development programme in the 
Third Plan including the establishment of pulp mills, paper mills, spun-silk mill, oil refinery, 
etc., it is anticipated that the local demand of timber for industrial housing, packaging, etc. 
will increase making further demands, particularly on our evergreen forests. · 

4. The State is also one of the largest suppliers of evergreen sleepers, requiring the 
preservative treatment to the Indian Railways and to considerable extent these evergreen 
forests form the source from which the sleepers are also supplied. 

5. Evergreen forests are also the almost sole source of cane, nurture many types of 
medicinal plants and are the habitat of varied forms of wild animal life. 

6. From the point of view of forest protection also, the evergreen forests play an impor
tant part in regulating the flow of streams emanating therefrom and the continued existence 
of this many-layered type of forests is vital to the interests of the State, as much of the floods 
and consequent damage annually caused to the State may perhaps be attributable to the 
destruction of eve~g\een fore.sts from over l~rge areas of mountainous country in the State 
consequent on shtftmg cultiVatiOn. In thts process evergreen forests are very rapidly 
converted into less satisfactory soil and moisture-holding types such as bamboo forests, 
grassland, savannahs, etc. On these counts, the importance of this type of forest is great 
and increasing and it behoves us to ensure, in the national interest, that these forests are man
aged in the most efficient manner possible. 

7: With the advancement of science, it is now possible to produce many types of 
matenals almost as hard as steel from cellulose of almost any kind strength and durabi
lity being created by sl!itable technical processes. In this context, the evergreen forests are 
perhaps the most efficient of Nature's laboratories for production of cellulose. It is, there
fore~ a haJ?PY augury t~at the Central Government is not only holding this symposium here 
but IS s~ttmg up a RegiOnal Forest Research Station at Gauhati in this North-East Zone of 
predommantly evergreen for~st type an_d a Technological Laboratory at Jorhat, in close 
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proximi!Y to the evergreen forests. of this State, the North-East Frontier Agency and the 
Naga Htlls Tuensan~ .~reas. We, m the State are looking forward to the early completion 
of these research facthtles so that the management of the forests of this type in the State can 
be conducted on the most efficient lines guided by the results of local research. 

8. The Regional Station of the Botanical Survey of India which has been established 
about t~ree _yea~s ago in Shillong has also been helping the State Forest Department by 
conductmg studtes on the structure and floristic composition of important evergreen 
forests of the St~te a~d the delegates . will have an opportunity of having some ideas of the 
work done by thts Regtonal Centre durmg their visit to the exhibition which is being organised 
by the Botanical Survey in connection with this Symposium. 

9. The Central Drug Research Institute has also been taking considerable interest in the 
medicinal plant flora of this region and the researches of this Institute are also expected to 
add to the productivity of our evergreen forests. 

10. With so much of scientific and technical interest focussed on the evergreen forests 
of this region and India as a whole we evergreen Foresters can confidently expect to make an 
effective contribution to the economic prosperity of India. 

11. I once again extend our cordial welcome to all you specialists and· administrators, 
now meeting together to work for this great objective. I regret that some of you had to 
·suffer many inconveniences, owing to the cancellation of your flight to Assam to a certain 
moment of confusion as regards the commencement date of this session owing to the limita
tions of facilities available to my officers and perhaps owing to our own shortcomings and 
hope that you will excuse us. 

12. I also welcome the many distinguished members of the public, the press and the 
official hierarchy who have assembled here to encourage us in our deliberations. 

A DRAFT FOR THE SPEECH BY THE MINISTER FOR FORESTS, ASSAM STATE, 
INAUGURATING THE ALL-INDIA TROPICAL MOIST EVERGREEN FOREST 

SYMPOSIUM AT SHILLONG AT 10 A.M. ON THE 22ND APRIL, 1960. 
I am grateful for getting this opportunity to inaugurate this Plenary Session of the All

India Tropical Moist Evergreen Forest Symposium and for selecting my State as the venue 
for it. I consider this a special honour conferred on my State and take it as a 
measure of importance attached by the Government of India to the efficient management of 
our evergreen forests which, in a considerable measure, not only subserve the national 
interests but so far as my State is concerned, also those of industrial advancement in my 
State. ·1 

2. Forests, which may be considered of the evergreen type occupy considerable stretches 
of the State of Assam and particularly predominate in the districts of Darrang, Sibsagar 

-and Lakhimpur in the Brahmaputra Valley and also in the district of Cachar. Their total 
area may be about half that of the forest reserves in the State, i.e., over three thousand 
square miles out of a total of about 6, 700 sq. miles of forest reserves. 

3. Evergreen forests, I understand, are generally climax formations, i.e., forests whose 
ecological succession has reached the maximum stage of development, consistent with the 
climatic and soil conditions. High-land evergreen forests in the State are important source 
of industrial timber particularly timber for the manufacture of plywood and about 15 lakhs 
of cubic feet of timber of this type are exploited from the forests of the State annually, sustain
ing the most important forest industry existing at present in the State, namely, the tea 
chest plywood industry. It has been my en~eavo_ur to en.su~e ~hat th}s p_Iywoo.d 
industry should be fostered to develop on effictent hnes and It IS Imperative m thts 
regard that the principal raw material which t~e indus!ry ob~ains f~om the. evergreen 
forests of the State should be available on a sustamed and mcreasmg basts. Thts can only 
be ensured by scientific management of these forests including effective steps at regenera
tion. In this regards, I am confident that the deliberations of you, specialists, will make an 
important contribution. I understand that there is a feeling among my officers that a 
great deal more requires to be learnt about th.e effi~ient management of t~ese forests, 
comprised as they are of a large number of spectes. Ttll recently the empha.sts so far . as 
exploitation for plywood was concerned, had been only on two or three species occurrmg 
in these forests and predominantly on hollong and makai. The time has now come, 
however when more and more species included in the approved list for plywood logs, as 
compiled by the Indian Standard Institution, will have to be used not only for tea 
chest plywood but for commercial plywood also. Natur~lly, hitherto, the management, 
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including regeneration, of pnly these few spe~ies ~a4 princ;p().lly beep. aimed at PY. my 
Department. There is now, however, 1.1rgent and ~nsisten~ neeq. for a study pf the .silvicul
ture · and management of the .<;>t~er ~:ffiportant plywood spe~i~~ of these evergreen forests if 
the industry is to prosper. Similar problems as regards silviCulture a11d management of 
evergreen forests species, I dar~ say,_are facing other State .Governments also and I am s1;1re 
that you will during your dehberatwns focus your attention on these new problems which 
are facing yo~ and will he able to come .to satisfactory conclusions as regards the manner in 
which these urgent problems have to be tackled. · 

4. In my· State, evergreen forests, in general, occut o11lands ~hich, prima facie, may 
appear as sui!able for agriculture. Owing to pressure <;>n land for awic~lture! consider
able areas which bore evergreen type of forests, not constituted as forest reserves, have been 
given for settlement with agriculturists before the expansion of the plywood· arid allied 
industries. A considerable proportion of the requirements of these industrjes, at pr_esent, 
are being met from the trees left on these agricultural lands particularly in the district of 
Lakhimpur and the forest reserves have been called upon hitherto only to a minor extent 
to provide the raw materials. B1,1t ~t js a.nt~cipated tpat withi;n the next .two or ~h~e.e years 
the~e sources of thl),ber ,o,uts~de (ore~t · reserves ar.e likely to be expausted .and a1most 
complete reliance for sustaining the industry will have to be on the forest reserves. The 
need tor efficiently solving the problems of management including the regenera!ion of 
all these different species bf trees is, therefore, very urgent and I, therefore; welcome the 
opportunity given ,by ,the pove,rnment of ~ndia to the specialists to meet together i.n Assam 
and to visit some of these forests so that tpeir combined wisd.otp. may Jea,d :t.o a satjsfact.ory 
solutioJ;l of this v,ery jmport~I;l~ pr,Qblem facing P'lY Depart):pept. 

5. In attempting a solution of these problems of management and regeneration, I would 
particularly urge that the procedures and techniques s:uggested should be capable of quick 
and easy evaluation as regards the results achieved, as it is essential that we should be abJe 
to satisfy ourselves within a reasonable thne that adequate increment and regeneration ·are 
being obtained, consistent with the p~ogr_ess ,of exploitation .. 

6. Not only is it in x:espect of -supply of plywood for ,tea .ch.ests a,ncJ for ordinary commer
cial uses that tl;te evergreen (ores~s of the State _are important, they are yjelding annually 
about a million cubic fee.t ,of sleepyf.S .and, from the poiJ;lt oJ view .of sustaiJ:)e,d S\lpply ·of 
sleepers to meet the increasing ,<;l,e.i;nands _,<?f.O\lr ,railway sy_~tem also, _it is essential- tha:t 
these forests s,ho.uld pe effic~ently -l11anage<;l ·.on ,a, ~).lstaine<;l- y\eld ,basis. Many of the 
§pecies now accepted as s)eepers after preservative _treatmeiJ.,t are n,e:w, a1,1g tb,e silviculture of 
these species is inadequa.te~y stud~ed.; '. T~(OC\1~ "'ttenti<?P. on t,hese p;roqlems also :the impor-
tance of this Symposium is appareJ;lt, · . , , r... , . : i , ; . · . 

7. T1le evergreen forests of sol!le tracts .of {he Dar:rapg ,and Goalpara East Divisions 
and to a less extent, of the Dhans~rj Valley .and , Sibsaga,r Pivisjops, als.o 'produce the 
locally important ,th;n.be;r · ca)Jec:l bonsum, ;which ~s .qeing effectively use,d by the people .of the 
State as a substit.ute fo:f teak. A.s .the c:lemand for furniture timqer and _timber for .doors 
and windows is increasing, .\Yith the growing prosperity of the people, jt is necessary that 
the p~oblems of managemen,t apd r,egeneration of tP,e bonsum forests also r.eceiv.e your 
attentw.n. 

8. Extensiye ~reas of lo~-land ev~r~ee:n f?rests occu~ in the State the principal 
produce of which iS cane of different v~neties, t~is, State bemg perhaps the larg~st supplier 
~f cane to the markets of Northern India. Sustamed and steady supply of cane IS not only 
Important f?~ the local tea .industry -but also for the railways and the collieries, which use 
large quantities of cane baskets. Large areas of cane-bearing forests, not constituted· as 
forest re~erves, have ~ad t.o be se.ttle<;l -yvith agriculturist~ and the qemand for ca;ne can only 
be sustamed by efficte.nt manage,rnent .of the cane-beanng areas ·of t)).e forest reserves. 1 
und~rstand tha_t data on the silvic.ult1,1re and manage,ment of ca;ne are ~t present inadequate. 
In View of the importance of can.e to _the national economy as well as to· the revenues .of the 
State .I hop~ your deljbe.rations will include within their ambit prob~ems of tb.e manage-
ment mcludmg rege,neratt.on of ca.ne forests. · · · · 

9. There are some areas of evergreen foJ;ests in the Sta~e, which at present are so located 
~hat possibilities of exploitation of timber therefrom are somewhat remote without 
mves~ment of a great dea! of capital. It may -be that these forests can be utilised for 
growmg under them certam important plants of economic value such as Ipecac coffee 
c_ardamom, peppe~, cocoa, etc., t_he produce of which are less bul,ky and more costly tha~ 
timb~r. The detad~ ~ft~e techmques to b~ ad<;>pted.and the safeguards that will have to .be 
provx4ed for the ut1hsat10n of thes~ comparative~y maccessible evergreen forests for raisin~ 
these Important cash crops also ment y<:>ur attentiOn, · · 
M5Dcpt. of AJSri.-4 
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1Q. As· a layman, I have ventured to offer these suggestions as regards some ofthe 
matters that may form the subject of your deliberations. . You no doubt have other pro
blems also to engage your attention and therefore, I do not like to detain you further from 
getting down to work. · · 

. 11. I hope that you have had all the assistance that you required in the conduct of your 
field studies, from my officers and that you have had a fairly comfortable time during your 
stay in our forests. I trust that when after your deliberations, you leave the State you will 
do so with happy memories. On behalf of my officers, 1 offer my apologies for any 
.inconvenience that might have been caused to you during your stay. I have now great 
pleasure in. inaugurating this Plenary Session and to' wish you all success during your 
deliberations. 

Jai Hind.· 

VOTE OF THANKS BY SHRI T. N. SRIVASTAVA, DIRECTOR OF FOREST 
EDUCATION, FOREST RESEARCH INSTITUTE & COLLEGES, DEHRA DUN 

HONOURABLE MINISTER, SHRI JACOB, GUESTS AND DELEGATES : 

I feel greatly privileged to be present here in the Plenary Session of the Tropical Moist 
Evergreen Forest Symposium. To be associated with such an important event is a matter of 
singular import and pleasure to me. The Inspector-General of Forests and the President, 
Forest Research Institute & Colleges, though they would have loved to join us, could not 
come at this occasion .because of pre-occupations. Our Silviculturist, Shri S. K. Seth, 
who has been conducting the tours, unfortunately fell. ill and. is in hospital at Madras. 
We shall miss him at this occasion. ' 

Sir, it is a well-known fact that rapid advancement in scientific fields is possible only 
if the energies of experts are directed to function on a cooperative basis; experiences gained 
are pooled together for mutual benefits and the regional developmentalplans are drawn up 
on national considerations. Of late, the necessity to: augment the national forest resources 
has been keenly felt. And, considering the specific management and research requirements 
of individual forest types and forestry· problems· a· series of study tours and symposia were 
thought of. The Tropical Moist Evergreen Study Tour and Symposium is the sixth one, so 
organised. The sympOsia held earlier dealt with Vana Mahotsava, Mangroves, Farm 
Forestry, Teak Forests and Dry Zone Afforestationl ' ·' · •·. · · · · · · · 

The tropical evergreen _forest is a type ·Of vegetation' formation which . is well-known 
for its magnificence and luxuriance. The conditions ·for p1ant growth are at their best 
involving potential productivity of a very high order. In India such forests are locat~d 
on the Western Ghats, in the States of Bombay, Mysore, Kerala and Madras, and also m 
the Andaman Islands and the St~te of Assam, including N.E.F.A. · and Manipur. The 
-ever-increasing expansion of agriculture and establishment of cash crop plantations have, 
however, caused these forests to be confined to hilly terrains of more or less inaccessible 
nature. The heavy costs of extraction involved, and the utilization of only a few compo
nent species of these forests, created conditions· under which intensive forestry practices 
could not be planned. The alround developmental activities, as are envisaged under our 
Five-Year Plans, have directed attention for the development of the Tropical Evergreen 
Forests as well. 1 

· A systematic and thorough study .of the· tropical evergreen forests was envisaged as 
early as 1929, when the Fourth Silvicultural Conference was held at Dehra Dun. The 
force of circumstances, then prevailing, however, caused this study to be continuously 
p~s~poned although the desirability of such a study was . reiterated in resoluti_ons of 
SilviCultural conferences, subsequently held. We are glad to announce that th1s long 
pending study has now been completed and we are here to discuss the policy, ecology, 
silviculture and management of. the evergreen forests of India. · 

-

The problems confronting the management of evergreen forests are many. The fore
most is the re-orientation and reconciliation of policy with regard to expansion of cash crop 
cultivation, such as tea, coffee, rubber, ·pepper, cardamom~ etc., within the Jimits of the 

. evergreen . forests. In States like Kerala and Madras where the population pres~ure 
guides the maximum and. multiple utilization of land, evergx:een forests have already _gxven 
way in favour of cash crops. Situation in Assam, though under a different context 1s .not 
dissimilar. Augmentation of productivity is another matter for serious consideration. 
Under the existing methods of exploitation and utilization~ the productivity ranges from 
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about 0.1 to 0. 2 tons per acre per year as against the potential productivity of well neigh 
2 tons per acre per year. T~s serious gap s~all have to ?e brid~ed .bY means of discovering 
the uses for secondary species, concentratmg economic species m second growth forest 
either by silvicultural tools of manipulation of crop canopy and appropriately tending the 
natural regeneration complex, or by en~chm~nt of stocking. .Introd1;1cti<?n of exotic species 
is also a matter worthy of careful consideratiOn. The forest mdustnes like plywood, hard
board chipboard, etc., dependent on the products of the forests can survive and expand for 
the ellhancement of the national economy, only if the productivity of these forests is 
increased manifolds. 

Another important function, which the evergreen forests fulfil, by way of their situation 
in important catchment areas, and the luxuriance of vegetation cover which they produce, 
is the conservation of moisture and the regulation of stream-flow, on which the life of many 
a hydro-electric and irrigation projects depends. Intensive and extensive management 
of these forests, therefore, cannot be over-emphasised. . · · 

The study tour party of the Evergreen Forests Symposium visited the typical forests 
of the States of Mysore, Kerala, Madras, the Andamans, Assam and N .E.F .A. Besides 
the technical personnel of the Forest Departments of India, the Botanical Survey of India 
as well deputed observers. I thank that organisation for its close cooperation. During 
the course of the study tour the State Forest Departments took immense interest in taking 
round the party, looking after them, and discussing the problems thread-bare and thus 
making their experience, available for the mutual benefits of all. I thank them all for the 
hearty cooperation extended by them. · 

My. special thanks are due to the Govt. of Assam for arranging the Plenary Session 
of the Symposium at Shillong. I also thank the Assam Forest Department and its officers 
for taking immense interest in making the stay of the delegates in their State comfortable. 

Sir, I thank' you in particular for snatching time from your busy routine and gracing 
this occasion by your presence. I am sure that with your blessings the symposium will 
produce valuable results. 

I also thank the guests for gracing this occasion by their presence and the press for pro-
viding due publicity to this historical event. . · 

I thank you once again, Sir. 



SuMMARY OF DiSCUSSIONS 

PLENARY SESSION-22ND TO 24ril APRIL, 1960-SHILLONG (ASSAM) 
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· 22nd April, 1960 · 

Shri M. C. J(lcob {Assam)- The directive received indicates that a, Chairman for this 
sessi~n is to be ch~sen from ourselves. I suggest Shri V. S. Rao for this purpose. (The 
election was unammous). 

Shri V. S. Rao (West Bengal):_, I thank you for electing me the Chairman. 
_. The proceedi!lgs can be divided 1!-lt? four sections, viz., (a) Policy arid dbjects of Manage
ment, (b) Ecological Aspects, (c) SilvH:ulture, and (d) Management; 

. " . , Shri M: 1· Waheed Kha;fl .(F.~.I.)-:- I suggest that.h~stead of taking up the discussions 
under each Item separately . It IS preferable that the semor officers of the States where ever
green .. fo~ests . ~ccur give a general review with regard .to ev~rgreeh forests and forest 
practi<:es m their S!ates, .and after that the s~~ary of discussiOns. of the· State Symposia 
be. read . out, . and di~cussiOn tak~n up on all Ite1ns to&ether state-wise. The points arising 
therefrom may be sorted out and final recommendatiOns may be drafted under the four 
heads separately as suggested by the Chairman. 
. Shri V. S~ Rao (West Bengal)- Now I call upon br. Kadanibi to give a review about 
his State. ' 

... · . Dr. K •. Kadambi ~My~ore)-: The evergie~n (or~sts. of Mysore State are confined to 
the Western Ghat. regtort, m a long narrow stnp covering the crest of the Ghats and the 
valleys. The total length is about 250 iniles and the width is about 30 lniles: The rivers 
arising from these Ghats have cut qeep gorges and the waterfalls are harnessed for generating 
electricity. In the plains, the same rivers are damtned for irrigation purposes. 

The forests are typically of the moist tropical evergreen type. Frost is tmictically 
unknown. Altitude varies from 3,000 to 4,000 ft. rarely gohig upto 6,000 ft. Annual 
rainfall varies from about 150" to 475", and is mostly confined to the months of June to 
September. Pre-monsoon showers during April-May are common but there is always a 
gap of 3-4 weeks between these showers and the actual onset of the monsoons. The 
mean annual temperature varies from 1s·-2o·c. The underlying rock is generally granitic 
gneiss with a heavy topping of partially disintegrated laterite. The depth oflaterite may be 
as much as 50 ft. but rock exposures are also common. Lateritic soil allows maximum run 
off, excessive seepage and is poorly retentive . of moisture. 

The productive potential of these forests is about 2 to 3 tons per acre. The enormous 
-amount of cellulosic material produced in these forests is a lucrative asset to establish wood
based industries for the general economic development of the country. 

In the evergreen forest distinct tiers are noticeable. The topmost canopy is about 150 
ft. high and the important constituent species are Dipterocarpus indicus, Calophyllum elatum, 
Mesua ferrea, Hopea parviflora, Holigarna arnottia'na, Poeciloneuron indicum (localised in 
distribution), Palaquium ellipticum, Lophopetalum wightianum, etc. The second storey con
sists of Artocarpus integrifolia, A. hirsuta, etc. In the third storey Eugenias are by far 
the most dominant. The fourth storey consists of low-sized trees and the ground floor is 
covered with various shrubs. 

The earliest attempts to manage these forests were limited to the exploitation of a few 
species, like Hopea, Artocarpus, Poeciloneuron, Canarium, Cedrela, etc. under a lax selection 
system. With the increasing demand for railway sleepers and the establishment of a Wood 
Preservation Plant Dipterocarps were being exploited under a regular Selection System. 
Trees of exploitable girth were enumerated and their gradual removal systematically by 
compartments was_prescribed.- The management system being still followed in parts of the 
old Mysore State is essentially the same. In portions of the old Bombay State which are now 
in the Mysore State, very little work has been done so far. Only recently, the demand for 
softwoods has extended to these areas and their exploitation is planned on a rough selection 
system. In the old Coorg State portion of the present Mysore State, the management of 
the evergreen forests is fairly intensive. Establishment of a tramway to transport timber 
has almost resulted in over-exploitation of nearby forests. The fellings have almost amounted 
to an irregular shelterwood system. However, the natural regeneration has come up 
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copiously ~nd at places well-stocked young stands. of valuable. sp:cies are m:t ~it~. The 
species whtch have so regenerated are Hopea parviflora, H. w_zghtzana, Vatena mcfzca, Ac
rocarpus fraxinifolius and Lagerstroemia lanceolata. Poeczlon~uro_n forests which have 
been intensively worked for the last 25 to 30 years for transnussswn poles have also 
regenerated well. Poeciloneuron regeneration has come up very well .. Mesua fe~rea is also 
coming up under the low cover of evergreen bushes. RegeneratiOn of Dzpterocarpus 
indicus appears in groups and is satisfactory. It is, therefore, apparent that there is no 
dearth of natural regeneration but the main crux of the problem lies hi tending operations. 
Several trials, in this connection, have been made. Firstly, cutting of the weed species 
(tree species which were not marketable) was tried but the regrowth was fast enough to 
choke the regeneration again. The next attempt was to lift the canopy gradually. In 
the first stage the lower-most tree layers were removed. It helped the regeneration a good 
deal. In the second stage trees of the middle tiers were to be removed but the local officers 
felt too much of a risk to open the canopy so drastically. The removal was therefore gradual. 
The results are very encouraging. Removal of the top-most canopy is being planned. 

Plantation activities in the evergreen forests were attempted between 1918 and 1925. 
Underplanting Of Hopea parviflora was done over 5,000 to 6,000 acres. However, the 
subsequent tending operations were never carried out. It is only during last 3 to 4 years 
that the plants which have come up in groups are being freed. Top storey is being removed 
in one stroke, and the long stagnating Hopea has responded well. The rate of growth is 

· about 8 to 10 ft. per year. 

Artificial regeneration of Hopea was also tried in 'tunnels'. For this purpose 10-15 ft. 
wide strips were cleared of undergrowth. Besides Hopea, species like Mesua ferrea, white 
cedar (Dysoxylum malabaricum) and Artocarpus hirsuta were also tried. Intensive and 
continued cultural operations are very necessary and therefore these attempts have been 
abandoned. Another method tried was to clear the entire underwood; leaving only the 
top canopy and planting Hopea parviflora at the beginning of the rains. Young plants, 
however, died probably due to water-logged conditions, developed at the height of rains. 
Planting was then deferred to early August. It gave good results. 

Ecology of the evergreen forests is most interesting. There are two leafing seasons
one precedes the monsoons and the other follows it. The major flowering season coin
cides with the dry spell of the year during later part of December to the middle of February. 
A second conspicuous flowering season is soon after the rains in October. Accordingly 
the main fruiting seasons are also two. One coincides with the monsoon months from 
June to August and other sometimes in December. In the evergreen forests vegetative 
activity is at its lowest ebb during the rainy season and at highest just before and after the 
rains. This is contrary to the vegetative regime observed in moist deciduous formation. 
However, this fact is of paramount importance in planning the artificial regeneration opera
tions in these forests. 

Eve~green forests of Mysore State have not been fully tapped. There are several large 
areas which have not been touched at all. Roads are being constructed at a cost of Rs. 4.16 
lakhs. In North Kanara forests only recently the demand for softwoods has extended. 
In northern ranges of Shimoga District intensive exploitation is in vogue for sometime 
past. Regeneration has kept pace with the exploitation but the tending operations present 
a problem. , 

As regards policy ~nd obj~cts of management of the evergreen forests in Mysore 
State, o~~ so!e concern ts to bnng all .the forests under ac ive working and increase their 
produ~tlVlty m terms of valuable spectes. Constructing of more roads is art immediate 
necesstty. Wherever new roads have been constructed the value of forest in the shape 
of lease money, h~s incr~ased four to five fold. The forests of Mysore Stat~ also cater to 
~h~ wood-based mdustnes of Kerala State. Thus the demand, particularly for softwood 
ts tmmense. 

Shri V. S. Ra~ (West Bengal)- We are t~ankfu! to Dr. Kadambi for his very interesting 
talk. I am convmced that we have acted nghtly m requesting the senior officers to give 
us a resume of the problems and the status of the forests of their respective States. 

It is interesting to learn that on the ~me hand there is a fear of not utilizing these 
forests P~~perly! and <;m the other, there ts a dal}ge~ of over-exploitation. If the forest is 
under-utJltzed,. tt. ~ontmues to be. a [orest but .wtth mtensive exploitation in roads of agri
culture may dtmtmsh t~e forest ltmtts. Expenence of this nature is already available in 
Assam. The constructiOn of roads and tramways involves a heavy cost of maintenance 



and these proJects can be profitable only if the forests are intensively worked within the 
economic range. All these points need very careful consideration. 

·· I am glad to learn that wherever heavy fellings have been done natural regeneration 
has come up prolifically. Elsewhere, under similar conditions, swamping by weeds is a 
usual occurrence. The experience of Mysore, therefore, is very encouraging. The trouble 
there is merely to evolve suitable and cheap tending operations. 

pr. K~dambi's observations of two annual cycles of leafing, flowering and fruiting 
are mterestmg. 

Shri R. R. Chaudhari (Maharashtra)-Bombay State has very little in the shape of 
evergreen forests. Also, they are not of much commercial importance. They are located on 
the crest of the Western Ghats. Total area under these forests is about 150 to 200 sq. miles, 
mostly in Poona, Satara, Kolhapur and Kolaba Divisions. They cover the catchment 
areas and are, therefore, allotted to the Unexploitable Working Circle. However, in places 
like Mahabaleshwar where there is acute demand for fuel and charcoal, some exploitation 
is done. Under this type of working only the dead and dying trees are removed. Some of 
the areas are almost inaccessible and manufacture of charcoal is the main operation there. 

Mahabaleshwar forests are worked under improvement fellings. Selection fellings 
as were done in the past have been stopped. In the semi-evergreen forest of Kolhapur 
Division, clearfelling with planting by the agri-silviculture method is practised. There 
is no natural regeneration. The species commonly planted are cashew, Syzygium cumini • 
and mango. Planting stock is raised in polythene bags. 
· Shri V. S. Rao (West Bengal)-From Shri Chaudhari's account of Bombay evergreen 
forests, it would appear that the way in which these forests are utilized and regenerated 
is going to alter the entire ecological status of these forests. Whether such a change 
is desirable is a matter for careful consideration. As regards agri-silviculture method 
of regeneration, my impression is that this method is best suited to moist deciduous forests. 

Shri M. C. Jacob (Assam)-Past history of Assam forests indicates that about 75% 
of the forested land was under the evergreen forests. Shifting cultivation has, however, 
reduced this area substantially, making room for bamboo forests or grassland savannahs . 

. Only small groves of religious sanctity are present as relict vegetation of the evergreens. 
The evergreen forests, therefore, are confined to the plains except in Cachar where even 
hills are clothed with this formation. 

Assam evergreens are not the true tropical formations, except the ones in the Cachar 
District, as they wholly lie within the sub-tropics. ·The soils are mainly alluvial except 
in limited areas where even sedentary soils are fo.und. The high and well-distributed 
rainfall coupled with the soil type is responsible for the occurrence of the evergreen forests. 
The bhabar soils which are usually porous and less retentive of moisture do not carry the 
evergreen forests. But. the intrusions of red soils which are deep and more retentive of 
moisture support the evergreen forests. Such a controlling effect .of soil type is exemplified 
in Goalpara East Division. The red soils in a predominantly bhabar tract, support Bonsum
Amari (Phoebe goalparensis-Amoora wallichii) forests. The dominant constituents of 
-these forests belong to Lauraceae and Meliaceae. Both bonsum and amari are econo
mically important species. but they usually occur in large to small-sized patches in a gen~ral 
matrix of less important species. This matrix is being enriched along with the selectiOn 
and improvement fellings for bonsum and amari. . For enrichment operations, the top 
canopy is maintained intact and middle-storey is thinned. Line sowings are done and as 
the weed competition is not much the seedlings progress satisfactorily. Their growth rate 
is maintained by further lightening the middle canopy. This operation, howe~er, ,Proved 
a little wasteful in the matter of utilizing the seeds. Now the practice of sowing !s ~ven up 
and instead nursery plants of bonsum, amari and Mic/:zelias are planted out. Planting IS done 
late during the monsoon, with a ball of earth around the roots. The planting may, however, 
continue upto the middle of January. Resort to this practice was necessitat~d by the fact 
that early rains planting was not successful due to heavy rainfall. During wmter t~ere 
is plenty of dew fall. Showers during summer are also not uncommon_. Late planting, . 
therefore, succeeds very well. Planting is done at 24' x 24'. Such plantmgs have already 
been made. ove~ about 3-4 sq.' miles and the planted trees are ;;tlready 15-~0 ft. tall. 
Overwood IS bemg gradually felled and converted. Other constituent species are also 

. coming up naturally in .the area. 
In the Dipterocarp-Mesua type of forests, the top can?PY species are DipterocarP_uS 

macrocarpus and Shorea assamica. The under-storey consists of Mesua ferrea, Vatzca 
spp., etc. About 30 years ago there was no demand for the top storey trees and they.used 
to be recklessly girdled or. felled. Mesua ferrea was marketable for poles and railway 
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sleepers. In those days, therefore, attention was mainly focussed on the regeneration 
of Mesua ferrea. With the establishment of a Treatment Plant at Naharkatia Dip
terocarpus macrocarpus ~hollong) ~as. come UJ? into great prominence as a sleeper wood. 
Similarly Shorea assam1ca (makaz) IS extensively used for plywood. The management 
system f~llowed for these forests is selection felling followed by intensive cultural operations 
for 3 years after exploitation, the cultural operations being repeated after a pause of a few 
years. The results obtained are very encouraging. 

. The demand for agricultural land is immense on Dipterocarp-Mesua type of forest. 
But looking to the high revenue yield realised from these forests it is desirable to maintain 
them as forests. Even those areas where Dipterocarp stocking is low, i.e., 2 to 5 trees per 
acre, should be constituted into reserved forest. A hollong tree 15-18 ft. girth and about 
150ft. tall fetches about Rs. 1,000 .. 

The mixed evergreen type of forest occurs in Cachar area. Dipterocarpus turbinatus 
is found here. Economically important species (particularly the ones which yield sleepers) 
are found scattered. These forests · are worked under a selection system. Exploitation 
is fixed by girth limit and regeneration is regulated by compensatory plantation. It is, 
however, not a satisfactory method. The compensatory plantations are mainly of Lager
stroemia jlos-reginae which has a high demand for boat building. Also it is easy to raise 
these plantations. But the entire aspect of the evergreen forests was getting changed. 
Underplanting practice has, therefore, been introduced.· Dipterocarpus turbinatus. c~me 
up under the shade of Tephrosia candida. Compensatory plantatiOns are now limited 
to stream banks where agri-silviculture method is followed as a means of providing work 

, to Cinchona labourers. 

Shri V. S. Rao (West Bengal)-Shri Jacob's remark that his evergreen forests lie within 
the sub-tropics is worthy of note. I believe that the latitudinal limits should not be applied 
so rigidly. 

It is interesting to note that bonsum is a substitute for teak and it occurs in the evergreen 
forests. Also it could be raised artificially by using tall (upto 6ft.) transplants. Also as one 
tree of hollong fetches as much as Rs. 1,000 it is high time that it is generally accepted 
that such forest lands should not be given away for cultivation. 

As regards the removal of overwood after the establishment of the ~nd~r plant mat~rial, 
the felling damage may possibly be avoided by poisoning the trees. I am not very happy 
with the idea of using poison on a large scale in any forest area, but if it is the only possible 
course it cannot be helped. ' 

Shri P. B. Kar (NEFA).-Forests and Forestry in NEFA are nothing different from 
Assam. The exploitable forests in NEF A form a narrow fringe along the Assam border 
and they are located in hilly terrain. The evergreens abound in Dipterocarpus macrocar
pus (hollong), Shorea assamica (makai), Mesua ferrea (nahor) and Vatica lanceefolia. 
Patches of Phoebe goalparensis (bonsum) and Amoora wallichii (amari) are also met with. 
Mixed evergreens also occur. The common marketable species in these forests are 
hollong, Terminalia myriocarpa (hollock) and Altingia excelsa. 

The forest administration in NEFA is only 13-14 years old. Constitution of the main 
reserves is the immediate problem. Exploitation is limited to market demands. These 
markets are mostly in Assam. One plywood factory has, however, been established. 
Establishment of another factory is being contemplated. 

In the eastern Himalayas where mixed evergreens predominate, the raising of planta
tions is the chief activity. The area is also being opened up by constructing roads. The 
exploitation is thus set off against the compensatory plantations raised. Due· to labour 
shortage, the plantation activities are, however, limited. As regards the hollong forests 
!he I?anagement and regeneration practices are the same as in Assam. The main difficulty 
1s w1th. regard to . makai ":hich is not regenerating. Even the assistance given by tending 
operatw~s has fm~ed to yteld good results .. We are now concentrating on the artificial 
regenerat101!- of thts spectes. It has been noticed that the viable seeds could be collected 
from the mtddle of M~rch to middle of April. These seeds germinate well under shade 
and one year old seedlmgs can be planted out successfully. Sowing or planting of makai 
can, therefore, be tried in tunnels by cutting out weed growth. 

During 1947-48, an area of about 4,000-5,000 acres was flooded and the tree crop 
~ompletely. died. The ~ew silt was colonised by Saccharum spp. After 3 to 4 years 
1t was nottced that seedlings of hollock (Terminalia myriocarpa) were also appearing 
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jn the grass. TP.e grass was cut and seedlings were tended. Within about 3 years Sac
~harum sp~. completely vanished and the area is fully stocked with hollock. The area 
SO treated lS about 1,800 ,a~res. 

The present plantation !:l-ctivities ~elate. to hol!ock only, as this species is easy to 
grow. Now we are also makmg extensive tnals With Cinnamomum spp., amari Michelia 
excelsa and Chukrasia tabularis. . ' 

Species like ~chima, panarium and Ailanthus are also coming into use. The silvicul
tl.;tre of these species, part;tcularly from the point .of view .of raising them in plantations, is to 
be studied. 

Shri V. S. Raq ,(West J3engal)-Jn NEFA, the most immediate problem appears to be 
that of Forest Reservation. It is gratifying to note that a 20-mile wide belt along the Assam 
border is to be .declared. as ·~eserye:. . Luckily this area is not much populat.ed. Where 
~he forests are nqdle.d ~Ith villages, It IS necessary to educate the people t.o take up forest 
work ;:ts a means of livelihood. Wood-based cottage industries may also be introduced. 

There is also a sugges~i~n to conv.ert the evergreen forests into plantations of tea, 
coffe~, pepper, rubber, medicmaJ plants, etc. They are apparently very lucrative ventures 
put the importance of the prese,rvation of the flora, fauna and soil of evergreen formations 
should 110t be lost sight of. h-lso canes which occur in evergreen forests· should be given 
due attenti.on. Assam, l'l"EF A and adjacent tracts are the home of canes and this source 
should be preserved and deyeloped in the interests of the country. · 

Shri A. I. lyppu (Kerala )-Evergreen forests in Kerala are confined to the Western 
Ghats and are linked at one end with those of Mysore State and at the other with the Madras 
State. The total area is about 900 sq. miles mostly located on the western side of the 
W,estern Gpats. A characteristic feature in the Western Ghats of the Kerala State is the 
development of a large number of hydro-electric projects. Large stretches 
of evergreen forests are thus being relinquished. Whatever little evergreen forests are 
left have to be worked rathe,r intensively· to feed a large number (about 18) 
of plywood factories, packing case f,actories, match factories, wood-based cottage industries, 
_etc. Part .of the required )."aW material is obtained from the forests of the adjoining States. 
At present we are still workitJ.g .our .evergreen forests on a fairly conservative basis. The 
t;naximum exploitation amounts ~o, _a_bout 2:-3 trees. per acre anq no two trees removed are 
within a chain's distance of each other. Large gaps are avp~ded for the sake of regenera-
tion.· · · · ·· · · 

Once the whole of the Kerala State must have been cove,red with evergreen forests. 
Indications of this nature are available from old groves preserved due to religious sanctity. 
With the increasing pressure of populat~on, the evergreep. forests are now co;nfined to steep 
siopes and ripges. These forests, however, are well served with roads and there is also 
a tra:rp.w~;ty. _ 

;Much of the evergreen forest has already been brought under cardamom cultivation. 
The demand for cash crop plantations is still on the increase and recently there has been a 
proposal .that about two lakh acres of evergreen forest should be set aside for rubber 
cultivation. Further extension of cardamom has, however, come to an end except in com
mercially poor .types of evergreen forests. 

Management in th,e evergreen forests of Kerala is on selection basis. Girth limits 
are fixed fo.r individual species and they range from 6-8 ft. Similarly the number of trees 
removed per acre does not exc.eed 3. Silent Valley forests are an excellent example of 
well-preserved evergreen forests·. Some of the forests have, however, been degraded due 
to biotic influences. · 

.Our efforts to regenerate evergreetJ. forests have so far been limited to ·small scale 
experiments. No large-scale regeneration operations have been tried. qap regeneration 
was at.tempted in Silent Valley and results are successful. Tunnel plantl~g has also been 
tried ·in Chandurni Valley and in Tennamalai area with good res~lts. This aspect of ever
green forestry wa~ not given d_ue attention in the past as our energies. were mostly concentra
ted on ~eak. Jt Is, :Qo~ever, proposed to take up large-scale expenments on the regenera
tion of the evergreens .m the near future. 

Hardwood evergreens Hke Hopea parvi.flora, Artocarpus hirsuta, white cedar, etc. 
fetch about 8-10 per cubic foot. Management of these species together with the softwoods 
which are already in great demand, is important. 
.. . The~e are also large areas covered with reeds. The isolated trees f~und in t~em are 
species sucl~ as Mesua ferrea, Calophvllum elatum etc. Ecologtcal studtes of 
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these formations are likeiy to yield interesting and useful iliformation. the exc1usion of 
tree growth appears to be the res~lt of intensive and long .Pe!sisting biotic interference. 
Characteristic features and controlling factors of each associatiOn of the evergreen forests 
should also be evaluated. 

· Shd Y.S. Rao (West Bengal).-The National Forest Policy aims at t~e incre~se <?f 
the forest area to about 33!% of the totall~nd area. . Therefore, the contmued dtmun_I
tion of forested lands should be taken senous notice of. Not only are hydro-electnc 
and irrigation projects submerging vast extents of forests but ~he p~pulation so displaced is 
being settled only in forests on the plea that no other land IS available. The pressure of 
agriculture is also making continual encroachments all along the borders ?f the _forests. 
Establishment of industries has also caused deforestation of large areas. It IS a ptty that 
even the evergreen forests which are located in remote areas are not free from such threats. 

Shri M.A. Waheed Khan* (F.R.I.).-So far as the management of the evergreen forests 
in the Andamans is concerned, I may point out in the very beginning that my knowledge 
is based only on a few days' tour in those forests and collection·of necessary information 
from all possible sources, during that period. 

The Andaman and Nicobar Islands are wholly situated in the tropics. The annual 
rainfall varies from about 80" to 120" and the mean annual temperature is in the neigh
bourhood of 94· F. The geological complex is predominantly of sand stone formations 
and some coarse material like conglomerate and braccia. Intrusions of volcanic formations 
are also available, e.g., serpentine rocks. These predominantly distinct geological forma
tions give rise to two definitely distinct types of soils. The volcanic formations yield mostly 
the clayey soils and they are located in the valleys and on the lower reaches of the smaller 
hills. Water table is fairly high and water-logging is very often the case. In the sandy 
soils derived from sand stone and conglomerate formations, the percentage of sand is rather 
on the high side. Rate of infiltration is also very high and continued leaching has developed 
a layer of about 1-2ft. in depth below 2"-3" top soil, which is somewhat compact and cel
lular in appearance. It is, I should say, an incipient stage of laterization. Distinguishing 
of these two soil types is important from the management point of view of the Andaman 
evergreens. Heavy working carried out on the clayey soils of volcanic origin leads to 
rising of the water table, creating conditions more of a boggy nature in which regeneration 
of the economic species almost disappears. The second growth forest is mostly of reeds 
and inferior tree species. On the other hand, heavy working of forests on sandy soils 
which are less retentive of moisture, the rise of water table is beneficial for the regeneration 
of the evergreen species. 

The distribution of various forest types in these ·lands is very systematic. All along 
the coast there is a narrow fringe of mangroves. Although we are not dealing with this 
type at the moment, it will be quite informative to say that they are most magnificent and 
the best in the whole of India. Just above the mangrove fringe, the Evergreen Dipterocarp 
forests come in. Usually they are also in the form of a belt and may completely cover the 
smaller hills or only the lower slopes of the higher hills (the highest elevation is about 3,500 
ft.). . Within this belt, patches .of moist deciduous forests also occur, wherever the solid 
rock ~~ close to the surface. Transitional semi-evergreen type of forests are also met with. 
The higher slopes and ridges carry the moist or dry deciduous forests. 

The activities of the Forest Department are mainly concentrated in the Andaman 
Islands and do not extend to the Nicobar Islands. The method of working employed in 
the past was mainly a system of lumbering, primarily aimed at getting the maximum timber 
volume f<?r the sake of revenue. Silvicultural considerations are of most recent origin; 
!he workmg plan formulated in 1951 prescribed the regeneration operation by gradual lift-: 
1~g of the canopy and retention of about 6 seed-bearers per acre. This method of regenera
tiOn was co~tmued for a few years and plentiful regeneration appeared on the ground. 
Soon the questiOn of removing the seed-bearers arose and simultaneously several difficulties 
cropped up. Firstly, the area yielded very little timber and the cost of extraction· was very 
heavy. Secondly, the felling of large seed-bearers caused much damage to the young 
gro:wth. . To surmount these difficulties, retention of seed-bearers was eliminated and the 
mam felhngs now. amount to clearfelling. The ac~ual clearfelling process, however, is 
spread ov~r a _number of. ye3:rs. One to two years m advance of the main fellings brush
wood cuttmg IS done which mvolves clearing of shrubby growth together with trees of the 
lower canopy urto .a height of a,bout 20-40 ft. Dipterocarp seeds are sown broadcast. 
Apparently seedmg Is done as a regular feature in some places whereas in others it is done 

* N.B.lln the absence of a representative of the Andamans Forest Department Shri Waheed Khan (Forest Ecologist) who 
had .rccf?t Y toure~ the Andamans along with the Silviculturists of some other State; in connection with this symposium offered 
to giVe us tmpres~10ns of the Andamans forests and the silviculturnl practices obtaining there. 
M5 Dcptt, of Agrt.j61-5 
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billy in those patches where advance growth of economic species is wanting. the mairt 
felling. of the commercially important species lin~ers for 4-5 years. ·After the main fellings 
mteJ.?-s1ve cultural operations commence along w1t~ which the girdling. of the inferior specie~ 
left m the overwood 1s also done, The regeneratiOn comes up plentifully but it is mostly 
patchy. The well-stocked patches may range from a few yards to several acres. Even 
m the pole crop; the stocking is not complete. · 

. The questio~ o_fthinning the second growth forest has not yet arisen. It, however, 
~ppears that thmnmgs are not contemplated as the poles obtainable are not saleable 
111 the Islands and the cost of transport to the main land is prohibitive. 

The area annually exploited, is about 8,500 acres. Out of this, about I 800 acres are 
repeatedly g<;me over, under cult_ural OJ?erations, till t~e. area is adequately sto~ked with the 
~econd rot~tl_on crop of economic ~pec1es. The remammg; area of 6, 700 acres is just left to 
Itself. This IS because of the pauctty of labour for covenng the entire area of 8 500 acres. 
The idea seems to b~ to compensate the loss of regeneration on 6,700 acres by ;aising 750 
acres of teak plantatiOns and 400 acres. of matchwood plant.ations .. It is apparently believed 
that this sort of compensatory plantatiOn method will yteld the mcrement which may be 
lost on the area of 6, 700 acres which remains untended. I feel that it is necessary to evolve 
a most satisfactory solution of the problem. 

From the utilization point of view the annual working area should be large enough to 
be economical, i.e., to produce sufficient quantity of timber, so that costly methods of 
extractions .may .be introduced there. At present the cost of extraction is very ]1igh and 
makes an mordmately large demand on the annual budget. The main difficulty is with 
regard to the availability of labour. It is recruited mostly from the States of Bihar and 
Kerala. The Forest Department is maintaining a force of 4,500 labourers who are paid 
at the rate of Rs. 67 per person per month (month of 23 working days). Thus the present 
planning of all forestry operations is of necessity governed by this limitation in respect of 
labour. · 

-
Recently _a plywood factory has been established at Port Blair. A chipboard factory 

may also be established. Possibilityof establishing a hardboard factory is remote as the 
supplies of fresh water are very limited. 

Shri V.S. Rao (West bengal).-The most important problem of the Andamans appears 
to be the proper tending of the regeneration on the majour portion of the annual coupe so as 
to avoid accumulation of large untended areas. 

Shri C.A.R. Bhadran (Madras).-Evergreen forests of the Madras State are in continua
tion of the evergreen forests of the Kerala State. The extent of these forests, however, is 
limited. The bulk of these forests has already been converted into more lucrative planta
tions such as tea, coffee, cinchona, cardamom and rubber. 

The shola forests which cover the head waters of numerous little streams ·may well be 
described as Temperate Evergreens. They are located above 5,000 ft. elevation. Tropical 
evergreens are confined to 2,000-5,000 ft. elevation and below 2,000 ft. elevation the forests 
are either moist deciduous or dry deciduous. 

The evergreen forests of the Madras State are. subjected to acute pressure by local 
population. The management of the evergreen forests can, therefore, be viewed only as a 
part of the integrated land-use of the region as a whole. The shola evergreens had to be 
managed as such to regulate stream-flow. The low-elevation evergreens under well
managed conditions are expected to yield about Rs. 50-60 per acre per year. As against 
these financial returns a rubber plantation in the same locality yields a net revenue of 
Rs. 1,000 per acre ~er year. Apparently, a rub.ber plantation also proyide~ as effective a vege
tation cover for soil and mOisture conservatiOn as any we could visualise. Rubber plants 
are planted at 15' x 22' spacing, with a soil binding creeper on the ground. Within 2-3 
years the ground is completely covered with this creeper and by 8th year full canopy of 
the rubber trees is formed. Thus the locality factors are maintained and the utilization 
of the land is upgraded several-folds. Some of the evergreen forests of the Madras State 
are therefore set aside for the formation of rubber plantations. While tapping for rubber, 
trees are not damaged in any way. The life of rubber tree is about 60 years and thus the 
rubber crop could be easily replaced at a cycle of 60 years. 

Another profitable use of the evergreen forests is the cultivati9n of cardamo~, witho_u t 
interfering. with the evergreen nature of the forest. Cardamom IS a shrub and Its frmts 
are collected without disturbing the plant. The cardamom requires a reasonable amount 
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of overhead shade and therefore the tree crop is scarcely disturbed. Only a few trees from 
the middle or lower storeys are removed and shrubs are cut, which are substituted by carda
mom. The net revenue realised from cardamom plantation is about Rs. 300 per acre per · 
year. It is, however, important to point out that there are defi!lite. evergr~en as~ociations 
under which cardamom does well. On the lower elevatiOns (2,000 -3,000 ) carda
mom comes up very satisfactorily but on these elevations the percentage of economically 
important tree species is al~o. hi~h. If these trees are removed in. i~crea~ing number, the 
openings caused may prove InJunous to cardamom. In such areas It Is desirable to evaluate 
whether to grow timber or cardamom~ On higher slopes, the mixed evergreens 
do not contain an appreciable percentage of economically important trees. These are 
probably the best sights for the cultivation of cardamom. Even if cardamom is not grown 
there, improvement and enrichment of these forests is imperative. 

Viewing the management of the evergreen forests from this angle, we could probably 
divide the available evergreen forests into three groups. The first group will include all 
those evergreen forests the conservation of which is essential from protection point of view. 
All the high-level sholas fall under this category. The second group includes evergreen 
forests of medium elevation in which the percentage of marketable species is low, but the 
extent of the forest blocks is large. In such forests intensive planting operations should 
be the rule. Attention should be concentrated only on a few important evergreen species, 
which have a high market value. The third group should include the smaller blocks of 
forests ranging in area from a few hundred acres to about ·2,000-3,000 acres. These areas 
are probably best utilized under an intensive system of management, like the tea or coffee 
plantations. 

Submergence and subsequent settlement of forest lands due to increasing hydro-electric 
and irrigation projects have caused an alarming situation. We have to admit the necessity 
of these projects and we cannot probably stand against them but we must insist that any
thing that could be possibly avoided should be defini~ely avoided. 

As regards the reed formatio:p.s, I have to mention that the reeds have already proved 
an important source of raw material for the paper mills. Whether we should be in a des
perate hurry to restore these reed areas. by any elaborate process of restoration to the 
original evergreen forest or we should continue to develop them intensively for reed 
production itself would be a matter for local investigation. 

Shri V.S. Rao (West Bengal).-Management of forests and forest lands must be 
viewed from the national point of view. The target of · 33!% of the total area to be 
brought under forests has not been yet achieved. Therefore putting forest lands for uses 
other than forestry should be a matter of grave concern, lest the forest lands may gradually 
slip from the Forest Departments. Obtaining the maximum financial returns cannot be 
the only criterion. The beneficial effects of forests on climate, soil and water conservation, 
agriculture, etc., cannot be ignored. · In order that the impending timber famine in our 
country may be averted there is a strong case for maintaining every bit of forest land 
under forest only. 

23rd April, 1960 
Dr. G. Panigrahi (B.S.I., Shillong).-Evergreen forests of 'Assam and NEFA rriay be 

divided into broad vegetation formations, e.g., Tropical Evergreen Forests, Semi-Ever
green Forests and Montane Forests, as has already been done by Champion. Champion's 
classification is suitable but the data as collected by us so far indicate that the floristics 
and the extent of distribution of each type should be revised. I have given my views in 
detail and furnished the additional information in my paper contributed to the· symposium. 

Viewing the evergreen forests of India through the geological ages it is evident that 
there ~ad b_een. no appreciab~e change. F~ctors responsible for such a rigid stability are 
worth mvestigatiOn. Cytological and genetical studies may probably be of much avail. 
However, it is well-known that the cytological changes going on in tropical vegetation are 
of a much higher order than those in Temperate Climates . 

. Shri V.S. Rao (West Bengal).-'r:'he fact~ regardi!lg the .distribution of evergreen species, 
particularly M esua ferrea, are very mterestmg. This species occurs both in the north-east 
and southern evergreen _forests of India. It is also aston~shing to note that Dipterocarpus 
macrocarpus has r~mamed u_nchanged. thr<?u~h geological ages, though through geneti
cal approach we w~sh ~o ~od.IfY. a ~pecies Withi~ ~ne _or two generations only. Researches 
on forest tr~~ genetics IS s~Ill ~11 Its lfifancy but It IS time tQ makct a start in this regard in 
lndta also, · · · 
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JJ.r. K. ~adambi (~~sore).-Foresters have always been alert to recognise the 
c~angmg specific composit.IOn of a forest. These are regarded as succession or retrogres
Sl~nal changes. . '!~e mam fac.tors respo~s1ble fo~ such ?hange~ are (i) competition, (ii) 
s01l changes, and (m) cytogenetical alterations. With the mcreasmg effect of biotic factors 
some of the species preponderate and others vanish. In, the moist teak forest, teak continues 
to p~rsi~t under the .effects o~ fire. With. the eliminatio~ of fire evergreen and semi-evergreen 
spec1es mvade and mcrease m proportion. Teak dwmdles down and may even vanish. 
Similarly when. ~ crop is repeated!~ grown on a site, the ~o~l characteristics change and the 
change<l; . con~ht10ns may D;Ot c_ontmue to. supl?ort the ~ngmal type of crop. A change in 
composition !s, therefore, meVItable. A sit~atiOn of this nature is already met with in the 
Western Himalayas (Chakrata forests) with regard to fir forests. Cytogenetical changes 
as evidenced ~n seed races have long been re~ognised in the practice of forestry. ln some 
of the countnes, already there are laws to this effect where seeds of only particular races 
are collected for extension of forestry . 

. Shri K. ~· Nair (I.F.C.).-Our .knowledge. of the silvic~lture of evergreen species, 
partiCularly with regard to regeneratiOn operatiOns and tendmg of young crops is very 
meagre. 

In the evergreen forests of the Western Ghats no special efforts are made to obtain 
and tend the regeneration. Exploitation of the economically important species is done on 
a girth limit basis. In some of the States, e.g. Mysore, working plan prescriptions are 
fairly elaborate in respect of obtaining and tending the regeneration but they were never 
strictly followed. Consequently the exact technique of regeneration is not yet known. 
Similar is the case of artificial regeneration, although gap planting, tunnel planting, etc., 
have been tried. 

In Kerala and Mysore States many wood-based industries are dependent on the ever
green forests. For the continuance of these industries it is desirable that the research be 
concentrated on augmenting the stocking of useful species in the existing forests. The 
risk of converting the evergreen forests into rubber, tea or cardamom plantations should 
be averted. There is greater need for the extension of the evergreen forests. 

The focussing of attention on regeneration in evergreen forests is very necessary. 
Probably a regeneration survey should always be a necessary item of the prescriptions of 
the working plans for all such forests. Also, suitable criteria should be evolved to define 
the number of seedlings per unit area when it could be called fully-stocked. Similarly, 
the established and unestablished stages will have to be clearly recognised. The Malayan 
method of regenerating the evergreen forests takes cognisance of both the presence and 
adequacy of regeneration. The application of the shelterwood system is justified only 
if the fully-stocked second growth forest is ensured. Any deficiency in stocking must always 
be supplemented by artificial measures. 

Shri A. B. Chaudhary (West Bengal).-In West Bengal, the evergreen_ forests cover 
about 20 to 30 sq. miles ofland. They are located in lower Kalimpong and due to peculiar 

- floristic composition of these forests, Champion has designated them as "North Bengal 
Tropical Evergreen Forests". These species are common both to Assam and Western 
Ghat Evergreens. Species of Dipterocarpus and Mesua are, however, generally wanting. 

In the lower hills of Kalimpong,' Duar plains FJ.nd Bhabar plains M esua ferrea does 
occur. In the Duar plains Mesuaferrea is associated with Saraca indica. 

In view of the peculiar nature of the evergreen forests of West Bengal a study of 
their ecology will be very useful. 

Shri P. Venkataramany (F.R.I.)-Paucity of re$earch on the silvicultural characteristics 
of the species in the evergreen forests is the most striking feature. As the demands of 
wood-based industries are iii.creasingly felt on the evergreen forests, it is time to organise 
this research. Similarly there is a deplorable lack of growth data for evergreen species, 

. both as individuals and as crops. 
Considering that the growth conditions are by far the best in the evergreen forest 

regions, one is expected to get the highest return from these forests. But out of the vast 
multitude of species as they occur in the evergreen forests only a few species are e_conomi
cally important. The increment on unutilizable species is wasted. Usually, the standing 
volume is estimated as 50 tons of timber and 50 tons of fuel per acre. Thus the rate of 
wood production per acre per annum is about 0.5 tons. Actually the utilizable timber is 
estimated only as 0.1 to 0.2 tons per acre per annum. This is obtained by working the 
forests under the selection system with an exploitable girth of about 6 to 9 ft., and a felling 
~ycle <>f 20 to 30 years, This yield of 0.1 to 0;2 tons per acre per annum is very low when 
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we remember that in comparable situations Eucalyptus globulus and Acacia mollissima, 
in the Nilgiris, can produce 6 tons per acre per annum. Similarly Casuarina on ~andy coast 
produces 4 to 5 tons and teak a!Jout 1 ton per acre per a~num. Thus there IS an. u_rge~t 
need to improve the regeneration and management practices to augment productivity m 
these forests. This can be done by silvicultural research and proper management by con
verting the forests into evenaged or un-evenaged stands of a few selected valuable fast
growing species. 

Research is also necessary to make use of hitherto un-economic species by seasoning, 
preservative treatment, etc. 

Shri S. Rajkhowa (Assam).-Jn the evergreen forests of Assam there are three fo,rma
tions which are characterised by the dominance of only a few species in the top canopy, 
sometimes tending to be almost pure. These three formations are the Upper Assam 
Mesua-Dipterocarp formation, the Evergreen Kayea assamica formation, and the 
Cachar · Dipterocarp-Kayea-Palaquium formation. It is possible to regenerate all these 
three types naturally at comparatively low cost, on account of the good seed dispersal 
of the dominant species which form more than 40% of the stems above 3 ft. girth, and 
the adaptability of the seedlings to the habitat factors. Out of these three forma
tions, however, natural regeneration operations are done only in case of the first, and 
in spite of indications of good response to treatment, no systematic work on regeneration 
has been done on the other two formations as the dominant species in these formations, 
viz. Kayea assamica, Palaquiuni polyanthum and Kayea floribunda have no market at 
present. As far as I know, none of these species have been tried seriously for suitability 
as railway sleepers or veneers, though Kayea floribunda, which was peeled successfully 
.in a local mill in Cachar was found to yield beautifully figured veneers. ·If use can be 
found for these species, there will be a scope for investing money on their natural regenera
tion operations; and the annual revenue from these forests which is barely two lacs of 
rupees now, can be. raised to forty times that figure in the next twenty years or so. 

In general vast areas of Assam are covered by semi-evergreens which are not so rich 
in stocking nor are dominated by only a few species, as in case of the Bonsum-amari, Nahor
hollong, Kayea assamica or the Dipterocarp-Kayea-Palaquium formation. As regards 
regenerating these semi-evergreens the only practical method we found useful in the past 
was of "compensatory plantations". In this type of regeneration work in the evergreen and 
semi-evergreen forests, our experience has been, that here also a long looking after of forest 
regrowth is required-20 years, 30 years, sometimes 40 years. Those who visited Melang 
must have seen how these plantations are ·being overgrown with natural vegetation of the 
evergreens. This is one of the difficulties for which we have to be very selective about 
relegating all derelict areas to plantations because there is very quick change in the ecological 
set-up as soon as the plantations are formed and tall grass and weeds come in. In this 
cont~xt I sh~wed the study-tour party a little experimental area I had in Melang which is 
on lines similar to those of Shri Khan's suggestion of introducing deciduous trees in the 
evergreens . 

. I have given a fairly_ COJ.?prehensive list of species occurring in these evergreen and 
semi-evergr~en fo~ests and It will be found therefrom that we have got in our evergreen 
forests c~rtam deciduous_elements, most of which are pioneers. So it is possible to introduce 
th.ese ~10neer fast growm& species in the matrix of the evergreens by cutting lines which 
Will ennch the fo~ests defimte~y. . I mention Kydia calycina and Chukrasia tabularis which 
are two of t~e p_w_neer species m. evergreen forests. Other spe~ies. which we might try 
a_re M ansor~;za dtpzkae ~nd ~tercuha a lata. One of the difficulties m raising pure planta
!IOns or miXed plantatiOns IS the tremendous weed competition. Weeding is a mis-nomer 
m. Assam. It ofte~ takes the s~ape of jungle cutting, climber cutting and weedings, all 
mixed together and It has to contmue for 20 years or more and even when we think that 
the forest canopy is closed this operation has to go on. But I showed the study tour party 
an area ~here we ref!l-OV~d all trees more than 20-30 ft. high and left standing all other 
trees whtch ~ou}d ordmanly have been cut in the pockets of clear-felling and raising a good 
burn,. and did not cut or burn the ground vegetation. Under such circumstances, trans
planting of tall plants of fast-growi!lg hardwoods which are strong light demanders survived 
under the open canopy of the middle storey species; at the same time, it was interesting 
t<? note that weed growth \Vas kept absolu~ely under check, perhaps because we did not 
~1stur~ t~e ground vegetatiOn at. all .. This may prove to be a very fruitful field for the 
mvestJgation of methods of plantmg m our semi-evergreen and semi-deciduous forests 
where we cater to the needs of only the big-sized timber. In this connection I would 
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advocate a complete reversal of the general practice of lifting the canopy from below when 
we resort to artificial regeneration; it is a better proposition to remove the canopy from 
above, remove all big trees and plant under the shade of low canopy trees up to 20 or 30 
feet high. That way we avoid the felling damage in the first place and in the second place 
we can plant up our areas at low costs of formation and subsequent maintenance. 

As regards spacing in such plantations, I should like to make one observation that the 
light demanders which come as pioneers, e.g., Anthocephalus cadamba, Duabanga sonnera
tioides and Kydia calycina, have got a habit of growing straight-holed. So initial close 
spacing (of 6'x6') and periodic thinning are unnecessary. We want to put about 75 trees 
per acre to begin with, even in the case of Phoebe goalparensis which is a slow grower; 
in this case the question arises as to how this tree will acquire a clean bole. My 
contention is that if we do not cut down any trees (even of species of poor value) growing 
in between our elites, Phoebe will have its bole cleaned of low branches by the shade cast by 
such species. All that is needed is selective shrub cutting in order to encourage the trans
plants in their earlier stages. This method is likely to give us an unbroken canopy of useful 
species eventually. 

As regards the assessment of regeneration in evergreen and semi-evergreen forests, 
a minimum of 4 plants of 6' to 20' height per quadrat of one chain by ohe chain would 
appear to be suitable as a criterion for considering an area regenerated. Allowing for 
soil changes, successful regeneration can be obtained on 75% of such quadrats in Mesua
Dipterocarp forests by about 3 years' repeated weeding and subsequent canopy opening 
in stages by way of thinning directed towards assisting the valuable species. 

Dr. J.S.P. Yadav (F.R.l.).-So far as the soil factor is concerned, many aspects have 
already been discussed by the previous speakers. Although our knowledge about the 
soils of Tropical Moist Evergreen forests is limited, the various visits undertaken during 
the present Study-Tour have revealed that the site character plays a vital role in the 
development and distribution of these forests. The more important factors are:-

1. Soil depth.-On shallow soils the growth is very poor and the forests are generally 
of a deciduous nature, whereas the deep fertile soils bear a luxuriant growth of 
evergreen vegetation. 

2. Soil texture.-Sandy soils, which have a very low capacity for retaining moisture 
and nutrients, do not provide a good medium for the best development of most 
of the important species. Clayey soils with a higher moisture and nutrient status, 
on the other hand, generally offer a favourable environment. As pointed out 
by the C.C.F., Assam, evergreen forests are altogether absent on the porous poor 
soils of the Bhabar tract, but they are found to grow luxuriantly in the 
pockets of red loam in the same area. An interesting instance of ' this nature 
was witnessed by the touring party in Batasipur north of Brahmaputra river 
where despite a good water table, deep sandy soil with only a thin loamy 
layer at the top fails to support hollong probably because this species has a 
higher requirement for moistu.re and P.la_n~ nutrients. Almost similar. conditi<;ms 
were observed by us in Lakhtmpur DIVISion south of Brahmaputra nver. Sites 
having a sandy layer in the subsoil are associated with deficient regeneration of 
hollong, but where the soils contain a fair amount of clay both regeneration 
and growth of this species ate satisfactory. 

3. Laterisation.-Although the soils of the Western Ghats are mostly of lateritic nature, 
the areas characterised by feeble laterisation appear to be favoura~le sites. On 
the contrary, the soils which have become very hard and concretiOnary under 
conditions of advanced laterisation and have very little of real soil mass are not 
suitable for the growth of these forests. In Mysore such areas are at places 
occupied by grasses. 

4. Topography.-Since many soil properties such as texture, depth, moi~ture regime, 
aeration and nutrient ·status are greatly ~odified b~ the topog!~phical features, 
the variations in topography are reflected m the ultimat~ ~onditwn of .the crop. 
It is not uncommon to find that the forest growth obtammg on the higher ele
vations with shallow and coarse soils is much inferior to that on the lower situa
tions where both depth and texture have improved. 

5. Stoniness.-The soils, which are free from or have very few boulders and ~tones, 
are generally good provided there is no compact clay pan or hard concretiOnary 
layer in the subsoil to prevent water movement. 
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6. Water-tab/e.-In certain areas of Kerala, A_ndamhans . and Assam wbater-1~o&g~ng caused by high water-table particul.arly dunng t e rams ~PJ?ears to e a urutmg 
factor for the development of many Important trees. Mynst1ca swam~s of Kerala 
State in localised situations are typical ~xamples.. In. AndaJ?~n.s, D1pterocarpus 
is not doing well on water-logged areas m low-lyr~1.g ~Ites adJmnmg the strea!lls 
where the soils are intensively gleyed, but this species IS growmg .and reg~neratmg 
luxuriantly on the high-lying sites havin& no. signs .of water-loggm&. It. Is, there· 
fore, important that manage~ent practices mvolvmg heayy workmg like clear
felling should be employed m water-logged areas cautiously, so that water
logging is not further aggravated. · 

7. Geology.-The nature of soil is often governed by the kind of rock from ~hich it is 
derived. In the Western Ghats the rocks are mostly gramtes and gneisses and 
the soils encountered in this region are lateritic, depending on the prevalent 
local conditions. In Andamans, we find sandstones, conglomerates and serpen
tine series. The soil is either sandy or clayey according to the nature of the r?ck 
which is ultimately reflected in the condition of the forests. In Assam, geological 
formation does not appear to be very important in the alluvial soils visited by the 
party, although C.C.F. Assam remarked that evergreen forests are also found on 
the hills where geological formation has a physical and chemical affinity with the 
soils present there. The alluvial soils manifest various types of stratification accord
ing to the nature of sand, silt or clay deposition at different depths. These 
variations in stratification largely condition the type and quality of the forests. 

An interesting example, which demonstrates the importance of soil, was witnessed in 
Trivandrum Division of Kerala where three types of areas with almost identical climatic 
conditions were examined on the same day : (a) Myristica swamps, (b) semi-evergreen 
forests, and (c) evergreen forests. Myristica swamps have developed on gleyed soils in 
water-logged situations. Semi-evergreen forests are found on very bouldery soils with 
only a superficial thin layer of real soil mass. The evergreen forests occur on deep, well
drained and fertile soils which have very few stones but a good proportion of clay frac-
tion. · 

Contrary to the general belief that the tropical soils are poor in organic matter owing 
chiefly to the favourable conditions for its rapid decomposition, it was observed that these 
soils contain a fairly good amount of humus especially in the top soil. Although the pene
tration of humus in the profile was found to be deep, its absolute quantity decreased consi
derably with the depth. In general, the fertility status of these soils appears to be quite 
satisfactory excepting those which are very sandy, bouldery or shallow. No doubt, the 
physical and chemical characteristics of these soils will be known more precisely after 
analysis of the soil samples collected during the study-tour are completed. 

Shri M. C. Jacob (Assam).-What is generally the pH range in soils of the Western 
Ghat evergreen forests ? 

_Dr. J.S.P. Yadav (F.R.I.).-A few determinations made in the field indicate that the 
pH Is generally 4 to 5. The soils are, therefore, acidic. 

Shri M.A. Waheed Khan (F.R.I.).-1 should like to talk on the ecological aspects of 
the evergreen forests and the possibility of ecological studies assisting in the actual art of 
silviculture, or forestry in general. 

It ~s ~enerally ~~sumed that a Fore~t .Ecologist is opposed to any attempts at altering 
t~e flonstic comp_osition o_f a forest. Th1s IS a gross mis-understanding. The forest vegeta
tion ~~Y be mampulated m many ways but as long as it remains in consonance with the 
pre~allmg climatic and pedologic conditions, it may be considered good enough for perpe
tuatJOn. 

There. is no objectio~ to su~h manipulations and they are often necessary to utilize the 
full potential of the locahty. It Is, therefore, evident that it is not very necessary to maintain 
the .evergreen cha~acter of the ~vergreen ~orests throughout if the full potential could be 
obtamed by degradmg the ecological status m order to facilitate the introduction of decidu
ous elements. 

F~ol? the synec?log_ical po}nt of view, the evergreen forests can be dealt with under 
two distmct types, vtz. (1) the ,pnmary forests, i.e., the ones which are not unduly disturbed 
by man and his cattle, and (11) the secondary forests, i.e., the areas where primary forest 
has been destroyed under ta.ungya cultivatio~ etc. and the second growth vegetation has 
subsequently covered the area. As regards pnmary forests it is necessary that some thoro·ugh 
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complete s~udy of the fl:oris~ics, struct~ral ma~e:up in forest profile, and the dynamics of 
the vegetatiOn or the successiOnal studies. If It IS defimtely known that the Dipterocarpus 
forest is a clin;J.ati.c climax there is ~o harm in.d~al_ing with such forest drastically for pur
poses of explOitatiOn and regeneratiOn. But If It IS only a seral stage with comparatively 
unstable conditions, treatment of such forests will have to be done with utmost caution. 
Succe~sional studies in secondary for~sts are. equally important, particularly if their improve
ment IS not to be taken up by artificial sowmgs, plantings, etc. In the context of the com
pensatory reg~neration method, under which vast areas are left to nature after exploitation, 
a study of this type may be made use of to manipulate the intermediary stages so that the 
ultimate forest crop is fairly rich in economically important species. Even the initial 
exploitatio~ fellil}gs may be so ~esigned that the .suitable associates with which regeneration 
of economically Important species come up prolifically may be preserved. · 

If we take the evergreen forest zone as one broad vegetation formation, because they 
are so alike in physiognomy, the varying floristic composition may be correlated with 
structural geology, elevation, aspect, development of soil profile and anthropogenic causes. 
Thus the distributional patterns of species are governed by certain set laws. Historical and 
geological aspects are equally important. With regard to distribution of evergreen species 
~hrough the ages, the Malayan Forest Record-"Manual of Dipterocarps for Foresters" 
Is very useful. Successional trends also continue to change the distributional limits of species. 
Study of these natural laws governing the distributional patterns of species is eminently 
important for a well-designed scientific management of these forests. 

While considering the autecological studies it is well known that the evergreen forests, 
in general, are multi-layered in structure and the micro-climatic conditions of each layer 
are quite different from one another. Therefore a constituent species of such a comple~ 
community has to undergo varied micro-climatic conditions at .different stages of develop
ment and growth. Thus a species may commence its life as a shade-bearer and may 
ultimately turn out to be a strong light demander. The light studies with regard to varying 
requirements of a species in the general make-up of the evergreen forests are very essential. 
The light conditions can be manipulated for the benefit of one or a group of species. 
Similarly, studies on moisture and nutrient balance of the important species are necessary. 
Finally the autecological and synecological studies shall have to be integrated with the 
soil studies and environmental conditions to understand the soil vegetation-climate complex 
fully. . 

From the successional studies as correlated with the potential productivity of the 
locality, it is easy to understand that the climax vegetation is not the best yielder. It does 
not harvest the potential productivity of the land completely. It is the seral or a sub-cli
max stage which utilizes the potential fully. It is amply evident even from the vast stretches 
of teak and sal forests of India. Thus the successional studies will go a long way in the 
management of the evergreen forests for their maximum productivity. 

Studies on potential productivity made in Sweden and Germany have indicated that 
lhe evergreen forests do not produce the maximum. If the deciduous element is also 
introduced the productivity enhances considerably. Introduction of the fair proportion of 
deciduous species can be easily made in the second growth forest. 

From successional point of view the evergreen forests of Madras and Assam may be 
regarded as post-climax. In Madras, these forests occur in pockets where apparently the 
soil moisture regime during the year remains favourable. In Assam, the low annual mean 
temperature coupled with the absence of a definite and long dry period, produce favoura.ble 
conditions of growth, particular as the soil has a fair fr~ction of cl.ay. Considerab~e caut~on 
has to be exercised in the management of such vegetatiOn formatiOns. Any drastic cuttmg 
may upset the balance, favouring a preponderance of deciduous species. . 

In evergreen forests of the Andamans, a number of species of Dipterocarp~ts are said 
to occur in intimate mixture. From the ecological point of view such a vegetatiOn forma
tion is of seral nature. Considering that the Di'pterocarp species are valuable the manage
ment should be well-thought over so that there is no drastic change either to promote or 
degrade the successional stage. A seral stage- is usually very unstable. 

Ecological studies in the regeneration complex of the evergreen forests ar~ also neces
sary. The general distribution pattern of tree species in an evergreen forest IS usually of 
over-dispersed type, i.e., every species has got equal chance to appear anywhe_re .. The 
habitat conditions are uniform. The regeneration of these species, ho~ever, IS hwh!y 
under-dispersed, i.e., it appears in patches large or small. Th.e regeneratiOn pattern IS m 
the form of a mosaic. The distributional change involved from seedling stage to mature 
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stage is tremendous and during this period large numbers of seedling and saplings disappear. 
Considering this behaviour of regeneration in the evergreen forests it is essential that the 
patch regeneration of inferior species be replaced by enrichment planting or sowing to 
enhance the productivity of the forests in economically important species. The number 
of seedlings required per unit area for considering it fully stocked depends on 
the employment and efficacy of the follow-up cultural operations. If cultural operations 
are omitted even an abnormally large number of seedlings in the initial stages will not be 
sufficient as most of them are likely to die. If cultural operations are. regula:.:_ly carried out 
even a small number of seedlings may ultimately develop to maturity. . 

In a selection forest all age-classes are intimately mixed and are well represented, In 
an evergreen forest where only a few seedlings out of several thousands reach maturity 
application of a. true selection system is not practicable. A uniform system or regular/ 
irregular shelterwood system may be more feasible. 

In Tropical Africa an op(/ration known as "refining" has been applied to the evergreen 
forests. Under this operation inferior species are either cut or girdled at least 2-3 years 
in advance of the main fellings. If necessary the area is also seeded. . The second growth 
forest obtained is fully stocked with economically important species. 

Ecological studies on light requirement and root competition can help a good deal in 
designing the manipulation of the canopy in order to secure and establish the regeneration. 
They will help in deciding whether to lift the canopy from below or to remove it from 
above. The micro-climatic changes involved in such manipulations are important. The 
effect of removal or retention of brushwood is important in the same way. 

Shri C. A. R. Bhadran (Madras).-By way of further·explanation to my earlier remarks 
it is reiterated that it is time to rationalise our approach to evergreen forests and classify 
them into three distinct groups. The first group includes all those forests which are 
primarily and wholly required for protective purposes .. Utilization of these sites can be 
made if the management is consistent with this function. Cardamom, as is grown in South 
India, develops into a large leafy plant and admirably protects the ground. It merely 
replaces the shrub layer of the evergreen forest. Ground floor continues to collect leaf 
litter. The top canopy is undisturbed, except for a few stems in the middle storey. Thus 
the cardamom cultivation does not interfere with the protective functions of the site. 
However clearing the forest for the purpose of planting cardamom should not be allowed. 

The second group of forests will include the bulk of the evergreen forests devoted 
mainly to the production of timber. These forests are over-ridden with inferior species 
and, therefore, introduction of intensive management is necessary to increase their utility 
and productivity. The third group will include small and uneconomic patches, interspers
ed amongst agricultural fields and cash crop gardens. 

Shri M. C. Jacob (Assam).-Converting the evergreen forests either into cardamom 
or rubber plantations, brings about drastic changes. The tiered structure of the forest is 
modified and also the top height of plants is reduced. An evergreen forest may be 120 to 
150 ft. tall but the rubber plant.ation is only about 50 ft. tall. Also litter falling on the 
ground is different in composition which may affect the fertility of the soil. It is, therefore, 
necessary that before such changes are contemplated, the protective functions of these cash· 
cr~p plantations be evaluated. . · 

Dr. K. Kadambi (Mysore).-It is not sound policy that just because a large number of 
species occurring in the evergreen forests are not utilizable at present the. forests should 
be replaced by cash crops. Economic uses for the hitherto· unutilizable species should be 
found out. Evergreen forest is highly susceptible to drastic changes and general degrada
tion of the site is the usual outcome. A degraded evergreen forest site is completely lost. 
Therefore, wholesale conversion into rubber or cardamom plantations is not desirable. 

Shri V. S. Rao (West Bengal) . ..:___Now we shall take the discussions on the "Ecological 
Aspects" of the evergreen forests. · . · . 

Shri A; I. Iyppu (Kerala).-With regard to introduction of deciduous species in ever
~reen forests I have. to observe that an attempt was made in the past to raise a teak planta
tiOn. after clear fellmg of the evergreen forest. • Teak .has not responded well and evergreen 
species are once again colonising the site. 

Shri M. A. Waheed Khan (F.R.I.).-Introduction of deciduous element in the ever
green _forest a~d complete conversion of an evergreen forest into a deciduous forest are 
two different Items. The svggestion offered is only to introduce the deciduous element 
for enhanced l.J.tilization of the pot~ntial productivity, · · . · 
Mmeptt. of Asri./61-S . 
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Shri C.~· R. Bhadran (Madras).-Nothing in forestry should be regarded as drastic. 
There I.s an ~dea. for the better management of. the evergreen forests and there is nothing 
wrong m trymg It on a small or large scale. It IS a well-known fact that we have made no 
a~vances in the ~anageJ?ent of t~e evergreen forests and it is the function of this sympo
smm to suggest smtable hnes for tnal. · 

Shri M. A, Waheed Khan (F.R.I.).-We may now take up the item of Silviculture, and 
I read out the relevant portions froin the proceedings of the State Symposia so that the 
discussion may be started. (Relevant portions were then read out.) · 

. \ 

· Vast areas of the evergreen forests have been either not worked at all or only spora
dically worked. They abound in mature trees. Exploitation of these forests will have to 
be .regulated in such a fashion that regeneration keeps pace with the exploitation practices. 
It IS, therefore, suggested that the mature and over-mature trees may be liquidated in one 
to two cycles and then irregular shelterwood system is applied. It has been· noticed that 
wherever heavy fellings have been carried out in the evergr~en forests regeneration has 
come up well and, with subsequent cultural operations, has also established~adequately. 
Selection system as is usually practised has not given good results. Even areas which are 
prescribed for working under the selection system, and where regeneration has come up 
well, are invariably the result of deviations made from the usual prescriptions of selection 
working. 

Dr. K. Kadambi (Mysore).-Both the irregular shelterwood system, and the selection 
system have been tried in the evergreen forests of Coorg. These forests have come under 
our management only recently and, therefore, I am not in a position to speak about the 
efficacy ofany one system in particular. My own impressio.n is that, there have always 
been a lot of deviations, and fires played inimical roles in the destruction of regeneration. 

Shri M. C. Jacob (Assam).-I think somewhat drastic fellings as are contemplated 
under the irregular shelterwood system, are desirable. 

Shri V. S. Rao (West Bengal).-Application of irregular shelterwood system to the ever
green forests is worth a trial. The idea of "refining" as was explained by Shri Waheed 
Khan, may also be tried. 

Now we may switch on the management problems. I do not see much wisdom in 
the so-called "compensatory plantations". If plantations are to be created they may be 
created in a separate series and should have no bearing on the areas naturally regenerated. 
The entire area of the evergreen forest which is exploited must also be regenerated fully .. 
I t would not be right to leave it uncared for and set to raise plantations elsewhere as a 
measure of compensation .. 

Shri M; A. Waheed Khan (F.R.I.).-In Andamans, annually an area of about 8,500 
acres is exploited. Out of this exploited area, tending operations are limited to 1,800 acres 
only. The remaining 6,700 acres are left to nature. The natural regeneration lost on 
this area is said to· be compensated by creating teak and matchwood plantations over an 

_ area of about 950 acres outside the evergreen forests. The annual loss of 6,700 acres is 
really enormous. As explained by Shri Rao, plantation areas should be separated out 
and something should be done to deviate the loss of 6, 700 acres annually. 

Shri M. C. Jacob (Assam).-In Assam also we have a similar system of compensatory 
plantations. We are, however, abandoning it. · 

Shri S. N. Dabral (F.R.I.).-Data on rate of growth for the evergreen forests are in
adequate. For correct management practices such data are very essential. C~nti~uous 
inventory plots covering about 40 to 50 acres should be laid out and m~as~red penodi~ally. 
The rate of growth so· obtained would show the results of the apphcat10n of particular 
techniques of working the forest. 

24TH APRil., 1960 
Shri V. S. Rao (West Bengal).-:-Today we shall deal with the items of "Policy" and the 

"Objects of Management".. . · 

The National Forest Policy lays down that the forest area in the country should be 
33J% of th~ total land area. ~he total forest area in. the countr¥ is abc;mt 20%. E~en 
this forest Is not fully productive. The really effective,· economic and timber producmg 
forest is only a small fraction of the existing forests. It is, therefore, necessary that the 
productivity of the existing forests be enhanced and if further extension of the forests 
js not pQssible at the moment, we may at any rate see that no existing forest lands be lost 
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The existing forests should. continue to be maintained as forests and there should. be IiO 
attempt to give them away for other purposes. 

I . 

· Shri M. c. Jacob (Assam).-Cashewnu~ planting is already a recognised forestry 
practice. Rubber and cardamom plantatiOns can, therefore, be started on the same 
analogy. In Assam rub~er I?lantati?ns were rai~e~ as early as 1Q~7. So far ~s adequ!ite 
provision is made to mamtam the site charactenstics, to me there IS no danger m adoptmg 
the rubber or cardamom forestry. 

Dr. K. Kadambi (Mysore).-Probably Shri Jacob wants to point out that the cultiva
tion of cash crops can be taken up by foresters. In Mysore and Kerala States where 
demand for such crops is immense, private planters take .~old _of the land and it_ is almost 
impossible to oust them. Long cardamom leases were given m Coorg areas, With al~ the 
necessary precautions to maintain the site characteristics. Even then the area is dest~t_ute 
of regeneration of forest species and it cannot be taken back for purposes of rehabilita:
tion. As the evergreen forest species are coming into prominence more and more, the main 
function of our forests should be to produce wood. 

Shri C. A. R. Bhadran (Madras).-Regarding cardamom cultivation; I wished it to be 
introduced in place of shrubby growth and only in those forests whose primary function 
is not to produce timber. This principle applies to rubber plantations and other cash 
crops as well. The areas which' are fit for timber production should be maintained as 
such, but the others should be relegated to the crop of highest returns, provided the site 
characteristics are maintained. 

Shri M.A. Waheed Khan (F.R.I.).-Shri Bhadran's grouping of the evergreen forests 
, into three classes is in consonance with the classification as given in the National 
Forest Policy. The objects of management which are based on the declared policy of the 
Government are dealt with- in the Part II of the .Working Plans and, therefore, it is for 
consideration, if this classification be adopted. 

Management of small forest areas interspersed amongst cultivated lands always poses 
difficult problems. Situation of this nature also exists in the Berar plains of Maharashtra 
State. These forested areas are too small to be economic units from the point of view of 
protection and management. They started getting out of the hands of the Forest Depart
ment, when it was decided to manage them under an intensive system of babul plantations. 
Similarly, the small patches of evergreen forests in the Madras State will have to be brought 
under some system of intensive management so that they may be preserved as forest 
lands. 

Shri V. S. Rao (West Bengal).-Large blocks of forests were already given away in the 
past ·for plantations of tea, coffee, rubber, cardamom, etc. The small remnant of forest 
we . now have must be safeguarded for the production qf wood in the larger interest of the 
nat10n. · . 

Shri S. Rajkhowa (Assam).-In Assam, where the tea gardens stand now were 
once luxuriant hollong forests. Therefore, if the cash crops are to make further inroads into 
the evergreen forests the existence of the latter is very much jeopardized. . I think we 
should concentrate and devote our energies and technical knowledge in the improvement 
of t~e . so-called unproductive forest rather than think of handing it over for cash crop 
cultivation. 

Shri R. M. Dass. (Assam).-Pressure for. !he .extension of agri~ultural lands is keenly 
felt on forest lands m Assam. _The best ~tihzatl?n _of unproductive lands, may it be for 
rubber, coffee or cardamom, will ensure Its continmty as such under the Forest Depart
ment. 

Shr~ V. S. Rao (West Bengal).-In winding up the discussions I have the following 
observations to make:-

Nowhere in the National.~orest Policy is there a~y mention of the relinquishment 
of forest~ for t~e purpose of raismg cash crops. The National Forest Policy was conscious 
of the osenous ~nadequacy of our forests and has l~i4 down as its goal the increase of forests 
by 50% of their present extent. If we keep on gtv!ng away forests for other purposes we 
shall never be able to re'!-ch that target. Everyone 1s aware of the difficulties of getting 
extra lands for afforestatiOn, 
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Not do 1 think that it is within the scope of a technicai symposium such as this to 
attempt to discuss the relative merits of keeping a parcel of land under forests or of putting it 
to some other use altogether. What the symposium is required to suggest, as I understand 
it, is the best method of treatment to be applied to the Tropical Evergreen Forests in order 
to improve their condition. To put forward proposals for the total alteration of their 
forest nature cannot be within the terms of reference of such a symposium. 

If small. isolated blocks of forests have to be given for any other purpose either under 
local pressures or because they cannot be managed as forests as they are surrounded by 
unsympathetic population, or if the only hope of retaining· some forest lands under the 
jurisdiction of the Forest Department is by undertaking to grow thereon cash crops such as 
rubber, cardamom, etc., it is purely a local question which is to be solved by the local forest 
officers as best they can. But such considerations cannot form the basis for a recom
mendation from a technical symposium of the kind we are concerned with at present. 

There are many private agencies that have been engaged in raising large-scale planta- . 
tions of tea, coffee, etc. and as already mentioned by me earlier vast areas of forest lands 
have already been given away for such purposes. As Foresters we know that the country's 
demand for timber is growing rapidly, but the gap between the demand and production is 
daily widening and the indications are that our country will shortly be faced with a timber 
famine. It is well known that timber is grown only by the Forest Department. No other 
agency in the country is interested or engaged in growing timber. It is, therefore, wrong to 
divert areas producing timber at present to . other purposes. . 

It would not be correct to argue that in States where the proportion of forests to the 
·land surface is more than 33!% there is a case for giving up forests for other uses. Large 
regions of India such as the de-sert of Rajasthan and the great Ganga-Brahmaputra plains 

o have practically no scrap of forests. The deficit in some regions will naturally have to be made 
up elsewhere. Otherwise the country as. a whole can neyer hope to achieve self-sufficiency. 
Far from our being able to increase the extent of forests during the last 10 years we have 
lost much by submergence in river valley projects as well as by settlement of the persons 
displaced by the water reservoirs in other forest lands downstream. We have thus to 
make very much headway in the matter of consolidation of the forestry position in the 
country: 

The Tropical Evergreen Forests have come into prominence recently due to the utility 
of their timbers for plywood, matches, packing cases, etc. Moreover many of them are 
situated in the catchment of rivers. Every attempt should be made to preserve them and 
manage them efficiently as well as to find uses for some of the lesser known species so that 
the forests may be managed to the best possible advantage. 



BY SHRI T. N~ SRIVASTAVA, 

Director of Forest Education, Forest. Research Institute & Colleges, Dehra Duli 

Mr. c;hairman and Gentlemen ! Our symposium has come to an end. I on behalf' 
of the Forest Research Institute must express my gratitude to all the members who have 
taken part in the symposium and given their cooperation to make it a success. I have 
heard the discussions in this symposium and I am fully convinced that the utility and need 
of such symposia is very great. · ~ 

, . A lot of work has already been done on teak, sal and other forests but apparently the 
evergreen forests have not been given the same attention .. An all-out effort both by State 
Forest Departments and the Forest Research Institute to do research in evergreen forests 
is called for; The discussion has produced various problems and very important points 
have been raised which have been discussed threadbare and the proceedings will prove very 
useful for the guidance of the States as well as the Centre and they will give food for further 
thought and consideration. · 

I must thank all the States who have had to make arrangements for the study-tour and 
conduct of the symposium and the officers who have taken part in the tours and delibera
tions, have given their views and written papers which have provided so much material for 
our consideration. I must thank especially the Chief Conservators of Forests of the various 
States and other senior officers who have managed to spare some time from their multi
farious duties and busy work and have joined us in this plenary session as well as in the 
symposia at the State level. Unfortunately Shri Seth, the Central Silviculturist, who has 
been conducting this symposium and tour got ill and he is not amongst us today; we have 
missed some useful observations that he could have made. I hope, he will recover soon 
and will be able to assist when the proceedings will be drafted. 

I must thank particularly the Chief Conservator of Forests of Assam, Shri Jacob and 
his officers, his Conservators-Shri Das, Shri Barua and D.F.Os., who h~ve made our stay 
at Shillong so comfortable and made arrangements for. the symposium. I must mention 
here the name of Shri Gagoi who has always been on the tips of his toes and looked after 
us from morning till evening and made us feel very ·comfortable indeed. And now I must 
thank you Sir, Mr. Chairman for ably conducting the symposium and· making it a success. 

Thank you. 



'l'ROPlCAt MOlST EVERGREEN FOREST STUDY-tOUR NOTES 
ON LOCALITIES VISITED 

MYSORE STATE 

6m MARCH, 1960 

Camp : · Sirsi (E. D. Kanara Divisio~) 

1. Devimane L.T.l. Plot and adjoining area-It is a typically west-coast semi-evergreen 
forest. It is characterised by the presence of the deciduous species like Terminalia paniculata 
and Lagerstroemia lanceolata. Of the total constituent species about 126 have been identi
fied. Only 18 species constitute more than 1% of the crop individually. Hopea wightiana 
tops the list being 23 % of the growing stock. The commoner species are : . . 

I. Hopea wightiana, Diospyros candolleana, Olea dioica, Syzygium cumini, Holigarna 
arnottiana, Pterospermum heyneanum, M emecylon edule, Cinnamomum spp., Syzygium 
gardneri, Artocarpus integra, A. hirsuta, Lophopetalum wightianum, Calophyllum elatum, 
Machilus macrantha, Mangifera indica, Mimusops elengi, Terminalia paniculata, Lagerstroe
mia lanceolata, etc. 

II. Aglaia roxburghiana, Garcinia spp., Symplocos canarana, Canthium umbellatum, 
Euphoria longana, Aporosa lindleyana, Saraca indica, Litsaea spp., Flacourtia montana, 
Pouteria tomentosa, Madhuca longifolia, Hydnocarpus laurifolia, etc. 

III. Strobilanthes spp., Psychotria dalzelli, Leea sambucina, Goniothalamus cardio
petalus, Litsea spp., etc. 

IV. Bamboos are practically absent. 

V. Canes common and at places abundant. Regeneration of the main species is fair. 

The terrain is sloping and the soil is dark brown loam with rock fragments. 

Block XVIII-6-The forest is semi-evergreen type as at Devimane but the large
sized trees are conspicuously absent. The uniform pole-sized crop is difficult to account 
as the forests are said to be virgin. Soil is hard and lateritic. Probably the area was jhumed 
in the past, exposing the lateritic soil to harden up. The soil conditions are apparently 
not suited for the best development of the second growth forest. 

For both these forests working plan is being prepared now .. For the assessment 
of growing stock 10% strip enumerations are being done. Assessment of regeneration 
is proving difficult. 

7m MARCH, 1960 

Sirsi to Jog Falls 

1. Kodkani L.T.I. Plot No. 1-Area 6.50 acres. Altitude 2,000 ft. Rainfall 150". It 
is a semi-evergreen forest without Dipterocarpus spp. The important constituent. species 
are : Olea dioica, Aglaia roxburghiana, Diospyros candolleana, Lansium anamalayanum, 
Nephelium longana, Knema attenuata, Garcinia cambogia, Pterospermum reticulatum, Litsaea 
fioribunda, Cryptocarya spp., SymP_locos beddomei, Bischofia _jayanica, Lafferstroem~a 
lanceolata, Flacourtia montana, S1deroxylon tomentosum, Mynst1ca beddomer, Caseana 
, esculenta, ·Holigarna grahamii, Machilus macrantha, Mallotus philippensis, Terminalia 
tomentosa~ Cassia fistula, Trewia nudiflora, etc. 

8TH MARCH, 1960 

Camp : Jog Falls (E. D. Kanara Division) 

1. Katlekan, L.T.l. Plot No. 2-Area 27 acres. Altitude 1,900 ft. Rainfall. about 200" 
with•heavy mist in winter. The species in order of frequency of occurrence m this plot 
are Nephelium longana, Dipterocarpus in~i~us, Hopea wightiana, Olea dioica, Lophopeta/um 
wighthmum, Syzygium gardneri, etc. S01l 1s deep and clayey loam. 

42 
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The adjoining forests are being exploited for the last few years. The species mainly 
extracted are Conarium strictus, Machilus macrantha, Ailanthus spp. and Mangifera indica 
for matchwood (exploitable girth 6 ft.), Dipterocarpus indicus and Calophyllum 
elatum for railways (exploitable girth 7ft.) and Lophopetalum wightianum for slate-frames 
(exploitable girth 6ft.). 

There is a profuse regeneration of Dipterocarpus indicus. Other regenerating species 
are Holigarna aniottiana, H. f{rahamii, Semecarpus travancorica, etc. In moist depressions 
Pinanga dixonii forms. greganous masses. 

2. Hopea Plot at Malemane-!his plot was establ~shed in 1939, !n a se_m_i-evergreen 
forest with Hopea parviflora as an Important crop con_stituent. Efforts m obtamm& natural 
regeneration of Hopea paryiflora were ~ade by remo':mg lar~e tree,s ~nd thus. causmg gaps 
in the canopy. The area IS covered with Hopea saplmgs (10 -12 high) which are appa~ 
rently not very vigorous. Gradual opening and lifting of the canopy is probably more 
tending efficacious as the evergreens in earlier stages need more of side-shade, 

9TH MARCH, 1960 

Jog Falls to Agiunbe 

10TH MARCH, 1960 

Camp : Agumbe (Shimoga Divisiou.) 

1. Agumbe Forest Comptt. 1 & 2-This is the evergreen forest with Dipterocarpus indicus 
and Poeciloneuron indicum as the main constituent species. Other associated species are 
Hopea parviflora, Sterculia alata, Mangifera indica Dysoxylum malabaricum, Artocarpus 
hirsuta, Artocarpus integrifolia, Calophyllum wightianum, M esua ferrea, Garcinia morel/a, 
Diospyros ebenum, Cinnamomum zeylanicum, Vateria indica, etc. Underplanting of economi
cally important species has come up well but growth is checked due to lack of timely 
operations. Cultural operations are being resumed and intensified. 

2. Agumbe Comptt. 8-The area was worked heavily in the past but timely cultural 
operations fell in arrears. The same are being continued now. Regeneration of Diptero
carpus indicus, Poeciloneuron indicum and Mesua ferrea has come up prolifically. Cleaning 
of competing shrubby growth is essential. 

3. Sleeper and Pole Operations-Sleepers are converted from Dipterocarpus indicus, Pala~ 
quium spp., and Poeciloneuron indicum. The price of one B. G. sleeper obtainable is Rs. 22. 
Treated Poeciloneuron indicum poles (26 ft. long with 2! ft. girth at thick end) are -greatly 
in demand and are being extracted. 

4. Silvicultural Research Plots-Experiments with evergreen species are being 
conducted with ragard to best method of planting, time of planting, sowing, canopy mani
pulation for natural · regeneration, underplanting, etc. Definite indications are not yet 
available. · 

5. Sitanadi Valley Evergreen Forests-These are virgin forests and admirably situated 
for constituting into a Nature Preserve. · 

liTH MARCH, 1960 
Agumbe to Saklesbpur (Hassan Division) 

On the way there are many coffee and rubber plantations. 

12TH MARCI:J, 1960 

Sakleshpur to Mercara 
1. Ke'!'phole Ghat Forests-The area receives about 250" of rainfall. The important 

crop constituents are Dipterocarpus indicus, Vateria indica, Lophopetalum wightianum Holi
garna _grahamii, Artocarpus hirsuta, Hopea wightiana, Calophyllum elatum Cinnar:zomum 
zerlanzcum, Mesu~ ferrea, Machilus macrantha, Hardwickia pinnata, Palaqufum ellipticum, 
Azlanthus malabarzcum, etc. These forests are leased to Mysore Commercial Union Ltd 
to re~ove. C~drela t~ona, Myristica magn,ifica, Calophyllum elatum, Myristica malabarica: 
Vqt~:za !ndzca, Dzpte~ocarpus · indicus, Machilus macrantha, Mangifera indica, Hard
wzckza pmnata, Canarzum strictum, Ailanfhus malabaricum and Pa/aquium ellipticum 
Heav~ working w~s ?one but the tending operations were not attended to. Regeneratio~ 
of DzP_terocarpus. mdzcus, . Vateria indica and Hardwickia pinnafa is prolific. Cultural 
operations are bemg orgamsed now. · · 
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13TH MARCH, 1960 

Mercara to Tellicberry via Makut 

1. Watekuli Abandoned Coffee Estate-It was originally an evergreen forest which 
was felled to form the coffee estate. Subsequently, the coffee estate was also abandoned 
and the ~hole. area is n_oy; badly degra~ed with only tall gra~s as t~e vegetation cover. 
The area 1s bemg rehabilitated by plantmg. Some of the species tned are-Dichopsis, 
Bischofia, Elaeodendron, Dipterocarpus indicus, Palaquium ellipticum, Artocarpus hirsuta, 
Hopea parviflora, etc. Fast-growing Erythrina is also tried as a cover crop. 

2. Cardamom Plots in Chipplehole Forest-An area of about 40,000 acres of inacces- .. 
sible forest is allotted to Cardamom Working Circle .. Leases are given for 21 years and carda
mom cultivation is done by patch method whereby three-fourths of the area remains 
untouched. Cardamom cultivation adversely affects the regeneration of tree species and 
as the means of communication develop, cardamom cultivation will be abandoned. 

3. Sollecolly Regeneration Area-The forest is being worked under Selection System 
since 1920. A tramway was also laid in the past and the working was rather heavy 
amounting to almost Irregular Shelterwood System. Regeneration of . Vateria indica, 
Calophyllum elatum, Dipterocarpus indicus and other important species has come up pro-
lifically. Repeated and intensive cultural operations ate necessary. . . 

4. Introduction of Exotics-Around the Makut Rest House, plantations of cashew, 
padauk (Pterocarpus dalbergioides) and Burma bamboo (Dendrocalamus brandisii) have been 
raised, since .1913. All the species have come up very well. 

5. Teak Plantations-Between the years 1876 and 1890 about 760 acres of teak 
plantations were raised round-about the Makut R.H. Out of this, at present, there are 
only 240 acres bearing teak. The soil is extremely lateritic. Tall teak trees have come up 
but the diameter increment is poor and extremely disproportionate. Natural regeneration 
of Hopea parviflora, Artocarpus hirsuta, Dipterocarpus indicus and other evergreen species 
has invaded these 1 plantations. . · 

6. Mysore State Symposium was held. Summary of discussions is given separately. 

14TH MARCH, 1960 

Tellicberry to Coimbatore via Podanur_ 

MADRAS STATE 

15TH MARCH, 1960 

Camp : Coimbatore (Coimbat~re South Division) 

t. Punachi Range Forests-The forests are situated in the Anna~alai'Hills, .a! an 
elevation of 2 000-4,000 ft. with an annual rainfall of about 125 mches. Ongmally 
these forests e~tended over an area of about 100 sq. miles, but now more than half the area 
has been cleared for tea and cinchona plantations. The remaining forest is dense and tall. 
Common important species are Mesua ferrea, Palaquium ellipticum, Calophyllu~ elatum, 
Artocarpus integrifolia, Vateria indica, Cedrela toona, and Dysoxylum. malabarzcum. In 
the middle storey Nephelium longana, Macaranga spp., LanslU"! anamalayanum 
and species of Litsaea and Myristica are prominent .. I? g~neral, Palaq_uzum-M~slfa a~so
ciation in drier areas and Poeciloneuron-Cullenia associatiOn m wetter areas are dtstmgutsh-
able. · 

The forests are being worked under selection system on a 30-year cycle. The ex
ploitable girth is 7 ft. and not more than 5 trees are allowed to be felle~ per . acre. 
Underplanting is also prescribed but not practised. Natural regeneration ts commg ,up 
well except that of Mesuaferrea. 

An area of about 2,000 acres has been leased for cardamom cultivation, for 25 years. 
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16m MARcH, 1960 
Coimbatore to Palghat 

KERALA STATE 

17m MARCH, 1960 

Camp : Palghat (Palghat Forest Division) 

1. Silent Valley Reserve.-It is situated in Mannarghat East Range, with an area of 
22 120 acres. Altitude ranges from 2,500 ft. to 7,000 ft. Rainfall varies from 100" to 300". 
The sub-tropical evergreen forests occur above 5,000 ft. elevation. The common species 
occurring are Calophy/lum elatum, Actinodaphne hookeri, Litsaea stocksii, Cinnamomum 
sulphuratum, Canthium . didymum, . Eugenia SI?P·· . Rhodod~ndron arboreuny, etc. The 
tropical evergreen forest ts c~aractens~d ';>Y species li~e Cullema exc~lsa, Mc:zch.zlus macrantha, 
Palaquium ellipticum, Poeclloneuron mdtcum, Eugema spp., Mangifera mdtca, Artocarpus 
integrifolia, Cinnamomum zeylanicum, Holigarna spp., Hopea spp., Litsaea wightiana, etc. 

Only light selection fellings were done in the past for such species as Mesua ferrea, 
Palaquium etlipticum and Calophyllum elatum. Some of the remoter areas are still virgin. 
Dibbling of seeds o~ Acrocarpus fraxinifolius, 1rtocarpus hirsuta and Hopea pa~vif!ora in 
gaps was tried dunng 1928 to 1930 but wa~ gtven up as the ~uccess was not. significant. 
Gap planting was also attempted though partial success was achieved, the operatiOn was not 
followed up. The present selection working aims a rotation of 210 years and a felling 
cycle of 30 years. Exploitable trees to be removed per acre are 3 with a proviso to increase 
to 6 if demand arises. 

2. Comptt. 16 of Attapaddy Valley.-This area was worked by the Hope Timber 
Syndicate during 1948-49. About 1,000 trees scattered over 971 acres yielded 120,000 
c. ft. of timber. The species mainly exploited were Mesua ferrea,, Cullenia excelsa, Mangi
fera indica, Dichopsis elliptica, Calophyllum elatum, Machilus macrantha, Artocarpus spp., 
Bischofia javanica, Cedrela toona and Myristica malabarica. 

18m MARCH, 1960 

Palghat to Peermade, via Trichur 

19TH MARCH, 1960 

Camp : Peermade (Kottayam Forest Division) 

Cardamom Hill Forests 

1. Ka/lar Val/ey.-Thewholeof the Cardamom Hill Reserve once carried dense ever
green forest Some Valeria indica, Machilus macrantha and Calophyllum elatum trees over 
7 ft. in girth were extracted in the past, on selection basis, but cultural operations were not 
done. Trees 'belong to Forest Department and the land to Revenue Department. The 
latter department is granting Cardamom leases in this area. Encroachments in the Reserve 
are also common. Regeneration of tree species is scanty. Common tree species found 
are : Valeria indica, Machilus macrantha, Calophyllum elatum, Cu/lenia excelsa, Mesua 
ferrea, Cedrela toona, Palaquium ellipticum, Bassia longifolia, Nephelium longana, Myristica 
attenuata, Canarium strictum, etc. 

2. Pampadamparai Cardamom Estate.-Everything except the topmost canopy of 
the evergreen forest is felled. Dead trees in the top canopy are replaced by fresh plantings 
of fast growing species. 

Cardamom yields about 100 lbs. per acre per year and the currentt sale price is Rs. 13 
per lb. Cardamom cultivation gives very lucrative profits. · 

20m MARCH, 1960· 

Peermade to Trivandrum 

21sT MARCH, 1960· 

Camp : Trivandrum (Trivandrum Forest Division) 

1. Coupe Ill, Vc:manapuram Plantations.-Area 96.5 acres, year of formation : 1952. 
A good teak plantation. In 15 acres, Artocarpus hirsuta, A. integrifolia and Sterculia 
campanulata were also tried with teak. Artocarpus hirsuta has come up well. Teak 
MSDcptt. of Agri./61-7 
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plantations are raised by taungya method, with tapioca. The lessee pays a rental of Rs. S 
per acre. Planting is done at 6' x 6'. Cost of formation is Rs. 16. 50 per acre only. 

2. Sastanada. Swamp . (Kulathupuz_ha_ Range) .. - This is a Myristica swamp and the 
commonly occurrmg spectes are Mynstzca magnifica, M. canarica, M. attenuata M. mala
barica, Lophopetalum wightianum, Eugenia montana, Hydnocarpus wightiana 'Diospyros 
microphylla, Alpinia galanga, etc. These swamps are not worked except fo; Coscenium 
fenestratum which sold as a minor forest produce. Many of such swamps have already 
been cleared for cultivation. 

3. Reed areas.-The common reed Ochlandra travancorica flowered some 3 years 
back. Young growth is coming up gregariously. The reed is used for paper pulp. 

4. Cheenakala Forest.-!t is a shallow valley with reddish yellow loamy soil with 
plentiful large boulders and rock outcrops. The forest is said to be virgin. There is 
plentiful regeneration of Vateria indica, Hopea parviflora, Lophopetalum spp., Diospyrofi. 
microphylla etc. Leea sembucina is the commonest. Large trees are absent except a few 
scattered trees of 4ft. girth. Probably, the area was heavily worked in the past. 

5. Cheenakala Abandoned Coffee Estate.-Area 40 acres. This coffee estate was aban
doned 10 years ago. The area is being colonised by Hopea parvif/ora and Vateria indica. 

6. Punmudi Hill Forest (Kallar Valley).-The area is worked under selection system 
with a rotation of 150 years and a felling cycle of 30 years. Exploitable girth prescribed 
is 6 ft. The current exploitation practice removes about 1 . 8 trees per acre. The main 
species are Poeciloneuron indicum, Dipterocarpus indicus, Penanga dixonii, Artocarpus 
hirsuta, Cinnamomum zeylanicum, Actinodaphne madraspatana, Vateria indica, Semecarpus 
auriculatus etc. Regeneration of most of the species is present. The working plan pres
cribes artificial regeneration in 11 ft. wide strips cleared of middle and lower canopies. 
The species recommended for regeneration are' Dipterocarpus indicus, Cedrela toona, 
Dysoxylum spp., and Vateria indica. This operation has not been done so far. 

22ND MARCH~ 1960 

Thenmala Forest Di~ision 

1. Arippa Plantation of Hopea parviflora.-Area 19 acres. The area was a grassland which 
was planted up with Hopea parvif/ora during 1922 and 1926. Planting was done at 9' x 6'. 
The plantation is thriving well. The average height is about 60 ft. and girth 24 inches. 
Natural regeneration of mahogany, Macaranga, Cinnamomum, Xanthoxylum and Salmalia 
is also coming up. 

2. Chudal F.S. of Shendurni Range.-This is a continuous stretch of evergreen 
to semi-evergreen forests with patches of moist deciduous forests. _The constituent species 
in the evergreen forests are-Dipterocarpus indicus, Machilus macrantha, Dichopsis spp. 
Mesua ferrea, Calophyllum elatum, Hardwickia pinnata, Poeciloneuron indicum, Artocarpus 

- integrifolia, A. hirsuta, Diospyros microphylla, Bischofia javanica, Palaquium ellipticum, 
etc. Regeneration of Dipterocarpus indicus is profuse. Other well regenerating species 
are Hopea parviflora, Vateria indica, Artocarpus hirsuta and Hardwickia pinnata. 

Working is done by selection fellings and about 2 trees per acre are removed. 
. ' 

23RD MARCH, 1960 
Kerala State Symposium was held. Summary of discussions is given separately. 

24TH MARCH, 1960 
Trivandrum to Kanyakumari via Nagercoil 

MADRAS STATE 

· Tirunelvelli South Division 

1. Balamore (Mt1thukazhi) Reserve Forest.-The evergreen forests occur in this region 
in' irregular patches amongst the vast areas of tea and coffee plantations. The commonly _ 
occurring species are Hopea parviflora, Calophyllum elatum, Palaqlfium ellipticum, Gluta 
travancorica, Sterculia foetida. 'Middle storeys. are completely wantmg. Shr~bb~ growth 
is thick and mainly of Calamus gamblei, Pandanus, Strobilanthes, et~. Regeneratto~ ts sparse 
and mainly of Vateria indica and Palaquium ellipticum. The workmg plan prescnbes these 
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areas for cardamom cultivation. Plots of 25 acres are leased with an initial premium of 
Rs. 200 to Rs. 500 per acre and an annual rental of Rs. 2 to Rs. 3 per acre during the 
first 5 years. Afterwards the rate of rental is increased to Rs. 7 per acre. 

2. Madras State Symposium was held at Kanyakumari. The summary of discussions 
is given separately. 

25TH & 26TH MARCH, 1960 

Kanyakumari to Pondicherry 

Vegetation cartography maps of South India were examined at the French Institute, 
Pondicherry. 

27TH MARCH, 1960 

Pondicherry to Madras 

28TH MARCH, 1960 

At Madras 

29m MARCH to 3RD April, 1960 

Madras to Port Blair 

ANDAMAN & NICOBAR ISLANDS 

3RD APRIL, 1960 

South Andamans Forest Division 

1. Coupe No. 2, P.B.l. Shoalbay F.S.-It is located near Mannarghat village. 
Terrain is broken and hilly. Area 1,648 acres (non-tidal forest). It is a moist evergreen 
forest. Mature and o-xer-mature gurjan (Dipterocarpus kerrii) trees are fairly plentiful 
and evenly distributed along the ridges and upper· slopes, and scattered over the lower 
slopes. Gurjan constitutes about 32% of the total growing stock. The dominant asso
ciate species are Artocarpus chaplasha, Parishia insignis, Endospermum malaccense, Plan
chonia andamanica, Canarium euphyllum and Podocarpus neriifolia. About 600 acres of the 
coupe are fully worked and regenerated. 

The regeneration operation consists of cutting the brushwood in advance of the main 
fellings. In main felling all trees up to a minimum girth of 6 ft. are felled. For 3 to 4 
years following the main fellings intensive weeding and tending operations are carried 
out which include brushwood cutting and felling and girdling of inferior tree species. The 
cost is about Rs. 50 per acre. · 

Main fellings almost amount to clearfelling, except the retention of advance growth. 
Seed is broadcasted in areas where advance growth is lacking. In heavily cleared areas 
Evodia glabra and Lagerstroemia hypoleuca come up gregariously. 

The yield of commercial timber obtainable in the first rotation is about 20 tons per 
acre. The proportion of commercial species increases a good deal in the second rotation 
crop, with an estimate of about 60 tons per acre. · 

Regeneration of Dipterocarpus kerrii is patchy and mostly confined to hill tops (ele-
vation 500ft.). Slopes are deficient. · . 

2. Coupe No. I, P.B.I. Shoalbay F.S.-Area 1',608 acres (non-tidal forest). Along 
the eastern and western boundaries there is a narrow belt of mangrove. The remaining 
area is moist evergreen forest with the exception of a small patch of deciduous forest in the 
eastern corner. Dipterocarpus kerrii is the main species constituting about 30% of the 
growing stock. At places it forms pure patches. The important associated species are 
Artocarpus chaplasha, Parishia insignis and Endospermum malaccense. Padauk (Pterocarpus 
dalbergioides) is the main species in the deciduous patch. · 

About 600 acres of the coupe yield 7,800 tons of commercial timber. The entire 
area is fully regenerated after 3 years intensive cultural operations. Concentration of 
regeneration is, however, in patches. 
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5TH APRIL, 1960 

South Andamans Forest Division 

1. Barataga Camp, Coupe No. 13.-Area under main fellings. Extraction is done by 
elephants, tractors, tramways and rafts. 

2. Coupe No. 10 : 1958 teak plantation.-Area 82 acres. Stump planting was 
done in May 1958 at an espacement of 12' x 12'. The plantation is formed in the original 
deciduous forest. Cost of formation is Rs. 216 per acre. Height of plants-maximum 
20ft., minimum 3ft., average 10ft. . · 

Planting espacement is rather wide and the cost of weeding is Rs. 25 per acre. 

Adjoining Semi-Evergreen Forest.-There is a lot of natural regeneration of Pterocarpus 
dalbergioides, Canarium euphyllum and Anthocephalus cadamba. In 1957 commercial trees 
were exploited and the canopy was lifted to about 40-50 ft. from the ground. Shrub
cutting was done and followed by burning. Broadcast sowing of seeds was done and the 
plants are 6ft. tall. Three weedings were done- I weeding (Rs. 30 per acre), II weeding 
(Rs. 25 per acre), and III weeding (Rs. 15 per acre). The total cost of regeneration is 
Rs. 120 per acre. 

6TH & 7TH APRIL, 1960 
Middle Andamans Forest Division 

1. 1939 Regeneration Area of Porlob Island.-Area l11 acres. In 1939, trees over 
6 ft. in girth were removed and wholesale clearance of undergrowth was done. The 
canopy was lifted to about 60 ft. by girdling the inferior tree species. 

There is a patch mixture of the evergreen and deciduous forests. Deciduous forests 
were burnt before seed fall. No burning was done in the evergreen forests. . 

In 1949, the new crop attained a height of 40ft. and a girth of 18', with 205 stems per 
acre. The dominant species were Dipterocarpus spp., Sterculia campanulata, Lagerst-
roemia hypoleuca and Pterocarpus dalbergioides. · 

In 1950, first thinning was done, allowing an espacement of about l/3rd the height 
to dominant stems. The crop has attained a height of 75ft. and girth of 43", with 100 
stems per acre. · 

The cost of regeneration was Rs. 23 per acre (convict labour being paid @ Rs. 11 
per month). 

2. 1940 Regeneration Coupe.-Area 427 acres, elevation 0'-200', rainfall 120 inches. 
Dipterocarpus turbinatus is the main species. Other associated gurjan species are D. 
griffithii, D. incanus and D. costatus. Sterculia campanulata is also present. 

Mass-regeneration method was adopted and in June 1940 shrubby layer was 
completely removed along with the commercial species. Some poles and middle-aged 
trees were retained. During the rains of the same year abundant regeneration of gurjan 
and Sterculia campanulata came up. Canopy was lifted to 80 -100 ft. and intensive weeding 
and climber-cutting operations were repeatedly done. 

In 1955, the crop attained a height of 70ft., girth 40 inches, with 128 stems to an 
acre. . 

The area is fully stocked with second rotation crop. 
3. 1934 Kyitaung Regeneration Area.-Deciduous forest 100 acres· and evergreen 

forest 75 acres. 
Evergreen forest consists of Dipterocarpus turbinatus, Sterculia campanulata and 

Canarium euphyllum. In December 1933, commercial fellings were carried out leaving a few, 
well-scattered seed-bearers. Canopy was lifted to about 30 ft. and there was lot of advance · 
growth. In 1934, two weedings were done and in 1935, canopy was further lifted to 
60-70 ft., particularly,in patches where regeneration failed to develop adequately. Total 
expenditure till 1940 amounted to Rs. 25 per acre. In 1950, thinning was carried out 
at a cost of Rs. 7/11/- per acre. In 1959, old advance growth which was retained to 
merge in the new crop was removed. Total removals (mostly gurjan and Sterculia cam
panu/ata) amounted to 2 trees per acre. 

Young crop is well-stocked and healthily growing. 
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8TH APRIL, 1960 
Port Blair.-Andaman & Nicobar Islands State Symposium was held. Summary 

of discussions is given separately. 

8TH TO 12TH APRIL, 1960 
Port Blair to Calcutta 

13TH & 14TH APRIL, 1960 
At · Calcutta 

ASSAM STATE 

15TH APRIL, 1960 
Calcutta to Dhekiajuli via Gauhati 

Camp : Dhekiajuli (Charduar Reserve Forest) 

1. Phoebe goalparensis plantation of 1938.-Rainfall 80"-100"; elevation 300-
400 ft.; area 3 acres. Originally, the area carried a semi-evergreen type of forest with 
Bonsum (Phoebe goalparensis)-Amari (Amoora wallichii) association. The area was 
felled in February 1939 and then sown. During May to August 1938, weedings were done 
and in October 1938 transplanting was carried out. Weeding and climber-cutting were done 
regularly till 1942. Supplementary transplanting was done in June 1948 and thinnings 
were carried out in 1958-59. Trees have attained a height of 55 ft. and girth of 18 inches. 

2. Bonsum plantation of 1941.-Area 10 acres. Clearfelling was done during 1940, 
and sowings and transplantings were undertaken during April 1941, after burning the 
debris. Weedings and further transplantings continued til11948. The trees have attained 
a height of 40ft. and a girth of about 18 inches. · 

3. 1959 Bonsum Nursery.-Area 1 acre. Bonsum seeds ripen in autumn. Dried 
seeds are preferred in the nursery. No pretreatment is done and sowings are done in 
December. Seed beds should have light shade for successful results. About 11 mds. 
of seed are sown per acre. Seeds germinate within about 20 days and the germination 
per cent is 70 to 80. Seedling per cent is 40. Three to four year nursery seedlings 
which are 4 to 6 ft. tall are used for planting out. Seedlings are pulled out from the 
nursery bed and a ball of earth is applied for planting out. Root-shoot cuttings give 
good survival per cent but the rate of growth is slow. While planting out, leaves are 
stripped off except the topmost pair. Planting is done in T-notche~. 

4. Assisted Bonsum Regeneration Plot of 1958.-Area 15 acres. Brushwood cutting 
was done on 5 ft. wide strips, placed 12 ft. apart, during July and August 1958. Large 
transplants (6'-14') were planted out 12 ft. apart. Climber-cutting and weedings are 
continuing. Weedings are necessary only for first two years. Cost of formation varies 
from Rs. 30 to Rs. 35 per acre. 

5. Assisted Bonsum Regeneration Plot of 1957.-Area 10 acres. Brushwood and trees 
of miscellaneous species were felled during June-July 1957. Planting was done in lines 18 
ft. apart and 8 ft. apart within the lines. Weedings have been done regularly and the 
average height of plants is 7 ft. and girth 3 inches. When the plants are fully established 
the overwood would be girdled or extracted. 

6. Assisted Bonsum Underplanting of 1943.-Plants have attained a height of 25ft. 
and girth of 8 inches. 

7. Assisted Bonsum Underplanting of 1951.-Area 25 acres. Clearing of brush· 
wood and felling of trees of miscellaneous species together with all the trees of the lower 
canopy were carried out during May-June 1951. Planting was done during August 1951. 
Weedings and casualty fillings were continued til11957. The area is well-stocked with 
new plants with an average height of 15 ft. and of 6" girth. 

8. Comptt. 3, Sopai Block, Charduar Reserve.-A soil pit was exa!Jlined. 

16TH APRIL, 1960 
Dhekiajuli to Kohora 

17TH APRIL, 1960 
Kohora tn Jeypore-Camp : Jeypore 

~. Hollongapar Reserve, Plot No. Mgf16(b).-Area 25 acres. It was an attempt to 
obtam regeneration de novo. The operation commenced in 1940. Old trees and selected 
stems of overwood were marked and sold. Lower storey m1d shrub layer were retained 

' 



50 

except where seedlings came up. In such areas thinning in the overwood and shrub
cutting around the plants were done. Weeding and cleani11g operations were perused 
and repeated for about 15 years. Plants of Mesua ferrea, Magnolia spp. Vatica 
lanceaefolia, Baccaurea. sap~da, Pte~ospermum lanceaefolium, Elaeocarpus spp., ~tc. have 
co~e up, mostly of mfenor species. The method of regeneration has not proved an 
entire success. 
. 2. Holl~ngapar Reserve, ['lot No. Mgf3a.-Area lOO.acres. Aided natural regenera

tiOn operatiOn was taken up m 1925. Top canopy was partially removed and 6 ft. wide 
strips, 33 ft. apart were cut. Seeds were dibbled and also transplants were planted out. 
Hollong (Dipterocarpus macrocarpus) was mostly sown at 6ft. apart. For the first six 
years intensive weedings were done. Hollong has attained a height of 70 ft. and a girth 
of 3! ft. Usually the rate of growth of hollong seedlings is about 1! to 2 ft. per 
year. 

3. Hollongapar Reserve, Plot No. Mg/5(b).-Aided natural regeneration area of 
1929. A soil pit was examined. 
. 4. Silvicultural Experimental Plantations at Me/eng Centre.-Rainfall 80", eleva

tiOn 392 ft. 
(a) 1958 Plantation of Terminalia myriocarpa · (hollock) : Weedings are done in 

4ft. wide strips, with 3 weedings in 1st year, 2 weedings in 2nd year and 1 
weeding in 3rd year. Hollock was planted. 

(b) 1957 Plantation of hollock: Plants have obtained a height of 8ft. 
(c) Experimental sowings of hollong: Hollong was sown in 6 ft. wide strips, placed 

33 ft. apart. Growth of hollong is being watched under weeding and no 
weeding. 

18TH APRIL, 1960 · 

Lakbimpur Division, Jeypore Range 
1. Comptt. No. 206, Plot No. JP/1.-Area 45 acres. Natural regeneration plot 

of 1929. It is a small hillock with well-drained, yellow and clayey soil. The original 
forest crop has hollong in top storey and nahor (Mesua ferrea) in the lower canopy. 
All large-sized trees were removed and lift of the canopy from below was tried. Seedlings 
of hollong and nahor were tended on a cycle of 3 years. In 1936, all the miscellaneous 
species up to 18 inches in girth were· removed. Nahor has almost completely covered the 
area. Hollong is sporadic. Attempts are still made to increase the proportion of hollong. 
The expenditure so far incurred amounts to Rs. 23.16 nP. per acre. 

2. Comptt. No. 207, Plot No. 10.-Area 400 acres. Attempts at natural regeneration 
were made in 1946. However, during 1942 to 1945 fellings were done approximating 
to the removal of about 2 trees per acre. Intensive cultural operations were carried out 
and the cost of tending per acre, so far incurred, is Rs. 10.95 nP. Results .are satis-
factory. · 
- 3. Comptt. No. 207, Plot No. 9.-The area was worked during 1945-1946. Makai 
(Shorea assamica) natural regeneration has not yet fully stocked the area. 

4. Comptt: No. 205, Plot No. JP/8.-Area 165 acres. The area was worked in 
1943-44 and all exploitable trees were removed. . First three tending operations were 
done in alternate years, comprising Cl;ltting of c~imbers, and interfering shrubs and ~s
cellaneous trees. The up-to-date cost mcurred 1s Rs. 13.70 nP. per acre. Regeneration 
of hollong is plentiful, attaining an average height of 50 ft. and a girth of 15 inches. 
Nahor is absent. 

5. Comptt. 237, Shukanjudi Area.-Crop is predominantly of makai (Shorea assa-
mica). A soil pit was examined. · 

N.E:F.A. AREA 

6. Makai (S/zorea assamlca) Experimental Plantation of 1958.-A plot of l acre 
was chosen under moderate forest canopy of Shorea assamica and stacking was done at 
9' x 9'. At each stake one ft. diameter patches were cleared and sown with Tephrosia 
candida on the periphery to provide shade. Both sowing and planting (2-year old trans
plants) were tried. Average height ofp1ants in both the cases is 2! ft. 

Tinsukia Range, Lakbimpur Division 
7 Borjan Centre, Plot No. 4.-Area 750 acres. It is a tall hollong forest with no 

maktli. Middle storey is abs~nt. Exploitation was done in 1940, removing abol;lt 2 
trees per acre. Cultural operatwns have been taken up to free the natural regeneration. 
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8. Kherjan RegeneratiC?n Area, Comptt. 38, Plot No. 2:-Area 49.75 acres. Regenera
tion attempts were made m 1948-49. The overwood cons1sts of huge and scattered trees 
of hollong. The area is fully stocked with hollong regeneration and looks like a planta
tion. Av. ht. 35 ft., Av. girth 15•. The overwood should be removed but it will 
cause lot of damage to young plants. 

9. Kherjan Regeneration Area, Comptt. 38, Plot No. 1.-Same as above. A soil 
pit was examined. 

19TH APRIL, 1960 
1. Powai Reserve, Comptt. 5i.-The area was worked in 1946-47. Hollong trees 

ttave been mostly taken put. Young plants are coming up well. A soil pit was examined. 
2. Upper· Dehing Reserve, Comptt. 50.-Area 286 acres. Exploitation was done 

in 1937-38 and 898 trees were removed. Tending operations were done and hollong 
natural regeneration has come up well. 

Tirap Division 
1. Subsidiary Silvicultural Operation Area of 1957.-After the main fellings intensive 

cultural operations were carried out at a cost of Rs. 5 per acre. Miconia cordata has 
come profusely through which regeneration of hollong and hallock is appearing with 
difficulty. 

2. Aided Natural Regeneration Area of Namphuk R.F.-Regeneration has come up 
successfully, particularly in patches. 

3. NQJnchik Range Aided Natural Regeneration Area ofl952.-The area was flooded 
in 1947 and earthquake followed in 1950 and 1'951. Tb.e whole area got silted up to a 
depth of about 8 to 10 ft. The new alluvial deposit was colonised by Saccharum 
grass which persisted for 2 to 3 years. In the grass cover, seedlings of hallock (Termi
nalia myriocarpa) appeared and the grass was cut. Continued subsidiary cultural opera
tions were carried out to tend the regeneration and the hallock plants have attained 
a height of 40ft. with an average girth of 15 inches. Hollong (Dipterocarpus macrocarpus) 
regeneration is now appearing on forest floor. The area is an interesting axample of 
primary succession in hollong forest of Assam-NEFA area. 

20TH APRIL, 1960 
Jeypore to Kohora 

1. Abhoypur Reserve, Comptt. 17, Plot No. 5.-Area ! acre. In June 1947, sal 
(Shorea robusta) sowings were done, followed by hoeing, weeding, etc. Weedings were 
done ti111951 and thinning was done in 1956. Plants have attained an average height of 
32ft. and a girth of about 13 inches. A soil pit was examined. 

2. Abhoypur Reserve, Comptt. 21, Plot No. 1.-Area 100 acres. In 1946 the area 
was cleared of underwood and sown with Smith's mixture (Terminalia myriocarpa, Mesua 
jerrea, Artocarpus chaplasha and Amoora wallichii). Weedings were done in 1947 to 
1949 and manipulation of overhead canopy was carried out in 1951. In the young crop 
Mesua ferrea is by far the commonest with a height of 55 ft. and girth 20 inches. 

3. Abhoypur Reserve, Comptt. 18, Plot No. 6.-Area 100 acres. The original 
forest comprised of Artocarpus chaplasha, Michelia spp., Amoora wallichii, Cinnamomum 
cecidodaphne; Mesua ferrea, etc. Regeneration operations commenced in 1951, by 
cutting tunnels (4ft. wide and 24 ft. apart) in the underwood. Sowings and plantings 
were tried on the cleared lines, with such species as hollong, nahor, bonsum, 
amari, Artocarpus chaplasha, etc. In 1956, miscellaneous species in the overwood were 
felled. Hollong (Dipterocarpus macrocarpus) has come up· well. Plants in gaps have 
developed the best. They have attained a height of 15ft. and a girth of 3 inches. Over
wood should be cleared, preferably in two stages. 

4. At Kohora.-Assam State Symposium was held. Summary of discussions is given 
separately. 

21ST APRIL, 1960 
Kohora to Shillong 

22ND TO 24TH APRIL, 1960 
At Shillong 

Plenary Session of the Evergreen Symposium was held. Summary of discussions is 
given separately. 



SOILS OF TiiE TROPICAl MOiSt EVERGREEN FORESTS OF INDIA 
BY . S. K. SETH, 

Head, Division of Forestry 
& 

J. S. P. YADAV, 

Soil Chemist, Forest Research Institute, Dehra. Dun 

Introduction 
Soils of the tropical evergreen forests are formed under conditions of heavy rainfall and 

high atmospheric humidity with a moderate temperature for the greater part of the year. 
The ~':er~ge annual rainfall is usually much above ~0 inches and the morning atmospheric 
humidity IS seldom less than 80 per cent. These soils bear the most luxuriant vegetative 
growth w?i.ch. prevents ~ major portion of the sunli~ht from reaching the ground and thus 
greatly mmimises the desiccatmg effect of the sun. Smce the trees occurring in these commu
nities have a higher physiological need for moisture than their counterparts growing in drier 
areas, it is essential that the local soil should possess a high water-storage capacity to meet the 
de!lland. This largely depends upon the texture, structure, stoniness, depth and slope of the 
soil and on the depth of the ground water level. · Even in certain evergreen forest regions it is 
not uncommon to find patches of mixed deciduous vegetation on the soils which have a very 
low water retaining capacity due either t<> their very coarse texture or to their open nature. 
The pockets of deciduous growth on such soils are more marked, especially if the annual 
rainfall is confined to a relatively short period. In these localities the evergreen forests 
tend to occupy shady valleys and moist cool aspects where conditions are comparatively 
more favourable. · 
General Features 

Soils of the above climatic region are characterised by wide differences in many physical 
and chemical properties, depending upon elevation, parent material, topography and other 
factors. They differ in their capacity to resist erosion and to maintain a humus reserve. A 
thorough knowledge of these differences is of considerable importance in understanding the 
distribution and composition of the vegetation. A majority of these soils, however, have 
certain properties in common. Beadle (1954) stated that the rain forests occur on the soils of 
a high phosphorus content. In general, the soils of the evergreen forests are red, yellow or 
dark in colour and are acidic in nature with a low content of bases. They do not usually 
support tree species which have a relatively high demand for elements like calcium. As a 
result of leaching the older soils become depleted of silica and are enriched in sesquioxide; 
the ratio of silica to sesquioxide serves as a useful index of the extent of maturity of these soils. 
The red colour of the tropical soils is mainly due to the presence of iron oxide, and it changes 
to yellow in areas where the iron oxides are more highly hydrated. On the whole, these 
soils can be divided into two broad groups-(i) soils in the uplands developed from the bed 
rock, and (ii) soils in the low lands developed from the alluvial material brought from the 
uplands and deposited in the lower positions. The soils of the former group are relatively 
shallow, poor and rocky, while those ofthe latter are deep, fertile and fine-textured. 

Differences between soils of temperate and tropical regions 
Broadly speaking, soil formation both in the tropics and in temperate regions is widely 

, associated with accumulation and subsequent hardening of free sesquioxides. These acc~
mulations are apparently similar in their morphological features, but they take place m 
different ways and in different .geological peri~ds thus. enabling a di~tinction t~ b.e made 
between the soils of the two regiOns. In the soils of the temperate regwns, sesqmoXIdes are 
translocated and accumulate in the lower horizons, leaving behind silica in the surface layer. 
This results in a high silica-sesquioxide ratio of these soils. In tropical clima~e, the decoJ?
position of silicates is accompanied by a removal of silica, leaving free ~lumma and ferne
oxides in the upper layers of the soil, which result in a low SiOz/R203 ratio. The c~>nsequent 
red colour is further intensified by a low content of dark humic substances a!ld a ~~h d~gree 
of oxidation, and constitutes a characteristic morphological feature which dtstm~shes 
the two soils. In brief, under humid tropical conditions leaching of silica J?redommates 
in contrast to that of sesquioxides in the temperate climate, the later~te so~l be!ng the most 
characteristic soil type of the former. The dark-red, hard and mfertile w~d~ sheets of 
laterite commonly found in the tropics have led many to conclude that this IS the final 
residue of soil forming processes and represents the death of the soil. 
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In temperate regions the prevailing lo~ temperatures reduce the biological activity to 
a minimum and bring about accumulatiOn of raw humus at the surface. Under these 
conditions the vegetative material affects soil developJ;Uent after its return to the ground 
surface and during its subsequent humification. On the other hand, tropical soils asso
ciated with a high temperature and adequate moisture status are characterised by intense 
biological activity, rapid d~compositi?n and mineralisatio~ of organic n.1atter and expensive 
turn-·over of the plant nutnents. This offers an explanatiOn for a relatively low accumula
tion of organic matter in the tropics, although an enormous quantity of vegetative debris 
falls on the soil surface every year. A rapid circulation of the plant nutrients by the luxuriant 
vegetation is one of the most characteristic features of the soils of the tropical moist ever
green forests. This shows that unlike temperate regions living vegetation is the· more 
directly active soil forming agent in the tropics. However, the soils and vegetation of the 
tropical and temperate regions differ in that the generic nature of the vegetation is of little 
significance in the former. Owing to a rapid oxidation of orgailic matter in the tropics very 
little humus is leached down. Mohr (1930) stated that above an average temperature of 
15· C no organic matter is carried in the water of a well-aerated soil. , ... 

In general, soil formation under tropical conditions differs from that under temperate 
climate by having a different rate of mineralisation of organic matter. Under the former, 
mineralisation of the organic matter is more important than humification and, therefore, 
carbonic acid is the principal soil forming agent, whereas the role of organic acids is 
of a minor significance. At higher altitudes in the tropics, however, the conditions are 
relatively more like those prevalent in a temperate humid climate where the decomposition of 
organic matter is less rapid. Consequently, both carbonic acid and humic acids influence 
soil formation. Schuylenborgh (1958) has reported the following data on the relationship 
between the temperature and the rate of decomposition of organic matter under humid 
tropical conditions. 

Temperature 

16.5-2o·c (low) 

20.0-22.5·c (moderately high) 

22.5-26.5·c (high) 

Rate of destruction of 
organic matter 

slow 

rapid 

very rapid 

Aoo horizon 

thick (3-5 em) 

moderately thick (2-3 em) 

thin (0-1 em) 

According to the above worker humic acid is a more important soil· forming factor than 
carbonic acid at altitudes higher than 1,000 metres under a monsoon climate. Hong and 
Schuylenborgh (1959) quoted the following formula to calculate temperature t" in degrees 
centigrade in relation to the elevation h in hectometres r =26. 3-0.6 h. 

The solubility of the decomposition products of the primary minerals determines to a 
large extent, the relative mobility of Al20 3 and Fe20 3 at different altitudes. Since Al20 3 is 
more soluble in water than Fe203 the former is much more mobile than the latter at the. 
lower altitudes. Reverse is the case.at higher altitudes where the two elements form comp~ 
lexes with humic acids. The iron complexes are more soluble than the aluminium complexes 
with the result that iron is more mobile than aluminium. This leads to a decrease of the molar 
Al203/Fe203 ratio of the clay in the lower layers. It has been observed that laterizatioil 
ascends to higher altitudes under less humid conditions. · · 

In tr~pical climat~ it~elf, soils show wide variations according to "moisture COI).ditions. 
In an earh~r.commu~Icatwn Yadav (1960} st~te.d th~t the soils of dry zones, which develop 
u~der conditions of high temperature artd andity With scanty rainfall, are characterised by 
high pH values, g~e~ter a~ount of base~ and B; low content of organic matter. A restricted 
lea~hmg ?f the soil mgredients results m an t.U-defined profile development. Soils of the 
mo1st regiOn, on the other hand, have low pH values, deficient amount of bases and a varia
ble cont.ent of organic matter. Intensive leaching which takes place in these soils, is mainly 
responsi~le for ~ .Poor bas~ status and resul~s in a relatively better profile development. 
Under an? conditions, the mfluence of vegetatiOn on the soil is still less marked as compared 
to t~e m01s~ area3. ~ay C~audhuri (1941). recognized three broad soil types in the moist 
tropical regiOn of India : (I) red loams, (n} red earth, and (iii) laterite soil. 

(i) Red lo~ms charact~dsed by argillaceous soil with cloddy structure and presence of 
only a little concretiOnary material. 

M5Dcptt.of Agri-61-8 
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(ii) Red ~arths where the top soil is loose and friable but rich in concretions of 
sesquioxide character. 

(iii) Laterite soil where the surface is more akin to red earths but with the presence 
of a definite layer of vesicular laterite earth below. 

Clay Minerals 

.As a result of peculiar conditions of weathering and leaching most soils in the areas of 
!rop1cal evergreen. forests ~ppear to be cor;np<?sed chiefly of kaolinite clay mineral. The 
!l:llPOrtant factors m determmmg the constitutiOn of the clay fraction of the soils are the 
mherent base status of the parent material, the leaching potential of the environment and the 
a~e of t~e Ian~ surf~ce. . A pre~onderance of kaolinite type minerals is often associated 
either With sods denved from acid rocks of low inherent base status, or with conditions of 
prolonged leaching. A large proportion of kaolinite appears to be related to the low base 
exchang~ capaci~y, poor nutrient retaining cap~city and narrow range of available moisture of 
the~e soils. Gnm (1942) found the followmg ranges of base exchange capacity for the 
vanous pure clay mmerals :-

T(aolinite 
Illite 

Montmorillonite 

3-15 m.e. per 100 g. 
· 20-40 m.e. per 100 g. 

60-100 m.e. per 100 g. 

Montmorillonite is the dominant clay mineral present in the black cotton or regur sails, 
while illite is more commonly associated with the alluvial soils. Since most soils cont:.1.in 
two or more clay minerals, a known base exchange capacity does not necessarily give direct 
evidence of the nature of the clay mineral. Nevertheless, a low value might indicate the 
predominance of kaolinite. The soils formed under higher rainfall are in gereral more 
leached and more deeply weathered than those in the lower rainfall and thus relatively richer 
in kaolinite. 

Important factors which influence the soil characteristics 

(a) Parent.material.-Parent material plays a vital role in influencing the character of 
soil derived from it. However, a difference in temperature and other environmental factors 
with a change in the altitude is, at places, responsible for the development of different soils 
on the same parent material, as evidenced by the occurrence of mixed black and red ·soils in 
certain localities. Seth (1959) described in detail the effect of different geological forma
tions on the nature and composition of soils formed from .them. In general, basic . 
igneous rocks give rise to fine-textured, dark-coloured, fertile and less acidic soils, while the 
acid . counterparts produce coarse-textured, red, poor and acidic soils. In areas where 
granites and schists occur together, they produce distinctly different soils. Granites are 
coarse-textured and massive, and disintegrate slowly. Schist. is highly metamorphosed 
and disintegrates more rapidly, thereby forming localities of low relief. Soils derived from 

- granite are coarse-textured, light-coloured and relatively infertile, whereas those formed from 
schist are medium-textured, brown and often moderately proliuctive. Much of the fine 
material appears to develop from micas contained in the schist, while sand and gravel are 
mostly derived from feldspars and quartz contained in the granites. Likewise, other rocks, 
e.g. sandstone, limestone exert specific effects iri governing the properties of soils. It 
would appear from a later discussion that the effect of geology on soil formation is most 
marked in the Andaman island. 

(b) Topography.-T)J.e land in the zone oftropic~l moist evergreen forests is, in general, 
hilly and precipitous and is intersected qy numerous narrow tidges and valleys. The soils on 
the hill tops, ridges and upper slopes are coarse, shallow and poor; the soils on the middle 
and lower slopes, except where subjected to intensive erosion, are fairly deep and moderate
ly fine-textured, and those in the valleys are very deep and fertile. · The drainage of the 
soils is obviously better at higher elevations than in valleys. This leads to the formation of 
red soils on the top of hills and yellow soils in the valleys. 

Jenny et al. (1948) found that the nitrogen content of the Colombia soils increased 
markedly with altitude and decreased with mean annual temperature. The C/N ratio also 
increased with altitude and decreased with temperature. The remarkable effect of elevation 
on weathering of minerals and leaching of the elements is well illustrated by the analytical 
data (18) from laterite soils of Malabar area which indicate that the silica-sesquioxide ratio 
and pH values generally increase as the elevation decreas_es. 
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Elevation pH Si02/R203 
-·- -· 

6,500 ft. 4.04 1.32 

4,200 ft. 3.61 1.66 

3,000 ft. 4.28 1.79 

1,200 ft. 5.77 2.08 

However, the significance and value of Si02 /R20 3 ratio may be more important in the 
case of igneous rock-weathering products and soils, and less in the case of sedimentary rock 
products. 

The development of soil on any site is mainly determined by the local topography through 
its effect on water movement, especially in areas which receive medium rainfall. Three 
principal soil types are distinguished for the three categories of topographical.sites : (i) I:Jigh 
level sites are occupied by soils called eluvial on account of eluviation of the soil profile either 
by downward movement of the dissolved and suspended material in the soil horizons or by 
the washing away of particles from the surface, (ii) Slopes have soils called colluvial which are 
formed from the material left after the eroded particles from above have been sorted out, 
depending upon their density; (iii) Low lying sites have soils called illuvial which are formed 
by an accumulation of all such colluvial material whichis not retained on the adjacent 
slopes. In certain areas these sites also receive alluvial material brought from a distance 
chiefly by the agency of water. The relative proportion of alluvial and colluvial material 
depends on local relief and rainfall. 

The texture becomes finer in the lower horizons and also from ehivial to illuvial soils. 
All soils are generally acidic, the acidity being more in eluvial than in illuvial soils. The 
Si02/R20 3 ratios of comparable eluvial samples vary inversely with the rainfall. ·This ratio 
is highest in illuvial soils. Such a topographical sequence of soils is termed catena. The 
vegetation, which develops on the three types of sites is intimately related to the nature of 
soils and follows the same pattern as the catena. Further variations in the type of soils and 
vegetation on a given topographical unit are brought about by changes in micro-relief and are 
of considerable significance at times. Such topographical patterns of soils and vegetation have 
been observed by numerous workers under tropical conditions (Greenwood 1938, Vine 
1941, Morison et al. 1948 and Nye 1955). 

The depth of soils, which often varies from a few inches . to several feet according 
to the topographical features, plays an important role in conditioning tree growth. The 
shallow soils. are associated with a low water-retaining capacity and provide limited exploit
able volume for the development of the root system. The ill-effects of moisture deficiency 
are still accentuated if the nutrient status of such soils is also low. The deeper soils with 
better moisture relations, higher nutrient reserve and greater exploitable volume afford a 
favourable environment, unless the presence of an impermeable layer, or of a badly structured 
horizon in the profile becomes a limiting factor by reducing tl).e feeding zone of the root 
system. 

. (c) Organic matter.-Vnder an evergreen forest canopy a large quantity of vegetable 
debris falls on the surface. It is estimated (3) that about 20 tons of organic material is added 
per acre every year. The vegetable debris, which decomposes rapidly through the prevalent 
intense microbial activity, helps in returning the nutrients and in maintaining the overall 
fertility, e~pecially of th~ _upper la~ers ?f the soil. It is not w_rong to say that the evergreen 
forests budd up the fertility of their sods themselves. There 1s, however, a great variability 
i~ the natu~e and qu~ntity of the organic material deposited .on the flo~r, depending upon the 
Site, . stockmg, species and age of the forest flora. There IS some evidence to indicate that 
the htter of the subordinate vegetation in the forest stands has its own significant contri-
bution in the maintenance of the general nutrient cycle. · 

. The importance of humus in creating soil fertility is more marked in the case of shallow 
sods overlymg the bed. rock, whi~h are ot~erwise of a very poor quality. However, in 
areas where acc~mul<i;t~on of orgamc m!ltter ~s.prev~nted by rapid surface run-off, the soil is 
usually very low m fertility. From the soil fertdtty pomt of view it becomes highly desirable 
to preserve the humus layer. Attempts should be made to adopt those silvicultural and 
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~anagement pr~ctices w~ich not only incr~ase ti~ber production ~ut also assist in preserv
mg the humus 111 such Sites. Every care IS requned to check eroswn wherever it creates a 
problem by removing this important ingredient. · 

· The tropical moist evergreen forests of India cover an appreciable area which can be 
diyided into three major regions : (1) The Western Ghats of the Peninsula, (2) Eastern Sub
Himalayan tracts and Upper Assam, and (3) Upper slopes of the hills in the Andamans. 
According to the soil map of the country (1954) prepared by the Indian Agricultural Research 
Institute, New Delhi, the following nine soil groups are recognised in these regions : 

1. Laterites (high and low level) 

2. Red loam 

3. Laterite soil. (old alluvium) 

4. Medium black soil of trap and gneissic origin (plateau) 

5. Red gravelly soils 

6. Alluvhtl soils 

7. Hill soils 

8. Mixed red and black soils 

· 9. Coastal alluvium (new). 

. The various physical and chemical characteristics of the important soil groups have 
been described in detail previously .by Yadav (1960), and as such these details have been 
deliberately omitted. in the present paper. Out of the soil groups mentioned above, the 
laterite soils and red loam appear to occupy the largest area in this zone. General charac
teristic~ of the soils found in the. three major regions are· given separately. 

1. Soils of fhe Western Ghats 

G'eneral features.-The Western Ghats, in the evergreen forests zone lie several miles 
from the Arabian sea in north to south direction, and the whole region is hilly and undulat
ing with a slope towards the west.· A series of hilly. ridges project out from the main 
ghats. This region receives a heavy rainfall from the south-westerly monsoon, and covers 
most of Kerala State and parts of Mysore and Madras States. The evergreen forests occur 
at an altitude ranging from about 200 to several thousand feet. 

The region of Western Ghats can be divided into three physiographic units: (i) hills, 
(ii) valleys, and (iii) sea coast. The eastern portion is very rugged with broken hills intersect
ed by many rivers. The broad sea belt consists of sandy soils, and the mainland between 
these two areas contains residual laterite. The hilly land in the western part· of Mysore 
State, called Maland, · comprises ·of Shimoga, Kadur and Hassan districts. This tract 
-fonns the eastern face ofthe Western Ghats and is a part of the continuous belt of the ever
green formation. 

G"eology.-The ghats consist of old crystalline roj:ks~ Granites and gneisses, considered 
to be of archaen age, are the chief geological formations, but they are frequently traversed 
by other rock series, viz. schists, quartzites etc. Gneisses are mainl¥ of biotite type. 
Lateritic formations are of widespread occurrence and are found largely m a belt at varymg 
depths on the hills. Alluvium · occupies the river banks. Grey· fossiliferous limestones, 
which are associated with a series of sands, clays and shales and are capped by laterite, resem
ble Cuddalore sandstones and ·occur largely in Travancore. 

Soils.-The. following' main soil groups are met within this region: 
I. Laterites (high and low level) 
2. Red loam 
3. Medium black soils (plateau) 
4. Hill soils (undifferentiated)· 
5. Red gravelly soils 
6. Alluvial soils including coastal alluvium 
7. 'Mix.ed red and black soils. · 
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Red soils cover a very large area in the Peninsular India outside the area of Deccan 
trap and a strip of coastal alluvium. They vary greatly in fertility, but are in general 
deficient in nitrogen, phosphorus and lime. They are derived from micaceous granite and 
gneiss, and are acidic. They are sometimes found mixed with other soils. They are sandy 
loam to clayey .loam in texture and ~ave a low .nutrient h_oldi~~ . cap~city. Th~ texture 
of the soil depends largely on the relative proportiOn of kaolin, siliCIC acid and ferne hydro
xide and these proportions vary with the mineralogical make-up of the rocks. The presence 
of iron compounds inakes the resulting soil 'more open and easily drained. An admixture of 
sandy material from an adjacent quartzite or sandstone renders the resulting soil a red 
heavy loam. 

Laterite soils are both in situ and sedimentary formations and are relatively much 
· poor in almost all the plant nutrients, viz. nitrogen, phosphorus, potash and calcium. 

The low fertility status combined with their hard vesicular structure makes them unfavourable 
for the growth of economic tree species.. These soils have poor water holding capacity, acidic 
reaction and a low base exchange capacity. The general morphological description of a 
laterite soil from Malabar district is given below. 

0- 6 in.-Generally red, gravelly loam. 
6- 65 in.-Red, gravelly loam, murrum laterite mixed with plenty of nodular iron in 

concretionary pieces. · . . . 

Below 65 in.-Red soil mixed with yellowish white material, honey-combed laterite 
rock, yellowish material entrapped in the vesicles. 

Alluvial soils are not so important as the red or laterite soils in this tract with respect 
to the growth of evergreen forests. They occupy small'pockets in the low-lying situations or 
along the coast. The composition of the strata varies with the nature of the material brought 
from outside. These soils are deep and have near-neutral pH values. They are poor in 
nitrogen content, average to low in pho~phates, but are usually rich in potassium, lime and 
many other plant nutrients. · 

Black soils are more fertile and have a higher cation exchange capacity than the red 
counterparts. They contain an appreciable quantity of lime, magnesia, potash, iron and 
aluminium, but are poor in nitrogen, organic matter and phosphoric acid. 

Peaty or Kari soils are particularly found in certain areas of Kerala State and owe their 
origin to the accumulation oflarge quantities of organic matter. They are black, heavy and 
highly acidic, the pH being as low as 3 · 9. The acidity .is due to the decomposition of organic 
matter under anaerobic conditions. They contain 10-40% organic matter, 0·2-0·7% 
K20 and 20-30% sesquioxides. . . 

Analysis of a larg~ number of soils from the areas having tea and coffee plantations 
has been undertaken. The data show that tea soils are clayey loam to sandy loam in 
texture and have pH values in the range of 4 · 5 to 6 · 5. They are deficient in bases and 
phosphoric acid, but are rich in organic matter and nitrogen, the nitrogen content being 
r.arely less than 0 ·1 per cent. Because of their lateritic nature they contain about 20 to 35 
per cent of sesquioxides. The coffee soils are fairly coarse in texture with near-neutral pH, 
and are rich in nitrogen, available phosphoric acid and potash, but contain only a fair 
amount of organic matter (i.e. 5 to 7 %). . 

2. Soils of Andamans 

. Gen_eral features.-The terrain in the AJ?-daman islands is mostly hilly and. undulating 
wtth ~n Irre~lar and .brok~n surfac~. There Is almost no le':el ground except a few scattered 
~lluvtal plan~s, especiall~ m the . mtddle Andamans. The ndges on the eastern side of the 
Islands are, m general, higher than those on the west; the slopes of the hills in the latter are 
frequently preciJ?itous. Numerous tidal creeks penetrate far inside these islands. and receive 
dram.age of th~ mland area. The area under evergreen forests includes the upper slopes of 
the hills and micaceous sandstone sub-strata in the south and middle Andamans . 

. Geology.-T?'o geol~gical formations are of more common occurrence, (1) Eocene 
sedim~ntanes which consist of sandstones and conglomerates, and (2) serpentine series. In 
the m.Iddle Andamans the serpentine s~ries consist of jaspars, limestone and quartzites with 
occasiOnal outcrops of calcareous gnetss. In the ~ain group of these islands, i.e. north, 
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middle and south Andamans, the predominant formation is that of sedimentaries, whereas 
serpentine series ·of igneous reeks occupy the hills and ridges and at places appear as 
outcrops. In the other associated is!tnds only one of the two formations usually occurs 
to the virtual exclusion of the other:· 

Soils.--The Andaman islands appear to represent a tract where the nature of the soil is 
governed largely .by the kind of geological rock from which it is formed. The sedimentary 
rocks give rise to a coarse and infertile sandy loafn soil whiCh is excessively permeable. The 
serpentine series of igneous rock, on the other hand, produce a deep and fertile dark red 
loam which is relatively less permeable. However, in areas which lie along the banks of the 
streams, or which form valleys, low lying situations and inner extensions of the tidal flats, 
the role of the underlying reck in conditioning the nature of soil is of least significance. 
These areas are occupied by aUuvium which is transported by water from elsewhere and, 
therefore, it has no genetic relationship with the underlying rock. · 

• 
Unfortunately, precise information on the physical and chemical characteristics of 

these soils is entirely lacking, since no systematic soil study or survey worth the name seems 
to have been undertaken in these islands. There is no doubt that in view of the great 
economic value of the forests in these islands, a systematic study of the soils is an urgent 
~ecessity for a thorough understanding of the soil-vegetation complex. . . 

The nature of soil appears to be an important factor in influencing the growth, compo
sition and distribution of the forests. It is not uncommon to find the evergreen and 
deciduous vegetation under similar conditions of rainfall, climate, elevation, topography etc .. ; 
the difference in the soil condition is the chief predisposing element for this varied growth. 
Owing to a relatively fine texture and great depth the soil produced from the serpentine 
series is capable of retaining large quantities of moisture for a long period. This ensures 
plentiful supply of moisture throughout the year and affords favourable conditions for the 
growth of evergreen forests. The coarse and porous soil derived from the sedimentary 
rocks, on the other hand, is able to hold little water, thereby creating drought conditions 
which allows deciduous vegetation to grow. In a region of sedimentary rocks clothed with 
deciduous vegetation the outcrops of the serpentine series become markedly conspicuous 
by the dense cover ofthe evergreens (mainly Dipterocarpus spp. and Artocarpus spp.). In 
general, the alluvial soils carry dense magnificent forests of Dipterocarpus alatus along 
with other species. 

3. Soils of Assain 

Genera/features.-The area under evergreen forests in this region includes Sikkim, slopes 
of the Eastern Sub-Himalayan range and Upper Assam. The evergreen forests of Assam 
occupy a major portion ofLakhimpur, Sibsagar and Cachardistricts, and almost a conti
nuous narrow belt along the foot of the Himalayas stretching from the extreme north-east 
corner to the west. Dipterocarpus macrocarpus, Mesua ferrea, Shorea assamica and 
Terminalia myriocarpa are the principal species.• 

The State of Assam can be divided into two main physiographic tracts -(i) the valleys. 
of the rivers, and (ii). hill ranges. The Brahmaputra ~nd Surma ·valleys, ~hich constit.ute 
the alluvial plains, are of greater importance. Each is bound.ed on three. sides by the htlls. 
A large quantity of silt is deposited by the rivets .along their banks which are, at places, 
raised much higher than the neighbouring country. Since these rivers traverse tracts of 
different geological formations the composition of the alluvium varies from place to 
place. The Assam range of the mountains separates the Surma and Brahmaputra valley 
and lies in a east-west direction. The hills are intersected by numerous streams. The 
low-lying areas in the north contain a good deal of "kulkani" land which is dotted with a 
series of mounds of varying size believed to be formed from the casts of earthworms. 

Geology.-The geological formations of the State of Assam, as described by Evans· 
(1927), consist ofthefollowing:~ · 

1. Sedimentary-(a) Alluvium, (b) Tertiary, (c) Cretaceous, and (d) Gondwana. 

2. Igneous and metamorphic. 

Alluvium occupies a large part of the State and is of a varied character. Terti~ry 
beds include a variety of sandstones, conglomerates and shales, and represent many senes 
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such as behing series Tipan series, Surma series etc. Cretaceous beds are mainly sand~ 
stones, conglomerat~s and shales. Gondwana b~ds ~elude _quartzite and shales also. . On 
the whole, igneous rocks are not many, but basalt IS tlie ~ost Important ~ember. Gn.eisses, 
schists and quartzites constitute the o14er metamorphic rocks. Gr.amte a~d dolen.te are 
found as intrusions into the metamorphic rocks. Mos~ of the lo~ hil_ls,. which consist. of 
the Shillong metamorphic complex, are composed chiefly of gneiss surular to that formmg 
the Peninsula. A large part of the area.covering Shillong platea.us and the ~orth Cachar.and 
the Naga hills is occupie? by meta~orphic rocks of gr~at !lge, schtsts, quartzites, _and gneisses 
with intrusions of gramtes, dolentes etc. The gneiss IS made . up of magneti~e and Vifry 
little of hornblende and mica. Many of the tea gardens overlie the beds of Tipan senes. 
The valley plains owe their origin to the alluvial material brought down by the Brahmaputra 
and its tributaries. 

Soi/s.-'--Broadly speaking, the soils on the old alluvium and on the hills! which have 
undergone weathering and which are easily amenable to the effects of leachmg, have an 
acK!ic reaction. The new alluvial soils adjoining the river banks are less acidic and are 
very frequently neutral or even alkaline. The acidity ~f the soil appears to increase w!th 
rainfall and heaviness of clay. As compared to ~he soils of the valleys, those on. the .hi~ls 
have a higher content of organic matter . and. mtrogen presl}mably 4ue to their VIrgm 
nature. The soils of the State can be classified mto the followmg pnncipal groups : 

1. Alluvial soils 

2. Red loam 

3. Laterite soil (old alluvium) 

4. Laterites (high and low level) 

5. Hill soils. 

1. Alluvial soik-The alluvium of Assam valley is supposed to be resting upon a bed 
of gneiss which lies at a great depth. Alluvium includes a large variety of soils from coarse 
water-borne stony deposits to silts of the finest texture. According to the age and formation 
the alluvium is divided into two classes (a) recent alluvium, and (b) old alluvium. The 
two types of alluvium show considerable variation in their physical and chemical composi
tion according to the nature of geological formations from which they have been brought 
down by the rivers. The recent alluvium is best represented by the deposits of the Brahma
putra river. This is characterised by a grey thin top layer of silty loam with a subsoil of 
coarse sand, occasionally mixed with pebbles and boulders, and has a higher content of 
colloidal material. The old alluvium is best represented by the deposits of the Dehing river, 
and has a characteristic yellowish to reddish colour indicating a high degree of oxidation. 
This alluvium lies at a higher elevation than the former and can be seen to appear in pockets 
through the new alluvium at some places. The soils of the old alluvium are generally deep 
and loamy with occasional beds of fairly pure clay and frequent patches of coarse sand 
which are mixed with boulders. The recent alluvium is near-neutral to alkaline in reaction, 
while the old alluvium is acidic in reaction and has a relatively higher content of organic 
matter (2). 

According to the local classification the alluvial soils are divided into "two distinct groups 
(a) _Brahmaputra series, a~d (b) Dehing series. The soils of the Brahmaputra series are 
denved from the eastern Himalayas composed mainly of volcanic rocks with a narrow fringe 
of Gondwana and Tertiary rocks. They are rarely more than three feet deep and are 
almost. neutral to alkaline in reaction, the pH lying in the neighbourhood of 6 · 1 or higher. 
The soiJs of the Deh.ing series, on the other hand, are derived from the Patkoi hills compos
ed e~ttrely_ of Tertiary rocks. These soils are relatively much deeper and are acidic in 
re.actton With a~ average pH of 5 · 2 to 5 · 5. In general, the soils become finer in texture 
with a pro~ortwnate increase in acidity and humus from north to south. The absence of 
tea gardens m th: tract of Brahm~putra series can be attributed mainly to the higher pH 
yalues ?f these ~oils. Th~ analytical d~ta of the soil samples from different areas located 
m J?~hmg alluvmm are g1ven below which show a considerable variation in their com
position (15). 
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Zon~ I Intermediate Zone II 
z~:me between 

Item of analysis South Dum I&II Dibrugarh 
Tingari Duma 

Panitola 
-------.----
Mechanical analysis 

% % % % 

Coarse sand 31 29 26 13 

Fine sand 28 30 27 35 

Silt 16 16 22 26 

Fine silt 10 7 6 4 

Clay 10 12 13 17 

Loss on ignition 4.62 5.16. 5.44 4.16 

· Chemical analysis 

Granddeau or-
ganic matter 1.64 . 1.86 1.37 1.51 

Nitrogen 0.113 0.109 0.131 0.090 

Available phos-
phoric acid 0.007 0.017 0.011 0.006 

Available potash 0.007 0.016 0.017 0.008 

Available lime 0.057 0.057 0.061 0.025 

Acidity (Hopkins) 533 130 190 560 

Insoluble siliceous ' 
matter I 87 . 84 83 82 

Dum Duma and S. Tingari-soil in a belt along the foot ofNaga hills. 

Dibrugarh-soil in a belt far away from Naga hills. 

Panitola-soil intermediate between Dibrugarh and Dum Duma. 

I Zone III 

Hakati 

% 

6 
' 

1l 

36 

23 

14 

7.25 

-

-

-

-

-

-

-

Hakati-soil on the north bank of the Dangori river, which represents the Brahmaputra 
alluvium. · · · 

An examination of the data reveals that soils of zone I contain more coarse sand and 
less fine fraction than those of zone II. The soils of zone III, on the other hand, contain 
the highest propor.tion of fine fraction and the lowest amount of coarse material. Chemically, 
the Dum Duma soils appear to contain a somewhat higher percentage of organic matter, 
nitrogen, available phosphoric acid, available potash and available lime as compared to the 
Dibrugarh soils, although soils of S. Tingari are more akin to the latter. 

The two soil series support two distinct types of forest vegetation, namely (a) Hollock 
(Terminalia myriocarpa) comrimnity in the zone of Brahmaputra series, and (b) Hollong 
(Dipterocarpus . macrocarpus) community occurs on the soils of Dehing series, since the 
requirements of th~ two species for soil pH and moisture content are different. Hollock is 
able to thrive on soils of low acidity and of higher moisture content, whereas hollong 
requires a perfectly drained sandy loam soil having acidic reaction. Besides, there are other 
instances to show that a difference in the soil conditions plays a vital role in the distribution of 
the species. Vatica lanceaefolia, Forrestia hookeri, Calamus spp. and Pinanga gracilis 
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grow in low-lying areas with high moisture status; Girardin_la het~rophylla, Flogf!canthus 
thyrsiflorus and Calamus leptospadix 3:re f~:mnd on well-dramed soils at the foot hills; and 
Meliosma simp/icifolia prefers sandy situatiOns. 

2. Red /oam.-Raycha~dhuri (1~41) has exami!led several profiles ~f ~ed and laterit 
soils of Assam. Morphological descnptlon of a typtcal red loam profile IS giVen below:-

Locality-Nongpoh, Khasi and Jaintia hills. 
0-6 in. Reddish grey, loamy, granular, plant roots. 

6-42 in. Yellowish, loamy, columnar, small iron nodules. 
42-50 in. Blackish red clayey, concretionary. 
50-72 in. Red, clayey, concretionary . 

.The red loams are argillaceous and have been found to be weathered to a greate~ or less 
extent. Raychaudhuri and ~ukherji (1941) showed that the profile.samples of red sods from 
Assam seem to contain considerable amount of unweathered matenals, as revealed from the 
comparatively small proportion of the total which is dissolved by boiling hydrochloric acid 
and subsequently by potassium hydroxide. All th~ red soils of Assam appear, . therefore, to 
be immature and may be classed, with a few exceptions, as red loams. Analytical results of 
a typical profile of red soil from Assam are given below: · 

Depth 
I 

Total Si02 (acid and I R20 3 in Hcl extract Si02/R203 
alkali soluble) 1,- ~ --, (molar) 

I Al203 Fe20J 

% % % 
1.0 0-3 in. 11.4 7.8 19.5 

' 

3-20 in. 10.8 9.0 10.0 1.2 

20-32 in. 11.4 6.6 15.6 1.2 . 
32-48 in. 7..9 4.1 4.0 2.1 

The red bank soil has been recognised to be a predominant soil type of Assam (Meddli .. 
cot, 1855 and Coulson, 1942). This soil type is mostly associated with the Tipan sandstones 
which are found all over Assam, and is distinctly more reddish and heavier than the common 
old alluvium soils. The red bank soil is regarded as archaean, since it is believed to repre
sent the sediment laid down in Thetys sea many thousands of years ago. The red colour 
is due to the ferruginous material contained in them:. · . 

A large number of soil samples have been analysed by the Indian Tea Association for 
their mechanical composition and other properties. From the results of the various analyses 
it is possible to recognize many local types. Almost all textural grades are distinguishable, 
e.g. clayey, loamy, sandy, silty or a combination of them. 

The characteristics of the laterite soils are similar to those found in Malabar area. 
Sub-montane tract.-This tract lies in the north along the foot hills and includes two 

main soil types-(1) Bhabar and (2) Tarai. The Bhabar soil occurs at the foot of the hills 
and consists of a layer of sandy loam underlain by deep deposits of water-borne boulders of 
sandstone, quartz, schists and conglomerates. Because of the porous nature of the soils 
this formation does not retain adequate moisture and remains dry in spite of a heavy annual 
rainfall. The Tarai soil is clayey in texture and contains a deep humus layer. Unlike the 
former this soil is associated with an excessive amount of moisture due both to the high 
water table and to a relatively greater content of silt and clay fraction. 

Conclusions 
. Fr<?m th~ foregone account it is evident. t~at the soils of tropical moist evergreen forests 

d1ff7r w1dely 1~ many fundamental charactenstlcs, namely depth, texture, structure, porosity, 
dramage, mOisture storage capacity, pH and nutrient retaining power, all of which in· 
fiuence tree growth although in general they are characterised by a breakdown of silicates 
leach~ng of silica l~~ding to a lo~ Si02/R20 3 ratio, acidic reaction, deficient base status and 
a rap1d d~compos1t10n of orgamc matter. A large quantity of vegetable debris, which falls 
on th~ soil ~l;lrface every year from the growing luxuriant vegetation, helps in ma.intaining 
the s~nl ~erhhty as a r~sult of heavy · turn-9ver of nutrients. However, there appear to be 
certam stte~ where sods are un~ble to ret~m adequate amounts of moisture, humus, and 
plants nutnents presumably owmg to thetr shallowness, coarse texture or erosiveness, and 
M5Dcptl. of Agri./61-9 
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may fail to support sustained growth of the forests for an indefinite period. 'Fhe situation 
is still aggravated by the intense competition for nutrients that exists between the various 
main and associate species. 

Despite the irrirnense potential of the evergreen forests and the profound influence that 
the soil conditions have on their production, it is indeed regrettable that relatively very 
scanty information is available about these soils. Systematic studies on the following 
aspects are necessary in order to gain precise knowledge of the entire soil.;vegetation complex 

. with the ultimate object of adopting most suitable silvicultural and management practices in 
the forests. 

1. To evaluate the type, and extent of competition for nutrients and moisture that · 
may exist between the principal and subordinate species. 

2. To determine the kind and amount of vegetable debris that falls on the floor -under 
each forest community and also its rate of decomposition. 

3. To assess the effect of organic matter on' the physical and chemical properties, parti
cularly the n1Jtrient cycle of the soils. 

4. To examine the nutrient supplying power of the soils in relation to the requirement 
of the important tree species. 

5. To estimate the capacity of soils for retaining· moisture, humus and nutrients under 
different topographical conditions. 

6. To evolve soil suitability index for the important species. 

7. To study the regeneration status of the economic trees under varied edaphic factors. 
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A SUMMARY OF TENDING PRESCRIPTIONS FOR OBTAINING NATURAL 
REGENERATION IN THE TROPICAL WET EVERGREEN FORESTS OF 

THE WESTERN GHATS 

BY K,K. NAIR, 

Forest Research Institute and (ol/eges, 

Dehra Dun, U.P. 

The tropical wet evergreen forests of the Western Ghats extend from the Southern 
limits of Bombay State to Kanyakumari district of Madras State through Mysore and 
Kerala States. The bulk of the tropical evergreen forests of Western Ghats are in the States 
of Mysore and Kerala. · 

The forests conform in general to the vivid description of tropical rain forests by Troup. 
There is considerable similarity in the flora, though associations and variations occur owing 
to factors such as locality, altitude, moisture and soil. According to Champion's classifica
tion the main forests come under 1 AC3, Southern Tropical Wet Evergreen Forests. 

"The process of natural regeneration in tropical forests is no doubt exceedingly com
plex, and, though its pr&ctical importance to the· forester is obvious, surprisingly little is 
known about it" observes Richards. This statement is very true considering the available 
information on the subject, after a century of forest management in many parts of the 
country. The prescriptions regarding natural regeneration, with very few exceptions 
refer to the bringing up of existing regeneration of a few selected economically valuable 
species, by selective tending and canopy lifting after timber exploitation. A study of the 
prescriptions in the various working plans reveal the inadequacy of knowledge and also 
provisions for promoting and bringing up natural regeneration in the tropical wet ever
green forests. An account of the various measures prescribed in the concerned working 
plans (current and past in some cases) for fostering natural regeneration in the different forest 
divisions of the regions is given below for purposes of comparative study. 

I. MYSORE STATE 

(a) Shimoga and Sagar Divisions (1941-1961) 
The observations are that the advance growth present in adequate quantities can be 

established by carrying out sufficient weeding and cleaning operations repeatedly at 
adequately close intervals of time and that subsequent growth depends upon lifting of the 
canopy from below upwards by repeated fellings. Despite the favourable indications that 
a shelterwood system can meet the conditions prevailing, the working plan officer found it 

-impossible to prescribe a standard shelterwood system due to the lack of knowledge of 
the extent to which the overhead cover should be opened for assisting the regeneration 
without encouraging an invasion by weeds. Therefore, no definite practical guide could be 
laid down on this point. 

In the absence of a recognised silvicultural system the irregular shelterwood Working 
Circle has been mainly formed with the object of prescribing the tending of the regenera
tion found in areas felled for poles, sleepers arid timber of various kinds during last three 
decades. Only subsidiary silvicultural operations are prescribed. The felling and 
regeneration scheme is as follows: 
(a) Initial stage: 

(1) Removal of all undergrowth of the forest except the regeneration and advance 
growth of the silviculturally preferred species which are H opea parviflora, Artocarpus 
hirsuta, Artocarpus integrifolia, Dysoxylum malabaricum, Dipterocarpus indicus, 
Poeci/oneuron indicum, Diospyros abenum, etc. · 

(2) Removal of all underWood of the forest consisting of short holed (under 30' high) 
species with spreading crowns which often fill the space. 

(3) Cutting of ail climbers. 

(b) Intermediate stage: 
(1) Periodic removal of the middle layers of the canopy except trees and poles of 

· the elite species, as the regeneration becomes established. 
64 



65 

(2) Undergrowth ~utting and climbe_r cutti~g wherever necessary, to favour the 
seedlings, saplings and poles of elzte species. / 

(3) Removal of seedlings and saplings of species other than elite ones, where they are 
interfering with the growth of the elite ones. 

(c) Final stage: 
(1) Removal of all overwood stems of the elite species of and above exploitable size, 

which have remained unfelled during the initial and intermediate. stages. 
(2) Climber cutting. 

Though the regeneration is slow to establish, the height growth is f~irly rapid, one~ the 
seedlings get established. I~ is assumed that in twenty years the regen~rat10n.can be s~fficient
ly well established to permit the removal of overwood. The duratiOn of mtermedtate and 
final tending stages is also twenty yea~s. As this wor~ is still in an exp~rilrfer~;tal sta?e an~ 
our knowledge of the si/vicul!ural requzrements of tropzcal everg~een sp~czes zs msufficzent, zt 
is advisable to proceed cautiOusly and to have a long regeneratiOn penod than a short o!le· 
Total tending period is sixty years. The results achieved as a result of work done dunng 
the last twenty years of. the initial stage will make an interesting study. 

(b) South Kanara Division (1932-42) 
The natural regeneration in the evergreen and semi-evergreen forests are tended as 

follows:-
After five years from the year of timber extraction, regeneration in the worked co~pe is 

tended, (1) by freeing Hopea parviflora and Artocarpus hirsuta from weeds to a radms of 
3 feet around each plant and removing creepers, (2) removal of interfering branches 
and low shade where necessary. 

Tenth year: One climber cutting. 
Eleventh year: Inspection by D.F.O. 
Twelfth year to Fifteenth year; Further reduction as ordered by D.F.O. 

(c) North Coorg Division 

In the exploited areas of the past, tending of existing regeneration which is under 
suppression is prescribed. The tending is to be done after heavy rains. No useful species 
are to be felled. Climbers and unwanted shrubby growth is to be cut. Jack trees which 
hinder regeneration are to be frill girdled and poisoned. Unwanted mother trees standing 
over regeneration are to be poisoned and killed. 

In the Selection Working Circle also the prescriptions are for removal of noxious 
weeds, climbers and shrubby growth interfering with regeneration of valuable species in 
the year after felling. Tendings are repeated in the 6th and 12th year. 

II. KERALA STATE 

(a) Wynaad Forest Division (1940-41 to 1949-50) 
Rege!leration.-lt has been generally observed that the natural regeneration of valuable 

tree species such as Mesua ferrea, Palaquium ellipticum, Vateria indica, Calophyllum 
elatum, Hardwickia pinnata and Dipterocarpus indicus is generally abundant in the ever
gre~n ~orests and that advance growth and poles of such species are by no means infrequent. 
Artificial r~generation of gaps has not given results commensurate with the time and money 
devoted to It. 

Tenqing in natural forest.-25 acres of the previous year's worked coupe are taken up 
for tendmg. A suita~le .area containing appreciable quantities of advance growth and 
poles ~f valuable species IS selected at the time of marking. By advance growth is meant, 
established regen~ration about three feet in height. The selected area is tended by removing 
the lower and middle canopy trees standing over advance growth, by removing the top 
cano~y over the poles and by judicious thinning among the latter. The removal of 
tre~s m the ~ower and middle canopies is effected by felling, girdling, or frill poisoning 
(with a sol~tio~ such as. sodium arsenate). Trees in the top canopy are to be removed as 
a r~le by girdling or fnl~ poisoning. Here also the. prescriptions are on an experimental 
basis. Only a small portion of the area worked received tending. 

(b) Palghat Division (1934 to 1943) 

, Tending of natura{ regen~ra_tion in gaps.-Natural regeneration of valuable species like 
Mesua ferrea, Palaquzum elbpttcum, Calophyllum e/atum, Hopea glabra and Poeciloneuron 
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indicum in all the gaps created by fellings are to be tended. Probably tending will be neces· 
sary for two years.· Tending will consist of keeping the heads of the established natural 
regeneration and advance growth of valuable species free from weeds and quick growing 
softwoods, so as to ·give more light without unduly exposing the soil to desiccation. Mesua 
ferrea is to be given preference to all other species. 

Tending of natural regeneration in unfelled parts of the coupes.-Natural regeneration 
of valuable species occur in considerable quantities all over in all stages of development. 

Tending of valuable species.-Groups of Palaquium are prominent. It is desirable to 
tend such regeneration every year. But in the pres~nt state of knowledge about silvicul
tural needs of Shola species this is not considered possible now. However,. the marking 
officer, when he goes round the coupe, is to carry out a certain amount of tending at 
sinaJl extra cost. The marking officer is !o carry out tending of the natural regeneration of 
valuable species over the whole coupe to the extent possible along with marking, 2 or 3 
mazdoors wi11 be taken and will cut back such growth as he instructs them to remove for 
the purpose of assisting the natural seedlings and saplings that may come across. Climbers 
are to be cut. . · • 

Tending natural regeneration over one-tenth of the area· on an ~xperimental basis. 
1. Poles are to be left to look after themselves. 
2. Promising patches of unestablished and established regeneration of valuable species 

are to be tended by judicious removal of undergrowth. The object is to let in light through 
top and middle canopies (unestablished regeneration means seedlings below 9w · in height; 
established regeneration is between 9" and 2f). Undergrowth of .valueless shrubby growth 
upto 1 5' high and Strobilanthes must be cut. Care should be taken not to cut too much. 

3. Promising advance growth (including saplings) of the valuable species are to be 
tended by judicious removal, wherever required, of the undergrowth and the valueless middle 
storey trees upto 6" in diameter, interfering with admission of light. . The object is to 
provide ample light through top canopy. · · . 

4. Strobilanthes must be cut below the node from where roots run into the soil. 

5. Mesua ferrea is to be given preference over all other species with the exception of 
Acrocarpus fraxinifolius and Dysoxylum malabaricum .. 

(c) Chalakudi Forest Division (1954-55 to 1968-69) 
Natural regeneration of valuable species is to be tended wherever they occur to an 

appreciable extent. 

(d) Malayattur Forest Division (1947-48 to 1961-62) 
Natural regeneration is unsatisfactory due to rank growth of unwanted species. The 

incidence of merchantable species is comparatively low in the older girth classes. No 
attempt at regenerating the evergreens has been made. in the past and the successful methods 
of regeneration are in the experimental stage. 

(e) Quilon Forest Division (1944-45 to 1958-59) 
Natural regeneration in Yerur reserve is encouraging. In some areas scanty natural . 

regeneration of all useful species are to be sponsored' and tended wherever they occur in the 
regeneration strips. 

r (f) Konni Forest Division (1947-48 to 1961-62) 
Natural regeneration of all the useful species to be sponsored and tended wherever they 

occur · and is of any appreciable extent. 

No artificial regeneration of the evergreen forest is now prescribed. This is to be 
considered and prescribed during the next revision of the plan. 

(g) Shencottah Division (1945-46 to 1959-60) 
. Natural regeneration of evergreen species is to· be sponsored and tended in the 

regeneration strips. 

(h) Trivandrum Division (1953-54 to 1967-68) 
Natural regeneration of good speci.es is generally s~tisfactory in. the selectio? c.oupes and 

this is to be taken advantage of replacmg the trees wh1ch are explofted. ~o ~rtlfictal rege!le.o 
ration is to be done in the coupes as the best method of conductmg artificial regenerat10n 
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in such areas is still only in the experimental stage. All that is to be done, therefore, to foster 
natural regeneration is t<? take advantage of existing advance g_rowth for replacing th~ trees 
removed in selection fellmgs. The followmg cultural operatiOns should be done m the 
selection coupes. 

(1) Climbers will be cut throughout the coupe before felling operations are completed. 
Climbers must be cut as often as possible iri places where natural rege_neration 
comes up well so as to relieve young seedlings from suppression. 

(2) A general cleaning is to be done in every coupe in the second and third years after 
the felling operations have been completed. · . 

(3) Pure patches of pole crop of the merchantable species are to be thinned silvicultural
ly and the selection marking in the surrounding crop is to be regulated so as to 
provide sufficient light and space for the necessary development of the advance 
growth. · 

III. MADRAS STATE 

(a) South Coirnbatore Division (1954-55 to 1968-69) 
Natural regeneration of the important timber species is plentiful but usually remains 

suppressed for lack of opening of the canopy_ and proper tending. In_ Hopea-Mesua 
association natural regeneration of Hopea parviflora is dense and Mesuaferrea also regene
rates freely. Such natural regeneration remains in a suppressed condition for a long 
period, but responds quickly if sufficient light reaches it through the top canopy. In 
Palaquium~Mesua association natural regeneration of Palaquium ellipticum is more .prolific 
than that of Mesuaferrea. Since Palaquium is a l;>etter shade-bearer than Mesuaferrea, there 
is a marked tendency for the former to oust latter. In Poeciloneuron-Cullenia association 
there is always a dense mass of natural regeneration of Poeciloneurori indicum ·and all age 
classes are found represented. In fact, there is a marked tendency towards the crop ultimate
ly becoming almost pure Poeciloneuron indicum. 

Lower girth classes are considered to be welt" represented in the crop and conditions 
for natural regeneration and advance growth may be considered satisfactory . 

. ' ' . 

It is recognised that ii is desirable to undertake measures to increase the proportion 
of utilisable species in the crop. Indications are that this can be achieved by controlled 
thinning of the canopies and underplanting of the desired species such as A. hiisuta, Diptero
carpus indicus, Acrocarpus fraxinifolius. The thinning should create conditions suitable 
for these species to develop but should leave the evergreen character of the forest more 
or less unaltered. Progressive opening of the canopy upward, to keep pace with the develop
ment of the introduced plants has to be effected preferably by girdling or prescribing the 
trees to be removed (in order to avoid felling damage). · 

The removal by felling and girdling is, however, limited to an average of three trees per 
acre and not more than six in any one acre including felling for coupe working. 

(b) Tirunelveli Division (1934-35 to 1943-44) 
Natural regeneration.-There is regeneration of Aglalia roxburghiana, Artocarpus 

hirsuta, Gluta travancorica, Palaquium e/lipticum and Mesua ferrea. Such regeneration 
stagnates until a gap in the canopy admits sufficient light to enable it to shoot up. Little 
is known as regards the light requirements of such seedling growth but such research as has 
been done on the subject points unmistakably to the fact that a light opening. of the 
canopy immediately above regeneration of the more valuable species is definitely beneficial. 
The work however, requires not only a good knowledge of the seedling stages of the various 
species, but also a high degree of silvicultural skill on the part of the officer conducting 
the op7ration. This naturally restritts the scope of tend~ng operations. It is accordingly 
prescnbed that the canopy be opened over natural seedlmg and young pole regeneration, 
under the personal supervision of the Divisional Forest Officer and his gazetted assistant, 
over an area of twenty:five acres annually in th~ coupe under exploitation. The opening 
J!lUSt be done cautiously to l;Jegin with as we know nothing about the extent to which 
hght ~ught to be admitted and the upper storey must not be interfered with until some 
expen7nce has been obtained. Four mazdoors per acre should be able to carry out the work 
prescnbed. This work is to be done just before the south-west monsoon. At the time of 
marking climbers must be cut. 
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DISCUSSIONS 

A study of the results o.f tendin~ n~tt:'r.al regeneration in Shimoga, Wynaad, Coorg, 
Palghat, Tnvandrum and Tnunelveh dtvlSlons should to some extent enable us to infer 
the lines on which a bold start for regular tending has to be made on a large scale at least 
to cover up the entire worked areas to bring up the regeneration of valuable species. The 
need for this is apparent from the prescriptions for natural regeneration contained in the 
various working plans, which are either of experimental nature, in the absence of adequate 
data or are too general to be effective at all. , 

Recruitment of regeneration.-Hardly any information is available regarding (i) the 
manipulation of the canopy for the recruitment of regeneration where it does not exist, 
(ii) the number of seedlings and 'Saplings per unit area, that should be present in an area 
to be considered as adequately stocked, and (iii) the size that the regeneration of different 
species should attain to be reckoned as established. 

After assessing the result of research done in the field of natural regeneration so far, if 
necessary fresh experiments have to be laid out, on a co-ordinated basis, to cover the fields 

· in which there is still paucity of information. 

Regeneration surveys should invariably be done to assess the regeneration status. 
Occular estimates should not be the sole guide for determining the adequacy of regenera
tion. 
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Summary 

• 
NATURE RESERVES OF TROPICAL RAiN FORESTS 

BY K. K. NAIR 

Lecturer, Indian Forest College, 
Dehra Dun 

The probable reasons for inadequate attention to the study of tropical rain forests, 
and the resultant lack of information on many a vital problem concerning these forests 
are stated. 

The importance of tropical rain forests as natural laboratories for biological study is 
emphasized. 

The necessity ~f mai~taining undisturbed ~atl!-re reserves iJ?. t~e three ?ifferent .zones. in 
India, where tropical ram forests are found 1s g~ven. CompilatiOn of mformat10n With 
international co-operation is suggested. 

X X X X 
The tropical rain forests comprise about half of world's forest areas. Despite this 

fact, apart from selective exploitation of a few utilisable or marketab!e spec~es, till re~en~ly, 
comparatively little attention )las been pa1d to !hese forests from the pomt ofv1~w o~ sc1ent1fic 
.:;tudy. These forests are generallysituated m the warm undeveloped trop1cs w1th rather 
a hot and humid oppressive climate. Combined with this and the relatively ~igher current 
utilisable value of various timbers, obtainable from the coniferous and deciduous forests 
has been responsible for diverting the attention of ecologists, botanists and foresters away 
from the tropical rain forests. 

Perhaps the unfortunate part is, that when some attention was paid to these forests in 
the course of the last century and during recent years, it was mainly towards the clearing of 
this dense mass of "useless jungle". for the purpose of growing plantation crops such as 
rubber, coffee, tea, cinchona, tapioca, and even cereal crops. The lamentable destruction 
of evergreen forests for extension of agriculture under "Grow more food campaign" and 
shifting cultivation have taken place even during recent years and are still current in some of 
the densely populated regions of this country. The adverse effects of the large scale destruc
tion of tropical rain forests situated as they are, on the steep slopes of the Western Ghats 
and other hilly regions often in areas with a rainfall of 100"-300" can well be imagined. 
Apart from the role of serving as the "raiment" for the earth's surface, these forests have 
also become economically very valuable with the development of timber using industries 
during recent years. Therefore, from the point of view of physical benefits as well as 
store houses of timber, canes and other economic products, these forests have emerged 
from obscurity and deserve due attention. 

Apart from these considerations, foresters concerned with the management of tropical 
rain forests are confronted with many a problem, on account of the lack of information on 
important aspects such as the physical life of the various species, their represe71tation in the 
various classes in a mature undisturbed forest, the changes in the distribution of the various 
species in different age classes as the crop advances in age, their rate of growth during the 
different stages of the development and also whether the floristic composition of tlre rain 
forests remains constant, th'e effects of selective logging, selective tending and canopy 
manipulation and various other aspects. 

The role of the tropical rain forests as great laboratories of nature for biological study 
and research is yet to be fully recognised. It is considered that the tropical rain forests have 
been the centre of evolutionary activity from which the rest of the world's flora has taken 
shape. The plant evolution in the tropics has not been interrupted by seasonal checks. 
Furth~r the warm temperature conditions might be more favourable for the survival of 
mutatiOns. This role of considerable scientific and botanical importance may not be played 
by tr.opical rain forests in the future, as hitherto, mainly as a result of progressive reduc· 
tion m the area occupied and discontinuity of vegetation. At this juncture one cannot but 
feel.how trl}e the observation by Van Steenis that "Most studies of vegetation have been 
~arne? Ol}t m Europe and I. am of ~he opinio~ that owing to a paucity of material these 
mvest1gat10ns have begun w1th an mverted v1ew point. When studying the manifold 
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types of vegetation, comparing them and relating to each other one ought loglcaliy to 
start with the richest and to derive from it less complicated impoverished types which have 
arisen fr~m ~t by selec~ion. The. richest. type of v.egetatio~ in number of sp~cies, volume 
and density, IS found m t.he tropics. It IS not the Impovenshed anthropogemc vegetation 
of Europe which· should be the starting point of ones investigations" is true to the latter. 
Let us hope that tropical rain forests will not be wiped out before the scientists focus their 
attention on them. Unless positive steps are taken to preserve the tropical rain forests 
there might be room for regret. 

With 'the selective exploitation in progress over most of the easily ·accessible tropical 
rain forests, shortly the position will be, that undisturbed natural tropical rain forest 
may not exist to any appreciable extent to serve as the great laboratories they are of 
nature, for the biologists, foresters, and others interested in this wide and still little known 
field of study. To meet this end it is the responsibility of the countries endowed with 
tropical rain forests to maintain undisturbed nature reserves of large extent apart from 
the worked reserved forests. The large voids in the knowledge of the rain forest can be 
eliminated only by the efforts of generations of devoted scientists and naturalists. Albert 
National Park in Belgian Congo is an example of nature preservation worth emulating in 
other regions also. 

In India where the tropical rain forests are distributed in different regions of the 
country far apart, the forests of each region having its own characteristics, there is a strong 
case for maintaining a number of nature reserves, maintenance of which should be govern
ed by a common policy throughout the country. In each of the zones, viz. 1. Western Ghats 
(Mysore, Kerala and Madras States), 2. Eastern Zone (Bengal, Assam and NEFA), and 
3. Andamans representative areas .should be selected for preservation as nature reserves. 
Though the Third Silvicultural Conference held at Dehra Dun in 1929 suggested measures 
for the preservation of natural fauna and flora, except for a few protected trees, and preser
vation plots of limited extent, no appreciable steps have been taken towards the preserva
tion of large compact areas of forests as nature reserves. Unless action is taken without 
further delay it may be too late. Such reserv.es should be formed in every country of the 
world having this magnificent and bountiful gift of nature. The co-ordinated collection 
of information by an international organization like the F.A.O. will help to unveil the little 
known facts about the tropical rain forests. 

Acknowledgement: This note is based upon Prof. P. W. Richard's monumental work 
"The Tropical Rain Forest." 



AN INVENTORY OF SAMPLING METHODS APPLIED IN CASE OF THE 
TROPICAL MOIST EVERGREEN FORESTS 

BY A. S. RAWAT 

Research Officer, Statistical Branch, Forest Research Institute, Dehra Dun 

Abstract 
This paper gives an inventory of sampling methods applied to the tropical moist 

evergreen and semi-evergreen forests of India. The two techniques of sampling wood 
volume and other yields in the evergreen forests are (1) Linear Tree Increment Plots and 
(2) Partial enumeration of standing crops in large forest tracts. Under the latter technique 
various sampling schemes applicable to these types of forests are discussed. A 5-10% 
systematic sampling with two random starts is considered very convenient and economical 
to evergreen plains forests as this method gives more precise results than a stratified random 
sampling with two units per stratum. Partially systematic line-plot survey can also be 
suggested to evergreen plains forests if multi-stage sampling is possible. As regards hilly 
tracts, stratified random sampling is recommended with various blocks as strata and.com
partments or sub-compartments as sampling units. 

General 

Sampling in forestry is done both for estimation of forested land area and standing 
timber volume. The former is no more a serious problem now as only a little forest land 
remains unsurveyed and unmapped. Usually the problem of sampling for estimation of 
wood volume and other yields, is taekled under three main tech~iques :-: 

1. Sample plot method for regular even-aged forests, 

2. Linear Tree Increment Plot method for irregular uneven-aged forests, and 

3. Partial enumeration of standing crops in large forest tracts. 

Sampling Techniques Adopted in Tropical Moist Evergreen Forests 
For the techniques described hereunder, the tropical evergreen forests also include the 

tropical semi-evergreen types of forests. Thus the inventory of sampling techniques 
discussed may be applicable to the following forests types as distinguished by Champion: 

1. Tropical wet evergreen forests {la, 1b). 

2. Tropical semi-evergreen forests (2a, 2b) and their edaphic (E) and seral variants 
(IS and 2S). These types are commonly met with in the States ofMysore, Kerala, Madras, 
Andamans and Assam. · 

Evergreen forest is a heterogenous mixture of life-forms and age classes. Therefore, 
the sample plot method which is applicable to regular and even-aged forests is not of much 
avail in the study of the evergreen forests. We are then left only with the latter two methods. 
!he ~tates of Beng!J-1, Madras and Uttar Pradesh laid out a number of linear sample plots 
m miXed crops whtch later on came to be known as 'Linear Tree Increment Plots'. 

In the year 1923, Shebbeare, Silviculturist Bengal, laid out Linear Tree Increment 
Plots in the forests of Buxa and Jalpaiguri divisions. At the time of the Third Silvicultural 
O;mference, 1929, Homfray discussed the procedure of laying out linear sample plots and 
satd: 

"Lines were marked on the map at random and laid out on the ground afterwards; 
this prevented any attempt to select the best areas which might be the case if 
lines were selected on the gro\lnd. The width of the line was one chain and the 
length might have varied from half to two miles until it reached some convenient 
boundary. Every tree of 5" diameter and over at breast height whose centre 
occurred within the lines was numbered by a tin plate. Trees under 5" diameter 
were ignored. Diameter measurements were taken every two years for the first 
four years and thereafter every three years". 
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At the Fourth Silvicultural Conference, the procedure of laying out Linear Tree Incre
ment Plots in Madras and Uttar Pradesh was again discussed and regarding the Uttar 
Pradesh plots, Mobbs remarked: 

"The lines certainly include almost every possible sub-type. What is not certain, is 
that the proportion of these sub-types is more or less the same as their proportions 
in the main types as a whole." 

As regards the Madras linear sample plots, Laurie said: 
"It is as~umed that the p~ots h.av~ be~n selected so !iS to cover the whole range of 

quahty and geographical d~stnbutwn to be studied and that the plots are typical 
~f the forests as regards umformity and density, and that they will give diameter 
mcrement data for trees of every crown and canopy class." · 

In the absence of a standard procedure, very little work was done in the analysis of 
data collected· at successive measurements from these plots. In the year 1939, Bakshi 
Sant Ram, in an appendix to Laurie's paper, prescribed a standard procedure for laying 
out Linear Tree Increment Plots. This procedure is finally given as Appendix XIII in the 
Silviculture Research Code Volume 3-Tree and Crop Measurement Manual by Griffith 
and Jagdamba Prasad. 

The existing number of Linear Tree Increment Plots in the tropical evergreen forests is 
small. They are enlisted in the subjoined statement. 

No. of Linear Tree 
State Division Increment Plots. 

Mysore East Kanara 2 

Mysore West Kanara 2 

Mysore Coorg 2 

Madras South Coimbatore 1 

Kerala Pal ghat 1 

The 1939 Linear Tree Increment Plots of East and West Kanara were laid out with a 
view to facilitate the identification of the complex tree flora of the local tropical wet ever
green forests and determine the rate of growth of individual tree species. · The data collected 
at three successive measurements from 1939 to 1949 were subsequently analysed and 
published (Mathauda 1953). The average rates of growth of 19 most frequently occurring 
species were determined and presented in tabular forms which have been reproduced and 
given as Appendices I and II .. The former shows the rate of diameter growth of different 
tree species along ·with age and the latter shows time taken by different tree species to 
cross different diameter classes. 

With the help of permanent sampling units (L.T,I.P.), precise increment calculation is 
possible while with temporary sampling units Qnly the growing stock can be assessed. 
With repeated sampling, increment can also be calculated but with the usual sampling intensi
ties, standard error is very high. 

Partial Enumeration of Standing Crops in Large Forest Tracts 
The Sixth Silvicultural Conference held in Dehra Dun in April1945, recommended 

on the urgent need for large scale enumerations to assess the vanishing resources in 
both, the regular and irregular forests. In persuance of this resolution, Dr. Griffith 
examined many records of cent per cent and partial enumerations and tried 
various .model sampling methods. He published eleven Indian Forest Leaflets (Silvicul
t.l!Te Nos. 83 to 91, 93 and- 96 entitled ''The Efficiency of Enumeration". In these 
leaflets, he· showed that intensive and expensive 100% enumerations are not 
necessary. Sampling estimates of timber volume are sufficiently reliable for all practical 
purposes. Two of these leaflets, Nos. 84 and 86 dealt with Champion's Group !a--Southern 
tropical wet evergreen forests, C3 Western tropical evergreen (Karian Shola ofTunacadavu 
range of South Coimbatore division), and Group 1 b--Northern tropical wet evergreen 
forests, C2 Uppe'r Assam tropical evergreen (Lakhimpur forest division). 
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With regards to the-study of the Upper Assam and the .Mad~as tropical wet evergreen 
(Karian Shola) forest d~ta, the summary drawn by Dr. Griffith IS reproduced below:-

"1. Intensive and expensive 100% enumerations are not necessary in order to obtain 
a reasonable estimate of the growing stock. Enumerations of 5% or 10% are 
probably sufficient for most practical purposes. 

"2. Systematic sampling gives us more accurate estimations than random sampling 
provided it is carried out with a full appreciation of the probable trends of the 
fertility gradients of the forest. · 

"3. Whatever the intensity of enumeration some 30 to 60 separate estimates of the 
volume per acre in each square mile of forest will probably give us a sufficiently 
accunite estimate of the total volume and enable us to calculate its precision. 
This is an economically reasonable number of figures for the computers to calcu-
late with." · 

The conclusions arrived at by Dr. Griffith had been carefully examined by several 
statisticians. In this connection, Dr. Finney observes: 

"Though a systematic sample may be expected usually to give an estimate more precise 
than would the corresponding stratified random sample, this is not necessarily 
true. For some types of variation the precision for the systematic might be 
lower, and no genera~ statistical theory can state that one will always be better." 

- In view of this criticism, the Seventh Silvicultural Conference held inOctober-November 
1946, adopted the following resolution: 

"The Central Silviculturist should continue to keep closely in touch with eminent 
statisticians in order to obtain a mathematically satisf<:tctory method of calculat
ing the precision of the estimates of systematic sampling of systematically arranged 
data." 

Before the inception of the Statistical Branch, ~· Stuar~ enumeration data of.· the 
Madras moist mixed deciduous forests were sent by the Central Silviculturist for analysis 
to Dr. Finney. He wrote two papers which appeared')n Yorestry and later on published 
as an Indian Forest Bulletin No. 146. Dr. Finney used·· these data in a comparison of 
different strip sampling procedures. He calculated variances for unrestricted random 
strip sampling, stratified random sampling taking either two strips or one strip from each 
block and systematic sampling at different sampling intensities between 1 in 2 and 1--32. 
He further described the methods of obtaining variances for different §ampling schemes. 

Tile results derived by him clearly show that sampling for the estimation of volumes of 
standing timber can give a reliable figure for all practical purposes. A stratified systematic 
sample consisting of 30--35 strips and representing about 1 strip in 5 or 1 in 8 of the whole 
forest, was fairly certain to give an estimate within 5% of the truth. He finally concluded 
that although for th~ data examined systematic sampling. proved more precise than strati
fied random sampling, the former cannot be recommended since no assessment of the 
sampling error is possible in this method and hence the latter one should be followed. 

During 1953-54, the Working Plan Officer of Lower Assam Circle carried out 10% and 
5% systematic one chain wide strip enumeration respectively in the Kaphitali and Disama 
Reserves of the Nowgong forest division (semi-evergreen forests). 

In case of t~e Disama Reserve, under 5% systematic strip sampling, 40 strips were 
enumerated. So as to allow for the systematic sample, the 40 strips were considered as 
20 co~tiguous pairs 1-2, 3-4, ... 39-40 and the variance of the general mean calculated with 
followmg formula: 

v (y ) - _i(l-f)_ [ 2. •• 2 2 2 . 2 2 ]. 
w -{40 }2 Wcw2 ( )2+ W3 W4 ( )2+ w 39w 40 . r (wi) (w,+w2)2 y,-y2 (w3+w4Y y3-y4 '' · · + (w39 +w40y<Y39-y40)2 

Where f =sampling intensity, 
Wi =area of the ith strip in acres, . 

Yi =mean number of tr~es per acre in the ith strip, varying from 1 to 40 . 

. In case of the Kaphitali Re~erve whe~e under 10% systematic strip sampling only 13 
stnps were enumerated, no contiguous pairS could be formed. Hence Yates' formula (7.5g) 



74 

given on page 197 of his book 'Sampling Methods for Censuses and Surveys' (second 
edition) was used to calculate the variance of the general mean, i.e. 

V(y )-{-f)n72 where sq2 =~w?(Y-Yw)2 

w - l: (w;) ' (n-1) 

The results of statistical analysis for Disama and Kaphitali Reserves are reproduced as 
Appendices. III and IV. They show the estimated mean number of trees per acre±standard 
error by girth classes for each tree class. · 

Recently partial enumerations have been taken up in North Kanara, to cover about 
850 square miles of unorganised forests mostly semi-evergreen to evergreen in nature. 
The procedure adopted is a "Stratifie~ random sampling with strips as sampling units". 
Single stage sampling is being carried out in the sense that the selected strips are being 
completely enumerated for all species. The width of each strip is two chains. For an 
area to be enumerated a base line is laid out on 4" = 1 mile map running along general direc~ 
tion of the contours. The base is divided into strata by lines running at right angles to it 
and 40 chains apart. Twenty strips, each two chains wide are marked in each stratum 
running across the contours. 

With the help of the Table of Random Numbers, in a stratum two strips are selected at 
random and the same procedure is followed for all the strata. The intensity of sampling is 
approximately 10%. Each sub-block is being enumerated on these lines. _ 

This area under survey is very much cut up, precipitous and at places inaccessible. 
Generally the undergrowth is very thick and overgrown with climbers and lianes thereby 
retarding the progress of line cutting. Therefore, the method of survey adopted is proving 
costly, strenuous and slow. 

As recommended by Seth (1951-c), the sampling procedure for this undulating 
area should have been "Stratified ,random sampling with compartments or sub-compart
ment or topographical secyonsJaJ -~~piing units" and not the strips as sampling units. 

. ~, ' .. ...;. ' 

As no valid assessment of th(hampling error is possible from a systematically selected 
sample, some statisticians have been attempting to evolve appropriate forms of systematic 
sampling which could provide an acceptable valid estimate of the standard · error of the 
mean of a systematic sample. In a paper on "Some sampling methods on forest surveys", 
very recently published in the December 1959 issue of the Indian Forester, J. N. K. Rao has 
discussed some aspects of systematic sampling and also suggests a modification of this 
method which gives a fairly close approximation to the sampling error. He considers that 
systematic sampling with multiple random starts is quite expedient and convenient in the 
field and also provides a reasonably accurate estimate of the sampling error .. Further, he 
considers that a systematic sampling with two random starts is expected to give more 
precise results than a stratified random sampling with two units per stratum. The former 
method is also preferable to systematic sampling with a single random start which ~oes ~ot 
provide a valid estimate of the sampling error. The procedure of systematic sampling wtth 
two ·random starts, simplifies the field work and provides a sort of check on gross non
sampling errors involved in the enumeration. This; however, needs further investigation 
to check its reliability for different types of forests. 
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Age counting from 
the 4 inches d.b.h. 

stage 

10 
20 
30 
40 

50 
60 

70 
80 
90 

100 

110 
120 

130 
140 
150 
160 
170 
180 

190 
200 

210 
220 

4·6 
5·3 
6·1 
6·9 
7·8 
8·7 
9·6 

10·6 
11·6 
12·6 
13·6 
14·7 
15·8 
17·0 
18·1 
19·4 
20·6 

APPENDIX I 

Rate of diameter growth for various tree species 
Diameter at breast height. 

4·3 4·4 7·7 4·3 
4·7 4·9 8·4 4·7 
5·0 5·5 2·2 5·2 
5·4 6·1 10·0 5·7 
5·9 6·8 10·8 6·3 
6·3 7·6 11·8 6·9 
6·8 8·3 12·7 7·6 
7·4 9·0 13·7 8·4 
8·0 9·8 14·7 9·3 
8·6 10·6 15·7 10·3 
9·3 11·4 16·7 11·3 

5·0 4·7 
6·0 5·5 
7·1 6·4 
8·2 7·3 
9·3 8·2 

10·4 9·3 
11·6 10·4 
12·7 11·5 
13·9 12·8 
15·2 14·0 
16·5 15·4 

10·1 12·2 17·7 12·4 17·8 16·8 
10·9 13·0 18·8 13·6 19·1 18·3 
11·8 13·7 19·8 14·9 20·4 19·7 
12·8 14·5 20·9 16·2 21·8 21·2 
13·8 15·3 22·0 17·6 23·2 22·7 
14·9 . 16·1 23·2 19·0 
16·2 17·0 24·4 
17·5 17·8 15·6 

18·5 26·8 
19·3 28·0 

4·3 
4·7 
5-l 
5·5 
5·9 
6·3 
6·7 
7·1 
7·5 
7·9 
8·3 

4·6 4·4 4·5 4·6 4·7 
5·2 4·9 5·1 5·3 5·4 
5·8 5·4 5·7 6·0 6·3 
6·4 6·0 6·3 6·8 7·1 
7·1 6·7 7·0 7·5 8·0 
7·7 7·4 7·6 8·3 9·0 
8·4 8·2 8·3 9·2 10·1 
9·1 9·1 9·1 10·0 11·3 
9·8 10·0 9·8 10·9 12·6 

10·5 10·9 10·6 12·7 13·9 
11·3 11·9 11·3 12·6 15·4 

8·7. 12·0 

9·1 12·8 
9·6 13·6 

10·0 14·4 

12·9 
13·9 

12·1 
12·9 
13·7 
14·5 
15·3 

13·5 17·0 
14·4 18·8 
15·3 20·6 
16·2 22·6 
17·1 10·4 15·2 

16·1 
17·0 
17·9 
18·8 
19·7 
20·7 

16·1 18·0 
16·9 18·9 
17·7 19·8 
18·5 
19·3 
20·1 

4·4 
4·8 
5·3 
5·8 
6·4 
7·1 
7·8 
8·6 
9·5 

4·6 5·0 
5·1 6·3 
5·8 8·1 
6·5 10·2 
7·3 12·4 
8·2 14·7 
9·1 17·0 

10·1 19·2 
11·1 21·3 
12·3 23·4 
13·6 
15·0 
16·5 
18·1 
19·8 
21·6 
23·5 

5·0 4·5. 4·7 
6·0 5·0 5·1 
7·0 5·6 6·2 
8·1 6·2 7·2 
9·1 6·8 8·2 

10·1 7·4 9·4 
11·2 8·1 10·8 
12·3 8·8 12·2 
13·4 9·5 13·8 
14·5 10·3 15·6 
15·6 11·1 17·6 
16·7 11·9 19·6 
17·8 12·8 21·8 
18·9 13·7 24·1 
20·0 14·7 26·5 
21·2 15·7 28·9 

16·7 



Diameter (b. h.) class 

4' -'-6' 
6'-8• 
8'~1o· 

10'-12' 
12'-14' 
14'-16' 
16'-18' 
18'-20' 
20'-22' 
22'-24' 

•24'-26' 
26'-28' 
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APPENDIX II 

Time taken by various tree species to cross different diameter classes. 

No. of years required to cross the diameter class 

29 53 38 46 20 26 53 33 40 36 29 27 43 
23 38 28 29 18 22 50 31 27. 29 27 23 29 
22 28 26 25 22 18 19 47 29 23 27 24 19 24 
21 23 26 22 19 18 17 27 21 27 . 23 17 
19 20. 25 21 17 17 16 25 20 25 22 14 
18 17 25 20 16 16 14 24 25 22 14 
17 14 25 20 14 15 14 I 23 25 23 12 
16 19 15 14 21. 25 22 11 

18 14 13 10 
17 15 14 
17 
16 

I. 

APPENDIX III 

33 18 20 37 27 
25 11 19 32 21 
21 10 20 27 16 
18 9 18 25 i5 
16 9 19 22 12 
13 9 . 18 20 11 
13 9 18 10 
12 9 18 10-
11 9 17 9:. 
10 10 9 

8 
8 

Mean number of trees per acre±standard error by girth classes for each .royalty class 
of trees . 

5% partial enumeration in Disama Reserve, Nowgong D~vision, As-sam. 

Total area.=27,712 acres. 

Number of strips enumerated=40. 

Girth class~ 3'-4' (under) 4'-5' (under) 5'-6' (under) 6' and over. 
Class of treeH 

A - 0.098±0.0095 0.16±0.012 O.ll±0.12 0.23±0.018 
(9. 7) (7.5) (10. 9) (7.8) . 

, B 0.34±0.024 0.24±0.013 0.15±0.015 . 0.19±0.014 
(7 .1) (5.4) (10;0) (7.4) 

c 0.30±0.018 0.19±0.014 0.18±0.019 0.32±0.026 
(6.0) (7.4) (10.6) (8.1) 

D ' .. 2.61±0.087 1.36±0.030 0.76±0.032 1.00±0.041 
(3.3) (2.2) .(4.2) (4.1) 

E ·1.45±0.054 0.74±0.034 0J36±0.020 0.19±0.013 
(3. 7) . . (4.6) (5.6) (6.8) 

F .. 3.24±0.150 1.38±0.058 0.52±0.027 0.39±0.025 
(4.6) (4.2) (5.2) . ·. (6.4) 

A+B+C+ 8.04±0·74 4.08±0.105 2.08±0.074 2~.33±0.074 
D+E+F 
(Combined) (3.4) (2.6) . (3.6) (3.2) 

. N.B.-Figures in brackets show S.E. expressed as % of mean. 
MSOcptt. of Agri./61-11 ' 
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APPENDIX IV 

Mean number of trees per acre±Standard error by girth classes for each class of trees. 

10% partial enumeration in Kaphitali Reserve, Nowgong Division; Assam. 

Total Area= 721 acres. 



NEED OF ECOLOGICO-PHYSIOLOGICAL STUDIES IN TROPICAL 
EVERGREEN FORESTS WITH SPECIAL REFERENCE TO LIGHT 

BY H.P. BHATNAGAR, 

Division of Forestry, 

Forest Research Institute, Dehra Dun. 

It is commonly observed that certain undetermined causes usually effect the proper 
development of some of the important forest tree species. In many localities inferior 
species invade the natural zone of economically important species and t~e natural regenera
tion of the former spreads prolifically at the· expense of the fatter. Vanous factors respon
sible firstly for the trend of succession t~~ng plac~ in these forests and secondly for the 
poor development of some of the spec1es are · Imperfectly understood. Due to the 
occurrence of numerous species in evergreen forests the, incidence of important species 
is usually small. The basic requirements and the silvicultural characters vary widely. 
from species to species with the res.ult that for meeting the demands for timber etc. 
comparatively larger areas have to be worked out. 

Some isolated field experiments and observations have been made but there has been 
no attempt so far for determining the, basic requirements for light and nutrients of the 
species by scientifically acceptable techniques. Also no systematic data has so far been 
collected on phytosociology. as well as on soil properties. There is thus ~n urgent necessity 
for extensive studies to assess quantitatively the different ecologico-physiological and 
edaphic factors governing the growth and distribution of the species of evergreen forests. 

Champion has classified evergreen forests oflndia in two broad classes, viz. (i) Southern 
Tropical Evergreen Forests (Kerala, Mysore, Madras and Andamans island) and (ii) Northern 
Tropical Evergreen Forests (Assam, West Bengal and NEFA.). They occur on flat or hilly· 
ground up to about 760 meters, extending further up the valleys to about 1,060 meters. In 
western ghats the evergreen forests ascend up to about 1,370 meters. 

The mean annual temperature lies between 22.C-26·c. Mean January minimqm lies 
between to·c-2l"C. In southern tropicalforests it is usually about 2o·c and in northern 
tropical forests it is usually about 13·c. Annual rainfall is above 2,000 mm and rarely 
below, 1,600 rom. 

Evergreen forests are characterised by luxuriance of vegetation which niay differentiate 
~tself into three or .more t~ers. The emergent layer .is spars~ but· the continuous top canopy 
IS dense and consists mamly of lofty trees reaching a height of about 45 meters or more, 
often with high plank buttresses. The middle storey consists of evergreen trees, struggling 
hard for light and the lowest layer consists of dense shrubby evergreen vegetation. The 
ground cover is very sparse and grasses are very few or absent. The species are very 
numerous but gregariousness is strikingly absent. There is an abundance of thick stemmed 
climbers, climbing palms and epiphytes (avoids, ferns, orchids, selaginella and lichens). 
The undergrowth is often a tangle of canes, creeping bamboos and palms. The most 
common species of evergreen forests of India are as follows: 

ToP STOREY-Dipterocarpus tndicus, D. macrocarpus, D. costatus, Shorea assamica 
Hardwickiapinnata, Vateria in_d~ca,.Artocarpu~ hirsu~a, fl· i1Jfegrifolia, A. chapla~ha: 
Mesuaferrea, Acrocarpusfraxznifolzus, Palaquzum elhptzcum, Poeciloneuron indicum 
Hope a parvijlora, ·H. odorata, H. wightiana, Cullenia excelsa, Calophyllum tomento: 
sum, C.. elatum,. Sy~ygium spp., Amo~ra canarana, A. wallichii, Dysoxylum 
malabarzcum, Mzchelza champaca, Machzlus macrantha, Planchonia andamanica 
Canarium manii, Kayea assamica, K. floribunda, Heriteria acuminata Vatic~ 
lanceaefolia, Terminalia myriocarpa, Echinocarpus assamicus. ' 

MIDDLE STOREY-Albizziajulibris.sin, Carallia integer:ima, Hemicyclia elata, Elaeocarpus 
serratus, E. tube~culatus, Cznnamomum 7eylanz~um, C. glanduliferum, Polyalthia 
fragrans, Nephelzum longana, Acronychza laurifolia, Cyclostemon macrophyllus 
Memecylon caeruleum, Crytocarya ferrarsi, Actinodaphne obovata Turpini~ 
pomifera, Magnolia pealiana, Meliosma simplicifolia. ' 
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UNDERGROWTH-P~ychotria . truncata, Macaranga !D_xburghii, Murraya koenigil, 
Leea sambuczna, ~trobzlanthes callosus, ·. S. znzocephalus, Helictres isora, 

· · . Calamus spp., Callz~arpa lanata, ~aportea. cren.lflata, Pandamus spp., Weber a 
cryom_bosa, Glyco~mzs pentaphyl?a, Pznanga dzscon~z, P. gracilis, Saprosma ternatum, 
Amblzanthus multiflora, Osbeckza spp., Melastonza malabaricum Alpinia allughas 
Calamus erectus, C. flagellum, C. latifolius, Ixora_ spp. ' ' 

CLIMBERS-Entada scandens, Bauhinia spp., Gnetum scandens, Tinospora cor.difolia, 
Cocculus macrocarpus, Spatholobus roxburghii, Butea superba, Acacia spp., Com· 
bretum spp., ·etc. . 

Light Conditions . 
_ Light is one of the mos~ important fact<?rs ·governing th~ .distribution, develop

ment and regeneratiOn .of species. No other smgle factor has such a direct bearing 
~pon forest g_rowth, par.tic~larl~ i!l the evergr~en forests. Lig~t effects the natural reproduc
tion of species, the artificial rmsmg of seedlmgs for plantatiOn, and is an important factor 
to be considered in regulating the degree of cutting and thinning etc. It largely determines 

_ the vigour and height growth of the seedlings and saplings, the character of the 
ground vegetation, seed production and vario~s other phenomena upon which the 
management of the forests depends. _ .. 

Light effects the plant growth through its nature, intensities and duration. There are 
two types of variations to which plants are subjected. They are: (I) variations which are 
caused by differences in latitude, altitude and climate, (ii)" variations which are caused by 
local obstructions such as aspect, forest canopy, etc. . 

Both of these classes of variations change the intensity and quality of light. Varia
tions in light ~a used by any of these factors affect the rate of photosynthesis and thereby the 
growth of plants. · · 

_ · In evergteen forests where the canopy is, very dense, the light falling on the forest floor 
may be greatly reduced in intensity, by as much as 90 to 99 %. Moreover the intensity 
fluctuates almost continuously due to the movement of the foliage. ·In evergreen forests 
where with an understorey of young trees and shrubs the light intensity above the second 
storey.is·near about 20% wh~le it is reduced. to about 5-1% below it. . 

· 'Light intensity indirectly effects to some extent the mineral nutrition of plants, parti
cularly the process of nitrogen metabolism. Unless plants receive enough light for rapid 
photosynthesis, 'nitrogeri is not rapidly utilized with the result that in turn carbohydrates 
are not utilized effectively._. Lo~ light intensity stimulates height growth at the expense of 
diameter growth, top growth at the expense of root growth, leaf area development at the 
expense· of leaf thickness and succulence at the expense of strength and sturdiness. 

Though under natural conditions the ihtensity of light which is usually available 
to plants is sufficient for their normal developmental processes it may only be just sufficient. 
But as in nature unfavourable conditions almost always pre'.'ail simultaneously, with this 
"just sufficient" amount of light, plants are unable' to manufacture enough food reserves · 

-with the result that under field conditions they cannot survive indefinitely. 
The dense· canopy of evergreen forests not only reduces the intensity of light but the qua

lity of light is also greatly changed due to differential absorption and reflection by the foliage. 
Thus there is considerable difference in the quality of light which is received by the top canopy 
(receiving direct sunlight) and the second storey, shrub layer and ground cover (receiving 
diffused or filtered light in which green is predominant). Many workers have investigated 
the effect or'red and blue light and they have found that these are more efficient for photo
synthesis than green light. When plants are deprived of blue but are grown with the full 
complement of red and infra-red, they develop· inal).y of the characteristics o~ etiolated plants. · 
The reduction in the red and blue in the spectrum reduces the photosynthesis, but plants do 
survive nevertheless. Therefore, the ·quality of light can be taken as having a secondary 
influence on the survival of the tree seedlings occurring on·the floor of the forest. But 
again these small changes in spectral11energy distribution of light in the forest may go a long 
way. towards making many of the seedlings of important tree species healthy enough to 
withstand. unfavourable c.onditions~ · · 

· . Light is also. s?ppose~ to play an imp_ortant !ole in forest succession. But th_ere i_s .some 
difference of opimon with regard to this. It IS commonly assumed that the mabihty of 
some seedlings to grow is .due to the fact that they are unable to grow in the sha~e cast by 
the top or second storey. This failure of ~eeds. to. germinate may .also be attnbut~d to 
deficient light .although many evergreen species reqUire shade for their seeds to germm~te. 
The tolerant species if they are OJice established, can exist for a long time without makmg 
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appreciable growth; on the other hand intolerant seedling~, even if established, soon ?ie 
out. This results in an understorey made up· almost enttrely of shade tolerant species. 
Wherever favourable light conditions occur, due to death or removal of large, trees or due to 
thinnings in the understorey the tolerant seedlings increase in growth and they, therefore, 
gradually increase in proportion at the expense of others. These tolerant species may not 
be good from the economic poin~ ~f vi~w. ~f so it. may be _necessary to stop this line of 
succession and try to create conditions m which desired species come up. 

To evaluate the role of this factor the following studies are suggested. Exp~~iments 
should be conducted individually for important species under natural forest conditions as 
well as in the laboratory. -

I. Field experiments-Field experiments with regard to light conditions should be 
carried out in areas where there is good, fair and poor regeneration of species under 
investigation. In such localities the amount of light available on the forest floor in different 
seasons should be measured and, correlated with the seedling height, leaf area, root 
development as also diameter and height of older trees.. · 

2. Laboratorv experiments-In laboratory experiments t)le emph~sis should be laid 
on intensity, duration and quality of light. Seedlings of the species should be grown under 
different combinations of these three factors and the effect of each treatment should be 
correlated with root-shoot growth and foliar expansion. Detailed chemical analysis of 
every part of the plant should be done to have an idea of the effect of each treatment on/the 
productiQn of organic matter, cl;lemical constituents of the plant and the uptake of all the 
essential plant nutrients. 

Phytosociological. studies 
Detailed phytosociological studies should be conducted. The forests should be studied 

by transect and list count quadrat methods to determine the ecological status . of different 
plant communities, detailed floristic composition and relationship with ground floor 
communities and tree seedling growth. Study on succession status of all layers of vegetation 
including ground flora will give an idea of succession which will be of importance in the 
management of these species. · 

Analysis of soil and plant material 
Representative soil samples. from varying depths including surface litter should be 

collected. Analysis of plant material of complete seedlings growing under different condi
tions, mature trees (bark, wood, leaves and roots) should be done. Complete analysis 
of soil and plant parts will give an idea of mineral uptake from the soil, and its distribution in · 
different plant parts. · ' 

Nutrition 
Considerable attention has been paid to the relationship between plant growth and 

the mineral composition of plants and soils in order to determine the level <;>f soil fertility 
and the nutrient requirements and mineral deficiencies of plants. Due to the presence of 
numerous species in the evergreen forests 'it may be expected that one or the other' micro
or. micro-elements may be limiting the growth of some species. 

Under certain conditions the nutrients absorb~d . by the plants may also be used as . 
indices of soil fertility, particularly in association with soil analysis. Unfortunately none 
of the. species occurring in evergreen forests have been investigated in the past from this angle, 
The nutrient requirements of seedlings are best ascertained from sand or water culture 
experiments in which controlled amounts of various chemicals are added. With this end 
in view1 ~and cultu~e, water culture and soil culture experiment~ should be conducted to 
determme the optimal levels of N, K, P, Ca, l\1g, etc. For the soil culture·. experi
ments seedlings should be grown in typical forest soils and for sand culture in inert sand. 
The growth in shoot, ·root, and leaf expansion should be correlated with different ·treat
ment combinations. The soil culture experiments will give an idea about the soil suita
bility indices for different species. 

Studies on competition between main and associated species 
The element of competition is one of the most important factors affecting plant growth. 

Wherever the struggle for a place in which to germinate and to grow, or to obtain light or 
food.. can be demons~rat~d, .a competiti~e relationship is established. Competition among 
species affect~ . the distn~ut10n of speci~s and. the development of plant communities. 
Local condi~IOns of chmate an? s~ll may be progressively and more or less ,pro
foundly modified by the vegetation Itself, thus gradually affecting the aggressiveness 
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of the combatants to different degrees. This often happens in 'the competition 
between different species or between different plant communities. The competition between 
the individuals of a community is the more intense the more closely they agree in their re-

. quirements for light and nutrients. In evergreen forests such conditions can be easily 
expected due to the great abundance of ground cover. Therefore, it can be assumed that 
the seedlings of valuable species may be. suffering due to the presence of great number of other 
inferior species. Studies conducted by many workers have shown that both light intensity . 
and root competition are important factors in the growth of plants under forest canopies 
and that improved growth can be brought about by the elimination of root competition or 
increase in light intensity. 

Therefore, considering 'the importance of competition in relation to establishment 
and development of natural reproduction, with regard to light and materials assimilated 

'from the soil, studies on competition are necessary. 

For thrs purpose seedlings of main species should be grown separately with the asso;;iated 
species. There should be two sets of experiments in which light and nutrient ~hould be 
c::ontrolled. The effect 9f each treatment sho!lld be correlated with the growth of the seed-· 
lings. 

These extensive studies are 'likely to yield useful scientific data and will provide sys
tematised knowledge with regard to light and nutrient requirements of some of the evergreen 
species under various types of soils, site characteristics and other factors which promote or 
inhibit the growth of species. A critical study of the results of such an investigation will 
further render possible a precise• appraisal of the ecological. and edaphic factors leading to the 
succession in evergreen forests. · 

REFERENC4S 

1. Bhatnagar, H.P. (1959)-The effect of root competition on the growth of sal natural 
regeneration. Ind. For. 85 : No. 7. . . 

2. Cl~ments, F.E·. & Long, F.L.. (1934)-Factors in the elongation and expansion under 
reduced light intensity. Plant Phys. 9 : 767-782. 

3. Coventry, B.O. (1917)-Correlation between light and soil requirements of a species for 
its natural regeneration. Ind. For. Vol. 43~ No_. 4. . 

4. Jester, J. R. & Kramer, P.J. (1939)-The effect of day length on the height growth of 
1 certain forest tree seedlings, Jour. For. 37 :No. 10 : 796. 

5. Pearson, G.A. (1930)-Light and moisture in forestry. Ecology 11 (1) : 145-159. 
6. Seth, S. K. & Bhatnagar, H.P. (1959)-Soil suitability index for sal (Shorea robusta) 

natural regeneration. Ind. For .. , Vol. 85, No. 11. 
7. Shirley, H. L. (1929)-The influence of light intensity and· light I quality upon the 

growth of plants. Amer. Journ .. Bot. 16 : 354-390. 
-8. -(1935)-Light as an ecological factor and its measurements. Bot. Rev. 355~381. 
9. Zon, R. & Granes, H.S. (1911)-Light in relation to transect growth. U.S. Deptt. 

Agric. For. Service Bull. 
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Abstract 

The papet deals with the vegetation of the Humid Tropics of the Western Ghats. 
Areas of Belgaum, North Kanara, Shimoga, Chikmaglur, Coorg and Kerala have been 
described in~ comprehensive manner. 

The vegetation in Belgaum consists of scrubby deciduous jungles with species like 
Anogeissus latifolia, Terminalia tomentosa, Diospyros melanoxylon, Ixora, Randia brandisii, 
Gymnosporia sp., Chloroxylon swietenia~ Zizyphus sp, and others. The moist deciduous 
.forests have species like bamboos, Emblica officina/is, Terminalia paniculata with Xylia 
xylocarpa and Tabernaemontana heyneana on better sites. 

In North Kanara three distinct vegetation types. are met with. Along north-east, 
scrubs are usually of Gymnosporiq mixed type communities. The laterite scrubs along the 
coast· and. in central plateau have evergreen· species of Gardenia, Glochidion, Sy~ygium 
and others. The deciduous forests have species like Tectond grandis, Terminalia tomentosa, . 
Emblica officina/is, Kydia calycina, Dillenid, Adina -and others; while the moist deciduous 
forests are dominated by one or other species of bamboo with usual deciduous components. 
The semi-evergreen type h~1.s Xylia-Tabernaemontana communities over most·of.the areas, 
which progress into evergreen forms of Diospyros-Polyalthia-Myristica and Cinnamomum-
0/ea-Myristica type. 

, In Shimoga and Chikmaglur pbservations have been recorded for some of the scrub, 
deciduous and semi-evergreen forests. The chief components met with here are: Anogeissus 
latifo./ia, Bridelia stipularis, Carissa sp., Emblica officina/is, Flacourtia indica, Gymnosporia 
sp., Zizyphus sp., Tectona grandis, Terminalia · tomentosa and others. Moist deciduous 
vegetation has more of bamboos; while the semi-evergreen type, i.e. dominated by Meme
.cylon-Olea-Cinnamomum · type and several other mixed evergreen commtlnities. 

Coorg presents a variety of vegetation types from scrub to Shola forests. The 
scrubs have the usual thorny components. · The deciduous forests have. for the most part 
a mixed composition of Teak!Bamboo-Terminalia types. The semi-evergreen vegetation has 
Litsea, Callicarpa, Xylia and others with an understorey of bamboos (Dendrocalamus 
strictus and Bambusa bamboo) and with associates like teak and Phyllanthus. The evergreen 
vegetation consists of Myristica, Mesua, Calophyllum, Palaquium and others. 

In. Kerala also, the same vegetat~on types are met with. The best type developed is 
a Tropical ~et-Evergreen forest havmg Mesua, Calophyllum, Myristica and other ever-
green associates. . · 

The status of various types is also discussed. 
I • 

The term humid tropics corresponds to areas which are characterised by features 
of ~g~ rainfall and temperature throughout .. the year,_ with .little or no winter and high 
huiDldity and no snow or fog. These conditions of climate have developed on almost all 
types of soils, "Tropical rain forests type" which is the climax form of vegetation over 
large areas. In India, the humid tropical areas occur chiefly alorig the high rainfall belt 
of Assam in the north-east and along the Western Coast (including parts of Kerala, Mysore 
and Bombay State) i:n the·south-west. These forests assume a great significance on account 
of their variety of flora and the econo~ic wealth_ they contain. 

The work on the Humid Tropics of the Western Ghats was started in 1956 by the 
Botanical Survey of India, Poona. Since ·then, the areas of Belgaum, Kanara, Coorg and 
Kerala have been explored. 

Broadly speaking, three vegetation types are met with in the area: 
(a) Scrubs. 
(b) Deciduous forests. 
(c) Evergreen forests. 
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BELGAUM AND KOLHAPUR- (B.S. AHuJA) 

The area under investigation includes the district of Belgaum (Mysore) and Kolhapur 
(Bombay) situated approximately· between latitude 15.5°N and 17 .2°N and longitude 
73. 7oE and 75. soB along the Western Ghats. This is a mountainous region having an 
average altitude ranging between 1000-3000 ft. above· sea level. Towards nord:). and east, 
the area is open and under cultivation, and the forests are common only in the western and 
southern· parts of the districts. · 

Geologically, the area is formed of granites and gneisses. There are also schists of 
.Dharwar series, quar!zit~ and limestones of Kaladgi series and basalt belonging to the Deccan 
Trap system. Latente IS common towards the extreme west. The soil can be classified 
into two types:-

{i} Red soil, derived from the decomposition Qf granite, laterites and red clay. 

(ii) Black soil formed from the decomposition of basalts and sometimes gneisses and 
riverain alluvia. · · . / 

, ' 
The climate of the area is chiefly monsoonic. The rainfall varies between 150 em. to 

500 em. and temperature between 50°F-105°F. 

Vegetation 
The following vegetation types are met with in the ~area:-

1 ~ Semi-evergreen forests, 

2 .. Deciduous forests, and · 

3. Scrub .forests . 

. Semi-evergreenforests.-These forests occur along the south-west region of the area and 
have been studied at Radhanagari, Khanapur, Jamboti, Londa and Nagarhalli. These are 
the areas where rainfall, humidity and temperature conditions are usually high. The trees 
'do not attain a height that is characteristic of typical evergreen forests. 

The· common top storey components are: Alseodaphne semeca~pifo/ia, Cinnamoinum 
zeylanicum, Dil/enia pentagyna, Memecylon talbotianum, Ho/igarna grahamii, 'Olea dioica, 
Syzygium sp.~ Termina/id chebula, Vitex a/tissima, Xylia xylocarpa, etc. 

The second layer consists of Diospyros paniculata, · · Careya arborea, Glycosmis 
pentaphylla, Lagerstroemia /anceo/afa, Litsaea zey/anica, Mangifera indica, Memecylon edule, . 
Ochrocarpus /ongifolius, Pygeum gardneri, Flacourtia montana, Terminalia paniculata, 
Trema orienta/is, Tabernaemontana heyneana and Wendlandia notoniana. . 

The third · layer consists of Carvia callosa, Cailicarpa lanata, Canthium dicoccum, 
Flacourtia ramontchii, Ixora nigricans, Leea indica, Maesa indica, Mussaenda frondosa, 
Murraya koenigii, Mappia foetida, Pandanus, Randia sp., Psychotria, turncata etc. 

The common climbers' are Derris scandens, Elaegnus conferta, Entada phaseoloides, 
Gnetum ulci, Diosoorea sp., Hoya ·sp., Heptapleurum venulosum, Piper nigrum, Piper spp., 
Smilax zeylanica, Toddalea ac.uleata; Wagatea spicata, Zizyphus oenop/ia, etc. 

The ground· flora consists of saplings of the ·dominant trees and small herbs like Acdno
pteris dichotoma, Curcuma spp., Arisaema spp., Pteris aquilina, Pteris quadriaurita, Optismenus 
spp., Solanum ferox, Sida sp., etc. 

Succession 
The forests of the area are under biotic interferences, i.e. cutting, lopping, grazing, 

fires, etc. for a very long time. So the forests of today are the result of interaction of 
many factors with their corresponding effect ·on the plant environment. The scrub jun
gles represent the degraded form of a dry:-deciduous forest. The succession of the ~ea in 
general can be represent~d by-- · . . 

Semi-evergreen- forests ( Cihnamom~m-M emecylon-Olea type). 
. 1' . ' 

.Moist deCiduous forests (Xylia-Bamboo- Terminalia type).' 
t 

peciduous forests (Teak-Terminalia type). 
t 

Scrub forests (Randia-Gymnosporia type). 
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··NoRTH KANARA-..,..(R~ K. ARoRA) 

The district ofNotth Kanara is situated ori 'the north-west of the Mysore State along 
the western ghats between 13°55' N' and 15°31' N, and 74o9' E and 75o10' E. Because C?f 
high rainfall and humid tropical conditions of high humidity and temperature the area 1s 
eminently suitable for the growth· 'of luxuriant vegetation of evergreen· forests. 

Topographically, the area consists of a central upland covering about 3ooq sq. miles and 
the low lands on the west and north of the district, covering about 1800 sq. miles. 

Geologically, North Kanara is formed mainly of granite, gneiss and lat~rite.. The 
underlying rock at places may also· be metamorphic (quartzite, shale), especially .m the 
north-east. The hill tops are usually covered with laterite, with rock outcrop on the surface. 
Alluvial deposits also occur· and the alluvial soils bear good teak-bamboo type forests. 

In the district, ·two types· of soils, i.e. black and red, ·are met wit~. The red s~ils 
which are derived from the disintegration of granite/gneiss bear a' v~getatlon of Myristzca, 
Diospyros, Cinnamomum, Olea and others. The red soils from latente bear Cinnamomum, 
Tabernaemontana, Aporosa, Macaranga, Actinodaphne with Xylia-Bamboo · types. 
Laterite scrub on hard shallow soil· supports Pavima, Gardenia, Ixora cocCinea! Flacourtia 
and Glochidion. Black soils may also support evergreen or deciduous veg~tat10n. . Ha!d 
shallow soil supports a mixed deciduous scrubby 'vegetation witli Flacourtia, Gymnosporz'!, 
Ixora parviflora, Carissa, Bridelia stipularis with Diospyros melanoxylon, Buchananza 
latifolia, Butea, Cassia~ etc. On' deep alluvial soils,'· Bamboo-Teak*, 'Anogeissus latifo!ia, 
Phyllanthus emb/ica, Kydia, Grewia tiliaefolia, Adina, l)illenia, Terminalia etc. On matunty, 
the black soil changes to red soil and ori these bamboo-Xylia mixed types develop. These 
red soils on leaching change still further and develop a brownish colour. On. such deep 
so!ls · an evergreen vegetation of Xylia, 'Olea, Tabernaemontana heyneana, Terminalia 
extsts. 

The climate of the area is _typically' monsoonic. Rainfall varies · from 100 em 
to 125 em in the north~east to· over 500 em· 'iri ·the ·central, southern and coastal areas. 
Temperature remains moderate (75" F to 90" F) in the coastal and ,adjoining areas, while in 
north-east and central region it ·shows a variation between' so· F to 90" F. 

Vegetation 

·The forests of North Kanara district·· are rich in their variety of flora. ·The vegeta
tion varies from north-east to central, southern and coastal areas ofthe district. · The follow-
ing vegetation types are met with : · · 

Evergreen type. 
Deciduous type. 
Scrub type.· 

Th~re is n~ clear. demarcation in the' distribution of these types from one a:t?-other, 
and so mtermedtate types are often to be seen. Thus adjoining a scrub may be a deciduous 
forest, and in ap area .with deciduous vegetation' (teak forest), bamboo types and semi-ever
green types With Tabernaemontana · heyneana, Terminalia tomentosa, Xylia and others 
may ~e seen. Howev~r in gene~al, the distribution of these types is governed by factors 
of soil, amount of ramfall and heat and the topographical features. 

. ~vergreen Forests.-The evergreen forests are found in the central uplands of the 
~1stnct. The ~o~, Katgal, Yellapur-all these areas contain high evergreen forests exhibit
mg charact~nstic stratification with the first storey· exceeding 125'. Some of the top 
storey trees. m thes~ forests ar~ : Artocarpus spp., 'Alseodaphne, semecarpifolia, Cinnamo
mum ze!_lanzcum, Dzospyros mzcrophylla, Elaeocarpus tuberculatus, Garcinia sp., Holigarna 
grahamll! Hopea wightiana, Litsaea stocksii, Lophopetalum wightianum, Macaranga peltata, 
Polyafthza fragrans, Ponteria tomentosa, Strychnos nuxvomica, · Terminalia · belerica, Vitex 
altzsszma, etc. · 

Th~ second storey in these forests is less prominent with· ~n average height of 50' or so, 
dep~ndmg upon the. type of forest and the first storey species. Some of these trees are: 
Actmodaphne ~oo_ken, Alfltonia scholaris, Aporosa lindleyana, Careya arborea (occasionally 
along .edges), . Cm_namomum zeylanicum, Diospyros spp., Flacourtia montana, Holigarna 
arnottzana, Lmoczera malabarica, Olea dioica, Terminalia chebula and Xylia xylocarpa. 

•Mixed forests predominate witb Dendrocalamus strlctus, Bambusa bambos teak. 
MSDeptt. of Agri./61-12 ' 



The third storey attains. a height of. about 20'. · The species met with are : Caiiicarpd 
tomentosa1 Canthium dicoccum, Ixora brachiata, Leea indica, Psychotria spp., Randia. 
Among climbers and shrubs, Allophyllus cobbe, Calycopteris jloribunda, Chasalia curviflora 
Cissus sp., Clerodendron infortunatum, Entada phaseoloides;.Cyclea spp., Asparagus racemosus: 
Gnetumula, HemideSfY!US ind(cu~, Mur!aya koenig~i, Naravellai zeylanica,' Piper nigrum; 
Pothos scan{lens, Rubza cordifolza, . Smzlax · zeylamca, · Wagatea. spi~ata, Zizyphus rugosa, 
etc. · 

. . . . . . . . 
! The ground flora consists' of saplings ·ofabove trees. Among other plants· Curcuma 

sp., Costus spectosus, Me/anthe~a turbinata; 'Muri'aya and Pteris quadriaurata 'are more 
commqn. 

· .• The tree·trunks are occupied by a rich 'gtowth·of'orchids ·(Aeroidessp.;-Bulbophyllum 
sp.; Pholidota ·imbricata),. ferns,· i.e: Pleopeltus'flnd few fungi borne on )decaying woods . 

. Th~se forests· are signi~cantin showing(~) stratifi.cat!on:· (b) .rich growth of li_anes, (c) 
epiphytic flora, (d) a peculiar ground flora ·of tree seedling;·- few Scytamineae and- ferns 
ijke Pteris spp., Nephrodium and Gymnopteris -subcrenata. · . 

Successioriai trends 
The general successional trend issho\Vn below:- ·. · 

(Diospyros~Myristica~Cin~amomuni type) ··.Evergreen} .. 

.· {~;/ia-Tabernaemontana type) Xylia' Semi~~v~rgree~ 
1 _. ·, ' 

· (Bax:nboo type) 
t 

· (Teak type) · 
t 

(Ixora-Gymnosporia) 

. ·_Moist deciduous}· · 

· ·Deciduous 

Scrub . 

. ~(Climax)' 
·Red 

soil 

~-Black 
soil 

I. 

Succession in North Kanara forest. 

· SHIMooA. AND CmKMAGLUR-(B~ s.· AHUJA) 

The area under investigation includes the districts of Shimoga and Chikmaglur (Mysore 
State) situated approximately between latitude 13• 8' N and 14· 8' N and longitude 75.0'E 
and 76° 2'E. The area is covered by more or less small hills having an altitude ranging from 
1200-6000 ft. ··above sea' level. · -

Geologically, most of the area consists of granite; ··gneisses a:ncHaterites. Laterite 
outcrops are seen.on the surface at several places. The colour of the soil varies from red 
to dark brown. 

· The 'climate is typically monsoonic, with annual rainfall of 500 em. The rainfall 
varies to a great extent in the area, maximum being at Agumbe (also known' as· Cherra

- punji of Mysore, 875 em)_ in the western .regipn and· minimum being ·at- Kedur (85 em) 
in .eastern region. · . , , .. 

Depending on climate; geoloror "and soil etc.; different' Vegetation: types met with.·are: 
(i)-Evergreen/Semi-evergreen,· (ii) Deciduous,· and (iii)' Scrub. Sholas 'occupy' the h1gher 
elevation and ·are common on the liiltrtops ·at_some places. . · 

A large portion· in' the western region is being utilised in' the cultivation of coffee, tea, 
cardamom etc.~ ~ · · · 

' Evergreen and semi-eve;green f?rests~These :forests are confined mainly to tlie west 
of the area, where conditions of h,i.gh'rairtfall, humidity' and temperature· are prevalent. 

·The common· plants· in -these fores-ts· are· :~ . 
, Actinodaphne angu.Stifolia, · · 1Actinopteris. dic;hotoma .- Carvia cello-sa, ~anthiilm . dico

ccum,- Cinnamomum ·zeylanicum,· Dilletzia pentdgyna, Derris scandens, Elaegnus 
conferta, Flacourtia montana, Garcinia morel/a, Glycosmis·~ 'pentaphylla, 

.. Holigarna grahamii, Ixora nigricans, Lef!a indica, Litsaea zeylanica, k!acara'!ga 
roxbwghii, Maesa indica, Mussaenda frondosa, Memecylon edule, Mappza foetzda, 
,Oberonia · recurv'a;, Oberbnia brunoniana, ·Olea dioica, Pteris aqua/ina, Pteris 
quadriaurata, · Pandanus · tectorius, Piper nigruln, Pothos · scandens, 
Smilax zeylanica, . Symplocos spicata, · Syzygium cumini, Tabernaemon-

. tana heyneana,_ · Vitex altissima, Wagatea spicata, Xylia xylocarpa, 
Zizyphus oenoplia, etc. ' · 
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Sholas and grass/ands.-Hills .at th~ .altitude of 4,500-5,000 f~. ab~ve ·sea le_yel are 
covered with grasslands except the patches of shola forests. This type of vegetation was 
studied at Shamshe. and Kudremukh. · · ·.. · 

" ~ i ... ~ -'· .. 

The common plants in the sho/as are:-

Actinodaphne ,hookeri, .. Cal/icarpa )ana,ta, , Cala1J1~ ..rotung,, Cql~phyllum spp., 
Conarium strictum, C!Uisalia. t;arvijlora, Cinn.amomum ·, zeylamcum, Dyso;JCy
lum .. _ mala_baricum, Euonymus .~PP·~ Bu~enia .sJ?p., Elaegnus latifolia, Elette,ria 
cardamomum, E/aeocarpus tuf?erculattis,. Garcmza' morel/a, Gnetum ula, Hopea, 
parviflora, Holigarna grahamii; · Hypericum mysorense, Ixora nigricans, 
Litsa~a zeylqnica, ~eee, {ndicq, ~~suq,ferrea, Mappiafoetida, Myristica laurifolia, 
Macaranga roxburghiz;, Olea dzoz,ca, Ochlanqrt,:z sp:,, Pa,ndanus furcatu_s, P_a_vet~a. 
spp., Polyalthia · spp.; Psycho tria. truncata, · Rhododendro,n., mlagzrzcum, 
Senecio tenuifolius, · Smilf . zeykinic~, Vernonia sp., etc; 

In the open grasslands· shrubs; like Wendlandia notoniana, ·Hypericum mysorense 
Phoenix spp., Vernonia arborea, Symplocos spicata are COII1Jll<?n .. 

CooRG-(R. K. ARoRA) 

The district of Coorg lies between 11° 56' and 12o 56' N, and, '75o 22'. and 76° 12' E 
in the western part of the Mysore State and along the western ghats. On the north,· north
east of the district, it joins the drier portion of Mysore State,, ,whjl¥. p~ its sopth and 
west evergreen vegetation with lofty tall trees is met with. · · · · · · · ·· ' ' ' 

The area is mainly mountainous. The average altitude is 3,500 ft. above sea level 
along the plateau of Mercara, though some peaks exceed 5, 700 ft. . . ' 

Geologically the area j.s COrnJWSe<;l. of, gr~:mite, gnei~s .and laterite. , Alluvi~l. soils . atq 
also met with and they support. a goqci growth of teak and/or bamboo. Red soils generally 
bear . an evergreen. vegetation .. 'Red arid black soiJ types as described for North .. Kanara 
are also met with here. ·. · · · · '· ·''~· · ·. · .·. · J • •• • •• --' • .. • • ·:' ' 

' . . \ ." '~ ', ; ' . '',. ' 
The climate of the area is monsoonk ... The annual rainfall varies from 80 em. (north-. 

east) to 500 .em . (south Coorg), .. temperature .. varies between 50~F.,......90°F,- remaining 
moderate,over.central.and.southern Coorg, and showin~·extremes along the .. north; · 

. .. 

Veg~t9t ion .. : .types. -;-f C?U~ ve~e~atipn. ~ypes .. are. Jl1et 'IV~th _in the, ,area.. . '_The. distribution 
of these types, z.e. evergreen,, dec1du~ms,. scrub,, grasslands,, 1s governed chi~fiy py (a) type 
of rock. and soil, (b) t~e. ;amo~~t, pf t;a~nfall~ .,·~nd, ,(c) bioti9 inW;ferences. . · . . . . . . 

The evergreen forests. aredeveloped on . red.so~l, chiefly .in_the high.rainfall areas. 
Floristic of the.se forests are yet to 'be studied.· 1 Howeyer,:~the general composition is a 
mixture of evergreen species witli two, three or more co~dolninants~ .. These forests are 
characteristiCin showin& (a) d~stincts'tnitificatioh~ (b)dense growth of lianes, (c) ric~ epiphy
tic growth, and (d) distmcfundergrowth of ferns and tree seedlings With .only, a few herb~. 
Myristica attenuata, Calophyllum tomentosum, Calophyllum wightianuin, Canai'ium strictum, 
Elqeocarpus tuberculatus, Garciniq spp., .Chrysophyllum r.oxburghii, .Mesua ffm;ea, Diptero
carpus turbinatus are . the. common. top storey species .. The. second storey· consists-of Olea 
dioica, Holigarna . spp.~ . Flacour{ia . mi!f!.tilna,. ; . Palaquium e/lipticum, . Actinodaphne, 
Litsaea spp.,.Leea indica, Psyc:hotria, lxora nigricans, etc.,·and the thitdstorey .consists of 
the· ~arne species wit4, <:lim~ers ~ke, fine tum ula .. , The. groun.d fio~a· 'is ch~efiy composed of 
saplings of ;top. storey spe~1e~ ... w1th a few. members of ~cytamineae, ·e.g.,. Costus spcc~osus 
and fe_rns like ,Gymnepterzs f!.nd Pteris. · Bulbophyllum, 'Pholidota are the common epiphy-
tes w1th ferns e.g. · Pleopeltis species. · · ' · · · · · · · · 

The climax type in the evergreen forests. is perhaps of species like ~esua, Palaquium, 
Calophyllum and others. ' · 1 

· · · 

KERALA-(M. Y. ANSARI) 

The State of l_(erala is situated on the southern most part of the country along the west 
~oast, ~tween latl~udes 8° 2' N-13° N and longitudes. 75o E-77° E, A large portion of 
tt. compnses of the coastal plain areas and the high mountains· of the Western Ghats which 
nse to. 883?' · abpve. sea. level at certain place~. . · · · ' 

Geologically, the State has got the following .three different types of formations;_ 
1. Recent Deposits.-These are generally· formed along the coastal areas of the 

State. · 
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2 . . Older Alluvium/Laterite.~Thes~ ~r~ •found. ,slightly int.o the. interior side of the 
. State, . Here: the soils . are: gep,.erally red in .colour. · 

3. Granite, Gneiss etc.-This is the ·dominant formation in the mountains of the 
Western Ghats. 

The soil type yaries considerably from. the coastal-areas .towards the interior of the 
State ... The -soil near. the. coastal regions- arid.,the plains ·are. mostly either sandy, sandy
loam or loamy sand in nature.~ Towards .. the.interior._side ·of-the Trivandrum -district it 
tends . to assume. loamy-~lay .to· .clay-:-loam t~xttire. · ' 

The .. State. has a tropical .climate,. influenced by, both the south,.west . and north-east 
monsoons with rainfalL :varying. from. 150 em,. to .. 700 em . at. a place- like Pettimudi. The 
temperature in the hot weather-.oftenrises-.to·above.lOO~:F. · 

I 
The following main .. typ~s: of tropical vegetation: are. met;with:.-:-

(a) Wet evergreen forest. 

(b) Semi-evergr~en forest. 

(c) Moist. deci4uous forest .. · 

(d) Dry deciduous fotest.: . • 

(e) Grassl~nds {in patches) .. 

The wet evergreen forests . which . are _generally very thick and impenetrable in 
nature, contain· species like Mesua ferrea,, , Calophyllum .. tomentosum, Artocarpus sp., 
Xanthophyllum flavescens,. Cinnamomum . zey.lanicum,. Mangifera indica,. Pterospermum 
acerifolium, Pterospermum reticulatum, Actinodaphne hookeri, , Diospyros microphylla, 
Heptapleurum sp., Holigarna arnottiana, Memecylon edule, Mimusops elengi, Bischofia, 
javanica,: Cedrela toona,., Eugenia!jatnbolana;, Eugenia arnottianai Hopea parvijlota, Vateria 
indica, 1,. Trewia nudiflora,.;. Baccaurea .. courtallensis,: · Tetrameles nudiflora, Sterculia guttata~ 
Vitex altissima; Carvia:sp.;- Psychotria ttuncata, Eupatorium1-Sp.,.etc.· Besides-a .number 
of lianes, climbers, orchids. and ferns are also. found. These are : Cocculus .mac
rocarpus, · Al'l.amirta cocculus, · Hemidesmus-,. · Vitis giga'!Jtea, Vitis lanceolaria, Vitis tenui
folia, Smilax zeylanica.-. Several species of- Piper; Dioscoreas, Jasminum and Modecca 
wightiana, Passiflotafoetida, · Aerides odoratuin; - Bulbo'phyllum ne.ilgherrense, Dendrobium 
macraei, .Eria pauciflora, Liparis .longipes, Pholidota imbricata, Aerides. maculosum,. Aerides 
cr~spum, · :Dendrobium pi~rardi, · Luisia · teretifo/ia; Sacco labium viridijlorum, . .Oberonia.bru
nomiana, Cymbidium sp.! (:irrhopetalum sp., /)rynaria- sp:.,_ fleope/tes. sp., Thampopteris 
nidus, N ephrodium sp.., Lygodium jlexuosum, . Angiopteris. _ evecta,. Stenoloma .. chinensis, 
Pteris sp., Blechnum orientale~· Dayalia sp., _etc ... together. with_ canes .like- Calamus. tha~ 
witesii and .C. rotung. · 

The semi-evergreen forests have the elements of both ~the wet evergreen and moist 
deciduous vegetation. . These are ,Adina cordifolia, Sa/mafia malabarica, Hopea parviflora, 
Mangifera indica, Cedrela toona, Lagerstroemia lanceolata, ·Lagerstroemia speciosa,. Cinna
momum zeylanicum, Mallotus philippinensis, Xanthophyllumflavescens, Terminalia paniculata, 
Dalbergia latifolia, · Wrightia tinctoria, Mitragyna parvifolia, Elaegnus latifolia, . Calycop
teris floribunda, Mussaenda,frondosa, , 'Tridax procumbens, Solanum xanthocarpum,. Carrisa 
macrophylla,' Tabernaemoi'ltana heyneana, . · Leea sambucina and. Antidesma menasu .. 

The vegetation. development in~: different areas shows" a general :trend of success!on 
towards an evergreen climax ·under the high rainfall conditions-- of, .the ... humid, .tropics. 
The different communities found are either biotic or bioedaphic in origin. The climax 
vegetation in North Kanara is of . Diospyros-Myristica-Cinnamomum types. 
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TROPICAL EVERGREEN AND SEMI-EVERGREEN FORESTS IN ASSAM 
. AND. NORTH _EAST FRONTIER AGENCY 

BY G. PANIGRAHI • . . i 

Shillon_g > 
Abstract 

Although Cha~pion _(193~) has. dealt c~mprehensiyely ~ith the forest types of India 
and Burma and hts classification still ser.ves as the mam basts for any discussions on the 
subject, recent studies ~nderta}cen by ~he Eastern Circle .of ~he BotanicatSurvey of India 
over the,last four years m p~rts o( A~sam and ;NEfA, have afforded spletidid opportunities 
for looking afresh at the vanous aspects of the forest types met with in the area. 

Regional distribution of the tropical evergreen; semi-evergreen and montane evergreen 
forests of Assam and NEFA are detailed. · Variations both in spatial distribution 
an~jn details ~~ fioris~i~ ~ompos.it~o~s?, are brought:: out _ 

Climate, topography, . geology and soil as. also biotic influences ·are· primary environ
_mental factors which determine. the development and distribution of climax formations. 
The finest tropical rain forest develops normally a cliinax on low hills and gentle 
slopes fro:rp. the plailJ.s upto ~000 m in_ are~s ,enjoying high temperature, high. humidity 
and high rainfall favourably distributed throughout.the year. Similarly~ .the tropical ever-· 
green, semi-evergreen and montane evergreen forests flourish on a variety of soils including 
tropical red soils on the outcrops' . of crystalline rocks arid on tertiary red . sandstones. 
These locality. factors have been critically e:15-amined areawise, with particular reference to 
NEFA . and · the .. prevalence of Bor's · (1942) .. "Forest Climate" over the whole of 
Assam and the outer ranges of .NEFA .has been established. 

Evergreen and semi-evergreen forests are restricted to inaccessible hills and valleys and 
along the course of hill streams unsuitable for cultivation or to areas protected as reserved 
forests or as sacred groves. The forests of Dawki, Umtrue and Sonapur in the Khasi and 
Jaintia Hills, Upper Dihing R.Fs. neat Digboi; Ranga, Cokoi and :Qulong R.Fs. 
in North Lakhimpur; Kocharigaon, Chardwar, K.halingduar and Singri R. Fs. in 
the Cachar district of Assam are ascribed to tropical evergreen types. Similarly 
the outer ranges of NEF A, such as the forests between Bhairab kunda and Baha and amidst 
'the triangle formed by Chengi-Warang-Bruckplanchen as also between Foot Hills and 
Sissini in the Kameng forest division, from Kimin to Hapoli in the Subansiri F.D., from 
Teju to Hayuliasg in the Lohit F.D. and finally the forests south-west of the line joining 
Pangsupass, Khonsa and Wanu in the Tirap ~'oD., are covered with primeval evergreen 
forests with very little evidence of human interference. On the other hand, .Chirang R.F. 
in the Goalpara district, Orang R.F. in the Darrang district and Nambur R.F. in the 

_ Sibsagar district and scattered patches in the Motharguri area in the North Kamrup district 
represent tropical semi-evergreen forests whereas the sacred groves of the Khasis in Shillong 
Peak, Mawphlong and Cherrapunjee, Pynursla and Nongstoin area, considered as relicts 
of the once prevalent climax formation on the Shillong Plateau, as also the forests between 
Sissini and Chakoo in the Kameng F.D. and the forests to the south-east of the line joining 
Pangsupass, Khonsa and Waun in Tirap F.D. are better classified as montane evergreen 
forests. The remaining parts of Assam possess either tropical deciduous forests, grassland 
or riverain vegetation in the Brahmaputra valley, the development of the climax formation 
in such cases being arrested in different stages of succession conditioned by edaphic, physio
graphic and/or biotic factors. The vast areas of the Shillong Plateau are now covered 
by subtropical pine forest or grassland, biotically controlled by fire and 'jhuming' . 

. : The evergreen and semi-evergreen forests over the whole area are characterised by thick 
· impenetrable vegetation comprising of tall tree species up to 20-30 m high, viz., Ficus, 
' Quercus, members of Magnoliaceae, Lauraceae etc. fo~ming the top canopy of shrubs 

comprising of Myrsinaceae, . Ternstroemiaceae, Rubiaceae, Palmae, Leea spp., Musa 
spp. and an evergreen forest floor in which Cursuma, Alpinia, Hedychium, Piper, members 

. of Acanthaceae etc., are dominant components. Ferns, orchids and mosses are very 
common as epiphytes. . · . 

Dominant species vary from area to area, viz., Dipteroca_rpus 'rurbinatus, Nephelium 
longana and Pa/aquium polyanthum in Katakhar R.F., Dipterocarpus macrocarpus and 
Shorea assamica in the Upper Dihing R.F., Kayea ass01nica, Bridelia etc., in Dulong R.F., 
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Sterculia, bysoxylum, Pterospermum and ·Elael!carpus 'in the Chirang R.F. and Cananum 
sp., Stereospermum sp. and Terminalia spp., 1~ .the Nambor R.:f. of Assa~. The eyer
green forests of the Kameng F.p. and Subansm F.D: are do!llinated by Quercus, FJCU$, 
Schima and M orus ·the hot nver. valley of the · Lohit and Stang F .D. are featured by 
Macaranga, 'A.cer, Syzygium·sp:,' Dipterocarpus, Caryota and Livistona jenkittsiana, and 
the Tirap F.D; by bamboos, Calamus, Daomonorops; Stereospermum, etc. 

; The finest tropical rain ,forest deyelops· no~a~ly as~ a climax 'on low.hills ·a~d _gentle 
slopes· from: the plains up· to 1,000 m m areas enJoymg high temperature, htghhmrudityand 
high rainfall- favourably _distributed t~roughou~ t~e ye~r. Simi_larly, the_ eyergreen ·and 
semi-evergreen forest • fiounshe's o~ a vanety of soils mcludmg tropical red soils ·on the ou~- . 
crops of crystaline rocks and tertiary red sandstones. 

' The forests of the 'Upper. Assam Hills, Oichat Hills, Naga Hills an<:t p~u,ts of Khasi
Jaintia Hills and outer ·ranges of N.E.F. Agency are characterised by tropi~al evergr~en 
and semi~evergreen forests;' whereas· the remaining parts ·of Assam possess either tropical 
deciduous forests or sub-tropical pine. for~sts or gra~~la~ds the de':'elopment of ~he cli111:ax · 
vegetation in such . cases being arrested m different stages of succession by edaphic, physio
graphic and/or biotic factors. 

·Although Chari;lpion ·(1936) had dealt comprehensively with the forest, types of this 
region and his classification serves still as the main basis for any discussion ·on the subject, 
recent studies undertaken by Botanical Survey of India over the last four years in parts of 
Assam and ·NEFA ·have afforded. opportunities for looking afresh at the various €1-spects 
of the forest types met with in this area. These studies show that the vegetational types of 
the area under study, while conforming broadly to. those of. Champion~ show variations 
both in ·;spatial distribution and in details of floristic composition. 

Topography, Geology and Soil . 
. . Geologically ·speaking the. Eastern India, . comprising 'o( NEf A,. ' Manipur .. 'and.· parts 

of Assam, is of recent origin, althougp Garo, · Khasi, . Jainti~ and M;ikir.Hi)ls of Assam 
contain a core of very ancient· rock similar to that forming the Indian Perunsula and may 
thus· be ascribed to·have formed parts of the old,Gondwa_na continent,. Thus th~_different 
parts of Assam ·and NI~F~: belong to dif:feren_t ages of geologic~! f~n!lationsr .. ~he 
effects of these can easily be detectedin ·the existing topography wh1ch m Its turn deter
nrines the development and distribution of the present day vegetation. 

. I . . 

A. NORTH-EAST FRONTIER AGENCY 

Although the geological structures of . the· NEF A divisions have not been worked 
out -in. detail, _some <?f.the mai!l.outlines are kn_own. The outer ranges from Kameng 
F.D. m the west to Tuap F.D. m the east comprise of Bhabar and old alluvial deposits in. 
the big river v~lleys supp~rting evergreen and semi~evergreen forests whereas ,the inner 
ones are of schist, slates, limestones and dolomites of -considerable age. The whole area· 
consists of steep hills and deep gorges up to 4,270 m. Hill slopes of the Kameng, Siang: 
and Lohit F.Ds. are often subjected to landslides and soil erosion. . Earthquakes and 
landslides are a constant feature of Lohit F.D. in ·partiCular where the soil is predomi
na~tly sandy ~ixed with little alluvium and gra:vei. ·The soil is saridy day ~t Sissini and 
sedimentary mica-type at 'Chakoo, the l!lyer being :very distinct and easily 'separable. 
Although: the general topography of the·Tirap F.D. is the same as· in'other divisions; the 
highest hill between Raho and Waka attains a height· of 1,640 m. These hill rariges 'Consist 
of brow~ black alluvium 'and are perha~s very stable' and landslides seldom occu;r ,even in 
heavy ramy season. ~~e fores.t tloo_r m the foot hills and beyond upto 2;440 'm 'in 
K~~eng F.-D., Subansm _and T!rap,, 1s covered over by ·debris often to 60 · m ·in 1 depth 
ansmg ma!nly due to the sheddmg of leaves from . year to ·year over centuries. · It ~s this 
humus which forms the soil cover over the bare rock and by preventing evapotation from 
forest floor, supports the herbaceous and shrubby elements of the flora · including several 
species of saprophytic fungi. ' · 

. . .All the NE;F A .. divisions are cut up by many swift flowing streams and wate~falls~ 
JOll!mg the mam'. nv~rs of .Kam:eng, Subansir!, Siang, Lohit and Borah (Tirap). The 
re~10ns ·approaching the ~anous stre~ms and :nve~ beds, · are\ predominantly sandy ·mixed 
Wlth · gravel an.d s.ton~ pebbles of .d!fferent siZes m Lohit and· by large and massive rock 
boulders of gne1ss m Trrap,_ Subansm and Kameng Frontier divisions. 



B.' SHILLONG .PLATEAU 

The Central Shillong Plateau, · on ·the other hand . presents a core of very ancient 
~etamorp~ic rock and is e~sentially .stable in natu~e with· little· t~rtiary foldings. The 
~ghest po10t on the plateau IS about 1920 m. The entire plateau consists of flat or rounded 
hillocks and cut up by many streams and waterfalls and a few rivers of a considerable size. 
These streams swell up with a heavy shower of rain, but soon get dried up. Large parts 
of this plateau consist mainly of gneiss with very little mica. The hills of Pynursla and 
Cherrapunjee are overlain by tertiary beds consisting largely oflimestones, coal steams and 
sandston~.. The hil~ocks of Nongstoin ~n border of Khasi and Garo Hill~ are essentially of 
red lateritic mass without any hard gneiss or sandstones and have a deposit of black humus 
of about 60 em. in depth. 

J?e slopes of. Kha~i and.Jai~ti~ ~ills ar~ covered with -red. earth whereas on the rid$es 
there .Is a ~ntty soil denved fro~ . dis10tegrat10n of m~tamorphic r?cks. ~t Cherrapunjee, 
no soil cap IS at all present. Massive rock boulders stand out proirunently 10 the landScape . 

. C.· BRAHMAPUTRA VALLEY 

In between the NEF A ranges of tertiary origin and the Central Shillong Plateau 
of G<?n.dwana l~nd lies the vast expanse. of al~uvial. plains kno\Vn as Brahmaputra valley, 
conta1010g alluvium of.several thousand· feet 10 depth. 

The valley is broken · up by ·numerous .. isolated groups of low hillocks such as in 
Tejpur, Gauhati; Barnihat, Garbhanga and Dhubri ·and consist mostly of gneiss. The soil 
is composed of recent alluvium and the subsoil consists of coarse waterborne pebbles with 
a cover of sandy loam of varying depth. · Alarge number of rivers, viz., Bhoreli', Dhansiri, 
Brahmaputra, Kapili, Dihing etc. channel their way through this valley. i The bed ofBhoreli 
in Darrang district is full of gravels of varying size, whereas the bed of Dihing river in foot
hills ofMikir Hills is made up of hard gneiss. The surrounding area, however, is of sandy 
loam and is replaced by black alluvium at certain places. These rivers help in the creation 
of large swamps and Bheels of which the Kaziranga Game Sanctuary is perhaps the largest. 
The yearly flood creates swamps and marshes and soil is presumably acidic. Humus cover 
on the forest floor forms a porous layer~ At Barnihat, soil is mostly alluvial attaining 
black texture and is very fertile. The Hills of Garbhanga are made' up of red or brown 
alluvium and are subjected to land-slides. Near Notharguri in the North Kamrup district, 
as also at Khaling Duar, the soil is rocky mixed with alluvium and gravel. The upper 
Dihing R.Fs. (East Block) near Digboi have an uneven topography with a number of cliffs 
and valleys. The soil in the east block is muddy brown and lateritic whereas in the west 
block it is alluvial covered by humus. There are a few swampy areas in this region also. 

L ' 

Climate 
There is ·prevalence of moderately high temperature, heavy rainfall and high humidity 

in different parts of Assam and: NEFA. . They. enjoy a favourabl~·~ist~bution of rainy 
days throughout the · year: Consequently there IS no seasonal vanat10n 10 temperature. 

- 75% of the rain falls down between the months of June to October. 

Vegetation 
This climax formation of primeval vegetation up to 1000 · m although occurs in its 

· virgin state in the outer ranges of NEF A has, however, suffered greatly due to the effect 
of physiographic, e?aphi~ and bioti~ factors.oP.erat!ng in .Assam .. Acc_ordingly, evergreen 
forests are now restricted 10 the Khasi and Jatntia Hills to 10access1ble hills and valleys and 
find optimal expressions along the course of hill streams unsuitable for cultivati~n or prot~ct
ed either as sacred groves or as reserved forests. These forests are charactensed by thick 
impenetrable vegetation, ~omprising of t.all tre~ species.· up. to 20-30 m high. Rank 
growth of shrubs and · epiphytes predom10ates 10 t~e middle storey a~d of an eve.rgreen 
forest. floor made up of moist humus cover support10g ground vegetatiOn. No climbers 
or lianes are found in montane forests· of Khasi Hills. 

The spatial distribution of evergreen . and. sell_li-eve~gr.een fores!s. referred to above 
are presented below together with the details of their flonstlc compositions. 

I. EVERGREEN FOREST OF THE KHASI AND JAINTIA HILLS 

(a) The relict vegetation of the Shillong Plateau is prese~ved as sacred groves by the Pagan 
Khasis. These groves occur on scattered patches m Shi!lo~g Peak, Nawphlang, L~nd 
Kyntang and J>ynursla/I:he rest of the plateau at CherrapunJee IS cover~d by grassy formation 



93 

which are burnt in December when only the hardy fronds of Dicranopteris linearis var. 
montana provide the green colour to the charred .lands':ape. The forests at Shill<:>ng Pea~, 
Mawphlang, Cherrapunjee and Pynursla predommate m Quercus fenestrata, Schzma wa/lz
chii, Rhododendron arboreum, Cinnamomum spp., Afanglietia insignis and Pyrus spp. together 
with members of Ternstroemiaceae, Myrsinaceae, Rubiaceae, Thymeliaceae, etc. Epiphytic 
orchids ferns mosses and lichens cover every branch and twig in the middle canopy, 
wherea~ liver~orts, mosses, members of Urticaceae and ferns infest the.moi~t rock boulders. 
Ferns, particularly members of Aspidiaceae flourish best amidst the leaf litter of the forest 
floor. 

(b) At Dawki, on the Indo-Pakistan border, one. meets .with evergreen forest.domina~ed 
by Heterophragma pinax and many other tree spec1es which are covered by climbers like 
Porina paniculata and Gnetum montanum. Artocarpus integrifolia, Areca catechu and Piper 
betel flourish well as introductions. 

(c) Vegetation of the area between Mawngap, Nongstoin and Nongkhlaw is essentially 
a grassland type broken up here and there by pockets of evergreen forests. These pockets 
are found in the shelters of the hill slopes, which are unsuitable for 'jhuming' becuase of 
their steep nature or because these are too far away from human habitation. Along the 
course of the river valley, deep down the gorges, 2 miles west of Nongstoin, primeval ever
green forest is met with. At Nongkhlaw, the subtropical pine forest is abruptly replaced 
by broad leaved evergreen forest. The Chief tree species are Schima wallichii, Quercus 
spp., Ficus spp., and members of Araliaceae.- Toddales acueata, Mussaenda and Saurauja 
make up the shrub layer. Orchids and ferns are common. 

(d) At Umtrue, the dam site, the evergreen forest is dominated by bamboos, Ficus 
spp. and Quercus spp., amongst which lianes like Gnetum montanum are common. Along 
the edge of the forest and the bank of the river Barni, grasses grow up to 3-4m. in height. 

(e) Sonapur, near Jowai, presents an evergreen forest in the Nanpooh Reserve, 
particularly along the Luva- river bank. Dillenia indica, Anthocephalus cadamba and Ficus 
spp., together with Calamus and other palms, Musa, Dendrocalamus hamiltoniana are 
the dominant components. Gnettim gnemon occurs in scattered patches. 

II. EVERGREEN FORESTS IN THE BRAHMAPUTRA VALLEY 

Although the major parts of the Brahmaputra valley are characterised by preclimax 
forest type dominated by Shorea robusta, or by riverain forest with Salmalia malabarica,' 
Duabanga sonneratioides, Acacia catechu, Tetrameles nudiflora or by grassland with Scleros
tichy_a fusca, Saccharum aponsaneum, Phragmites spp., etc., it passes imperceptibly to 
tropical evergreen forest type in the Upper Dihing R.Fs. near Digboi, in the Ranga, Kakoi 
and pulong R.Fs. in the North Lakhimpur district, in the Kocharigaon, Chard war,. 
Khalingduar, and Singri R.Fs. in the Darrang district in Katakhal and Innerline R.Fs. in 
the Cachar district of Assam. 

The NaJ?bur R.F. in the Sibsagar district, Chirang R.F. in the Goalpara district, 
Orang R.F. m the Darrang District and scattered patches in the Motharguri area in the 
North Kamrup district of Assam represent semi-eyergreen forests in the valley. 

(a) Upper Dihing R.Fs. 

Thes~ reserve forests near Digboi comprise of 2 blocks, viz. East and West and stretch 
as a contmuous b~lt from north-~ast to south-west for more than 12 miles. It is a typical 
wet evergreen tropical forest dommated by Dipterocarpus macrocarpus, Beilschmiedia (Purka
yasthea)pseudomzcropora, Mesuaferrea, Shorea assamica in the west block and Terminalia· 
myriocarpa, Callicarpa and bamboos in the east block. Dipterocarpus projects high above 
the ~ener~l level. Mallotu_s philippinensis, Saurauja, Melastomaceae, Cyathea spp., and 
A~gzopterzs eve~ta are the I~portant shrubs.. The f~rest floor is covered by . Calamus, 
P1p~r, Commelmaceae, Salagmella and ferns With orchids and Asplenium nidus and Micro
sonum punct'!tum as.common epiphytes. The edge of the forest is fringed by Hedychium, 
Musa volutzle, Pol/za and Cyclosorus paratiticus~ 

(b) Dulong, Kakoi and Ranga R.Fs. 

F ~hese ~~r~e R. Forests rep~esent a ~onti.nuous stretc~ along the foot-hills of the Subansiri 
rontler diVISion and the maximum w1dth 1s about 3 nules. Kayea assamica Terminalia 

ch~bu_la, Castanopsis, Bridelia, Pterospermum, Dysoxylum and Mesua fer;ea are the· 
prmc1pal trees: Telloma phellocarp~, Abroma augusta, Calamus, Hydnocarpus, Cyathea 
and Anglof!tens evecta together w1th Myrsinaceae constitute the principal shrub layer. 
MSDeptt, of Asn./61-13 
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Acanthaceae, very rich in species, is in the ground layer. Epiphytic orchids and 
Antrophylum reticulatum are common. Terminalia myriocarpa plantations are doing well 
in these reserves. 

(c) Chard~ar R.F. 
Dharikheti, Bhalukpung, Kocharigaon and Chardwar R.Fs. border upon the foot

hills of Kameng F.D. and represent almost continuous blocks of forests and represent similar 
floristic composition. A very large compact block of Bali para R.Fs. with Shorea robusta 
as most dominant species is nearby Kosharigaon R.F. and includes large plantations of 
Morus laevigata (bola), Phoebe goalparensis (bonsum), Cedrela toona (poma), and Amoora 
wallichii (amari); whereas near Potasali Mesua ferrea~ Lagerstroemia parviflora, Sa/ma
fia malabarica, etc. are common. These trees are generally very tall but some species 
are with slender girth. The second storey consists of shrubs with members of Myrsinaceae, 
Palmae and tree ferns. Gnetum gnemon and G. montanum are rather common. Cleroden
drum, Eupatorium, Co.ffea bengalensis and ferns are common in the forest floor. 
Stenochlaena palustre and Lygodium are common on forest fringe. 

(d) Khalingduar R.F. 
Khalingduar R.F. with an elevation of 330-488 m. and with an area of 17,372 acres, 

presents in general an evergreen forest with deciduous elements in the eastern flank of the 
reserve. The northern side of the reserve gradually changes from deciduous type to 
semi-evergreen and attains ·to evergreen type near the innerline bordering upon Bhutan. 
Phoebe goalparensis, Terminalia myriocarpa and Gmelina arborea together with Tetrame
les. nudiflora, Duabanga sonneratioides, etc., form the dominant components in the top 
canopy and are associated with Canarium bengalense, Chisocheton parviculatus and 
Acacia catechu-the last one being restricted to the eastern zone: Gnetum montanwn, 
Calamus, · Dioscorea, Cuburbitaceae, Vi tis sp., Pothos, Stenochlaena palustre and Piper 
mixed with epiphytic orchids like Dendrobium, Vanda, Rhyncostylis and Pholidota form 
dense covering in the upper and middle strata of the forests. · 

(e) Singri R.F.· 
Singri R.F. represents a solitary compact hillock of evergreen forest, surrounded 

by cultivated rice fields, swamps and grasslands. At its periphery, Tectona grandis planta-
tions flourish luxuriantly. · 

(f) Katakhal and Jnnerline R.Fs. · . 
These reserve forests in the Cachar district, like the Sonapur R.F. nearby represent 

true evergreen type dominated by Dipterocarpus turbinatus, Canarium resiniforme, 
Nephelium longana, Diospyros spp. and Cynometrapolyandra in the top canopy; Podocarpus 
nerifolia, Palaquium polyanthum, Melocanna bambusoides and Bambusa balcooa are also very 
common. Eupatorium odoratum forms dense thickets. Entada scandens and Combretwn 
decandrum are common climbers: Thus, good many species· occur here which are absent 
from upper Assam. Shorea assamica of upper Assam is altogether absent. · 

Ill. SEMI-EVERGREEN FORESTS IN THE BRAHMAPUTRA VALLEY 

(a) Nambor R.F. · · · 
The Nambor R.F. and its surroundings in the. Sibsagar district are dominated by the 

tree ·species of Mesua fen·ea, Amoora wallichii, Stereospermum chelonoides, Canarium 
spp., Artocarpus chaplasha~ Cedrela toona, Lagerstroemia flos-reginae, Terminalia clzebula, 
T. belerica and T. tomentosa. Zizyphus, Croton, lxora, Ardesia and Gnetum gnen!on 
are the prominent shrubs. Dioscorea, Coculus, Premna, etc. are common climbers covenng 
shrubs and trunks of many trees. Lygodium and Cyclosorus form thickets in the sunny 
forest_ margins. 

(b) Chirang R.F. 
The mixed evergreen as well as deciduous forests found in parts of the Chirang R.F. 

occur as large patches between Bismuri apd Ultapani and between the two !ivers, Samuk~a 
and Lo Pani in the Lungsang Block. The forest is composed of tall tree spectes of Sterculta, 
Phoebe, Gmelina, Dysoxylum, Pterospermum, Dillenia, AmoC!ra, Sa/mafia and ?the~s. 
Mussaenda havetta, Lagerstroemia; Bauhinia, lxora, etc. constitute the. shrubs. Millettla, 
Smilax, Ipomea and Calamus ar~ commo!l cli~bers .. Alpinia, Curculigo and (;_lerodendrzm.z 
are the important herbaceous plants. Epiphytic orchids, represent by Den.drobwm,. Cymbl
dium, Vanda, Pholidota_ co-yer the high branches of trees. Tectona grandrs .plantatiOns are · 
under experimental cultivatiOn. 



95 

There is, however, an amazing change in th~ ~ature of vegetation and flor.is~ic co~po~i
tions of the Chirang R.F. (Goalpara East). This IS. boun~ed by Champamati nver.With Its 
tributary Lo Pani on the east and Sara~bhanga nver With Patgaon an~ Jharba~I forest 
villages in the west Haltugaon forest village on the south and Ultapam forest VIllage on 
the north (26.29'-2G.46' N 90.12'-90.20' E) within about 20miles distance lying in the same 
latitude one meets with (1)' open de~iduou~ forest with p~re sal (Shorf!a ro~usta) pla~ta
tions, (2) mixed evergr~en fore.st w1th va~1ety of tree spec1es, and (3} nveram vegetat10n 
with Acacia catechu. as Its dommant species along the Saralbhanga nver bank. · · 

(c) Oranga R.F. • 
Oranga R.F. lying on the bank of Brahmaputra and Dhansiri river i~ largely a planta

tion where ·cedrela sp., Dalbergia sissoo, Acacia catechu and one species of Urti~aceae 
are planted in the midst of thick growth of thatch gra~s .. The forest floor compnses of 
Piper, Hedychium, Clerodendrum and Rauwolfia serpentma m scattered groups. 

IV. EVERGREEN FoRESTS IN N.E.F. AGENCY 

The outer ranges of the N.E.F. Agency such as between fo~t.:.hills to Chakoo and ~ro~ 
Bhairabkund to Baha and again near Warang-Bruckpalanchen m the Kameng F.D., Kimin 
to Hapoli in the Subansiri F.D., Gazing and Syom valley in the Siang F.D., from Teju 
to Hayuliang in the Lohit F.D. and almost the whole of Tirap ~.D. I?articularly south of the 
line joining Pangsupass-Khonsa and Wanu, are covered with pnmeval evergreen forest 
with very little evidence of human interference. 

(a) Kameng F.D. 
The foot-hills and beyond upto Chakoo present a continuous belt of tropical and sub

tropical forest over a long distance of 28 miles. The floristic components at Sissini (1,220 m.) 
differ a good deal from those of Chakoo (2,400 m.) although both are characterised by the 
climax evergreen forest. There is hardly any·sign of interference by man. The landscape 
is made up of high hills and deep valleys, all of which are covered up by thick impenetrable 
canopy of trees, shrubs and herbs: Ficus, Quercus, Schima and others attain gigantic 
heights (30-35 m.) and their trunks infested with climbers belonging to Araceae, Vitaceae 
etc. Gnetum montanum is important among the lianes. Girardiana and other species of 
Urticaceae, Musa, Zingiberaceae, Liliaceae and many ferns constitute the ground layer. 
Epiphytic mosses, orchids and ferns are very abundant. Bamboos attain luxuriant growth 
betwe:en Sissini and Chakoo. Mosses cover the bare rock surfaces. · 

The general feature of the broad-leaved vegetation at Chakoo dominated by Magnolia 
cambelli, Rhododendron and -others suddenly changes to narrow-leaved pine forest as 
one crosses Peri La flat (2,800 m.). 

The vegetation of the Kalaktang sub-division between Bhairabkund and Baha 
and between the triangle formed by the villages, Chengi, Bruckpa, Lanchen and Warang 
represents vast expanse of evergreen forest blocks. 

· The track between Bhairabkund to Baha lies along the Dhansiri river valley and 
covers a distance of 16 miles without any trace of human habitations in the area. Although 
Sterculia villosa, Lagerstroemia parviflora, Quercus sp., and Ficus sp., are seen at Bhairab
kund. Michelia, Schima, Quercus, Engelhardtia among trees; Murraya exotica, members 
of Annonaceae, Lauraceae and Meliaceae are the common shrubs between Bhairabkund 
to Baha. Similarly, Entada scandens, Gnetum montana, Derris and Vitis are the common 
climbers in this region. Tree ferns are fairly abundant. 

The top canopy in the forest lying in the triangular zone between Chengi, Bruckpalan
chen and Warang c<;>mprises of Morus, Betula, Albizzia and bamboos. Premna, Murraya, 
Phyllanthus, Saurau]a, Tabernaemontana, Mussaenda and lxora, together with Moraceae and 
Araliaceae constitute the shrub layer. Leea, Alpinia, Galenga, Curcuma Ground orchids 
!mpat~ens, Piper, Selagine/la and many ferns cover the forest floor. Anemone sp. with 
Its whtte flowers colour the open hill tops near Chengi. Along the river valley Artimisia 
vulgaris forms extensive perennial thickets. 

(b) Subansiri F.D. 

The fo~ests between Kimin to Hapoli is typical evergreen in nature with many giant 
tre~s formmg the top canopy. Amo~g them Q!lercus spp., Sterculiaceae, Schima wa/li
~~u and memt;>ers of Magnohac.eae are Impo~tant m the top canopy. Pandanus sikkimen
~~s and Ph~emx spp., are p~omment on all hill slopes with Cyathea and Angiopteris evecta 
m the humid valleys and mo1st corners. Large number of Leguminosae form climbers and 
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cover the shrubby layer comprising of Saurauja and Boehemeria amongst others. Acantha
ceae, P_olygonaceae and Commelinaceae are evergreen layers on the ground floor. 
Musa {wild banana) form extensive thickets from foot-hills to Pitepool with no prospect of 
economic use. . Orchids are common epiphytes. · 
(c) Siang F.D. · 

_The main vegetational types obtainable in the areas of Siang F.D. are humid evergreen 
~ropical forests up to 914 m. and wet _sub-tropical evergreen forests up to 1,524 m which in 
Its turn gradually . merges mto humid sub-temperate type of forests over an altitude of 
1~829 m. · The tropical ~vergreen type of forests ~re restricted to isolated parts of the 
hills round about Gasmg 640 m and the regiOns along the valley of Syom river 
and further down, due to the human interference and the conversion of the land 
to . cultivable fields. Dominant tree components of such forests are species 
of ·Ficus, Dipterocarpu~, . Ter_minalia and Mallotia mixed with dense growth of 
bamboos and sparse distnbutiOn of Ageratum and Eupatorium are the most common 
herbaceous weeds. However, the cleared burnt areas are often completely covered by the 
luxuriant growth of Saccharum arundinaceum. Climbers belonging to Leguminosae 
and Dioscoreaceae are met with in profusion. The moist soil surface is completely 
covered by the members of the Filicales. The orchids are rare. Polyporales and Agaricales 
are common in forest floor. 

Typical wet sub-tropicalevergreen forest is the type occurring over the extensive area 
around Tuting and especially around the valley of the Siang river from Niguing right up to 
Kapang La (India-Tibet border) covering an altitude of 1,158 m to 1,524 m. · The general 
vegetation is typical of its kind with a mixture of a few species of sub-tropical and tropical 
types. Dipterocarpus, Terminalia myriocarpa, Ficus, Mallotus, Macaranga, Dillenia, 
Acer and Syzygium mixed with tall and short species of Musa form the dominant compo
nents of the vegetation. Bamboos do not enjoy a wide distribution. The palms like 
Livistona jenkinsiana and Caryota are found here and there. Different species of Calamus 
o:re (c,urd in plenty throughout the tract. 

lll .rmilies of Melastomaceae, Ternstroemiaceae, Polygonaceae, Rubiaceae, Verbena
ce;t.c, Acallfhaceae, Gesneraceae and Solanaceae are well represented. 

Shrubs like Hibiscus, Glycosmis, Citrus, Cassia, Aralia, Rubus, Co.ffea, /xora, Saurauja, 
Triumfetta, Hydringia, Melastoma sp., Strobilanthes, Clerodendrum and Ficus species 
mixed with sparse growth of tree ferns such as Cyathea and tall species of Musa 
are quite common in the area. Among the climbers, robust species of Raphido
phora and Pathos mixed with tender climbing species of Piper, Dioscorea, Vitis, Smilax, 
Combretum and Strobilanthes form dominant components covering practically most of 
the tree trunks and rocks. Epiphytic orchids are common. 

(d) Lohit F.D. . 
In accordance with the altitude of the region under study mostly ranging from 61 m 

to 610 m except along the region from Senge Dam to Dreyi and Tedding Saddle where it 
ranges from 1,037 m to 1,731 m. The general vegetation is typically of moist tropical ever
green forest type with considerable change into sub-tropical type along the higer altitudes. 
Along the banks of Digaru and Lohit rivers up to Badaru foot-hills, Terminalia myriocarpa 
(hollock) forms the dominant component of tree species covering the upper canopy mixed 
with Ficus and other species and the lower canopy is densely covered by species of Musa, 
Costus and others. The main components of the vegetation slowly change into dense 
bamboo thickets mixed w1th Calamus and other species while ascending from foot-hills 
towards Dreyi (1,464 m) where the vegetation approaches to sub-tropical type with species 
of Quercus as the dominant component; While descending from TeddingSaddle (1,731 m) 
to an altitude of 610 m, species of Musa mixed with Ficus, Caryota, Pandanus, Bambusa, 
Raphidophora, Pothos, etc. are met with together with climbers and members of Vacci
rzaceae .. Epiphytic forms and several· species of Zingiberaceae, Labiatae, Acanthaceae, 
Gesneraceae and others form the chief component of the vegetation. Similar vegetation 
with slight variation here and there has been recorded all along the remaining region 
under study. · 

Bryophytes limited to a .few species have been recorded to be common all along the 
region under study although ferns appear to be rather uncommon. 

Orchids, both epiphytic and terrestrial are also comparatively rare within this zone 

(e) Tirap F.D. · 
Tbe vegetation of the Tirap F.D. over the whole area to the south of the Margherita

Nampon.g-Panguspass line, may be ascribed to the tropical evergreen type up to an altitude 
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of 1000 m and is met with in the foot-hills to the west of the line joining Panguspass, Kheti, 
Khonsa Chenglang and Wanu. The chief tree components in these forests are Stereosper· 
mum Anthocepha/us cadamba, Ficus sp., Albizzia and Callicarpa associated with shrubs 
like Croton and Abroma, together with members of Urticaceae and Melastomaceae. Clim
bers like Mucuna Dioscoreaceae, Vitis, etc. are common. The epiphytic orchids are 
rather rare in Kh~la-Khonsa area, although these are profuse in the hills of Rusa-Longhus 
and Wanu whereas bamboos and Calamus spp., together with Phragmites and other tall , . 
grasses are the most dommant types. · 

The vegetation to the east of the line joining Panguspass and Niusa belong to the 
sub-tropical evergreen type in which Ca/licarpa, Bambusa, ·saurauja, Schima, Quercus and 
members of Magnoliaceae among trees, Melastomaceae, Vitaceae, Liliaceae, Araliaceae, etc. 
predominat~. This vegetatio!l is greatly. disturbed by t~e pract~ce of "Harem" .or shift~ng 
cultivation m the area practised by native Nagas. This practice has resulted m extensive 
grassland on the hills and slopes in which two or three sp. of grasses including Saccharum 
predominate. 

The hill between Raho and Waka attain a height of about 1840 m (6000') and is 
covered by a thick primeval forest dominated by tall giant trees. The forest floor is very 
humid and is covered over by members of Acanthaceae, Liliaceae and Melastonaceae, 
associated with Selaginella. The tree ferns, Cyathea and Angiopteris, are very common in 
Tincha and Niusa area together with various palms. Se/aginel/a spp. are found very 
abundantly. 

Discussion 
Thus, despite the prevalence of 'forest climate' all over Assam, the present distribution 

of evergreen and semi-evergreen forests in Assam is rather limited and is confined mostly 
to a peripheral ring bordering upon the outer ranges of NEF A Himalayas. In the rest 
of the State, scattered patches of evergreen forest occur as relicts of the climax formation 
in the Shillong Plateau. The va~t areas of this plateau are now covered by sub-tropical 
pine forest or grassland as biotic precli~axes and the fact that these seral formations 
are in severe competition with each other as also with the evergreen forest type, has 
received brilliant exposition in the hands of Bor·(1942). 

Similarly, the occurrence of a grassy belt and an evergreen forest on the southern fringe 
of the swampy Kaziranga proves the latter beyond doubt as an edaphic climax. The exis
tence of the evergreen-cum-semi-evergreen Garchanga R.F. bordering upon the sal forest 
belt of the south Kamrup district (viz. Jarasal, Rani, Barduar etc.) shows that the former 
climax formation has given way to the existing moist deciduous sal forest, as a sequel 
to biotic interference purely for economic reasons. 

Further, the occurrence of large number of species in the flora of the evergreen and semi
evergreen forests discussed above, viz. Ficus spp., Duabanga, Quercus, Syzygium, Stereos
permum, Lauraceae, Meliaceae etc., among the trees, Myrsinaceae, Terns(roerniaceae, Rubia
ceae, Palmae, Musa etc., among the .~hrubs, Curcuma, Alpinia, Piper and almost the same 
species of orchids and ferns among the herbaceous flora, suggest strongly the prevalence 
of the climatic climax formation in the past on the whole tract of Assam and outer ranges 
of NEF A. On the contrary the differences in the floristic compositions, viz. Dipterocarpus 
turbinatus, to the Cachar R.F., Beilschmiedia pseudomicropora and Dipterocarpus manii etc. 
in the Upper Dihing R.Fs., Terminalia myriocarpa, Caryota, Pandanus etc. in the hot river 
valleys of the Siang and Lohit F.D., Daemonorops, Calamus etc. in the Tirap F.D., 
Rhododendron arbor.eum, Pyrus, Cinnamomum tamala, Manglietia insignis, etc., in the ever
green forests of the Khasi and Jaintia. Hills to cite a few, are conditioned by local environ
ment factors and illustrate the well•known relationship between the 'vegetation' and 
'flora.' 

RESEARCH 

(a) Main Problem 

. The extensive trop~cal . rain forests of India, particularly in the lower part of the eastern 
Hima~ayas, th~ Khasi hllls and north-eastern Assam, have received very scant 
aw;ntwn despite ~he fact t~at. th~ tropical rain forest offers a field of biological research 
which has no substtt:ute and m It hes the key to a vast amount of scientific knowledge which 
coul? not be. obtamed elsewhere. The rain forest flora with its immense wealth of. 
species .belongmg ~o tho.usan.ds of genera a!ld sco~es .o.f families has acted in the past as a 
reservoir of genetical dtverstty and potential vanabthty. All available evidences includ· 
ing cytological (Manton 1954), floristics (Goods 1953) and ecological (Richa.r'ds 1952) 
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suggest that tropical rain forests have been the main centre of evolutionary activity of the 
world flora owing to the absence of secular climatic changes such as glacial periods and 
by the prevalence of high and constant temperature of the rain forest which is specially 
favourable to the survival mutations. · . 

Yet it must be admitted that this richness· of the tropical flora both with regard to the 
number of species and their frequency has offered the greatest practical handicap for dis
entangling the role of genotype and environment. All the same, the study of the high 
complex relationships of the species with each other and with their environment in these 
floristically· rich communities may be highly . rewarding in revealing many new principles 
and laws governing the competition and dominance of species in mixed communities .. 
· Whether a species arised solely due to mutational changes (cf. de Vries 1903) or by 
effects of the environment ( cf. Darwin 1859) or by hybridisation of the fact remains that it 
is the environment that determines the destiny .of the species. In communities such as rain 
forest, where there are numerous species of varied taxonomic affinity, but similar life 
form, convergent resemblances between unrelated species are shown far more clearly 
than in temperate communities. ' 

Yet, there is not a single area of rai~ forest for which complete information in the life 
forms (particularly of the herbaceous and similar woody plants) is available. 

Accordingly, it is imperative that the phytosociology <?f the tropical rain forests. of 
India should be studied to throw more light on the comparative rate and pace of evolutiOn 
of the world flora. 

(b) Current Research Programme 
The presence of evergreen forests (according to some montane .evergreen forests) as 

relicts of the climatic climax on the Shillong Peak (1920 m), Mawphra:r~g (Land Lyndoh 
1830 m) ·and Cherrapunjee (Land Kuntang 1465 m) ~iscussed e~rlier, represent, in mi~ia
ture, the tropical rain forests of the Indo-Malayan regron. Accordmgly, these forests, whrch 
are well delimited in size deserve careful study. 

I 

Grateful thanks are due to Dr. J. C. Sen Gupta, Chief Botanist, Botanical Survey of 
India, Calcutta, for his keen interest and encouragement in preparing this paper for the 
symposium. 
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SHORT NOTES ON THE EVERGREEN FORESTS OF MYSORE ST~TE 

BY K. KADAMBI 

Chief Conservator of Forests, 
Myso~e State 

Name, Situation and Area of the Forests 
The evergreen forests in Mysore State ~ccupy ni?stly the slope~ of the Western Ghats 

facing the Arabian sea. They cover a stnp approximately 250. miles long and 10 to 15 
miles wide, with an approximate area of about 3,000 square miles. 

Physical Features of the Region . 
The country is. mountainous, the general drainage being westward to the Arabian 

sea. The ground generally slopes steeply, often precipito.usly. ~he forest s~reams, a 
large number of which are perennial, have scoured deep down mto their beds formmg steep, 
often nearly vertical walls standing several feet high. Small or large leaps of water, 
locally called "Abbulu or Abbi" are found all along the ghats. 

The highest altitude is 6000 ft. or more, while the lowest is barely a couple of hundred 
feet high above mean sea level. The average elevation ranges from about 500 to 
2500 feet. 

The precipitous slopes are liable to land-slips which occasionally occur during the 
heavy rains of June to September. 

Geology-Rock and Soil 
The underlying rock consists principally of granitic gneisses interspersed by bands 

of horn-blende schist with or without garnet, occasional dolerite dykes and rare patches 
of basic charnokite and reefs o( quartzite. Huge boulders and sheet rocks of granitic 
gneiss are abundant on the ground surface and these cover some extensive areas on the slopes 
of hills and form the beds of the leaping streams or crest the hill tops lending to them often 
fantastic or weird shapes, and causing them to be known by distinctive names. The 
presence of granite rock or sometimes laterite, near the surface is almost entirely responsible 
for the absence of tree growth on many hill tops and slopes. 

The soil is generally shallow, consisting of loam of poor quality or of laterite capping 
the sheet rock and boulders, but enriched, in spite of its occasional shallowness, by the 
humus of the evergreen forest which, as usual, pas created its own soil fertility, and this 
accounts partly for the fact that once the forest cover is removed the soil deteriorates so 
rapidly that the reconstruction of the evergreen cover is a very slow and laborious process. 

The underlying rock crops out frequently at the ground surface. It is superimposed 
by laterite or lateritic loam which is generally red on the leeward side of the ghat crest of 
the plateau, but sometimes grey on the wind swept westward steep sloping country in which 
are found pockets of yellow clay or nearly pure white clay sometimes to a depth of a few 
feet. On hill tops and ridges pebbly· sand-stone which crumbles easily when smashed 
~nd generally grey-white in colour is common, and this, probably gives rise by weather
mg to the finer grey loam found in some of the valleys below. With the exception of the 
pockets of clay ?lentioned above, the soils are generally shallow, occasionally filled with 
rock fragments m plac~s. The hUJ!lUS content is generally high, but the intensity of the 
surface wash prevents Its accumulatiOn except on the floor of the valleys where the general 
slope is gentle, . · 

Climatology 

The temperature is relatively constant and low as compared with that ofthe low lands 
of south or north Kanara, but never so' low as to make frost possible a'nd the rainfall 
is very a~un~ant in the rainy season during the south-west monsoo~. The Western 
Ghat re~10!1 IS, therefore, a tropical lYfOntane ev~rgreen region, lying above the hot low
la~ds fnngmg the coast of the Arabian sea, and mostly not attaining to a sufficient 
a_lhtu9e for the temperate and alpine iJ}.fluences to come into play. The dominant vegeta
tiOn IS the evergreen broad-leaved ram forest, which is strongly tropical in its floristic 
make-up and vegetative characteristics. 

99 



100 

The following data on the average climatology of the rain forest region are based on the 
records kept by the Meteorologist to the Government of old Mysore State at Marnalli and 
Hanabal and by the Manager of the Kadamane estate. 

Rainfall-The following table shows the total monthly rainfall in inches for the 
localities:-

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December .. 

TOTAL 

Month 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

1939 

0.64 
2.90 
1.50 

46.38 
105.20 
73.97 
20.47 
11.28 
3.82 

266.16 

Place 
r-----A.. 

Hanabal 
(1941) 

0.12 

1.47 
4.61 

39.11 
59.89 
37.24 
9.19 
6.29 
1.52 
2.87 

TOTAL 162.31 

KADAMANE 

1940 1941 1942 

0.03 0.11 
0.06 

5.51 1.05 2.39 
4.41 3.88 2.31 

62.54 59.60 56.16 
82.42 78.34 us: 75 
74.44" .79.09 52.42 
9.24 16.95 20.20 

10.61 3.29 5:o3 
5.54 1.25 0.94 
0.52 2.59 0.82 

255.26 246.21 259.02 

Marnalli 
Toll-gate 

(1941) 

0.04 
7.02 

62.85 
90.55 
75.00 
9.52 
3.20 

1.35 

249.53 

1943 Average 

0.90 0.20 
0.01 

0.03 0.13 
1.46 2.66 

15.94 5.60 
57.59 56.45 

106.59. 98.26 
55.98 
13.37 
6.04 
2.31 
0.79 

182.51 241.80 

The data for the stations show very abundant rainfall at one season only, but the fall 
at Hanabal is not so high as at Marnalli toll-gate or Kadamane, because the former is 
situated fairly inland on the plateaux and not at the crest of the ghat where the forests lie. 
The forest area enjoys, probably, even heavier rainfall than is indicated by the record at 
Marnalli toll-gate or Kadamane; and this assumption is justified by the rainfall recorded 
at other stations situated at the crest of the ghat in Shimoga and Chikmagalur districts. 
There is very heavy fall between June andAugust, the peak month being July, and practi-
cally no rainfall in the months between January and April . which are consequently very 
dry, while between September and December there is some, though relatively light fall. 
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The drought of summer is fairly severe and serious enough to cause most of the hy
grophyllous vegetation like algae, liverwort and many ferns to shrivel and disappear, and 
to make many trees of the evergreen forest to shed a good portion of their leaves, some even 
their entire leaf cover. Yet, the shedding is not so heavy as to change the essentially ever
green look of the forest, or em brown the leaf canopy as a whole, like what we find in the 
mixed-deciduous (moist deciduous) zone of forests. This is because, in spite of the great 
variation of the rainfall from month to month and season to season, the soil retains ade
quate quantity of moisture throughout the year to enable the plants to carry on photo
synthetic activity more or less uninterruptedly. There is, therefore, no wholesale leaf 
shedding even in the dry, summer months preceding the monsoon. 

Air temperature-The record of air temperature for Hassan, a typical locality adjoin
ing the forest is reproduced below (Seshachar, 1941) : 

Month 
Mean monthly 

temperature for 1941. 

January 66•0" 

February 67•6" 

March 72•2" 

April 75•9" 

May 75·2" 

June 71·5· 

July 10·5· 
August 70·7" 
September 70•6" 
October 72•2" 
November 70•9" 
December 66•2" 

Monthly mean mini- Monthly mean maxi-

Month 
mum dry temperature 

and its variation 
mum dry tempera-

ture and its variation 
from the average of from the average of 

45 years. 45 years. 
r---- ,------"----~ 

"F ·p I •p •p 
January 59•2 +3·1 81•3 -0·5 
February 61·6 +3·0 85·2 -0·9 
March 66·4 +3·9 91·5 +0·9 
April 69•5 +2·9 93·3 +1·8 
May 69•6 +2·6 89·6 +1·4 
June 67·3 +1·5 80·0 +0·2 
July 66·3 +1•3 78·6 +1·8 
August . ' 66·7 +2·2 78·7 +0·6 
September 66•3 +2·3 80·4 ·O 
October 63•2 +1·1 82•4 +1·0 
November 63•9 +3·2 82·2 +2•3 
December 58•7 +2·1 80·6 +1·2 

65·1 2·5 Year 83·7 0•9 
M5Dcptt. of Av.r./61 14 
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. A. fairly correct record of temperature has been maintained at Kadamane which lies 
adJommg the forest area. · · 

KADAMANE 

1939 1940 1941 1942 1943 Average 
Month r--"-----. ,----A-----y- ~ 

Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. 

Jaimary .. 78 62 78 60 78 59 78 61 78 60 78.00 60.4 
February 84 62 80 61 82 61 83 62 83 58 82.4 60.8 
March 85 64 83 60 89 66 86 64 90 58 86.6 62.4 
April 84 66 84 67 90 71 86 71 88 62 86.4 67.4 
May 81 . 71 80 68 82 70 84 71 82 70 81.8 70.0 

June 72 64 74 68 73 68 70 66 74 •65 72.6 66.2 
.. 

July 66 64 68 66 72 65 68 66 68 66 68.4 65.4 

August 68 66 69 . ·63 70 64 68 65 68.75 64.5 

September 74 72 78 64 74 64 72 66 74.5 66.5 

October .. 76 68 80 64 82 65 80 66 79.5 65.75 

November 78 64 76 62 80 66 78 62 78.0 63.5 

December 79" 60 78 60 -78 62 78 63 78.2 61.25 

Cursory observations and readings taken in the forest show that radiation takes place 
most actively during the early hours of the night, while the minimum temperature is 
reached just before day-break, and this makes it necessary to derive the lowest temperatures 
due to radiation by subtracting 8° or thereabouts from the temperatures shown by the records 
of monthly extremes. Within the forest area the temperature falls very considerably by 
night, the cold resembling what one would experience on a chilly November night out in the 
plains of Northern India. 

Humidity and Fog-High humidity prevails generally at all times, especially under 
evergreen cover. Even .in the rainless season from January to April there is some precipi
tation of moisture in the early mornings and just before day-break. This moisture drips 
from the crowns of trees like a continuous weak shower. During rainy season water 
trickles down 'the leaf surface of trees almost continuously, and the humidity of the 
atmosphere remains throughout the day and night at saturation point. In summer the heat 
causes sometimes a warm fog to ascend by day from the numerous perennial sources· up 
into the leaf canopy whose top stands in some places over a hundred and fifty feet high, 
and the water which thus saturates the atmosphere is eliminated during the cool hours of the 
early morning by precipitation. 

Sunshine and Cloudiness-Once the monsoon rains start in June, the percentage of 
cloud reaches 100 per cent,· and this remains so throughout July and August. A dense 
mist which blurs human vision even at a dozen feet envelopes the whole atmosphere within 
and around the forests and hill peaks every few minutes and this is followed almost at once 
by heavy rainfall which lifts this veil of mist,· and brings temporary clearness. This is 
followed again by the misty cloud. Late in August or early in September the weather 
clears and intermittent sunshine appears. 

Wind-The wind blows from the_ west and south-west, and commonly reaches its 
highest force at night and in the rainy season, from June to August. Its influence on the 
vegetation is greatest on the peaks and ridges, .and the fact that the lowest humidities 
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accompany high wind probably makes its desiccating influence considerable. Wind record 
at Hassan are reproduced below (Seshachar, 1941) :-

Monthly Monthly mean 
Month mean wind daily wind direc-

velocity in tion in 1941 
miles in 1941 

Means for Means of 
1941 1941 

January 64 38° S.E. 
February 67 21° S.E. 
March 93 54° s.w. 
April 127 no s.w. 
May 161 87° s.w. 
June 240 7T·s.w. 
July 246 74° s.w. 
August 232 w. 
September 165 w. 
October 107 11° N.E. 
November 79 82° S.E. 
December 76 81o·N.E. 

The flora of the Evergreen Forest 
Throughout the history of the botanical exploration of India,·the flora of the Western 

Ghats has received little attention from the systematic botanists. · 

There is no comprehensive systematic work for the region under consideration. Among 
the systematic works useful for consultation are :-

1. Flora of British India by Sir Joseph Dalton Hooker. 
2. Flora of Bombay by Theodore Cooke. 
3. Flora of Madras by J. S. Gamble. 
No Manual exists for Pteridophytes except the work of Beddome-"Ferns of British 

India". · · 

I have not been concerned with a complete listing of the flora, but have endeavoured 
to secure determinations of all species which go to make up the economically useful portion 
of the crop or govern the characteristic features of the ·vegetation. 

List of Characteristic Plants 

DICOTYLEDONS-ANGIOSPERMS. 

Flowering plants 

Ranunculaceae 
Clematis gouriana Roxb. 
Clematis wightiana Wall. 
Naravelia zeylanica DC. 
Dilleniaceae 
Dillenia pentagyna Roxb. 
Magnoliaceae 
Michelia nilagirica Zenk. 
Anonaceae 
Unona pannosa Dal. 
Unona discolor Vahl. 
Artabotrys zeylanicus Hk. f. & T. 
Menispermaceae 
Cocculus macrocarpus Wright & Arn. 
Cyclea peltata Hk. f. & T. 
Tinospora c.ordifolia Miers. 

Name of Hassan 
Ghats 

Gori-bilu 
Sali-maddinahambu 

Kanagalu 

Kendasampige 

Kadu-kittale bilu. 

Name of Shimoga and 
· Kadur Ghats 

. Kanagalu. 

Kadu bende. 



Flowering plants 

Bixaceae 
Flacourtia montana Grah. 
Hydnocarpus wightiana BI. 

(Indian Chalmoogra). 
Hypericaceae 
Hypericum mysorense Heyne. 
Guttiferae 
Garcinia xanthochymus Hook 
Garcinia cambogia Desrouss 
Garcinia indica Chois 
Garcinia morella Desr. 
Calophyllum elatum Bedd. 
Calophyllum wightianum Wall. 
Mesua ferrea, Linn. 
Poeciloneuron indicum Bedd. 
Ternstroemiaceae 
Gordonia obtusa Wall. 
Dipterocarpaceae 
Dipterocarpus indicus Bedd. 
Hopea parvifiora Bedd. 
Hopea wightiana Wall. 
Vateria indica Linn. 
Malvaceae 
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Name of Hassan 
Ghats 

kulla-jepalu 
yethina-taradinakayi, 
kalduvala, chengavara 

mcmtahuli 
muruglu 
makkalatayimara 
bobbi 
bobbi 

balagi 

naganamara 

halamaddi 
kira/bhogi, bogi 
karehagalu bilehagalu 
haiga 

Bombax malabaricum DC. burulu 
Hibiscus furcatus Roxb. gowri-bilu 
Abutilon polyandrum (Schlecht) G. Don. 
Sterculiaceae 
Sterculia guttata Roxb. 
Helicteres isora Linn. 

Pterospermum rubiginosum Heyne. 
Tiliaceae 
Grewia umbelliferra Bedd. 
Grewia tiliaefolia V ahl. 
Elaeocarpus oblongus Gaertn. 
Elaeocarpus tuberculatus Roxb. 
Elaeocarpus munroii Mast. 
Malpighiaceae 
Hiptage madablot(l Gaertn. 
Rutaceae 
Evodia roxburghiana Benth. 

Clausena indica Oliver 
Clausena willdenovii W. & A. 
Zanthoxylum rhetsa DC. 
Luvunga eleutherandra Dalz. 
Atalantia monophylla Correa. 
Atalantia missionis Oliv. -
Paramigyna monophylla Wight. 
Toddalia aculeata Pers. 
Simarubaceae • 
Ailanthus malabarica DC. 
Burseraceae 
Canarium strictum Roxb, 

konan-tholdina-mara. 
kade-harukla 

hunjanmara 

tadasalu 
nai-tupru 
nanal-tare 
tupru 

magali, devadari, 
kamblimara. 

jumma 

cuda menasina bilu 

halammaddi 

guggala 

Name of Shimoga and 
Kadur Ghats 

sampe. 

surati. 

jeerakanahuli. 
kadagolu-maruga. 
guaragi. 
arisinaguaragi. 
surahonne. 
holehonne. 
nagasampige. 
balagi. 

mallanga. 

-dhuma. 
kiralbhogi, bogi. 
haiga malehaiga. 
sal-dhupa. 

buruga. 
hulugobri-beelu. 

huli-thardina-mara. 
kowri, hedamuri, 

balamuri. 

sataga. 

mangappe. 

jummanamara. 

maddi-dhupa. 

kayi-dhupa. 
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Flowering plants Name of Hassan Name of Shimoga and 
Ghats Kadur Ghats 

Garuga pinnata Roxb. godda godda. 

Meliaceae 
kaggale Heynea trijuga Roxb. 

Dysoxylum malabarium Bedd. devagare, devagarige devadari. 

Aglaia odorata Lour. kengavara kempunola. 

Lansium anamalayanum Bedd. chigatamari. 

Cedrela toona Roxb. 
nogavara gandhagarige (Red-Cedar). 

Chailletiaceae 
Chailletia gelonioides Hk. f. kadutengu. 

Celastrineae 
Celastrus paniculata Willd. gangumbe. 

Euonymus indicus Heyne. benne-muthaga kan-kithulli, kuranthi. 

Lophopetalum wightianum Arn. hebbale bite-hebbalasu. 

Rhamnaceae 
Zizyphus xylopyrus Willd. 

bemmaralu. Zizyphus rugosa Lamk. 
Ampelideae 

norlebilu. Vitis !anceolaris Laws. 
Vitis tomentosa Heyne. 
Leea sambucina Willd. mitli. 
Leea macrophylla Roxb. 
Sapindaceae 
Allophylus cobbe Bl. 
Schleichera trijuga Willd. sagade, karisagade kendala keli. 
Nephelium longana Carob. kanu-kendala sannela-kendala. 
Sabiaceae 
M eliosma wightii Planch. 
Anacardiaceae 
M angifera indica Linn. mavu mavu. 
Holigarna arnottiana Hook. kutageri sannele-hole-gara. 
Holigarna grahamii Hook. tatagiri doddele-molegarna. 
Holigarna sp. kadu-geru badacharlu. 
Nothopegia colebrookiana Bl. 
Leguminosae 
Mucuna pruriena DC. nasgunni. 
Erythrina stricta Roxb. keechakanamara. 
Spatholobus roxburghii Benth. ujinabilu. 
Butea superba Roxb. muthugadahambu muthugada-bi/u. 
Butea frondosa Roxb. muthaga muthaga. 
Dalbergia latifolia Roxb. bite, biti bite, biti. 
Pterocarpus marsupium Roxb. rakta-honne honne. 
Darris spp. 
Pongamia glabra Vent. honge-mara honge-mara. · 
Caesalpinia sepiaria Roxb. badabakka 
Acrocarpus fraxinifolius Wight. havalige havalige. 
Kingiodendron pinnatum Harnis. yennemara 
Saraca indica Linn. ashoka. 
Cassia fistula Linn. kakke kakke. 
Humboldtia brunonis Wall. yesale asage-kan-asoka. 
Bauhinia phoenicea Heyne. basavanapadada hambu basavanapadada bilu. 
Bauhinia malabarica Roxb. basavanapada basavanapada. 
Entada scandens Benth, snemettinahambu ganape-bilu. 



Flowering plants 

Xylia xy/ocarpa Taub. 
Mimosa pudica Linn. 
Acacia caesia Willd. 
Albizzia stipulata Boiv. 
Pithecolobium bigeminum Benth. 
Crassulaceae 
Bryophyllum calysinum Salish. 
Rhizophoraceae 
Carallia Iucida Roxb. 
Combretaceae 
Tenninalia belerica Roxb. 
Terminalia chebula Retz. 
Terminalia tomentosa Bedd. 
Terminalia mjuna W. & A. 
Terminalia paniculata Roth. 
Calycopteris jloribunda Lamk. 
Combtetum ovalifolium Roxb. 
Mytraceae 
Eugenia munronii Wight. 
Eugenia jambolana Lam. 
Eugenia hemispherica Wight. 
Eugenia gardneri Bedd. 
Eugenia zeylanica Wight. 
Eugenia corymbosa Berg. 
Eugenia laeta Ham. , 
Eugenia heyneana Duthie 
Careya arborea Roxb. 
Melastomaceae 
Melastoma malabathricum Linn. 
Obsbeckia truncata D. Don. 
M emecylon edule Roxb. 
M emecylon amplexicaule Roxb. 
M emecylon amabile Bed d. 
Lythraceae 
Lagerstroemia lanceolata Wall. 
Lagerstroemia flos-reginae Retz. 
Samydaceae 
Casearia rubescens Dalz. 
Datiscaceae 
Tetrameles nudiflora R. Br. 
Ara.liaceae 
Heptapleurum wallichianum C.B. Clarke 
Heptapleurum sp. 
Cornaceae 
Mastixia arborea Clarke 

Rubiaceae 
Sarcocephalus missionis Haviland 
Hymenodictyon excelsum Wall. 
Wendlandia exserta DC. . 
Wendlandia notoniana Wall. 
Mussaenda frondosa Linn. 
Webera corymbosa Willd. 
Gardenia latifolia Sol. 
Randia uliginosa DC. 
Randia dumetorum Lamk. 
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Name of Hassan 
Ghats 

kaduseege 

tora-halasu 

tare-mara 

kare-mathi 
bilemathi 
huli-saggade 

nerlu 
mattanerlu 

chappalu 

kowlu 

nekkarike 

udatale-kaddi 

nandi 

anagalubilu 

vedare, akka-tangira
mara. 

kadu-bodalu, talige 
kadu-bodalu, talige 

banagare-kayi 
kare 

Name of Shimoga and 
Kadur Ghats 

jambe. 

kadusigemullu. 
chattumbe. 
korachatte. 

hele-chigurugida. 

nai-halasu. 

tare-mara. 
a/ale. 
karemathi. 
bilemathi. 
hunalu. 
kumsanballi. 

· nerlu. 

male-nerlu. 
· kunnerlu. 

· · kadu-pannerle. 
meenangi. 

. kowlu. 

dodda-nakkarike. 
sanna-nakkarike. 
hulichappu, adachari. 
volle-kodi. 

nandi. 
hole-dasavana. 

varekethanaballi. 
changaranaballi. 

guile. 

kan-uragi. 
kan-suragi. 

mara-bikke. 
banagare-kayi. 
kare. 
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Flowering plants Name of Hassan Name of Shimoga and 
Ghats KadurGhats 

Plectronia didyma Bedd. abbalu bilachi, kan-bilachi. 
Pavetta hispidu/a W. & A. 
Ixora parviflora Vahl. goravi goravi. 
Ixora nigricans Br. kadu-kapigida · yelagara. 
Psychotria truncata Wall. hampalu vettamadike. 
Psychotria thwaitesii Hk. f. hampalu vattamadike. 
Rubia cordifolia Linn. kai-kuyyana-bilu manjatte-bilu. 
Myrsinaceae 
Emblica ribes Burm. vayuvilanga. 
Sapotaceae 
Chrysophyllum roxburghii G. Don. ale alehale. 
Palaquium ellipticum Engl. halganne hadasale. 
Mimusops elengi Linn. baku/a ranja. 
Bassia malabarica Bedd. kadu-ippe ippe. 
Ebenaceae 
Diospyros paniculata Dalz. karimarlu. 
Diospyros microphylla Bedd. sannele-marimarlu. 
Diospyros montana Roxb. 
Diospyros embryopteris Pess. hole-tumre. 
Diospyros ebenum Koerig. • bale bale. 
Styraceae 
Symplocos spicata Roxb. turublu· chunga. 
Oleaceae 
Olea glandulifera Wall. 
Olea diocia Roxb. kal-sqndle mad/e. 
Ligustrum neilgherrense Wight. gachalu chandraka, 

chandxalaka. 
Linociera intermedia Wight. bangara-sadle botha-madle. 
Jasminium rottlerianum Wall. kadu-mallige kadu-mallige. 
Jasminium arborescens Roxb. Do. Do. 
Apocynaceae 
Carissa suavissima Bedd. kavali karji. 
Alstonia scholaris Br. jantavala, kodiyala madhale. 
Tabernaemontana heyneana Wall. maddarasa. 
lchnocarpus frutescens Br. kari-humbu. 
Asclepiadaceae 
Hoya wightii Hk. f. peepiballi. 
Loganiaceae 
Strychnos nux-vomica Linn. kasarka .kasaraka. 
Strychnos colubrina Linn. 
Boraginaceae 
Ehretia laevis Roxb. kapura 
Convolvulaceae 
Lettsomia elliptica Wight. 
Ipomoea campanulata Linn. 

maribilu 

Bignoniaceae 
Stereospermum chelonoides DC. masivara padri. Oroxylum indicum Vent. 

anangi. Acanthaceae 
Thunbergia mysorensis T. Anders. 
Strobilanthes barbatus Nees. hegguruklu guragi. Verbenaceae 
Vitex altissima Linn. f. halabindige naviladi. Vitex negundo Linn. 

nakki-rakke-gida nakki. 



Flowering plants 

Vitex leucoxylon Linn. 
Clerodendron serratum Spreng. 
Clerodendron infortunatum Gaertn. 
Callicarpa lanata Linn. 
Labiatae 
Colebrookia oppositifolia Smith 
Pogostemon plectranthoides Desf. 
Aristolochiaceae 
Bragantia wallichii Br. 
Piperaceae 
Piper nigrum Linn. 
Piper argyrophyllum Miq. 
Peperomia portulacoides A. Dictr. 
Myristicaceae 
Myristica magnifica_ Bedd. 
Myristica malabarica Lamk. 
Myristica laurifolia Hk. f. & T. 
Myristica attenuata Wall. 
Lauraceae , 
Litsaea wightiana Benth & Hook. 
Litsaea glabrata Hook f. 
Litsaea stocksii Hook f. 
Litsaea zeylanica Linn. 
Actinodaplme hookeri · Bedd. 
Actinodaphne hirsuta Hook f. 
Cinnamomum macrocarpum Hook f. 
Cinnamomum zeylanicum Breyn. 
Machilus macrantha Nees. 
Thymelesceae 
Lasiosiphon eriocephalus Decne. 
Elaegnaceae 
Elaeagnus latifolia Linn. 
Loranthaceae 
Loranthus wallichianus Schultz. 
Loranthus obtusatus Wall. 
Loranthus lageniferus Wight. 
Loranthus loniceroides Linn. 
Loranthus capite/latus W. & A. 
Viscum angulatus Heyne. 
Euphorbiaceae 
Bischojia javanica Bl. 
Bridelia retusa Spreng. 
Bridelia hamiltoniana Wall. 
Aporosa lindleyana Baill. 
Breynia patens Benth. 
Glochidion lanceolarium Dalz. 
Glochidion tomentosum Dalz~ 
Ostodes zeylanicci Muell. 
Sapium insigne Benth. 
Adenochlaena indica Hook f. 
Mallotus philippinensis Muell. Arg. 
Mallotus sp. 
Macaranga roxburghii Wight. 
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Name of Hassan 
Ghats 

hole-lakki 

taggadupranti 
ibni, tagadupranti 

ibhani-gida 

kadu-menasina-balli 
Do. 

natwara 
Do. 
Do. 
Do. 

hammadde 
kirale-hammadde 

nayi-yelaga. 
yelele-hammadde . Do. 
yelaga 
yelaga 
kulmavu 

hulugaraballi 

handare 
Do. 
Do. 
Do. 
Do. 
Do. 

gobar-nerlu 
nelagoje, gote 

Do. 

okkane 
hanchatte 

Do. 
bale 

hullatti 
Do. 

upranti 

• 

Name of Shimoga and 
KadurGhats 

bile-likki. 
taggi. 
tagadata. 
tagadata. 

guragi. 

niruvate-bern. 

kadu-menasina-bilu. 
Do. 

ramanadike. 
rampathre. 
rampgotu. 
sannale-ramagotu. 

sudagenasu. 
sannale-sudagenasu. 

salsvare . 
Do. 

kankutla. 
dalchinni. 
gulmavu. 

mukkadaka. 

belli-hem bu. 

bandarike. 
Do. 

batlu-bandamike. 
bandanike. 

Do. 
Do. 

gobar-neralu. 
bilkumbe. 

Do. 
salle. 
kunkanake. 
salle. 
nirus-alle. 
bale. 
ganganamara. 

kapila-rangu. 
Do. 

bat lu-chandai ka. 



Flowering plants 

Trewia nudiflora Lirtn. 

Urticaceae 
Celtis australis Linn. 
Trema orientalis Bl. 
Ficus gibbosa BL 
Ficus retusa Linn: 
Ficus arnottiana Miq. 
Ficus nervosa Roth. 
Ficus infectoria Roxb. 
Ficus hispida Linn. 
Ficus tsiela Roxb. 
Ficus glomerata Roxb. 
Ficus asperrima Roxb. 
Antiaris toxicaria Leschen. 
Artocarpus hirsuta Lamk. 
Artocarpus integrifolia Linn. f. 
Artocarpus lakoocha Roxb. 
Laportea crenulata Gaudich. 
Streblus asper Lour. · 
Salicaceae 
Salix tetrasperma Roxb. 
Salix ichnostachya Lindl. 

Liiiaceae 
Dracaena spicata Roxb. 
Smilax aspera Linn. 
Asparagus racemosus Willd. 
Glorlosd superbd Linn. 
dtchidateae · 
Oberonid recutya Lindi. 
Oberonia lindieyana Wight. 
Microstylis rheedii Wight. 
Dendrobizim hetbaceurrl. Lintii. 
Eitlophia nuda Lindt 
Cymbidium bicolor Lindl. 
Rhyrichostylis retusa Bl. 
~ciccoldbium wighiicinuiii Hook f. 
Vanda roxburghii Br. 
Scitamineae 
Ciobba bulbifera Rdxb. 
Curcuma aromaiiCa Salish. 
Alpinia gdlahga Sw. 
Musa superba Roxb. 
Amaryllideae 
Curculigo orchioides Gaertn. 
Crinum ensifolium Roxb. 
Didscoreaceae 
Dioscorea pentaphylla Linn. 
Dtoscorea oppositifolia Liiui. 
Palmae 
Pinanga dicksonii BL 
Caryota urens Linn. 
Phoenix humilis Royle 
M5Dcptt. of Agri./61-IS 
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Name of Hassan 
Ghats 

hi:Jle.:.Jiaf'ivana, 
ilifiivana. 

gorakallu 
goddu;.mutli 

neer-atti 
kari-basari 
kolla 
bile-basari 
atti 

gadda-hasave 
hasenmara 
halasu 
vate, vante-hull 
nugga 
vate~buruklu 

niranji 

• MoNOCOTYLED'ONS 

hUli•rayana..:kudt 

kadw·bale 

geraddlu 
baganf 
kii'ii:lialu 

Name of. Shimoga and 
Kadur Ghats 

gorakcillu. 

ktm;.atti: 
. kdfi-basari. 

bile-basari. 
atti. 
ma[e.:gargatti, 
ajjanpatte. 
hebbalasu. 
halasil. 
vate; 
male~maruga. 
matli. 

niranji. 

sliatavai'i tndjjigehambu. 

kadu-bale. 

nela.:.tengu, 

janjdrigi. 
bag ani. 
kitichalu. 



Flowering plants 

Arenga wightii Griff~ 
Calamus pseudo(enuis Becc. 
Calamus thwaitesii Becc. 
Calamus sp. 
Calamus rheedei Griff. 
Calamus sp. 
Caryota urens Linn. 
Pandanaceae 
Pandanus furcatus Roxb. 
Pandanus canaranus Warb. 
Pandanus tectorius Sal. 
Aroidae 
Amorphophallus campanulatus Bl. 
Pothos scandens Linn. 
Gramineae 
Bambusa arundinacea Willd. 
Ochlandra talbotii Brandis 
Ochlandra rheedii Benth. 

Gnetaceae 
Gnetum scandens Roxb. 
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Name of Hassan 
Ghats 

. nepalu 
.· halubetta 
kaman-betta 
simbe-betha 

nagabetta 
·bagani 

. ~ . 

GYMNOSPERMS 

kambli-bilu 

Name of Shimoga and 
Kadur Ghats . 

dad,asalu. 
halubetta. 
handi-betta, 
sanna-betha. 

(not present). 
bag ani. 

kyadige .. 

(rtof found). 

kule-bilu. 

The Vegetation of the Evergreen Forests .· . 
General-The peaks and eroded slopes of the Ghats, owing to the presence of cliffs 

and rock out-crops often of considerable size, have meagre forests covering or are entirely 
here, in spite of the ·lack of any disturbance by man. The colour tone of the landscape 
here is a dull grey whose continuity is occasionally broken by vein of dark green shade 
where forest growth intervenes. . 

· The precipitous tops have frequently sheet-rock which excludes tree growth· and even 
grass, and elsewhere, where the rock is very near the surface, grass is abundant amidst which 
stand occasional shrubs of Wendlandia notoniana and the Bracken Fern (Pteria aqui/ina) while 
the grass cover itself is occasionally littered with the yellow, starlike flowers of CurculigO' 
orchoides. The valleys and slopes (Sholas) are the home of evergreen forests of a magni
ficent type in whose interior there is not much evidence of colours oth'er than green. The 
condition, along with the general paucity of showy birds and insects gives the forestJ interior 
an air of gloom to which its frequent fogginess only adds. The varying tinge of oarks of 
a few trees sometimes serve to relieve the monotony of the tint; among such trees Calophyllum 
elatum is the commonest. · · 

When, however, the evergreen forest canopy is seen from an opposite vantage point 
in summer, many differences between it and the forest interior strike the eye .. The upper 
surface forms a richly varied mosaic in which every shade of gr~en and often variegated 
colours are noticeable, the most frequent being the dark-green. ' By.the mere tint of the 
foliage and the shape of the crowns an experienced forestman can recognise some of the: 
valuable trees of the forests. Among trees so recognisable are : Schleichera trijuga with 
its bright copper coloured foliage, Canarium strictum with its long shoots of dark copper 
colour and tall round-headed crowns, Dichopsi3 ellipticum with . its tall, round-headed 
crowns with Iight-coloured.young foliage and Dipterocarpus indicus With. its towering 
canopy which stands far above the rest of the forests. · 

Several gigantic trees tower over the general level of the forest, and the stature of the 
trees is surprisingly varied in spite of the favourableness of rainfall and temperature; 'the 
largest ones attain in sheltered valleys a height of 150 feet and over. But on ridges, parti
cularly those at high altitudes directly facing the western wind, the largest individuals 
seldom exceed 30· to 50 feet in height. The combined influence o~ wind a.nd seasonal 
desiccation caused by the shallowness and low water content of the soil contnbutes to the 
low stature of the trees on the open ridges but, in general, the phenomenon is probably 
also due to the high wind increasing the evaporation which makes its desiccating influence 
on the forest growth considerable. A good number of trees directly exposed to the we?tern 
wind on the ridges often exhibit nearly fan-shaped crowns caused by the more promment 
growth of the branches in the leeward direction, 
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The forests of the Western Ghats exhibit 'pr~nounced ~ropical c~aracteristics both in 
their composition and general . ecology. There IS not a smgle species of the temperate 
type, and no gymn<;>s~erm except the gigantic climber Gnetum ~candens. .There are generally 
considerable pecuhanties of form. The larger trees, esp~ci~lly species ,0~ ~.h~· genera 
E/aeocarpus, Alstonia and Ficus and, to a lesser extent, Mynstzca, Artocarpus, Lqp~opetalum 
and some others exhibit conspicuous plank buttresses. ~he low trees at the top-~nds of the 
sholas which usually belong to the genera Eugema, Symplocos, Canthzutn, Olea 
etc. h~ve round compact heads of f?liage, while those. standin~ on wind exposed tops. and 
ridges have dwarf boles capped by megularly extendmg one-sided crowns. 

In narrow, sheltered valleys ther~is a lofty closed canopy wit~ very tall, clean, .cylin-· 
drical stems, and as one proceeds into wider valleys and from them to the slopes and finally 
on to the ridges and hill-tops the stems. become less and less clean and. tall, and the canopy 
more and more open, until on the hillMtops and peaks tree growth IS altogether absent. 
The general level of the top canopy is, however, more u!lif?rm on the ridgeS•than 'in the 
ravines. On ridges, especially when we approach the limit of tree growth of a shola, 
the canopy has sometimes n~ line of demarcation from th~ foliage of t~e unqer trees .and 
shrubs and this results in an megular and more or less solid mass of foliage from the tree 
tops down nearly to the level of the· terrestrial herbaceous plants. . · · 

. . , , I , 

The leaf varies within very wide extremes as regards both size and form, but.thos~. of 
the same species become smaller as the upp'er limit of tree growth at the top ·ends of the 
shola are approached. The great majority of the leaves are simple, large in size,. and those 
of the top layers of the canopy are firm, coriaceous and highly cutinised, and' contain 
several layers of palisade ~ells with little mesenchyma; they contrast with the· extremely 
hygrophilous character of the leaves of the fern~ and other herbaceous plants of the forest 
floor. 

The floor of the forest is convert~d with a litter of leaves, twigs and branchlets 
of trees the decay of which proceeds very rapidly in the season immediately fqllQ.wil).g the 
rains, i.e. between September and December, while the rate of decayjs slower both in the dry 
and in the wet seasons, in the ·former owing to the litter getting too dry and in the l~t.tter 
to the extreme witness maintained at relatively low ten1peratures. White ants do a small 
amount of destruction _of t~e dead' trees bef?~e they fall, but it is the abunda:pt discomy
cetous and other fungi which·. hasten the dismtegratwn of the stems and branches. The 
soil is extremely rich in organic· matter but, except in valley, it is usually shalldw ·a,nd 
sometime full of fragments of rock;, occasionally rocky boulders cut up its continuity. · 

The terrestrial herbaceous vegetation varies from extreme wealth in the ravines to 
almost complete absence in places. on the ridges and· tops, where, in the absence' of sheet 
rock, grass covers the ground along with_ masses of the bracken fern-Pteris · aq'uilina and 
t~c~ets of the scrambling fern-Cleich~nia. dic.hotoma. In the ravines caused by. the cut
tmg_mto the. steep ground by forest _streams! tree-ferns of the genera Alsophyle and A~gio
ptena occaswnally ~gure al~mg With species of .Blechnum; Nephrodium, Pteris; Peperomia 
and others. Terrestnal orchids are usually absent, but the· most conspicuous members -in 
some of the valleys are the palms, bo,th erect .and climbing; among them are Pinanga dick
sonii, Are':lga wighti~, Ca_ryota ure'!$ a~d two OJ; more species of Calamus. The large-leaved 
Musa-:-wi~d plantain-Is also s01;net1mes seen ... The abundance of the palms both erect 
and climb.mg, and the musaceous. type o~ larg~ leaved phanerogams taken together with 
the .paucity of ferns, filmy ferns an~ .. bryop,hytes stamps upon the vegetation its general 
tropical character. , . · ... · .,. ,.._ . .. .. · .. 

Climbers and lianes are not common under the closed canopy but are abundant along 
the ban~s of forest streams s_couring the bottom of valleys or in places where the lipper leaf 
ca~opy IS relatively O(len owmg to a temporary swampmess, or has been broken and re
mamed _so _far a long time. Along water courses Entada scandens is the commonest cli:In
ber, ~~Ile mother places Gnetu_m scand~ns .is prominent. In flat, not very rapidly drained 
loca~ttes cane-brakes of varymg ~e~sity ~re· found, while elsewhere a host of·cliptbing 
species are present whose systel!latic Identity bas been meagrely established; · ·· \ 

The vegetation i~ very vary~ng· f~orri :hotth .to south although the main ch~m1cteristic 
of these forests remam almost Identical. 'The trees of the various canopies are indicated 
below :- ·: , · . · . 

Top ·canopy: 
1.· Dhuma 
'2. Yenn'emara 
3. Saldhup 
4. Kaidhup 

, I 
.Dipt~r.oc~rpus '}ndtcus·~ · ·. 
Hardwickia pinnata. 
Vateria indica 
Canarium strictum 
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5. Hebbalasu Artocarpus hirsuta 
6. Nagasamp1'ge Mesua ferrea 
7. Halasu Artocarpus integrifolia 
8. Havalige . Acrocarpus fraxinifolius 
9~ Hadasale Palaquium ellipticum 

10, Gandhagarige Cedrela toona 
11. Neerulli Bischofia javanica 
12·. Ajanpatte Antiaris toxicaria 
13! Kadukumbala Trewia nudif/ora 

' The middle storey generally consists of the following species .~ 
1. Chattumbe Albizzia julibrtssin 
2. Nai~halasu Carallia integerrima 
3. Sampuhannu Hemicyclia elata 

' 4. Staga Elaeocarpus tuberculatus 
5. Dalchinni Cinnamomum zey/anicum 
6. Ebony Diospyros ebenum 
7. Karimarlu Diospyros ni/agirica 
8. Gauri Polyalthia fragrans 
9. Surati Hydnocarpus wightiana 

10. Naviladi Vitex altissima 
11. Iambe Xylia xylocarpa 
12. Jummana Zanthoxylum rhetsa 
13. Halemara Chrysophyllum · roxburghii 
14. Sannele kendale Nephelium longana 
1 S. Kanagalu Dillenia pentagyna 
16. Natwara, Ramanadike etc. Myristicas (four species). 

The under storey consists of the following species ;-
1. Basavanapada . Bauhinia racemosa. 

· 2. Kadunimbe Limonia acidissima 
3~ Chigatamari Lansium anama/ayanum 
4. Karivokkiche/ape Zanthophyllum flavescens 
5. Salle Aporosa lindleyana 
6. Lavatepannu Allophylus phoebe 
7. Julichappu Memecy/on angustifolium 

So far as undergrowth is concerned, canes, reeds and creepers dominate. The following 
species are found to form the undergrowth :~ · 

1. Canes Calamus species 
2. Reeds Och/andra rheedii, travancorica 
3. KurunJi Strobilanthes species 
4. Webera Webera corymbosa 
5. Karotai Leea sa'mbucina 
6. Mundachekke Pandanus tectorius 

, 7·. Grasses of different $pedes. 
8. Creepers 
9, Kolakachi 

10. Upparanti Macaranga roxburghii 
11. Taggi Clerodendron infortunatum 
12. Tagadate Ca!licarpa lanata 
13; Maleangara Lap.ortea crenula.ta (or nettle) 
14. Koova/i Clinegyna virgates 
15. Nettipai · Arenga wightii 
16. Kowri Helicteres isora ' 

All these species do not occur in every portion of the evergreen strip for ex..ample, 
Palaquium ellipticum, Evodia, Poeciloneuron etc., are absent in the extreme north, while 
Caloplzyllum tomentosum is very common in Coorg area, Hopea parviflora is plentiful in 
South Kanara and portion~ of Coor~ · whil~ i~ is fo1,lnd here and there in :patches in North 
J(anara, 
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The Progress of Natural Regeneration 
This, of all the important tree species which dominate the top canopy, is generally 

adequate to replace the loss by natural death or uprooted by wind. Except in the very 
dar~ portions where little sunlight reaches the forest floor, the soil is generally covered with 
a IruXture of young growth of the tree species in all stages of development. which owing to 
the abundance of undergrowth, is not readily visible. Even at spots where owing to sudden 
influx of light, a host of fast growing and light demanding weeds are found crowned 
tog<:ther. Careful observation ~eveals underneath them a good number of seedlings and 
saplings of .the. larger t!ee species. In places "":here the canopy has been disturbed by 
forest expl01tat1on, promiscuous natural regenerahon comes up and replaces the light loving 
weeds which first set foot on the soil. 

A judiciously worked evergreen forest is, therefore, better regenerated by nature than 
one in its virgin state. In other words, it is only necessary to exploit an evergreen forest 
to obtain abundant natural regeneration. In the evergreen zone the problem is not one of 
obtaining but of securing and tending the regeneration of the right kind of the desired 
species. 

The evergreen forests of the State are formed out at four different units which have been 
integrated in the present State. Naturally the working of these evergreens in those four 
different units differed according to their prevailing circumstances. In North Kanara 
district of the erstwhile Bombay State no working was prescribed. During the second 
World War, however, a few of the species such asgarjan and poon along with some soft
woods were exploited to meet the war demands. In 1948, 100 garjan trees were removed to 
meet the requirements of the railways. At about the same time some more working was 
carried out along the western slopes of these Ghat forests. In the former case the gaps 
created were cleared and planted with species such as teak, Machilus macrantha, Artocarpus 
spp., Mangifera indica, etc. When these patches were inspected subsequently in 1955 it was 
observed that all these plants were completely smothered by profuse natural regeneration 
of garjan. Another area where poon was also exploited, young regeneration of the same 
was also coming up. This emboldened the officers and regular exploitation of poon and 
gar jan of 7' and up in girth was undertaken on an increasing scale since 1957. 

In the Agumbe forests of the old Mysore State exploitation of the species like Mesua, 
gar jan, poon and Vateria indica has been going on with a view to supply sleepers to railways. 

The exploitation of timber from the Ghat forests of Coorg was taken up from about 
1867. This was by issue of permits to the West Coast merchants and extraction was confined 
mostly to poon. A few other species were also in demand but to very small extent. Even 
though attempts were made to control the fellings, they were a failure. In 1916 working 
plan was drawn up. As per this working plan, forests were exploited on selection method 
and improvement fellings. The girth limit for felling fixed under this system was 6' in 
the case of ebony and 7' for all other saleable species. The area included in this working 
circle was 30,000 acres and the area. of the annual coupe was about 3,000 acres with an 
estimated outturn of 4! lakhs of cubic feet of timber for each coupe at the rate of 150 
cubic feet per acre. Blanks created by these fellings were dibbled with seeds of more valuable 
species and the results were successful. Bam~oo (Den_droca/amus brandisii and Dend;o
calamus giganteus) were also planted along the nver margms. In 1920 and 1924 regenerat~on 
fellings in a valley was done. Fellings were also done in this valley from 1926 onwards which 
were stopped in 1929 as per the resolution of the Third Silvicultural Conference held at 
Debra Dun. The fellings of evergreen forests were ag.ain t~k<:n up in 1934 and all mar~etable 
timber above 4' girth at B.H. were felled. The gtrth hmit subsequently was raised to 
6' in 1936 except for Palaquium e/liptcium and poon for which girth of 4!' w~s fixed. This 
system continued till 1938. In 1938 another working plan was drawn up covenng an area of 
32,000 acres by Mr. Van Haeften. This had two working circles (1~ Irregular shelter 
wood system in which all s~leable timber above 4!' was felled. The yield was regula~ed 
by area. Tending operation in third and sixth year was taken up. (2) Th~ other Worki!lg 
Circle was of selection working. This working circle prescribed the felhng of !ill species 
of 6' and above girth except pali and poon: This J!!et~od was followed by tendmg opera
tion in the 3rd and 6th year and regeneratiOn by dibbling seeds of more valuable species. 

Cardamom was also cultivated in these forests by both 'Plot method' and 'Plantation 
method' by giving certain areas on lease. 

REFERENCES 
Sescbachar, C. (1941)-Meteoro}ogy in Mysore. 
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The evergreen forests are distributed all over the State of Kerala and are· confined 
mostly up to 4,500 feet ~levation on the Western Ghats. A major _Part of these forests may 
be class~d as the. tro~Ical wet e':"ergreens.: At lower elevatiOns, however, this type 
merges Imperceptibly mto the tropical semi-evergreen forests, which is an intermediate 
type between the wet evergreen and the moist deciduous forests. Exact delimitation 
of wet evergreens is rather difficult because very often the patches groups of moist de
ciduous forests are interspersed. At higher elevations the wet evergreens merge into so 
called shola . or stunted evergreens. They may also be designated as high range 
shola ·evergreens~ Shola forests ",in turn pass ·on to montane grassy lands . .- Roughly 
speaking, about 900 square miles of the reserved forests of the State are evergreens. 
Some of the evergreens have been retrogressed due to bioti<:; influence like shifting culti
vation, burning, cutting, etc. This is patently visible in some of the badly degraded private 
forests and areas opened out for cultivatio·n. · 

Site. Factors 
· A. Rock and Soil-The nature of rock and soil varies considerably from place ,to place. 

The underlying rock formation consists mainly of gneiss of granitic nature and at places 
has. produced laterite. The gneiss is often composed offelspar, quartz and mica. . 

The soil of the lower slopes and ya.lleys is considerably deeper ·and finer in ·texture. 
Typical soil in such situations is dark-coloured loam with a good mixture of sand. Alluvial 
soils are usually deep and rich, particularly along the water courses. Over the crest of the 
main· ghats and ridges, the soil is usually shallow, rocky and poor. 

The deposition of humus in these forests is usually of appreciable depth which often 
inhibits the establishment of regeneration. The absence of fires and sunlight coupled with 
high humidity and heavy rainfall usually keeps the forest floor moist. The type i~ relative- · 
ly little governed by the kind of rock and soil on which it occurs having evolved a system of 
living largely on the products of its own decay. But the condition of the soil, in as mucq as 
it~ capacity to retain moisture, considerably influences the i.ype of forests it supports. This 
explains to some extent the occurrence of a mosaic of evergreen, semi-evergreen and 
deciduous forests. · 

A few representative soils in which evergreens and seeds grow, have been analysed by 
the· Agricultural Chemist, Vellayani, Trivandrum. The samples were taken from two im
·portant evergreen areas in the State-Malayattur and Thenmalai divisions. 

Sample I. Malayattur Reserve. 
Sample 2 Sendurney N.R. 
Sample 3 Sendurney S.R. 
Sample 4 Sang~Ii Reserve .. 

Sl 
1 .. N 
2. Avaitable P20s Phosphoric acid 

0.187% 
0.001% 
0:019% 
4.6 
0.39 

S2 · 
0.109% 
0.001% 
0.026% 
5.5 
0.12 

3. Available Potash K 20 
4. pH 
5. Conductivity 

S3 
·o.o70% 
0.001% 
0.008% 
5.6 
0.16 

S4 
0.130% 
0.001% 
0.027% 
5.2 
0.60 

The above data indicate~ that the wet tropical soils are acidic to a large extent. 

B. Climate. . 
(a) Temperature and Humidity-The mean annual temperature fluctuates between 

70·F to 90·F, mostly depending on elevation. The warmest months are February to 
May. Humidity per cent does. not fall below 80 and during monsoon months it reaches 
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saturat-ion point. Winter season ~~es not occur though the nights in December anci Jamiary 
may be fairly cool an~ may precipitate. . . 

(b) .Rainfall-The major of the annual precipitation is received from ~he. south-west 
monsoons during the months of June to August. The nort~"east retreatm~ monsoons 
bring light showers· <;lurif!-g ~ctober an~ November ... T_he average annual ,ramfall r!lnges 
between 120" to 150", while m places hke Anamudi ISlt recorded as 380. There ts no 
prolonged drought. · · 

(c) Natw:at successit?n-The un~isturbed. everg~ee_n fore~ts ~ann a climatic climax 
in the ecological succession. Intens~ve worl9-ng, sh1~tmg cult1vat10n and repeated fires, 
have at places, resulted in the fo~matwn of retrogresswnal types. These types are charac
terised by tall grasses, Eupatonum, reeds, etc. 

I 

Depending upon the degree of dis~urbance caused the retrogressional stages are ~ery 
varied. · This variation is further complicated by the developmel}t of ~econdary successwn. 
These changes are noticeable in abandoned old es.tates and the mtensively worked forests. 
On the abandon~d sites grasses are .the first to invade. an~ they are foll<;>wed by ferns, gr~~nd 
orchids and Eup(ltorium. These are followed by species hke Wendla:zdta, M oesa, Gloc~tdwn, 
Hypericum, Symplocos ·etc. which form a sort of canopy under whi_ch further successwn of 
speci~s like Achronychia, Elaeocarpus, Meliosma, Li~sa~a, ()_lea, f:mocera. etc.-, takes place. 
This gives way finally to any of the evergreen assoctatwns m which species like Calophyl
lum elatum, Mesuaferrea, Cullenia excelsa etc., may dominate. 

In the heavily worked sh.olas like those of the private forests where almost all saleable 
species are ruthlessly extracted, the cleared area is first invaded by weeds and is followed up 
in the course of few years by fast growing species like Lee a, Trema, M acaranga etc. Under 
the shade of these species, evergreen plants like Calophyllum, Artocarpus hirsuta, Mesua, 
Palaquium etc., come up. Where the depletion -of stock is gradual in a series of years, the 
conditions caused favour growth of Macaranga, Leea, Cardamom, etc. These continuing 
partial cuttings also facilitate . the natural regeneration of species like Palaq~Jium, owing to 
the availability of light. · · . . 

Even under the selection system, if the gaps opened out are large and numerous, 
profuse regeneration of Palaquium appears. If these fellings are, however, light say causing 
removal of about 3 trees to an acre, the size of gaps formed varies from 40' X 30' to 1 00' x 60'. 
In the former type of gaps, reproduction of Mesua and Palaquium establishes very well. In 
large-sized gaps, _.weed competition is too heavy and only inferior species like Macaranga, 
Laportea, Leea, grasses etc. appear, u:(lless cultural ()perations are carried out to favour the 
economica1ly important species. In such gaps, however, artificial regeneration can be tried 
and has come out very successfully with Hopea at Shendurne. · .. 

The incidence of fire plays a very important role in diverting the course of succession. 
In places where reeds already exist, recolonisation after deforestation is by Macaranga 
peltata and reeds. These two species come up simultaneously but· due to the fast growing 
nature of Macaranga, it takes a lead. The colonising behaviour of reeds' is also doubted 
because _they flower once in 20 years. Extensive colonisation, therefore, can occur only 
at long mtervaJs. · In . places where reeds established the chances of regeneration of the 
evergreen. species are very remote. · 

Ecological status 
Out o~ the three types of evergreen forests mentioned the Tropical Moist Evergreens 

an~ _the HI&h ~ange Sho?a Evergreens are the climatic climax. . But biotic factors like 
shiftmg cultivatiOn, excessive fellings; opening of estates etc., have modified the characteristic 
appearance at several places. In virgin evergreen forests only occasionally a few asso
ciations are met with in which only one or two species dominate.. . · . 

In t~s connection, it ~~ n~t out of place to discu~s the association of reeds ( Ochlandra 
t~avanconca and 0. rheedu) With evergreens, Champwn has suggested that such associa
tiOns should_ be. co~sidered a~ edaphic variants only, such as E. 9-South Wet Bamboo 
brakes. This view Is-unquestwnable so far as the occurrence of Ochlandra rheedii is con
c~rned: In the case of Ochlandra travancorica, two major local sub-types are met with, 
vzz. (I) almost _Pure patches with scattered or no overhead trees and (ii) reeds existing as 
an understorey m. evergreens. The first type of areas are usually more accessible and 
consequently ~eavtly worked. Th~y are subject to ~evere fires which kill regeneration of 
ev~rgeen species. H~wever, the rhizomes escape this damage and resprout during heavy 
rams. This s~b-type IS, theref?re, conditioned with biotic influences. In the second type or areas, which are mostly maccessible lofty scattered trees of Calophyllum and Poe
ct!oneuron occur. The age of these trees may be easily reckoned as 100 or 150 years and 
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during this _period the reeds must have flowered at least four or five times. Since the 
flowering cycle of reeds is about 20 years and the big and heavy tree seeds are incapable 
of dispersion to any great distance, the reeds are perpetuating as a stable undergrowth for 
long time, Fires are unknown in these tracts but the thick reed growth inhibits multiplicity 
of tree species. The sporadic nature of tree is~ therefore, maintained._ This type is emi-'
nently conditioned with edaphic influences. The soil is :tn:ore suitable for the perpetuation 
of reeds. 
Composition of the Crop 

The Moist Tropical Evergreen forests ot' Kerala State ma:y be b-roadly divided into 
three main types ~ 

(A) 1 a C2 
(B) 2 a C2 
(C) 7 a 

Western Tropical Evergreen, 
West Coast Tropical Semi-Evergreen, 
High Range· Shola Evergreen (Montane Wet s~b-ttopical forest)• 

(A) The majority of the evergreen forests of the State fall within the rrtam type o( 
Western Tropical Evergreens-. These forests are characterised by a luxuriant growth: of 
evergeen trees of different sizes and shapes arranged in several tiers of storeys. Though 
distinct stratification of crowns is not marked three tiers may be conveniently distirigtlished. 

The trees- of the dominant storey or top canopy attain a· height of hundred to· hundred 
and fifty feet with a clean cylindrical' bole of about 80 to 90 feet. ·The constituent species 
ar.e A(:rocarpus fraxinifolius, Aglaia roxburghiana, Ailanthusmalabarica, Anacolosadensiflora, 
Antiaris toxicaria, Artocarpus hlrsuta, Bischojia javanica, Calophyllum tomentosum, Cttrallia 
integerrima, Cedrela toona, Cullenia excelsa~ Diptero carpus bourdillonii, D'ipterocarpus 
indicus, Diospyros assimilis, Dysoxylum malabaricum, Elaeocarpus tuberculatus, Eugen'ia 
arnottiana, Eugenia chavatan, Eugeniajambolana, Filicium decipiens, H<?pea parvi.flora, 
Hopea racophloea, Lophopetalum wightianum, Machilus macrarttha, Mang'ifera indica~ 
Mesua ferrea, Myristica attenuata, Myristica· malabdrica, Palaquiurrt ellipticum, Polyalthkz 
fragrans, Pierospermum reticulatum~ Pterospermum· rubtginosum; Sterculia alata; Tetrairteles 
nudiflora and Vateria indica. 

Tlie chief· species of tlie lower canopy of second storey are Achronychid laurifolia, 
Actinodaplinefiookeri; Amoora rohituka, Aporosa lindleyana, Baccaurea couttallensis~ Bocagea 
datzelli, Canarium· strictum, Cinnamomum zeylancium, Diospyt'os. microphylla, Elaeocarpus 
serratus, Evodia· roxburghiana, Ficus spp., Garcinia morella, Holigarna arnottiana,. Hoped 
glabr.a, Hydnocarpus wightiana, Litsaea spp., Macaranga roxburghii, Mallotus· philippiensis, 
Memecylon edule, Mimusops ehmgi, Myristica beddomei, Nephelfum longana, Pithecolobiuni_ 
bigeminum, Pygeum wightkmum, Vernonia travancorica, Xantlwphyllum flavescens and 
Zanthoxylum rhetsa. 
· The· tliird' storey consists mostly of shrubby species such as' Euonymu$ angulatus, 

A'grostistachys indica, A. longifolia, Eugenia munroii, E. loeta, Paramignya armata,· Sauro pus 
albicans; Leea· sambucina; Saprosma fragrans, Webeni sp., Clerodendroh' infortunatum; 
Macaranga· roxburghii, Strobilimthes' sp., Laportea cretzulata, Olea dioca~ Linocera mala· 
barica, Callicarpa lanata, Pavetta zeylanica, Vernonia arborea; Lepisartthes de.ficiens; · Turpinia 
malabarica; Orophea uni.flora; A'pama siliquosa, Sarcococca·brevifolia and Croton scabiosus~ 

The ground flora consists of cardamom, Curcuma, Strobilanthes, Sdaginella etc. 

Species of Calamus, Pand,anus, Pinanga reeds ~tc., are often met with. CHrri.bers ar~ abtiil
dbnt, mainly of"Entada-scandens, Dioscorea sp:, Derris~ Smilax mact'ophylla, etc. Epqfhytes 
are· numerous· mosses- ferns Orchids and licliens:occuntlmost'everywhere: Buttressed base 
of'trunks are·~onspicu~us in ;pecies like · Tettam"eles, £oph'opetalun, Pbecilorteuton,. Cullenia 
etc; Cauliflory and brilliantly colouredjuvenile foliage are striking and' atti.•active features·. of 
the evergreen forests; the innumerable leaches and the· 'Elephant nettle' ate equally' repulslve 
and one' cannot fail to have: acquaintance with the·se in an evetgteen forest·. 

Sri ;T. V. Venkateswara · Iyer· distinguished 8 sub-types· in this m:ain type~ 
1 '. The· Cullimia~Palaquium association; 
2: The. PO.Zaquium·Mesua association, 
3; The Poeciloneuron-Palaquium association, 
4: The-: Mesua-Calophyllum; association,: 
5: The· Vateria-Cullenia association, 
6'. The' Mesua::.Citllenia · association, . 

. 7: The R'eed-Calophyllum. association, and 
8. The. Reecf:·Poeciloneuron. association·, 
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(B) C2 West Coast ·Tropical Semi-Evergreen fon;~t.-SeJ:?i-Evergr~en forest:> lie as a 
transitional zone between the Wet Evergreen and Mq~st Deciduous forests. The average 
rainfall may be taken as 80" to 100", though-at places it may be more. These Semi~Ever; 
green forests may occur from plains upto an elevation of over 3000'. The status of the 
Semi-Evergreen cannot be_precisely defined. They are probably the second~ry seral 
stages towards an evergreen climax. . 

The general floristics of the type are as follows: 

ToP CANOPY : Adina cordifolia, Anthocephalus cadamba, Artocarpus hirsuta, Calophyllum 
· tomentosum, Cedrela toona, Eugenia chavaraf}, Eugenia jambolana, Holoptelea integrifo/ia, 
Hopea parviflora, Lagerstroemia lanceolata, Lagerstroemia jlos-reginae, Mangifera indica, 
Melia dubia, Miliusa velutina, Mitragyna parvi.flora, Polyalthia fragrans, Pterospermum 
reticulatum, Pterospermum rubiginosum, Spondias mangifera, Sterculia a[ata, T~rminalia 
paniculata, Tetrameles nudiflora, Vateria indica, Vitex altissima. . 

' LoWER CANOPY : Anacolosa de'nsiflora, Aporosa lindleyana, Baccaurea courtallenst 
Bocagea dalzellii, Canarium strictum, Cinnamomum zeylanicum, Evodia roxburghiana, Mallotus 
philippensis, Pygeum wightianum, Xanthophyllum jlavescens. 

BAMBOOS AND REEDS : Bambusa arundinacea is the commonest bamboo. Ochlandra tra
vancorica occurs in large patches in certain localities, espcially in areas subjected to shifting 
cultivation. · 

UNDERGROWTH ; Antidesma diandrum, Calamus rotang, Calamus travancoricus, Clero
dendron infortunatum, Clausena wildenovii, Croton malabaricum, Eleagnus latifolia, Glycosmis 
pentaphylla, lxora notoniana, Leea sambucina, Limonia acidissima, Murraya exotica, Strobilan-
thes sp., etc. · 

CLIMBERS : Entada scandens, Spatholobus roxburghii, Dioscorea spp. etc. 

(C) High Range shola Evergreens (Montane Wet Subtropical.Evergreens).-This type 
of forest occurs on elevation of over 4500' in sheltered valleys. The exposed ·situations 
carry only grass formations. The rainfall varies from 75" to over 300". The climate in 
general is-temperate. The general 'appearance of these forests is distinctly different.from 
the Wet-Evergreen forests. Size of. the trees does not exceed 80 ft. Boles are short an(,} 
branchy and copiously covered with mosses, ferns, lichens and epiphytes. Canopy differ
entiation in various tiers is not possible. Floristic composition is as follows : 

THE TOP ANn LOWER CANOPIES : The chief species ~re Actinodaphne hookeri, Alseodaphne 
semecarpifolia Bauhinia racemosa, Clausena sp;, Cinnamomum sulphuratum, C. wightii, C. 
zeylanicum, Daphniphyllum glaucescens, Eugenia cirnottiana, Eugenia gardneri, Eurya 
japonica, Euonymus sp., Ficus sp., Humboldtia sp., Ixora sp., !lex denticulata, Litsaea spp., 
Neolitsaea sp., Meliosma wightii, Michelia sp., Nothopegia dalzelli, Photinia notoniana and 
Rhododendron arboreum, · 

Lower down species like Beilschmiedia wightii, /)iospyros sp., Elaeocarpus sp., Myristica 
sp., Nephelium longa.na, Xanthophyllum sp., etc. also occur. . ' 

UNDERGROWTH : (i) Arundinaria wightiana and Teinostachyum beddomei are common, 
of which the former is more conspicuous. · 

(ii) Ardisia, Ligustrum, Rhamnus, Strobilanthes, Viburnum etc. · 

fi 
(iii) (In the open) Berberis nepalensis, Dodonaea viscosa, Eupatorium sp., Gaultheria 

ragrantissima, Hypericum sp. · 

CLIMBERS : Rosa sp., Clematis, Rubus, Elaeagnus latifolia. 

. Several species of Strobilanthes forming extensi~e thickets of undergrowth are often met 
With. 

The occurr~nce of thi~ type has not been mentioned specially in the Ch~mpion's types 
and so a c<?nve01ent name IS given as the Hig~ Range Shola Evergreens. 

Silviculture and Management 
. {a) Seeding .habits .of pri~cipal species.-Though the leafing, flowering and fruiting 

habits of tJw mam species v,anes to some extent, generally speaking it may be said that the 
leaf-sheddmg com~enc.es WJ~h the approach ofwinter,flowering is conspicuous from January 
to March and seedu~g ts m~mly during May to June. Every year may not be a good seed 
year for all the spectes. In the case of so~e species like Dysoxylum malabaricum, seeding 
I~ ~elayed to as late as Aug';lst. The frUits on the whole are heavy and the dispersion i~ 
hmited. U~ually bats and buds help in the dispersal of s~eds to lonGer distances 
M5Dcptt. of Agrt./61-16 · · , ' 

I 
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Growth habfts.'-;-Most of .the -see~s fall at a time when there is sufficient moisture and 
they st~rt ~ermmatmg as soon as they reach the ground. Considerable quantities of seeds 
of species like Mesua .a_re destroyed by rats, :porcupine, mouse, deer, squirrels etc. But 
under favourable conditions natural regeneration of inost of the species comes up ade
quately,. J?ense unde;growth m~y be inimical.f~r th~ establishment and growth of seedlings. 
In species hke Palaquzum, Vatena etc. the germmation might commence even when the 
fruits are still on the trees. ' . · · . 

·. TJle ·natural regeneration' of the .most· important· species comes up easily. But their 
estabhsh~ent and development IS mamly decided by the amount of. overhead light, they get. 
The s~edhngs ~ave to compete for l~ght and s~ace and t~e roots struggle a good deal to reach 
the mmeral sod. Of course, there IS no paucity of mOisture. But when the moisture is in 
~xcess, e.g., ~urin~ themon~oon months, t~e seeds falling on.the ground do not germinate or 
1f they germmate, make little ~rogress, till the wettest penod is over. In case of Mesua, 
·seeds fall before the monsoon, m May or June but they commonly do not germinate till 
September and Palaquium drops its seeds during the. monsoon and they germinate immediate
ly, though the seedlings make little progress till the· wet weather is over. Under favour
able conditions most of the · seedlings after germination, get an initial establishment. 
Establishment . process is hindered in localities where gaps are not created in the overhead 
canopy to admit-light on forest floor. If the openings are inordinately large the forest 
floor is swamped with grasses and weeds, inimical to the existence of tree seedlings. 
Qnly a judicial and careful working of evergreens is, therefore, essential to obtain ade
quate natural regeneration. Obtaining of recruitment must be supplemented with cultural 
operations to shorten the period of establishment Under natural condition established 
saplings are not noticeable. · 

The silvicultural requirements of the various important species vary considerably. 
Calophyllum· and Mesua a:re .tolerant to shade wheri young, while Palaquium is one of the 
strongest shade-bearers. Acrocarpus fraxinifolius is a strong light demander while Dysoxylum 
is only a moderate shade-bearer. Most of the seedlings are capable of persisting in shade for 
a considerably long period. But their further development,depends upon availability of 
light. The struggle for existence is the keenest when the seedlings ;ue young. A large 
'proportion of seedlings succumb during this struggle. . . 

On closer examination of some of the Wet Evergreen forests, it is seen that there is a 
general paucity. of established regeneration of the merchantable species while some species 
'like . Vateria, Hopea and Tetrameles regenerate profusely in gaps created under selection 
fellings. Contin~ed selection fellings also deplete the forest of merchantable species . 
. · Improvement works done for Natural Regeneration.-Various attempts have been made 
to manipulate the overhead canopies to achieve regeneration of species like Mesua, Calophyl
lum, Hopea, etc. The effect of removing the undergrowth and soil working before felling 
were also tried in the Chenat Nair Reserve. Usually regeneration comes up satisfactorily, 
but the proportion of the · best species is inadequate. Cultural operations of freeing the 
natural regeneration from competing weeds have always been fruitfuL Such intensive cul
tural operations, however, are not possible on a large scaly due to remoteness of the ever
greens and the usual unhealthy conditions prev~iling. Also, most of the evergreen species 
are not marketable. These facts have hitherto hindered the progress in obtaining natural 
regeneration in evergreen forests. · 

Artificial regenera~ion 
Artificial methods of regeneration have, also been tried since 1920 and the results are 

encouraging. Experiments on sowing of Hopea, Artocarpus, Marigifera and Palaquium were 
tried under different canopy conditions. Best results were obtained where the lower canopy 
was removed. Particularly, the sowings of Mesua and Calophyllum responded the best. 

Dibbling of seeds, transplanting of one year old s~edlings. of species like Mesua, Calo
phyllum, Hopea, Dysoxylum, Acrocarpus, etc. have g1ve!l fairly good resul~s. Consta~t 
weeding and tendin~ operations are of p~ra~~'!-mt 1mp~rtanc7. . Expenmental str!p 
planting was started m Shepdurney (Thenmala1 dlVlston). Stnps 11 wide are _cut one ch~m 
apart and along·the strip planting or dibbling at 11' along the centre of the st~IP was earned 
out. Species trie~ were mahoga!lY• Artocarpus; Dip.terocprpus and. Vatena. The Iat~er 
two species were tned where conditiOns were comparatiVely more mOist. Along the stnps 
all undergrowth and poles of inferior species were removed. · Mahogany came up well, 
but had a 'set-back · due to abandoning of cultural operations. 

Planting of Hopea seedlings in gaps created during selection fellings were also. tried at 
Shendurney. The results are hopeful. . .... 
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The old practice of gap rege.neration practised in. the Kannoth and Begur ranges of 

Wynaad division .included :plantmg of A!tocarpus hzrsu~a, Mesua,, Dysoxy[u1J1, Cedr~la, 
Hardwickia and J)iospyros 1n. prepared p1ts 6 feet apart 111 gaps 30 across and weedmg 
was done for two years. But there was heavy damage from wild animals like bison and so 
this practice was revise~ to planting in pits 12' ~ 12' after the removal of lower canopy 
trees and shrubs. Tendmg of natural .regeneratiOn was also attended to together w1th 
manipulation of canopy. 

In this connection special mention has to ma~e of the very successful artificial regenera
tion works with Hopea parviflora started by Tueman from 1921 onwards at Parappa 
(Wynaad division). Pits of varying size (4' x12"x10", 12"x12"x10" etc.) were prepared 
and dibbled with Hopea seeds. The patcbes were 27' x27', 13!' x 13!', 19' x 19' etc. 
Seeds were sown broadca~t in certain areas in 1923 and 1924 .. T~e results are very encourag
ing. Manipulation of cat;topy.was regularly done to a~m1~ hght and the pol~s develop
ed adequately. All interfenng trees except teak and Termmalza tomentosawere either felled 
or girdled. Some of the poles · have gro~n 20" to. 22" in ~irth and the top height is .a?out 
60'. The physiognomy of these forests IS more bke. semi-evergreen or some transitional 
stage of evergreens. ..- . 

· In the Palghat division restocking ~f larger gaps where natural regeneration was inade
quate, artificial introduction ?f Artocarpus, ~crocarpus, Dysoxyluf!Z and G_luta_ travancorica 
was prescribed. A suitable size of gaps which can regenerate satisfactonly IS about 200 
square yards and on successful completion of the operation they carry 12 to 15 established 
seedlings. · 

The general prescriptions for the artificial regeneration of evergreen forests of the 
erstwhile Travancore-Cochin State consist mainly in strip regeneration to be done on an 
experimental scale in smaller areas only 2 to 8 strips 11' wide and one chain apart (centre 
to centre) are cleared of all u,ndergrowth and understorey, retaining only advance growth of 
useful species. Germinating seeds of Dipterocarpus and Vateria may be dibbled, 11' 
apart along· the centre of the strip. Dibbling or transplanting of species like!Artocarpus, 
Machilus, Vateria, Glitta, Dysoxylum, mahogany, Canarium, etc. are preferred~.·· .Timely 
and frequent weedings and opening.of canopy are done according to requirements. 

In most cases the artificial regeneration operations in evergreens were either· neglected 
or not continued to be pursued due to reasons more than ·one. It was often difficult to 
follow the patc;hes, the areas were inaccessible and often the results were not proportionate 
to the pains or expenses involved. in the· operation. 

In this connection spe~ial mention must be made of the excellent regeneration works 
done in some of the private forests belonging to the Western India Plywood, Baliapatam 
(Tellicherry district). Six feet strips were cut 30' apart and broadcast sowing of seeds 
~f species like mango, Vateria, Artocarpus hirsuta etc., was tried after soil working. The area 
Is strictly protected·from fires and grazing. Necessary tending operations are carried out 
and the results are excellent. · · 

In recent years some of the semi-evergreen forests and even to a small extent low level 
evergreen forests have been clearfelled and planted up artificially with softwood species like 
Salmalia, Evodia, Ailanthus malabarica, Sterculia campanulata etc., under the -taungya system. 
The areas were burnt thoroughly and planted up. The plants have come up very well. 
· T)le usual silvicultural. system employed in the working of tpe evergreen forests is the 
Sel~choJ?- sys~em under which selection girth limits are fixed for removal. The girth limit 
vanes with different species-the usual girth limit being 6'"'to 8' and above. On an average 
about 3 mature trees 8;re expected to be available for felling per acre. The annual yield is 
!egulated on area basis. The rotation is tentatively fixed at 100 years and the felling cycle 
Is fixe.~ as 30 ye~rs. In a few cases when demand for a particular species like Vateria, 
Machz,us, Palaquzun~ etc., occurred some concentrated fellings were also done. 

Volume and Yield 
The rate of growth of most of the species in the evergreens are not completely known 

at present. Standard volume tables for most of the species are also not available. Local 
vol~me tables had been prepared for Mesua and Palaquium. The standing volume of timber 
vanes a go?d deal from I?lace toJ~lace. The enum~ration figtires for the clearfelling area 
of the. Shohar lake a!ea .giVe a utd.Isable vol1;1me eqUiv!llent to about 50 tons of timber per 
acre .. Of these, species hkePala_quzum, Vatena, Ma_chzlus, Lophopetalum and Canarium are 
supphed to the plywood factones and some others hke Vitex, Calophyllum, Artocarpus, Dy
soxylum and ¥esua a~e taken to Chalakudy depot,_and these together form about 30% of the 
bulk productiOn, while the rest of the spec1es hke Myristica, Cullenia, Garcinia etc., are 
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utilised for packing cases etc. The propo.rtion of species also varies with different iocaH
ties. . The yield of firewood is expected to be about 40 tons per acre. The yield from 
selection fellip.g areas may be safely taken as about 200 c.ft. of timber. 

Injuries and Protection 
At present there are no major injuries from ~hich the evergreens suffer. But there 

are varying in~ensi~ie~ ~f .damage from various sources that do damage to the evergreen 
forests. Of cbll)atic InJUries delayed ou~break of monsoon, strong westerly winds which · 
precede the southwest monsoon, long breaks in the monsoon etc., are important factors that 
do certain amount of damage to regeneration and sometimes to the tre_es also. 

. Tho~gh fires. on the whole are not a menace to these,forests, certain amount of damage 
from fire ts expenenced where heavy grass and reed growth occurs. These fires even though 
are light do considerable damage to regeneration and trees. 

Of the injurious plants, special mention must be made of Eupatorium odoratum and 
Lantana camara which come up when the canopy is opened. Eupatorium has become a real 
menace. Grasses, besides inviting fire prevent regeneration. Also. heavy growth· of 
Strobilanthes, Todda/ia etc., hinders regeneration. Damage from fungus is not severe. 
Many of the species like Vateria, Dipterocarpus, Palaquz'um etc., suffer from heart rot and 
become hollow when over-mature. This may be regarded only as an inescapable 
phenomenon. 

Among the insect pests, the larvae of a species of Phassus (on Gmelina, Trema etc.), 
Terias sythetana (on Acrocarpus) and grubs of Trypetid(onfruits and seeds of Dysoxylum) 
do some damage. 

A very serious damage was noticed on living trees of all girth classes belonging to both 
Mesua and Poeciloneuron by a Buprestidae borer Chrysochora sp. in the Nellia:mpathyrange 
(Trichur division). The trees apparently looked to be sound but when felled and converted
they were found to have very serious damage due to irregular and large galleries. In certain 
of the localities most o~ the trees of these species were seen attacked. 

Hum.an interference; especially in his attempt to establish estates and raise plantations 
has done considerable damage. Damage from elephants, bison and sambur are seen in some 
localities. · 

Research 
The experiments on artificial regeneration of evergreen species of economic importance 

reveal that most of them can be introduced successfully in the evergreens and semi
evergreens under different conditions of canopy and shade. In some cases even clearfelling 
followed by regular planting under taungya is found to be successful, particularly after 
burning. Growth and development of Calophyllum elatum, Gluta travancorica, Hopea, 
Artocarpus, Dipterocarpus indicus etc., were studied when planted in. shade and open con
ditions. E.P. 23 of Wynaad division was laid out to find out the- best method of inducing 
natural regeneration of Dysoxylum in evergreen forests. The indications are that clear
ing the undergrowth and soil worked with fork upto a depth of 5" to 6" give significantly 
the best results. Experiments were also laid out to study the best method of inducing 
natur~l regeneration of Hope a and the we.~ding technique to. be applied an~ the effect of 
heavy opening of the canopy over established and unestablished regeneration of Hopea. 
The indications are that : · 

(i) · clearing ~ndergrowth just after the seed fall considerably encourages natural 
regeneration. · 

(ii) Regular weedings 3 times a year till the seedlings reach the sapling stage is signifi-
cantly beneficial. . · 

(iii) removing the overwood over establish Hopea sapling and poles encourages rapid 
growth. · ,, · 

Experiments done to study the effect often ding natural regeneration of M e_sua indicate 
that the clearing of interfering growth is beneficial bot.h for the growth of seedbn;gs and for 
obtaining more recruitment. Results obtained in studies conducted on natural. r~generatwn 
of Palaquium ellipticum show that clearfelling the· top canopy-after ob~amm~ natural 
regeneration is considerably beneficial to the establishment and growth of this species. 

In the past, in the Chenat Nair Reserve-upper felling ~rea, the Creeper Plot, Fisc~er's 
Burn etc. many trials were made with Acrocarpus, Artocarpus, Hopea, Mesua, Palaqmum, 
CaJophyllum, Mangifera etc. Seeds, seedlings (natural and nursery grown), stumps etc. were 
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used. ln the Fischer's Burn (Palaghat division) an a~e~ pf ~·acres was pianted in 
September 1920 with natural seedlings of ~alaquiun: and dibbled Wlth seeds ~f Dyso:xy~ttm 
without success. It was then burned and dibbled with seeds _of Hopea, Vat_erza •. Palaql(mm 
and Artocarpus at 6' x 6' in June 1921 and 1922, under c~ttmgs of ~rythrmr;~ /lt~osperma_. 
On failure of these, repeated attempts were made in successive -years With species hke Termz-. 
nalia tomentosa. Artocarpus hir~utq, Vateria, Hopea, et~ .• w~thout sq<;cess~ Howev~r the 
area has no.w regenerated natvrally with Ac·r· ocflrP1-ts fra::xinifolilJ~. In other, ~reas _pl~nt
ing was mostly done( in gaps. In most cases the sl)cc~ss ~vas not commensurate WI~h ~he 
expenses and efforts involved. · Bl,lt tending of regen~r~tiOn, both n~tural and artificial, 
was in most cases essential. Main trend "in present day re~earc~ IS centr~d OI?- study 
of growth arid development of impo:rhtnt eveq~reen spepes hke Vaterza, Azlanth_us 
malabarica. and such oth¢r softwoods introdtJc~d on plantatiOn scftle. Dendrology, dis
tribution and development of species are studied on th.e ~inefl,r Tre~ Jncrement Plots. 

Future Research 
Since most of the species that are available from the evergr~en~ are used .at presen! i?

one way or other and since the demand on the evergreen species IS on the m~r~as~, It IS 
likely that more attent~on will be concentrated on evergreen forests and the 1,1tihsat10n of 
the various types of timbers that are available from these forests. · 

Future research may ·be based on tJu, foll~:>wing lines :-
1. Dendrology and Ecology.""'"""Identification and classification of th¢ eyergreen species is 

necessary. The ecological associations related to elevation and moisture. conditions should 
be studied. So also studies on the naturl;tl succession in evergreen forest~ after clearfelling, 
heavy fellings and light fellings sbpuld be undertaken. The relation of natural regeneration 
to openings, soil condition ancl moisture·are to be studied more closely. The progress of 
evergreen species in predominaQtly reed areas is an interesting aspect of study. , 

2. Silviculture.-Regeneration surveys _should be conducted and. the seeding habits and 
the nursery technique of the major specie,s 'be studied in greater detail. . 

The effects of selection fellmgs and tendings on Jhe recr:uitment and establishment of 
the main species sbo1,11d be tmo~rtalcen. Investigations life to be conducted with· -regard to 
the primary operations that are required prior to fellings to get regeneration either naturally 
or by artificial means. · Varieus methods to get natural regeneration and the .effect of sow.ing, 

. dibbling etc., und~r varieu.s conditions of removal of :the undergrowth and upper canopy 
layers, with and without soil working are items to he experimented upon. An important 
item of experiment to .be .unq~r~aken jn this coP,nection is th~.r~xp.oval of :the subsidiary 
species of the middle and ;low~r caMpy ;by' way pf an improvement felling to be done two 
or three years prior to the main J~llings arovrid th~ probable gaps t);lat .may be caused by 
selection fellings and also around the mother trees selected. Tending of regeneration includ
ing thinnings ~re to be :investigated. ·-The possibilities of increasing the. number of valuable 
species in the stand are to be explored. · · 

. The l?ossibility ?f dearfel~ng ·evergreens and planting them up with important species 
hk~ Vatena, Palaqwu_m, Mach•?us, Calophyllum, Hopea etc., are to be experimented upon. 
This may_ be done With and w.Ithout taungya. The help of cover crops like Tephrosia may 
also be tned. , 

Protection 
. Further study on the ~ause of and rem~dial measures for tbe attack of the various insects 

mamly that of the Buprest1dae larvae on M e~ua·and Pof!ciloneuron are to be undertaken. The 
damage cause~ by fires on evergreens especlally on regeneration have to be studied. 

Mensuration , 
More of continuous Inventory P~ots and. Evergreens Arboreta are to be laid out. The 

~owth an~ mcreme11:t rates of the maJor species should be studied both in the natural condi
tiOns and m plantatiOns. 

Standard timber volume tables are to be compiled for the major commercial species. 

Utilisation 
. The possibility of converting thes~ heterogeno~s evergreen forests in suitable localities 
mto almost _P.ure st~nd of valuable species seems feasible. If such a change becomes possible 
large quaptlt~es of timber from these evergreen forests will be available. At present excluding 
few specie~ b~e firtocarpus, Hopea~ Vat.eria, Palaquium, Machi!us, Mesua etc., the demand 
for others 1s limited. Most of t~e mfenor species are utilised for packing cases. But with 
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hlore of research on the properties and uses of the evergreen species and the possibilities 
of seasoning aJ;ld preservation of these timbers it is quite likely that many of these so-called 
inferior species will find more uses into which they can be put to.. The us~ of these species 
for manufacture of pulp is an item of research that should be taken up without any further 
delay. · 

· However, the future working of these evergreens has to be guided by an extreme_sense of 
caution and discretion because these forests are very important in consolidati'otl of soil, 
conservation of moisture and protection of catchment areas. No effort should be spared "to 
preserve . for the future generation adequate areas of this culmination of Natures' plant 
creation, the Tropical rain forest." The aim of future management of these forests, while 
taking all aspects· of natural and artificial methods of regeneration into account, should 
particularly consider the climax status of the evergreens and all the effects of altering into 
ecological status by biotic interference. · · . · · 
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THE EVERGREEN FORESTS· OF KERALA 

BY K. KruSHNA MOORTHY, 

Conservator of Forests, Kerala State 

. Champiqn in his monumental work on .the clas~ificat~on of th~ For~st Typ~s of India 
has included the evergreen forests as one of the six mai_!l formati_ons IJ?.to w~I~h he, has 
divided the forests . of India. The southern form of this formation either m Its chmax 
form or in one or the other of its seral, edaphic or altitudinal variants is found more or 
less throughout the length of Kerala from Kasargode to Neyyattinkara wherever it has 
escaped -the twin evils of fire and shifting cultivation. 

·The fact that this type of forests probably · ~xtended throughout Kerala ~tone time 
is indicated by the floristic composition . ofsome of the an~ient '~Ka~us" which ar~ still 
extant in the compounds of some olc,l famlly.ho~se~ and c~ntam species hke H?pea parviflora, 
Diospyros microphylla, Lophopetalum wzghtzqnum, c_mnamomum zeylamcum, Aporosa 
lindleyana etc. which are not found elsewhere m the neighbour~oo~ al}d have to be l?o.k_ed 
for in the evergreen patches of the reserve forests nearby. This Indicates the possibility 
of the "Kavus" being. the remnants of the old forests which being strictly prot~cted and 
preserved have remained unchanged r:etaining their old fl~ristiC composition. 

The climax form of this formation .·.represents. at lts best, the highest development 
that can be attained by v~getation under conditions most fayourable for·its growth, viz., the 
Tropical Rain Forests. · 

I • ' • 

The southern form of this type .(Tropical Rain forests) in India is a closed forest of a 
hundred fifty feet or more in height_ consisting of several stories of which two, three or more 
consist of trees of different heights. while shrubs form an understorey under the lower 
most tier of trees and the grourid contains a cover of Scitaminaceous herbs like wild ginger, 
turmeric, arrow-root, A lpinia or some species of Strobilanthes or some aroid but 
never of grass. Lianes are abundant, epiphytic orchids are common. Instead of the 
handful of species met with in the deciduous forests there is a ·bewildering variety of species 
including several species of palms like Pinanga dicksoni, Arenga wightii, Caryota urens, as 
well as the troublesome canes (Calamus sp.) which abound in the more moist hollows. 
The tree trunks and the rocks on the forest floor are covered by lichens. and ofteJl moss, 
while species of ferns like Lycopodium, Adiantum and Selaginella are common among • 
the ground vegetation. Most· of the trees have thin bark and large entire leaves which 
are dark and thick. Trees with finely divided leaves are comparatively few. Many of 
the trees have well developed plank buttresses which sometimes go upto a height of fifteen 
feet or more of the stem forming huge partitioned stalls at the bases of the trees each one of 
them easily capable of accommodating a full grown elephant. The whole appearance of this 
lofty forest with tall clean boles of sixty feet or more is dark, gloomy, sombre and awe-
inspiring in the extreme. · · 

Floristic Composition 

As already mentioned floristic composition varies 'very much on account of the 
ext~emely la~ge number of species of which the mature forest consists. At its best gre
gar:ousness IS absent and the number of species comprising it may number 200 or more of 
which almost half the number may form the two tiers at . the top·.. It is a remarkable 
feat1;1re t~at ·the tallest trees in· most places . are trees of deciduous 
sp~cies wh1cll are the regu)ar inhabitants, of this type ·of forests except where 
Drpterocarpus are present. . · 

The typical composition of one such forest is given below :~ 
I. Diptero~arf!uS indicus (0), Hardwickia pinnata (0), Hopea parviflora (A), Mangi

fera mdr~a ~0), Bqmb~x ma/abaricum (0), Eugenia sp. (C), Tetrameles nudiflora 
(0), An.tlarrs toxrc.ana (0), Artocarpus hirsuta (0), Dysoxylum malabaricum 
(0), Dwspy!·os. m.rcrophylla (0), Machilus macrantha (0), Bischofia javanica 
Cq), Vaterra mdrca (A), Chukrasia tabularis (R), Holigarna grahamii (0), 
Frcus sp .. {F), Elaeocarpus tuberculatus (0) Vitex altissima (0), Terminalia 

· travanconca (R). . · ' 
123 
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II. Myristlca laurifolia (F), Canarium strictum (0), Polyalthia fragrans (A) 
Bocagea . dalzelli (0~, Nephelium longana (A), Cinnamomum zeylanicum (A): 
Nothopegza .~ol~brookzana (R), f?~todes zeY_lanica (R),. Carallia Iucida (0), 
Pyge~m wzghtzan~m (0), Garczma cambogza (0), Actmodaphne hirsuta (A), 
Evod1a roxburghzana (0), Hydnocarpus a/pina (R), Canthium 
didymum (R), Chrysophyllum roxburghii (0), Zanthoxylum rhetsa 
(0), Baccaurea courtallensis (C). . 

III. Leea sambucina, Psychotria sp., Strobilanthes, Alpinia spp., Pinanga dicksonii 
. · Bracantia wallichii. · ' 

.III (a). Gnetuin scandens, Pothos scandens, Entada scandens, Calamus 'sp., Bauhinia 
vahlii, Wagatea sp. · 

IV. Lycopodium sp., Selaginella sp. 
(Note. -A=abundant, C=common, F=frequent, O=occasional, R=rare). 

. The ~oregoing example though a fairly typical one cannot by any means be expected 
to occur m a!llocalities; The extremely large number of species and their individual pre· 
ferences of sOil moisture and degree of acidity in the· soil introduce such great variations 
that no two localities are likely to have exactly the same floristic composition. However 
the species comprising the forests would be sure to consist of all or any. of the species given 
below as well as a host of ot11ers too numerous to mention :- · 

Anacolosa densiflora, Alstonia scholaris, Albizzia stipulata, Alseodaphne semecar
pifolia, Artocarpus integrifolia, A. lakoocha, A. chaplasha, Beilschmedia bourdil/onii, Cryptoca· 
reya sp., Neolitsea zeylanica, Actinodaphne sp., Litsaea sp., Cinnamomum sp., Myristica sp., 
Aglaia roxburghiana, A. canarana, Lansium anamalayanum, Cedrela toona, Amoora 
rohituka, Beddomea sp., Carapa moluccensis, Walsura piscida, Eugenia sp., Jambosa 
sp., Syzygium sp., Elaeocarpus tuberculatus, E. serratus, fJassia fulva, Palaquium elli
pticufr!, . Mimusops elengi, Chrysophyllum roxburghii, Sterculia alata, Pterospermum 
heyneanum, 'P: rubiginosum, Heritiera papilio, Garcinia sp., Mesua ferrea, Poeci/oneuron 
indicum, Calophyllum tomentosum, C. wightitmum, Hopea glabra, H. wightiana, H. 
racophloea, Vateria indica, · Vatica roxburghiana, Ormosia travancorica. 

Linocaeri malabarica, Ligustrum sp., Olea dioica, Stephegyne tubulosa, Ixora 
notoniana, lxora nigricans, Hymenodictyon obovatum, Gluta travancorica, Semecarpus 
travancorica, S. auriculata, Holigarna arnottiana, H. grahamii. H. beddomei, Spondias. 
mangifera, Filicium decipiens, Harpulia cupanoides, Sapindus laurifolius, Nephelium longana, 
N. stipulaceum, Achronychia laurifolia, Toddalia bilocularis, Zanthoxylum rhetsa, Evodia 
roxburghiana, Polyalthia fragrans, P. cerasoides, P. coffeoides, Goniothalamus 
Thwaitesii, Orophea zeylanica, Cyathocalyx heynii, Cyclostemon macrophyllus, Prosorus 

• indicus, Baccaurea courtallensis, Croton malabaricum, Putranjiva roxburghii, Glochidion 
sp., Gelonium sp., Ficus spp., Diospyros sp., Caryota urens, Arenga wightii, etc. 

Though the formation as. a whole is remarkably similar and uniform in appearance, t~e 
composition shows wide variations, certain species showing marked preference for certam 
types of terrain or situations and forming well marked associations. 

(a) Thus the Myristica magnifica and M. canarica a~d Diospyros embryopteris 
are characteristic of fresh water swamps at the bottom of some of the valleys in the forests ~f 
the Thenmala-Punalur and Trivandrum divisions.· This association consists almost exclusi
vely of Myristica magnifica and one or two other species of Myristica with a few Lagerst
roemia jlos-reginae, Eugenia montana, Dio~pyros embryopteris, etc. 

(b) Machilus macrantha, Lophopetalum wightianum, and Hopea parviflora are all 
found in moist localities. · 

(c) Bassia malabarica, Calophyllum wightianum, Hydnocarpus wigh_tianum and Hu_m
boldtia vahliana are characteristic of river banks while right in the middle and noddmg 
with the currentmay be found Homonoia ripariens. Occasionally Marringtonia racemosa 
may be found on the river banks with Pongamia glabra. -

(d) On rocky ravines_ which form water courses Arenga wightii is often found. 
(e) Lateritic -areas are favoured .by Hopea wightiana, Str~chnos nux·~omica, . .Jxort;z 

coccif)ea and Memecylon sp., Artocarpus hirsuta though quite at home m latentlc soil 
is commonly found along with Dysoxylum on the best soil. 

(f) Poeciloneuron indicilm, J(~phelium stlpulace_uf!l, !feri[iera PC:Pilio and PalaquiU?Jl 
e/lipticum appear to favour localities where the precipitatiOn IS particularly heavy as m 
Palaghat, Rajamalai, Ponmudi, etc. · 
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(g) On the other hand Filicium decipiens and Alseodaphne semecarpifolia are species 
which occur either on the main backbone of the ghats or more frequently on the eastern 
slopes of it or on the eastern edge of the plateau where the rainfall is considerably less than 
it is on the western edge. .. 

(h) Hopea parviflora which is fairly common but not gregarious lower down becomes 
markedly gregarious on land abandoned after clearing such as abandoned Tea and Coffee 
estates where crops of young poles may be met with growing so close together that elephants 
cannot pass between the stems. In fact Hopea_ parviflora and Poeci/oneuron indicum are 
the most gregarious among the evergreen species. 

(i) Acrocarpus fraxinifolius, Ca/ophyllum tomentosum and Hemicyclea elata are 
generally met with only above 1000' and very rarely below it. 

(j) In the southern parts of Kerala, . Polyalthia [ragrans which is ~ 
typical evergreen S_Pecies is ~ound .as a sor~ of post-c~1max ~nthe nver banks .w~ere the soil 
is of deep well-dramed alluvmm, m the midst of moist deciduous forests, . while m the north 
the place of this species is taken by another member of the Anonacae VIZ., Saccopetalum 
tomentosum. Both these species occur on land which is ideal for the growth of teak. 

Endemic Species · 
There are some species which occur only in the forests of Kerala and have not been 

reported as occurring elsewhere though allied species are said to occur in the Andamans, 
Burma and the Indo-Malayan region, which indicate the affinities of the flora of this region; 
though the giant Dipterocarps which are said to dominate the typical Indo-Malayan forests 
are not so much in evidence here and are altogether absent in some places. 

The species of greatest botanical, though not of economic interest, is Podocarpus 
latifolia (Bourdillon) · (neriifolia) found only near the Augusthiar peak as well as in the 
hills above Muthukuzhy Vayal (which has now been transferred to the Madras State) 
This species or one very closely allied to it is reported to occur in the Andamans as well 
as in Malaya. 

Gluta travancorica whose claret red timber is one, of the most ornamental woods in 
India occurs only in a small area on the Choorodemala and Ponmudi ridges and the slopes 
of the Augusthiar peak as well as the forest ofTinnevelly district:of Madras adjoining it 
and nowhere else but curiously enough Balanocarpus uti/is which is fairly common in 
the Tinnevelly forests adjoining the old Travancore State has not been found 
anywhere in our forests. 

Among other endemic species may be mentioned Bassia fulva, Hurriboldtia unijuga 
and Hopea racophloea. 

Status of the Forests 
The evergreen forests in any given locality may be climax, post-climax or seral. Its 

status can be known from its composition; though there is no difference observable exter
nally. The climax type can be distinguished by the very much larger number of species 
composing ~he forest, the marked absence of gregariousness and the presence in the top 
canopy of giant Dipterocarps and the absence of deciduous species in the topmost canopy. 

The presence of reeds in the lower most canopy is a sure indication of the seral nature 
of the f<?rest. Wherever t~ere is an o~eniD;~ made (due to whatever cause) reeds if at all 
present m th~ area oc~upy 1t and by their ab1hty to withstand partial shade and the extre
!fiely aggressive and VIgorous growth of their rhizomes rapidly-colonise and occupy the clear
mg and spread over the forests .w~erever th~re is some slight opening in the canopy. They 
form a rema~kably. stable as~ocm.t~on covermg vast areas which can11.ot be easily colonised 
by tre~ spec1es owmg to the mability of the seedling of most tree species either to reach 
the s_oil under the reed~ or to grow up through the dense cover of reeds and reach 
t~e hght. The resul~ IS that the reeds form an almost stable sub-climax sort of association 
till they flower and d1e. 

There is every reas.on to believe that the large areas of forest containing insolated 
mature evergree!l trees w1th reeds all round them as well as the vast reed areas adjoining the 
grassy tops of hill ranges are the result of such a retrogressive change originated by fire, 

M5Deptt. of Ag./61-17 



MYRISTICA SWAMPS IN THE EVERGREEN FORESTS OF TRA V ANCORE 

BY K. KRISHNA MOORTHY, 

Conservator of Forests, Qui/on Circle, Kera{a State 

In the ya~leys of the Sh~n~urn~y, ~ulathupuzh~ and Anchal ranges of Travancore 
(Kerala) a d1stmct. plant assoc!ati~n IS notlceabl~. It fnnges sluggish streams in flat bottom
ed valleys, the .altitude. of wht~h IS below 1000 . The whole area is subject to more or 
less complete mundat10n durmg the greater part of the year and certainly between the 
months of June and January. 

The . a~sociation forms a fairly dense forest yvith a completely closed canopy. There 
are no dtstmct storeys among the trees. The height of the forest is usually about 80' to 
100' and the trees have clean and comparatively slender boles. The whole association is 
evergreen in character and occurs in the midst of Tropical Evergreen Rain Forest. 

The ground is covered more or less completely by the looped "knee roots" which are 
very. s.imilar in appearance to those of the mangroves found growing in the saline marshes in 
mantlme areas. 

There is little doubt that the association is a stable one as long as the edaphic factors 
which are responsible for its origin and existence remain unchanged. 

The floristics of this association are as follows : 
I. Myristica mangifera (very frequent), Myristica laurifolia (occasional), Myristica 

canarica (frequent), Myristica malabarica (occasional), Lagerstroemia jlos-reginae 
(f), Lophopetalum wightianum, Anthocephalus cadamba, Eugenia montana, 
Carallia integerrima (occasional). 

II. Undergrowth is sparse and consists of certain aroids, and sedges growing gre
gariously where the ground is not covered with the "knee roots" and overhead 
light penetrates on the floor, as on the margins. On the edges of the swamp 
Humboldtia. vahliana, Machilus macrantha, Vateria indica, and Hopea parviflora 
(occasional) occur and Strobilanthes species occur as undergrowth along with 

. various Scitaminae. 

The tree composition of the association is remarkably constant and the predominant 
species is Myristica magnifica. Such variation as is observable in the composition of the 
association in different localities is only with regard to the frequency of the other species 
occurring on the outer edges of the swamp. · 

The association occurs in the midst of Tropical Evergreen Rain Forest. Thus 
the climate is warm, humid and equable without large variation either seasonal or diurnal 
With the temperature rarely reaching above 85°F in the shade even on the hottest day or 
below 70"F on the coldest night. Frost and drought being equally unknown, the condi
tions are ideal for the growth of vegetation helped as it is by a heavy rainfall or more than 
1 00" derived from both tne monsoons supplemented by occasional heavy thundershowers 
during the summer months. . 

The soil on which the association stands is alluvium brought down from the 
surrounding slopes and containing a large proporti~n of hum~fied s.an.d. Kaolin ~s met with 
at varying depths below the surface. The underlym~ rock IS gneissic (charnockite). 

Due to extremely humid conditions fires do not occur. Grazing is also excluded due 
to swampy nature of the terrain and abundance of knee-roots. 

Though Champion in his "Preliminary Survey of the Forest types of India" (pp.l08) 
has assigned the type of forest where this association occurs as IS/4 "Tropical valley 
Fresh water swamps" and described some of them, he does not seem to have been aware 
of the existence of this type of swamp with prominent knee roots of Myristica magnifica 
covering the greater part of the ground and givin~ it the appeara?ce of,~ ma~~ove form~: 
tion from a distance. It appears to be ap~ropnate to name this the Mymtrca swamp 
association and include it among others of this type. 
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The following points appear to be worth investigating :-.. 
(1) The distribution of this association 

(a) in the west coast; 
(b) elsewhere in India. 

(2) The factors which determine its occurrenc~. 

(3) The variations in the composition of the tree species forming the association in 
the different localities. . 

( 4) The influence of this association on the maintenance of stream flow and under-
ground water resources. · 

(5) Study of the succession leading to this type and determination of its status (whether 
it is seral or the climax). . . . 

It is rather unfortunate that most of these swamps have been destroyed due to the 
clamour for land for food production. · 

They can be easily converted into ideal paddy fields by felling the trees and uprooting 
and removing the roots and stumps. 

It remains to be seen how far these paddy fields will offset the serious depletion o:f ground 
water resources of which these swamps were evidently the reservoirs. 



Abstract 

-
l'HE .TROPICAL EVERGREEN FORESTS OF MADRAS STATE 

BY C. A. R. BHADRAN, 

Chief Conservaton of Forests, Madras 
AND T. ACHAYA, 

State Silviculturist, Madras 

General-The evergre~n ~orests of Madras State are small in extent. They cover an 
area of about 150 sq. miles m scattered patches. Some· patches are found even in areas 
70" minimum annual rainfall either due to favourable soil moisture conditions or favourable 
distribution of rainfall. A number of associations of species are recognisable. A charac
teristic feature of the forests is the total absence of the genus Dipterocarpus. 

Silviculture-Generally speaking natural regeneration of the principal timber species 
is plentiful but remains suppressed if timely canopy openings are not made. Also anum
ber of: attempts at artificial regeneration of useful species were made in the past. These 
trials were not planned systematically but have still given some useful'indications. 

Protection-Protection is of primary importance as they are catchment forests. 
Large scale clearance of such forests for the establishment of .tea, coffee, rubber and 
cinchona plantations has taken place in the past. Damage by wild game is noticeable. 

Management-Systematic exploitation was introduced in 1888 in parts ofTirunelveli 
district and since 1916 in Coimbatore district. In Madurai and parts of Tirunelveli 
district these forests are leased for cardamom cultivation. In Nilgiris district· they are 
being preserved to regulate moisture and stream flow. The methods of management 
followed are described. · 

Conclusion-In view of the heavy demand for timber a more intensive study and ex
ploitation of the evergre~n forests of the State is called for. 

General 
The evergreen forests of Madras State are small in extent and are situated in the 

districts of Coimbatore, Tirunelveli, Kanyakumari, Nilgiris and Madurai, mostly in 
scattered patches and at elevations between 2000' and 5000'. The total area covered 
by such. forests is only about 150 sq. miles. These forests occur on the eastern 
slopes of the Western Ghats and the easterly spurs off. the Western Ghats such as the 
Nilgiris, the Anama.mis etc. 

The average annual rainfall varies from 2000 m.m. to 5000 m.m. (80"-200"). At· 
places even in areas receiving only 70" of annual precipitation a post-climax moist ever
green type of vegetation has developed. These localities are the sheltered pockets with 

-favourable soil moisture throughout the year. In some places like Kanyakumari 
district, the insufficient rainfall is compensated by its better distribution during the year. 
Here rainfall occurs both from the S.W. and N.E. monsoons. The driest months are 
from January to May. Det~ils of rainfall at two typical stations collected over a ten-year 
perio~ are given below :- ', . 

Jan. Feb. March April May June 
Station I 0.50 0.61 2.15 5.03 9.17 25.33 
Station II 0.94 0.30 10.58 4.36 8.98 25.10 

July Aug. Sept. Oct. Nov. Dec. 
Station I 33.96 19.57 11.58 10.41 5.77 2.04 
Station II ) .. 33.·58 20.56 10.82 11.40 6.29 . 2.49 

The temperature varies from 70· to 90.F, April and May being the hottest months 
and December and January the coolest. In the Nilgiris and Madurai districts, frost is 
commonly experienced on the high level plateau during the months from November 
to February but do not affect the evergreen zone. 
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the underlying rock is gne~ss .belon~ng to the Archaean group.· The &neiss is of 
varying character, mostl~ gramtoid g~eisses,. often a pale. quartzo-felspathic banded 
rock containing narrow vei~s o.f ?lack mic~ and m~ercalated With numerous small pale red 
or pink garnets. The gneiss dismtegrates mto a ncb loam. 

The soils in these· areas are not subject to heavy erosion as thick vegetation comp
letely covers the ground. Any large seal~ cle~rings are, therefore, undesireable. The 
role of these forests in the catchment areas IS emment. 

While the locality factors as stated above are gener;;t.l~y obtainable in all the everg.reen 
forests of the State, the rainfall and temperature conditiOns, however, are very vanable 
even within short distances and from districf to district and this variation expresses itself 
in the floristic composition of the local moist evergreen forests. A description is, 
therefore, attempted here district by district. 

COIMBATORE DISTRICT 

The moist evergreen forests cover an area of about 10 sq. miles in the South West 
corner of the district in the Anamalais, an easterly spur off the Western Ghats. Besides 
large areas a few compact but isolated patches also occur in the Plakadavu, Ulandi and 
Mount St~art Blocks, the most accessible being Karianshola (3652 acres), close to the 
Topslip forest colony. In the l~tter, a post-climax type of wet evergreen vegetation is 
found though the annual rainfall is only about 70". Clements(!) has regarded this 
as post-climax and has described that "Under exceptionally favourable conditions of 
soil and situation, this development may actually appear to overshoot the climatic climax 
as commonly seen in the occurrence of evergreen types in sheltered fertile hollows in pre· 
dominantly deciduous types". 

The canopy is extremely dense and there is distinct differentiation into layers or 
tiers. Of the numerous species composing this type, the dominants attain heights of 1501 
feet or more. Some species, such as Poeciloneuron indicum, exhibit typical plank 
buttresses. Epiphytes are numerous, especially aroids, ferns, mosses and orchids. The 
chief species occurring in the top storey are Mesua ferrea, Poeciloneuron indicum, Palaquium 
ellipticum, Hopea parviflora, Cullenra excelsa, Calophyllum elatum, Vateria indica, Heritiera 
papilio, Aglaia roxburghiana, Dysoxylum malabaricum, Eugenia sp., Cedrela. toona, 
Artocarpus integrifolia, Bombax malabaricum, Canarium strictum, Polyalthia sp., Amoora 
canarana and species of Elaeocarpus. In the second storey Adenochlaena indica, Acronychia 
laurifolia, Cyclostemon macrophyllus, Gomphandra polymorpha, Lansium anamalayanum, 
Macranaga sp., Nephelium longanum and species of Litsaea and Myristica are prominent. 
The understorey is characferised by Laportea crenulata (the devils' nettle); Psychotria sp., 
Eugenia sp., Calamus sp., etc. Cardamoms reeds (in moist places) and several species 
of Strobilanthes are main shrubs. 

D~fferent local associations of the predominating species may· be noticed in the top· 
most tier. Three more or less distinct associations or sub-types may be distinguished :-

(i) The comparatively dry types ofTunacadavu and Ulandi blocks, in which Hopea. 
pa;viflora and Mesua ferrea occur in. appreciable q).lantities (which may, therefore, be 
said to belong to the Hopea-Mesua association). 

. (ii) . The interme~iate type found in portions of the Punachi range where the annual. 
ramfallis about 120 mches, the preponderate species are Mesua ferrea and Palaquium: 
ellipticum (the Palaquium-Mesua association). . 

. (iii) The wet sholas in regions with an annual rainfall of about 200 inches or more, 
as m the Ita~ar Valley_ o_f the ~unachi range, where the predominating tree species is 
mostly. Poeczlo_ne1;1ron md1c1;1m With a .small admixture of Cullenia excelsa (the Poeciloneuron
Cullema a~s<?ciatiOn) .. This associatiOn appears, however, to be conditioned by edaphic. 
factors as It Is found mall places where the soil retains a high percentage of moisture for 
the greater part of the year. · 

Undergrowth is generally sparse. In some patches a carpet of Strobilanthes or ferns 
may occur; grasses are sparse. Canes, screw-pine, cardamoms and Curcuma occur here 
and there. 

An abstract of enumerations of marketable species (for railway sleepers, scantlings 
etc.) for the whole felling series is given in Appendix I. 

TIRUNELVELI DISTRICT 

These forests cover an area of about 100 sq. miles of hilly country in the Southern 
most extensiOn of the Western Ghats. · 
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In localitie~ where the ~ainfall is ove~ 75w and eleva~ion over 100' and the soil capable 
of adequate mOisture retention, the deciduous forest gtves way to a semi-evergreen type. 

Small patches of this type of forest are found along streams at elevations below 1000' 
but t.he .greater port~o~ occurs between 1 000' and 2000' elevation. The density of 
stockmg IS good. This IS probably accounted for by the increased rainfall and consequent 
increased vegetative activity. . 

The principal species met with are--
Balanocwpus uti/is, Hopea parviflora, Pterospermum rubiginosum and P. glabrescens 
A~laia courtallensis and A. barb~rii, Nephelium longanum, Hemicyclia venusta, Hardwicki~ 
pmnata, Stereospermum chelonozdes, Dalbergia latifolia, Chukrasia tabularis Artocar
pus integrifolia, Bischo.fia javqnica, Carallia integerrima, J?iospyros sp., together with a 
host of other less known species. The undergrowth consists of Strobilanthes Glycosmis 
pentaphylla, Helicteres is01·a, canes, etc. , ' 

The truly evergreen rain forest or shola forest commences at an elevation of about 
2000' and extends upwards to nearly the crest of the mountains upto 4500', the growth 
deteriorating rapidly along the windswept ridges, both in quality and volume per acre. The 
whole of the hillsides above 2000' are not however clothed with such forest. There is 
much bare and precipitous rock and extensive areas where the soil is shallow or rock is 
near the surface; and these areas are covered with high grass, Phoenix sylvestris and 
stunted tree growth. Small patches of shola nestle in most of the sheltered pockets and 
extend over the protected faces of the peaks, thus enhancing their scenic value. Much of 
the true shola forest has been destroyed by extensive clearing made by hill tribes-the 
Kanis, and coffee planters in the past. A secondary shola growth characterises such 
areas and consists chiefly of Macaranga, Mangifera, Clerodendron, Diospyros sp., 
Eugenia sp., Myristica sp., etc., typical examples being the old Kuliratti and Taraganar 
estates in the Nanguneri hills and the Sembatota on the left bank of the Kariar. 

There is a noticeable correlation between rainfall and elevation with reference to the 
incidence of the evergreen forests. With decreasing rainfall the minimum elevation at 
which the true shola appears increases. Thus in Nanguneri range where the rainfall 
is comparatively less, the shola forest starts only at about 3000' elevation and is at its 
best at 3500' to 4000' deteriorating further higher up. Similarly in the Srivilliputtur 
range where the rainfall is even below that obtaining in the Nanguneri sholas, the true 
shola appears only at about 3500' to 4000'. The characteristic shola type of forest . 
occurs principally in Ambasamudram range where it forms a three-storeyed high forest, 
from elevations of 2000' to 4000'. 

'In the topmost canopy occur principally Mesua ferrea, Cullenia excelsa, Gluta travan
corica, Palaquium ellipticum, Hopea parviflora, Heritiera papilio, Dysoxylum malabaricum 
and D. beddomei, Myristica beddomei, Eugenia sp., Litsaea sp., Pygeum wightianum, 
Filicium decipiens, Garcinia sp., etc. In the lower tier, besides sapling growth of the 
species mentioned above, are found Agrostistachys longifolia, Mallotus sp., Cinnamomum 
gracile, Aporosa acuminata, Hydnocarpus alpina and the bright crimson fruited Baccaurea 
courtallensis. The undergrowth consists principally of rattan cane, wild cardamoms, 
Pandanus sp., Solanum sp., and the dreaded but comparatively rare devil's nettle, Laportea 
crenulata. Picturesque ferns and palms, Pinanga dicksonii and Caryota urens are also 
scattered all over the forest. 

The Nanguneri sholas are characterised by the total absence of Gluta travancorica, 
the comparative rareness of Mesua ferrea and the greater preponderance of Palaquium 
ellipticum and Mangifera indica. The dominant association is the Palaquium-Mangifera 
type. Around Netterrikkal a few big sized Podocarpus latifolia occur, but beyond t~e 
botanical interest centred in the fact that it is the only indigenous conifer in South India, 
the tree is not of importance as it is not present in exploitable quantities. 

The Kuttalam sholas are all very deficient in exploitable 'species, and are gene~ally 
poor, all the best shola areas having been acquired ~y c-ofTe.e planters in the past and partially 
destroyed. , 

The Srivillip:.uttur range contains a number of patches of shola varying in siz.e frolll 
100 acres to 350 acres, which are surrounded by grassland. These sho/as are neither so 
dense nor so luxuriant as in the Ainbasamudram range and owing to the fact that the 
Travancore high ranges and the upper Palnis keep off much of the rain whJcl: would other
wise fall on these hills, the locality is far less moist. The principal species a1e Acrocarpu.J 
fraxinifo/ius) Ccdrela toona, Mesua ferrea, Eugenia sp., Pa/aquium el/ipticum, Bischojia 
javanica and Mangifera indica. 
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The results of a 33!- per cent strip enumeration. carried c;mt in 1923 in a typical 
exploitable evergreen area of 983 acres are tabulated m Appendix II. 

· KANYAKUMARI DISTRICT 

The evergreen forests in this district are confined to the higher slopes of the hills 
and plateaus. The density of the tree crop is very high and an extraordinary variety of 
species is noticeable. Not only do the trees grow close together and form a complete canopy 
ai a great height but on the ground also there is a dense tangled and almost impenetrable mass 
of undergrowth' through w~ich ~ere it .not for the p~ths made by elephants and bisons, 
locomotion would be well mgh Impossible for anything except the smaller quadrupeds. 
These forests are however, much less valuable than the deciduous forests at lower eleva
tions, on account of the small percentage of valuable species and the high cost-involved in 
extracting them. 

The dominants attain heights of 150 ·feet or more. There is a certain differentiation 
of the canopy into layers or tiers. Some of the speci~s like c_ullenia ex;celsc: exhibit typical 
plank buttresses. Epiphytes are common. The chief species occurrmg m the top storey 
are Mesua ferrea, Cullenia excelsa, Palaquium ellipticum, Gluta travancorica, Hopea 
parviflora, Calophyllum trapezifolium, Aglaia roxburgiana, Artocarpus integrifolia, Myris
tica sp., Eugenia sp., Conarium strictum, Salmalia malqbarica, Dysoxylum malabaricum, 
Acrocarpus fraxinifolius, Polyalthia sp., and many species of Diospyros and Elaeocarpus. 
In the second storey Anacolosa densiflora, Cinnamomum sp., Hydnocarpus alpina, 
Mallotus sp., Agrostistachys longifolia, Baccaurea courtallensis are more prominent. The 
understorey is composed of canes, cardamoms, reeds, Pandanus species, ferns and palms 
like Pinanga dicksonii, Caryota urens and several species of Strobilanthes. Six or seven 
species of canes (Calamus) which are all saleable grow in these areas. 

Different associations of the predominant species may be noticed in the · topmost 
tier :- · 

(i) A comparatively dry type (around Sengalteri and Mahendragiri) in which Hopea 
parviflora and Mesua fen·ea occur in appreciable quantities (which may there
fore be said to belong to tlie Hopea-Mesua association). 

(ii) An intermediate type (found in mid portions of Sengalteri and Singampatti sholas) 
where the rainfall is about 100 inches, in which Palaquium ellipticum and Mangi
fera indica preponderate (Palaquium-Mangifera association). 

(iii) The wet sholas in the region with annual rainfall over 100"1ike Muthukuzhivayal, 
where the predominating species are Cullenia excelsa and Calophyllum spp., 
( Cullenia-Calophyllum association). , 

The undergrowth is usually dense and impenetrable and consists of canes, thorny 
creepers and a lar~e variety of evergreen shrubs. A few species of reeds also form the dense 
und.ergrowth .. Chmbers a~e very common, the chief being Entada scandens, Calicopteris 
.florzbunda, Dwscorea species and Caesalpinia bonducella. · 

The results of an enumeration of the stock giving the incidence of saleable timber species 
are shown in the Table at Appendix III. . 

NILGIRIS DISTRICT 

. . ~everal small P.atches. of typical evergreen forest occur in the vicinity of Benine in Gudalur 
d1V1s10n. The ramfallis a~out 80" ~nd the elevation 2000'. The largest of these is 
ab~mt .25 acres. The species met with are Palaquium ellipticum, Artocarpus hirsuta, 
Mzch~lza champa~a, Hydnoca~pus wightiana, Schleichera trijuga, Calophyllum tomentosum, 
Evodza roxburghzana, Cullema excelsa and Acrocarpusfraxinifolius. 

In the Nilgiris, the temperate forests often found in sheltered or· damp locations on 
the ~igh level (60~0' and above) plateau .are. of a dense low evergreen type and may be 
considered ecologically as an upward proJeCtiOn by gradual stages of the tropical evergreen 
forests found .in the l<_>wer tracts. The tropical wet evergreen forest falls off in height and 
gener~l luxunance With asc~nding elevation till in the transitional stages the sub-tropical 
wet h~ll forests and the tropical evergreen forests found in the lower tracts look more or 
less ahke. 

MADURAI DISTRICT 

In moist prote~te? valleys between 3000' and 5000' above sea-level, an evergreen 
type of forest prevmls m the Cum bum valley and on the Palni hills. It is surrounded by 
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forests of a mixed deciduous type. It is not of any vast extent being confined to moist 
prote~ted valleys. Transition stages between the two types may often observed at the 
margms. The chief species that prevail are Bischofia javanica, Cedre/a toona, Chukrasia 
tabularis, Elaeocarpus tuberculatus, E. serratus and E. oblongus, Canarium Strictum 
Myristica sp., Lagerstroemia lanceo/ata and Eugenia · sp., with a sprinkling of Micheli 
champaca and Acrocarpus fraxinifolius. Large trees of Mesua ferrea (upto six feet in 
girth) sometimes occur along streams. 

There is usually a second storey of smaller trees, such as Nephelium longanum, Agro 
stista~hys !ongifolia, A. in1ica, Euonymus quadrangularis, etc. The margins of the sholas 
have mvanably been eaten mto by fires; they must have been more extensive in the past. 

Fr~m tp.e above account of the floristic composition of evergreen forests in Madras 
State, It will be observed that a characteristic feature is the absence of the genus 
Dipterocarpus. 

SILVICULTURE 

In the evergreen forests of Coimbatore district natural regeneration of the important 
timber species is generally plentiful but usually remains suppressed for lack of opening of the 
canopy and proper tending. In the Hopea-Mesua association natural regeneration 
of Hopea parviflora is dense, though Mesua ferrea also regenerates freely. Such 
natural regeneration even if remained in a suppressed condition for a long period, 
responds quickly if sufficient light reaches it through any canopy openings. In the 
Palaquium-Mesua association, natural regeneration of Palaquium ellipticum is more 
prolific than that of Mesua ferrea, partly because the former seeds every year and these 
seeds are less palatable to rodents. Also since Palaquium ellipticum is more shade-bearer 
than Mesua ferrea, there is a marked tendency for the former to oust the latter. In the 
Poeciloneuron-Cullenia association there is always a dense mass of natural regeneration 
of Poeciloneuron indicum and all age classes are represented. In fact there is a marked 
tendency towards the formation of a pure Poeciloneuron indicum community. 

Attempts at artificial regeneration of these forests started in 1937 ·when Laurie(2) 
prescribed regeneration of artificial gaps in the Karianshola by ·sowings and planting of 
Hopea parviflora, Artocarpus hirsuta, Acrocarpus fraxinifolius, Mesua ferrea, Dysoxylum 
malabaricum and Cedrela toona, at .an espacement of 4' x 4' and the tending of _natural 
regeneration of Hopea parviflora. As no fellings were done, the gap regeneratwn w~s 
not carried out but tending of Hopea parviflora was done from 1933 to 1937. Then It 
was discontinued. Sarma(l) prescribed the regeneration of gaps exceeding 200 yards in extent 
in the Kallar Valley with the same species and also _Dipterocarpus bourdilloni an~. Gl~fta 

- travancorica. In 1936, 68 gaps were regenerated with seeds of Acrocarpus fraxmifobus, 
Artocarpus hirsuta, Cedrela ~oona and Dipterocarpus bourdilloni and six months old nursery 
transplants of Acrocarpus fraxinifo/ius and Actinodaphne hirsuta. The transplants were 
put out late in October (towards the end of the r~ins) and failed to survive. In 1937/38 
and 1938/39 similar work was repeated. The wqrk was subsequently abandoned as ~he 
results were wholly incommensurate with the expenditure incurred owing to suppressiOn 
by weeds and less valuable species and damage by game. Venkateswara .Iyer(4) probably 
influenced by the failure of gap regeneration, prescribed in 1942 expenmental five ~cres 
plantations annually in the evergreen Karianshola by removing trees and shrubs of the middle 
and lower canopy and introducing stumps of Cedrela toona and Artocarpus hirsuta and 
transplants of Dipterocarpus indicus, Diospyros assimilis, Hardwickia pinnata and other 
species. Gluta travancorica was to be sown direct. The prescription w~s, ~owever, 
dropped in 1953 as the one acre experimental plantation raised earlier did not md1cate any 
chances of success. . 

In the present plan, Bhoja Shetty(5) has prescribed experiment.al u:r:tderplanting_ of 
Artocarpus hirsuta, Dipterocarpus indicus and Acrocarpus fraxinifolzus w1th progressive 
opening of the canopy in worked coupes by girdling (on an average) not less than 3 . trees 
and not more than six trees per acre including those felled in the coupe, to create cond1t10ns 
suitable for development of the seedlings. 

Between 1908 and 1912 in the evergreen forests of Tirunelveli district, Latham and 
Peake(6) had carried out various small scale experiments in opening. up the canopy 
over young natural regeneration of Balanocarpus uti/is,. Gluta travanconca and Hopea 
darviflora. 
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This work was continued by Barry') who, by judicious cutting or girdling of tr~es standing . 
over natural regeneration of Hopea and· Balanocarpus and by broadcast sowmg of large 
quantities of seed of these species -was able to raise even-aged crops on sm~ll areas scattered 
over the forest. The so-called wlJatanocarpus are~s" behind the Ko~amadi Rest House on 
the western face of Usipothai ridge, along the bndle path t<;> Co~ s J:Iut,_ an~ along the 
Kariarkannikatty road, were all the results of Bar!y's enth~si~m II_l this direction. These 
res1,1lts confirmed the belief that large scale operatiOns on Similar lines would b~ _equally 
successful and accordingly it was decided in 1920 that the best method of explo~tmg .the 
evergreens was to establish a mass of advance _growth of the more valuable species a~out 
5 years in advance of felling, so that when the felling of t~e overwood took place~ sufficient 
even-aged regeneration would remain undamaged to provide a new crop, potenttally more 
valuable than the original crop. The technique adopted was : . . 

(a) foresting existing valuable natural regeneration and adva~ce grow!h by a j~dicious 
and graduated opening of the canopy by girdling or felling undeSlfable species. . 

(b) cutting all climbers, and . 
(c) supplementing natural regeneration where it was absent or insufficient, by sowing 

or planting. 

For this purpose; the species were. divided into three classes as shown below : 

CLASS 

A B 

1. Gluta travancorica 1. Vitex altissima 
2. Hopea parviflora 2. Hardwickia pinnata 
3. Mesua ferrea 3. Cullenia excelsa 
4. Balanocarpus uti/is 4. Aglaia roxburghiana 
5. Dysoxylum malabaricum 
6. Cedrela toona 
7. Artocarpus hirsuta 
8. Filicium decipiens 
9. Palaquium ellipticum 

5. Diospyros sp. 
6. Eugenia sp. 
7. · Pygeum wightianum 
8. Pterospermum rubiginosum 
9. Garcinia sp. 

10. Cinnamomum sp. 
11. Canarium strictum. 

The work done was as follows:
In the first year : . 

c 

All the 
remaining 
species. 

(a) climbers were cut as also C class species below 18 inches in girth; the debris was 
deposited in lines 6-10 feet apart, to facilitate s1,1bsequent burning, sowing and 
planting operations. · 

(b) About 3 months old seedlings of A' and B class species (as were readily obtainable) 
were planted out. 

(c) Such seeds of A and B class species as were readily obtainable were sown broad-
cast. . . 

In the second year item (a) was repeated and in addition C class trees bet~ee:n 18 inches 
and 24 inches girth were girdled to let in more light. The latter operation was, however 
not carried out over the whole regeneration area as prescribed, because there was not 
sufficient regeneration on the ground to justify further opening up of the canopy. Sowing 
and planting were again done over as much of the area as deemed necessary. The results 
are tabulated in Appendix IV. 

F~om yea.r t_o year the results were pronounced most unsatisfactory. It is probable 
th~t With the hmited knowledge of the silviculture of the various species, the light conditions 
which favoured the &rowth of a particular species were detrimental to the growth of others. 
It was probll;b,ly a mtstake to attempt to grow too many species under the same conditions. 
La~ge quantities of seed were destroyed by rodents and insects and the little germination 
WhiCh .occurred was often adversely affected by dry spells. The heavy expenses on these 
operations also proved a serious drawback. Excluding overhead and mterest charges 
M$Dcptt. of Agri./61-18 
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which together would amount to a considerable amount. the following Table shows the total 
expenditure incurred. 

Areas in Total Expenditure 
Locality acres expenditure per acre 

Rs.nP. Rs.nP. 
1. Kannikatty {1921-22) 81 1,435.00 17.69 
2. Kannikatty (1922-23) 89 1,374.00 15.44 
3. Kannikatty (1923-24) 53 793.00 15.00 
4. Kodamadi (1921-22) 97 1,674.00 17.25 
5. Kodamadi (1922-23) 103 1,389.00 . 13.50 
6. Kodamadi (1923-24) 51 884.00 17.31 

Again some of the important species such as Hardwickia pinnata; Vitex altissima, Aglaia 
roxburghiana were grouped .as B class together with less valuable species like Cullenia 
excelsa, Canarium strictum and Cinnamomum sp., and were consequently girdled or cut 
to favour A class species. The cutting or girdling ofB and C class species uptp 18 inches 
girth and the subsequent girdling of some Band C class species of 18 inches to 24 inches 
girth opened out the canopy too much with the result that masses of inferior species such as 
Cinnamomum, came in and swamped out the regeneration of the better species. Further, 
the operations had to be done with labour recruited from the plains: and it is highly probable 
that these mazdoors (owing to. their ignorance of the identity of seedlings of evergreen 
species) destroyed them unwittingly in large numbers during the very operations for tending 
them. 

In 1927, therefore, the hope of securing advance regeneration was abandoned and the 
policy of removing the exploitable trees first and r~generating the gaps subsequently was 
inaugurated. Kesava Vittal's(8). work, in this connection, is. worth a careful study. 
His work may be discussed under the following heads ~ · 

(a) nursery practice, 
(b) artificial regeneration, 
(c) natural regeneration. 

(a) Nursery practice.-The following tentative. conclusions regarding evergreen nursery 
practice were arrived at: · · · 

1. Fencing of the nursery ·was essential in order to prevent the destruction of the seed 
and germinating seedlings by mouse, deer, porcupine, squirrels, rats and other 
vermins. A fence 4! feet high made of split reeds tied together almost touching 
each other was found quite effective and the cost was about Rs. 1. 50 nP. per chain 
length. 

2. Care taken ilJ. the collection of good seed. and dibbling it as soon as possible after 
collection was amply repaid by a high germination per cent. 

3. The depth of sowing should not exceed 'the thickness of the seed. A thin covering 
. of leaf mould especially over small or light seeds was found to be advantageous. 
4. Watering during germination and periods of dry weather was necessary and was 

best done with a watering can having a fine spray. 
5 .. Seedlings from the open nursery, i.e., not under natural shade, stood transplanting 

better than from the shola nursery although the latter looked more healthy. 
6. In the open nursery it was found advantageous, (in order to prevent wilting of 

the seedlings) to shade the beds with reed screens, during, the hottest part of 
the d~y. . · 

. . 
Natural regeneration.-When a tree was felled a lot of damage was inevitably done to 

the surrounding trees; and a gap was caused of varying dimensions, according to the height 
of the tree and· the size of its crown. The sawyer cut out all saplings in the immediate 
vicinity of the tree trunk in order t9 erect the requisite scaffolding for sawing at _site. 
The resulting leaf litter and small branchwood debris were generally burnt, especially 
as its retention was found to attract a species of gad~y (a source of much annoya~ce 
to the workers). Thus hardly any regeneration was left m the gaps caused. After the rams 
some of the cut back saplings and seedlings sent up side sho~ts which were PlOre in the natur~ 
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of pollards than coppice shoots. The gaps thus caused vary in extent from ! to 1 square 
chain. 

Artificial regeneration was of two kinds, dibbling and transplanting of seedlings 
from the nursery:-

(i) Dibbling.-The general conclusion arrived at was that the expense was not justified 
by the results obtained. Seed~ of Mesua ferr~a, Balanocarpus ut!lis, E_ugenia 
sp., and Dysoxylum binectariferum were readily attacked by vermms or msects 
and destroyed. Seeds of Aglaia .. sp., Poeciloneuro_n indic!fm, c_hukrasia tabulari.r 
and Hopea parviflora were avmlable only at a time which d1d not synchroruse 
with· rainfall conditions suitable for dibbling. Other species like Vitex 
altissima and Cedrela toona with very small seed having a low germination capacity 
were· better raised in a nursery prior to transplanting in the forest. Heritiera 
papilio, Gluta travancorica and Acrocarpus fraxinifolius were the only species 
which could be successfully dibbled. · . 

(ii) Transplanting.-,-The south west monsoon generally bursts in the first week of June 
and after a short. break it comes on again more steadily. It was during this 
.second period of the monsoon that the best results were obtained from trans
planting. The results achieved are tabulated below: 

TRANSPLANTING 

Species Optimum Optimum 
age height 

Mesua ferrea . . .. 1 year 4 inches 

. 
Chukrasia tabularis .. 6 months 6 inches 
Balanocarpus utilis .. 3 months -
Cedrela toona . . .. 6 months -
Dysoxylum malabaricum 9 months 8 inches 
Hardwickia pinnata .. 6 months -
Acrocarpus fraxinifolius 6 months 6 inches 

Hopea parviflora .. 1 year 4 inches 

Remarks 

Three to fou 
months old ·see 

r 
d
arr lings give f. 

results . 
One year old stum 

plant were succes 
p 
s
t. fully planted ou 

One year old see d
l ling 1 foot to 1 

feet high wer e 
p successfully stum 

pl~nted. · 

-
O'Ying to the comparatively ~low rat~ of gro.wth o.f the evergreens in early years, tending 

by cuttu~g out weeds and grass d1re~tly mterfenng With the seedlings was found essential 
for a penod of 2 years. The followmg Table shows the results of enumeration (in Novembes 
1932) of selected gaps in the various coupes. . . 

COUPE I. KANNIKATTY . 
'. 

Date of ·Date of . Average I Average ht. Species dibbling planting percentage growth in 
survivals . inches in 

Nov. 1932 
1. Acrocarpus fraxinifolius June 1929 Nov. 1929 58 72 
2. Aglaia roxburghiana May 1930 Nov. 1930. 50 9 
3. Gluta travancorica July 1929 - 40 15 
4. Chukrasia tabularis - Nov. 1929 70 24 
5. Cedrela toona June 1929 Nov. '1929 38 24 
6. Mesua ferrea - Nov. 1929 40 15 
7. Vateria indica Dec. 1928 Dec. 1928 30 



COUPE II. KANNIKATTY 
--

Date of Date of ,Average Average ht. 
Species dibbling planting percentage growth in 

survivals inches in Nov. 
1932 

1. Acrocarpus fraxinifolius May 1930 - 61 60 
2. Mesua ferrea - June 1930 60 14 
3. Aglaia roxburghiana - June 1930 61 6 

. 4. Hopea parviflora - Nov. 1930 50 6 
5. Chukrasia tabularis - Oct. 1930 75 42 
6. Balanocarpus uti/is - - 100 6 

Depending on the light requirements of seedlings it was found that Acrocarpus fraxini-
1 folius, Chukrasia tabularis and Vitex altissima seedlings behave best in the centre of 
the gap where they could receive maximum amount oflight, and Mesua ferrea and Hope a 
parviflora seedlings near the periphery of the gap where there was more of shade. 
Gluta travancorica seedlings did well in the intermediate space. Hopea parv'i.flora and 
Balanocarpus uti/is did not thrive over an elevation of about 2,500 feet, the two species 
were usually found in nature flourishing at elevations between 1,000 feet and 2,000 feet. 
The following Table gives details of actual costs of the gap regeneration : 

Coupe Number Year of Cost of Cost of 
No. of gaps regenera- nursery seeds Planting Dibbling Weeding 

tion 
Rs. nP. Rs. nP. Rs.nP. Rs. nP. Rs.nP. 

-
I 150 1928 10.00 - - 1.50 -

1929 3.00 9.75 15.75 21.62 -
1930 - - -" - 4.37 

II 105 1930 27.31 5.00 22.50 14.75 -
1931 - 7.50 5.25 -
1932 - - - - -

The total cost for 255 gaps thus amounted toRs. 148.JOnP. or Re. 0.58 nP. per gap 
excluding interest charges. It must be borne in mind, however, that much of the work of 
weeding was done free of cost by local subordinates. Allowing for working on a larger 

-scale and for increased efficiency obtainable due to experience gained, the following charges 
per gap appear reasonable. :. 

FIRST YEAR: 

Nursery charges 
Dibbling 
Transplanting 
Weeding, 

SECOND YEAR :. 

Replacilng casualties 
Weeding 

THIRD· YEAR : 

Weeding- '• . j. 

TOTAL 

nP. 

16 
12 
19 
16 

12 
19 

25 

Rs. 1'.19 nP. 

On the basis of an average of2 .. 5 gaps per acre,. the expenditure per acre for the three 
year period would be Rs. 2.97 nP. or Rs:. 3.00. Considering that a revenue of Rs. 16 per 
acre on the very conservative basis of Rs. 6 per · tree is obtained from exploitation, an 
expenditure of Rs. 3 per acre on regeneration would be reasonable. 
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Lasrado(9) in 1934 prescribed that natural regeneration be tended over 2S acres 
of t~e annl;lal coupe u_nder personal supervision ~f th~ tec~ni~al s~a~ and further added a 
prov1so to mcrease th1s a~ea as ~o~e . knowledge 1s _gamed m 1de~tifymg th~ tp.ore valuable 
evergreen species and no~mg tJ:teu sllvtcultural requuements. Th1s prescnpt10n was ~ol
lowed till 1942. The d1scontmuance had .to be adopted as adequate natural regeneratiOn 
was not forthcoming. 

He also prescribed gap regeneration in selection felling coupes by dibbling of seeds 
and transplanting of seedlings. Gaps less than 100 square yards in extent were considered 
unsuitable as they tended to close up in a couple of years and much before the regenera
tion could get a chance to establish itself. Only gaps over 100 square yards in extent 
and not less than 7 to 8 yards in width were prescribed to be regenerated artificially. Owing 
to the presence of adjacent seed bearers especially of Acrocarpus fraxini/olius, Palaquium 
sp., and Gluta travancorica, some gaps were filled with sufficient regeneration naturally. 
Such gaps were not to be further stocked artificially. ·· · 

He felt that given good seed and timely ·dibbling there was llttl¥ to choose betweert 
the two methods. Seeds of species like Hopea parvijlora rapidly lost. their germinative 
capacity in storage, while Dysoxylurn had too many insect enemies, . hence transplant
ing from a nursery was the safest course. Gluta travancorica, Palaquium ellipticum, 
Acrocarpus fraxinifo/ius, Chukrasia tabularis and Aglaia sp., could be successfully 
raised by dibbling. 

He prescribed in detail for the gaps to be inspected, . classified for natural or artificial 
regeneration work, accounted for and delineated on a large scale map. suitably. All 
these gaps were to be staked at a rough espacement of 6 feet by 6 feet and regenerated as 
follows :-

Dibbling-Dibbling should, as far as possible be completed by the 31st May. Seeds 
that are not then ripe should be sown as soon as ripe and _become ava!lable. Experiment 
has show~ that (a) Balanocarpus uti/is seed should be d1b~led only m g~ps b~low_l ,500 
feet elevatiOn. (b) Seeds of Hopea. parvijlora and Dysoxylum malabarzcum if dibbled 
must be treated with exceptional care, as the former loses its germinative capacity within 
a few days, and the latter is easily attacked by insects and vermin. {c) ·Seeds of Acrocarpus 
fraxinifolius, Artocarpus hirsuta and Cedrela toona should be dibbled in the centre 
of the gaps where there is maximum amount of light, while seeds of Gluta travan
corica and Palaquium ellipticum should be dibbled on the periphery of the gap where 
there is maximum of shade. (d) Seeds of M esua ferrea should not be used in artificial 
regeneration operations as they are invariably attacked by borers. · There was also a 
sufficiency of natural regener:ation of this species, scattered over the forest. (e) Seeds 
of Glut a travancorica and Palaquium ellipticum should not be dibbled in ·gaps below 2,500 
feet elevationf especially as these species thrive ·naturally only above this . elevation. 
(f) In the case of Artocarpus hirsuta the ripe fruit should be collected from the tree (there 
were numerous seed bearers along the upper reaches of the Kalar in the Sivaisalem forests) 
and the freshly pulped seed sown direct with the minimum of delay. It was, however,!re
ferll;ble to raise seedlings of this species in a nursery as the seed was a favourite foo of 
,squmel~, monke~s and rodents; (g) Dibbling was best effected by making a shallow 
saucer-hke depressiOn near each stake and refilling it with the same soil after having removed 

. the undecomposed humus, and then putting S to 15 seeds in each such little bed according 
to. the size of the seed and its germinative capacity. The seed should be ·lightly covered 
Wtth a layer of humus and soil equal to half the thickness of the seed. 

. Transplarzting~He. felt that it was not advisable to experiment with too many species 
m. tra~splantm~ operatiOns, due to reasons of heavy cost. Only a few species should be 
ra1sed m nursenes .according to the availability of seed and the elevation of gaps to be regener-
ated. The followmg were recommended. · 

1. Acrocarpus fraxfnijolius 8. Dysoxylum rnalabaricurn 
2. Aglaia roxburghiana 9. Filiclum decipiens 
3. Artocarpus hirsuta 10. Gluta travancorica 
4. Balanocarpus uti/is ·11. Hardwickia pinnata 
5. Cedrela toona 12. Heritiera papilio 
6. Chukrasia tabularis 13. Hopea parvijlora 
7. Dipterocarpus bourdilloni 14. Palaquium ellipticum 

Transplanting was best effected in June, at the beginning of the south-west monsoon and 
nursery work should be started in the previous July or as early after July as possible, 
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so that seedlings of _sufficient age and size might be . available for transplanting. lt was 
indicated that the following rules should be observed : 

(a) Balanocarpus seedlings should ~ot be introduced above 1,500 feet, Hopea parvi
jlora above 2,500 feet elevatiOn, and Artocarpus fraxinifolius and Filicium 
decipiens above 3,000 feet elevation. 

(b) Acrocarpus fraxinifolius and Artocarpus hirsuta should be introduced in the centre 
of a gap, Gluta travancorica, Palaquium ellipticum and Hopea parvijlora on 
the periphery of the gap. The other species may be introduced in the intermediate 
space in the gap. 

Nursery practice-It was noticed that the open nurseries were of definite advantage 
as far as the plant per cent and the success of transplants were concerned, but had the distinct 
disadvantage of requiring shade over the beds and daily Watering during the dry weather . 

. N~rseries in the shade on the other hand required n9 watering (except in the seed beds to 
promote germination) but the plants raised were not so healthy and carried either etiolated 
or leathery leaves. It was, therefore, suggested that a via media between the two types 
be adopted, by having a rectangular open nursery the longer sides running north and 
south, and the shorter side being not more than a chain wide. Such a nursery would be in 
direct sun light but for the shortest possible time. · 

Raised beds of convenient length, but 3 feet wide and running along the contours, 
were considered best and were sown with one species at a time. The nursery was fenced 
adequately; a fence with close set hardwood supports closely interlaced with reed was consi
dered the best. In order to save transport charges it was considered preferable to have a 
nursery in each annual coupe. It was also prescribed that a sufficient number of plants at 
suitable espacement be retained in the nursery, so that abandoQ.ed nursery sites would be 
automa~ically afforested with useful species. -

First year tending-In the year following dibbling or transplanting operations a 
light tending was prescribed. It involved cutting out of grass, weeds and other inferior 
species interfering with the growth of the seedlings. The operation was considered best 
done in June during the south-west monsoon' and again if necessary in October-November 
during the north-east monsoon. · 

Second year tending-In the succeeding year a similar tending would be done during 
the south-west monsoon. ·No further tending was prescribed. The work did not prove 
a success. 
· In other districts neither natural regeneration was studied closely nor were any 
special artificial regeneration works undertaken. It would. generally be stated however, 
that as was observed in Coimbatore and Tirunelveli districts, natural regeneration was 
plentiful but remained suppressed if appropriate canopy openings did not take place . 

• 
l'rotection 

The evergreen forests of the State occur in the catchments of the main water courses 
and hence their protection is an important consideration. 

There . has been large scale clearing of these forests i~ Kanyakumari, Coimbatore and 
Nilgiris districts for the opening of tea, coffee, rubber and cinchona plantations. • . 

Damage to young seedlings, saplings and poles by wild animals like elephants is very 
common. Bison, sambhur and spotted deer browse young Hopea parvijlora, Dalbergia 
latifolia, Pterocarpus marsupium and strip the bark off Acrocarpus fraxinifolius. Porcu
pines, bats, squirrels, monkeys and rats consume large quantities of the seeds and fruits of 
shola trees such as Mesua ferrea, Elaeocarpus munroii and Dysoxylum malabaricum. 
Wild pig exhibits a great avidity for the cotyledons of Balanocarpus uti/is. Sometimes all 
attempts at artificial regeneration are set at nought by such damage. 

In Tirunelveli district, Hopea poles have been attacked fatally by the borer Massiscus 
venustus. The damage to Mesita ferrea done by a Cerambycid borer is sometimes exten
sive, and almost every tree of over 1' girth is riddled by tunnels making it unfit for sleepers. 

The number and variety of fungi i1,1 the evergreen forests of Tirunelveli district are 
enormous. The huge bracket-shaped Polyporous fungi are a feature of the tract, many of 
them, however, being saprophytic. Ground fungi both poisonous and innocuous are found 
scattered over the forest floor. 

In places, heavy grass and Strobilanthes suppress the growth of young seedlings. The 
latter is a menace in Tirunelveli district. 
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The common climbers met with are Entada scandens, Gnetum scandens, Bauhinia 
~p., Calamus sp., and Acacia concinna. 

Fires are not a common feature in these forests. At the most they creep up to the 
edge of the forests and die out. 

Management . . · 
The earliest proposals for the manag~ment of the evergreen fort:sts m Cmmbatore 

district were made by Wood(1°) in 1916. The extent of these forests IS 3_,652 acres. and 
he prescribed them to be maintained as protection forests. In 1926, LauneO constltu~ed 
a Karianshola Working Circle, 2,600 acres of which were to be worked under selecuon 
fellings. The girth limits were laid down as-

M esua ferrea 6 feet 

· Hopea parviflora 7 , 

Calophyllum tomentosum 9 , 

All other saleable species . 8 " 

The rotation was fixed at 150 years and the felling cycle at 25 years. It was also laid 
down that not more than 3 trees per acre be extracted in order to preserve the evergreen 
nature of the forest. No appreciable working could, however, be done for want of demand. 

In 1941, Venkateswara lyer(4) formed a Karianshola Evergreen Working Circle 
on similar lines, and with an estimated annual yield of 30,000 c.ft., the annual coupe 
being about 82 acres. Owing to heavy war demand, however, the whole area was gone 
over during the first three years, with the following . outturn: · 

1941-42 2,650 c.ft. and 3,261 B.G. sleepers 
1942-43 688 , · and 2,808 , 
1943-44 5,891 

" 

12,433 
9,112 
5,891 

c.ft. 

" 
" 

The disappointing yield as compared with the forecast was mainly due to the fact 
that only a few of the species enumerated as saleable found a market in spite of the general 
increased demand for timber. · 

The earliest attempt at marketing evergreen timber from the forests . of Punachi 
range was made in 1903-05 when Mesua ferrea, Calophyllum tomentosum, Dysoxylum 
malabaricum, Artocarpus integrifolia and Cedrela toona were felled departmentally in 
Andiparai shola near Iyerpadi and the sawn scantlings transported to Anamalai for 
sale. The operation resulted in a loss in all probability because it was not realized how 
rapidly evergreen sawn timber would degrade. In 1896 Government approved of the grant 
of forest areas for the raising of plantation produce such as coffee, tea and cardamoms 
and large areas of virgin evergreen forest were rapidly taken up for plantation, the total 
area so assigned now amounts to 47,232 acres. One of the terms of assignment was that 
the assignee could use any timber on the area for his own purposes but could not sell it; 
this resulted in a very large amount of merchantable timber being burnt or allowed to be 
destroyed by insects and fungi. · · · · 

In 1927, an area of 23,000 acres of virgin evergreen forests in the Kallar valley was 
ordered to be set apart for the planting of cinchona by the newly formed Cinchona Depart
ment, and by 1951, the total area amounted to 8,823 acres. The initial clearing of forested 
areas for C~nchona pl'!-nting drew attention to the possibility of exploiting some of the 
evergreen timber species at a profit. The Logging Engineering Division accordingly did 
a cruise of the Kallar valley forests between 1925 and 1928, and extracted some 6 000 broad 
gauge sleepers of Mesua ferrea. The operation was discontinued in 1933 a; owing to 
a reduction in sleeper prices by the Railway, extraction could not be done at a profit. 
Between 1926 and 1933, 3,750 acres of the Kallar valley sholas were thus gone over and 
a total of 79,298 broad gauge and 18,221 metre gauge sleepers were extracted earning a 
revenue of Rs. 758,199. Besides some 10,366 cubic feet of Palaquium ellipticum, Ca
lophyllum tomentosum, Dysoxylum malabaricum and Cedrela toona timber scantlings 
were also extracted and sold at a small profit. 

Under Sar~a's 'Yorking Plan (1935-36 to 1940-41)(3) the Kallar valley (4 885 
acres) was constituted mto a Selection Felling Series and coupes I to V were wo;ked 
between 1935-36 and 1939-40 for sleepers~ some red cedar scantlings were extracted 
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for the cigar box industry. Charcoal (from top ends) was manufactured in 1939-40 but 
the operation resulted in a loss. A total of 55,799 broad guage units were extracted. 

Coupes VII to X w~re worked between 1941-42 and 1947-48 the yi~ld being : 

Coupe Year of Estimated Actual 
No, working yield c.ft. yield 

c.ft. 

'VII 1941-42} 36,783 38,851 1942-43 

VIII 1945-46 35,925 20,461 

IX . ' 1943-44") 
1944-45) 38,841 40,902 
1945-46 

X 194243} 
to 43,860 91,004 

1947-48 

The whole area was then handed over to the Cinchona Department. 

At present the exploitable evergreen areas 'of the district are . worked under Bhoja 
Shetty's Plan (5) (1954-55 to 1968-69). The Evergreen Selection Working Circle covers 
an area of 5,927 acres, and is divided into two Felling Series-the Karianshola Felling 
Series (2060 acres) and the Punachi Felling Series (3,807 ·acres). No working has been 
prescribed in the former as it is primarily a protection forest. 

In the Puriachi Felling Series a 10% enumeration of the growing stock by the "Systema
tic Strip Sampling" method was carried out. The volume was calculated by the quarter-

. girth formula, based on breast height girth, the estimated length of utilizable bole and a 
form factor of 0. 66. Trees of over 12' girth were ignored as they were considered unsound. 
The total number of trees of 7'-12' girth in the felling series was 23,992 or an average of 
siX: trees per acre of the following species: Mesua. ferrea, Palaquium ellipticum, 
Calophyllum tomentosum, Artocarpus integrifolia, Vateria ,indica, Cedrela toona and 
Dysoxylum malabaricum. The girth limit prescribed was 7' for all species. The felling 
of more than six trees per acre was not permitted. The DistriCt I;'orest Officer, could 
exploit any other than these seven species if.a demand existed subject to the restriction 
of not more than six trees per acre. A rotation of 150 years was tentatively adopted in 
view of inadequate knowledge of the silviculture of these species. The felling cycle was 
fixed at 30 years which gave an average annual coupe of about 125 acres. 

Though a maximum of 6 trees per acre ·could be felled, it was desired that this limit 
should not usually exceed four. On the basis of. an average volume of converted timber 
per tree of 125 c.ft., an outturn of 500 c.ft. per acre or an estimated total of 64,500 c.ft. 
was anticipated. 

The following marking rules were prescribed : ' 
(a) Only sound t~ees of saleable species of a girth of 7 feet and above would be 

marked.· · . 
(b) Total number of trees to be marked should no~ exceed 6 on any one acre. 
(c) No two trees within a chain distance from each other should be marked, but if 

two trees were so close to each other as to form only one gap both might be 
m·arked. 

(d) As far as possible the largest trees should be preferred to trees oflower girth provided 
· they were sound. . 

(e) All climbers on trees marked as well as on neighbouring· trees should be cut at 
· the time of marking, so that wh~n felling took place damage to neighbouring 

trees would be minimized. 
(f) The mar kin& should be done by t~e Range Officer <;>r an expe~ience? Forester v.:ho 

could identify the evergreen species and had sufficient expenence m enumeratiOn 
and estimation of lengths of exploitable boles. 
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The yield obtained so far (mostly as sleepers) has been as follows:-

Year Species B.G. M.G. N.G. 
Units Units Units 

(1) (2) (3) (4) (5) 

1954-55 M esua ferrea .. 7124 2606 

Calophyllum elatum .. 1685 343 

8809 2949 

1955-56 Mesua ferrea .. 3335 1763 
Calophyllum elatum 369 126 

3704 1889 

1956-57 Mesua ferrea .. 2360 3987 486 
Calophyllum elatum 688 161 191 

3048 4148 687 

1957-58 Mesua ferrea _ .. 1848 2523 1679 
Calophyllum elatum 3904 2076 979 

5752 4599 2658 

1958-59 Mesua ferrea .. 1616 3410 757 
Calophyllum elatum .. 1273 1066 2199 
Cullenia excelsa · .. 6088 919 1160 

I Canarium strictum 262 42 91 

9239 5437 4207 

The earliest working of the evergreen forests in the Tirunelveli division seems to have 
occurred between 1888 and 1896 in the Sholas of Srivilliputtur range. They were mainly 
unorganised fellings by contractors who felled principally Vitex altissima, Filicium decipiens, 
Litsaea zeylanica and Mesua ferrea in the shola forests in the Chittar valley and converted 
them into small sizes (spokes, plough shares, poles, etc.) which could be carried in head loads 
down to the plains. Similar work was carried on in the sholas in Nanguneri range from 
1897 to 1901; Palaquium ellipticum, Mesua ferrea and Bischofia javanica being extracted. 
The contractor paid on the quantity of timber that he actually removed to the depot in the 
plains. In the absence of supervision of fellings and owing to the fact that conversion was 
affected by the axe, much wastage was involved and the system was abandoned. Richmond(11) 

remarked in 1903 that under the system "a contract for a certain number of cubic 
feet was given to a contractor who was at liberty to take them from anywhere he liked; 
and moreover if he cut down a tree and found it not quite suitable for him, he worked on and 
cut down another and so on. It did not matter to him how many trees he destroyed as he 
only paid on the number of cubic feet he removed. Anything more wasteful it would be 
difficult to imagine." 

The next attempt was to sell marked trees standing in small areas. The following 
working circles were constituted : 

Total Felling Girth Average Year 
Range area cycle limit at annual of 

in breast possi- Starting 
years height bility in 

Acres (ft.) trees 

Srivilliputtur Range : -
Mylai Working Circle .. 705 6 6 50 1903 Vellakalteri Working 

Circle. . . . . .. 1810 6 4! 20 1903 Nanguncri Range : 
Karumandiamman Working 

Circle . . .. 2235 6 7 200 1903 
M5Dc II. of A ri. 61-19 P g I 
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!he trees were to be se1e.cted and mar~ed p~ior to felling and sold standing. The following 
T~ble for the Karumandtamman Workmg Cucle shows the results of workings : 

Area in Possibility 
Actually 
extracted Revenue 

acres in trees trees Rs. 

Coupes land II .. . . .. 438 400 210 436 
Coupe III .. . . . . .. 280 200 141 426 
Coupe IV· .. .. . . . . 561 200 43 160 
Coupe V .. . . . . .. 

I 

410 200 83 314 
Coupe VI . . . . . . .. 499 200 60 536 

-
· It is- evident that the possibility was fixed high, as sufficient trees above the pres
cribed girth limit. could not be found on the area. The revenue works out toRe. 0.84 nP. 
per acre or Rs. 3. 47 nP. per tree felled. As early as 1904, Richmond(1.1) had remarked 
~·1- do not think the system is a good one as it tends to favour bad species which are not 
cut unless the greatest care is taken in the selection of the trees to be felled, none being 
marked except those surrounded by, or standing over a well established advance growth 
of the same or other valuable. species". Again the prescription that as little damage as 
possible should be done to the surrounding forest during felling could not be successfully 
carried out. In view of the importance of these sholas as affording protective cover in the 
catchments of the more important streams, the possibility of destroying them by 
exploitation could not be contemplated, and in their Proceedings of 1913, the Madras 
Revenue Board directed that· all shola exploitation in ~his area be stopped. Considering 
that; these sholas were fairly accessible and moderately stocked with saleable species of 
large dimensions, the discouraging financial results of working doubtless also influenced 
~~~~~00. -

In. Ambasamudram range valuation surveys (over representative areas) had been 
carried out in the shola forest at Kannikatty and Kodamady as early as 1883, with a view 
to ascertain the possibility from these forests. From 1886 to about 1896; an average of 
6,000 cubic feet of Hopea parviflora and Balanocarpus uti/is were extracted annually 
from . Ullar, Upper "Serviar and Kaduvarai valleys, all extraction being done depart
mentally, the cost of extraction averaging . 0. 78 nP. per cubic foot. The operations, 

_however, were wasteful and as an instance, out of 152 trees felled in the Kaduvarai valley 
in 1899 only 28 were converted. Hooper(12

) accordingly ordered the stoppage of opera
. tions until the forest were rendered accessible and demand stimulated, particularly as 
he was also convinced that a considerable amount of over-felling had been done in the past. 

- After the construction of the Kodamady-Kuttalam-Kaluruvi road in 1909-1910, extraction 
in the area west of the Usipothai saddle was attempted departmentally, but was soon 
abandoned as it did not prove lucrative. In 1910-11, 50 trees, principally Vitex altissima, 
were sold standing in this locality to a contractor at Rs. 5. 50 nP. per tree. In 1911-12 
this system was again tried, and 50 trees were sold at Rs. 6.50 nP. per tree. In the succeed
ing years, contractors refrained from offering reasonable prices and departmental 
working was decided. upon but could not be implemented due to several reasons. All 
extraction was, therefore, suspended pending the preparation of a working plan. From 
1915 til11934 no regular plan wasdrawn up. In 1934, Lasrado(9) drew up a ten year 
plan which constituted an Evergreen Timber Working Circle. A 33-! per cent strip 
enumeration was carried out in the evergreen forests of the division. The working circle 
was divided into three felling series- one regular and two reserve (to be worked when there 
was a·demand).-

The exploitable size was fixed as below :-

Aglaia roxburghiana } 
A. courtallensis 5 ft. 
Nephelium longanum 

Anacolosa densijlora 
Ba!anocarpus uti/is 
Calophyllum trapezifo/ium 
Chukrasia tabularis 6 ft. 
Diospyros sp. 
Heritiera papilio 
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Mangifera indica I 
M esua ferrea ·I 
Palaquium ellipticum J 
Pterospermum rubiginosum_ . 
Stereospermum chelonoides 
Vitex altissima 

Acrocarpus fraxinifolius 
Artocarpus integrifolia 
Artocarpus hirsuta 
Bischo.fia javanica 
Cedrela toona 
Dysoxylum malabaricum 
Eugenia sp. 
Elaeodendron sp. 
Filicium decipiens 
Hardwickia pinnata J 
Hopea parviflora 
Gluta travancorica 

6 ft. 

7 ft. 

A modified "Selection System" was adopted under which trees of exploitable girth 
were to be marked uniformaly over the entire coupe and the gaps were to be regenerated 
artificially. Yield was regulated by area. · 

A ten year felling cycle was prescribed. Marking rules included : 
(a) The trees marked for felling would be (as far as possible) evenly distributed over 

the annual coupe. 
(b) Not more than three trees were to be marked on any one acre, i.e., one marked 

tree should be not less than 120 feet away from its nearest neighbour. This rule 
may, however, be relaxed in cases where two exploitable trees standing close 
together are likely to cause only one gap on being felled, when both trees may:: 
be marked for felling. . 

(c) No tree incapable of yielding at least 25 cubic feet of timber should be marked for 
felling; subject to this proviso partially unsound trees were to be marked.. ' 

(d) All large climbers met within the annual coupe in the course of marking opera· 
tions should be cut. 

Working through the agency of contractors was advocated on annual leases. 

With a view to increase the revenue, and provide a clean forest floor for regeneration 
operations, charcoal burning using top ends and rejects was prescribed over a maximum of 
25% of the gaps caused by felling. This prescription, however, was soon abandoned. 

In 1949, the plan was revised by Cariappa(13
). So far .as the Evergreen Timber 

Working Circle of Lasrado's. Working Plan was concerned all the coupes prescribed for 
felling had been worked in the past. Actually felling had by no means been restricted either 
to the girth classes prescribed by Lasrado or even to the areas specified by P,im, as it became 
necessary to meet the demand of the defence services for. timber. There were, therefore, 
very few trees available for extraction for some years to come. In the .circumstances, the 
Evergreen Timber Working Circle was given rest for the period of the plan. . · · 

As a result of States Reorganisation four Tamil taluks of Travancore State (Vilavankod 
Kalkulam, Agastheeswaram and Thovala) were transf~rred in November 1956 to Madras 
State to form Kanyakumari district. The forests in these taluks occur in important catch· 
ment areas. In 1844, Dalbergia latifolia and Artocarpus hirsuta were declared State 
monopolies in addition to teak. Later ebony was added on .. In 1918, Jacob (!4) 

prepared a Working Scheme for the tract to meet the demands of the Nagercoil market. 
This scheme came into force in 1921 but was followed in a most haphazard manner 
exploiting was ea~ily accessible .. This result~d in large gaps in the forests. In 1953 Devassy(l') 
dre~. up ~ Workmg Pliin whiCh was neither approved nor enforced. This was the 
position till the areas were handed over to Madras State in 1956. , . , · ~ · · 

I~ l957, ~ahl!latullah~16) was . e!l!rusted the revision ~f Cariappa's Plan for the·: 
a~eas mcluded.m T!funelyeh So~th diVIsiOn an~ the new ~reas m Kanyakumari district. A 
Timber SelectiOn Workmg Cucle was constituted to 'mclude moist deciduous forests 
~n Kulasegar.am and Azhagiyapandiyapl.!ram ranges .and tropical wet evergr~en forests 
m Nangunen range (1799 acres). Partial enumerations were carried out in 1 chaiQ 
M5 Dept!, of A¥ri./6l-2Q · 
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wide strips at random, to see if a sufficient stand of exploitable size had resulted from 
the rest period prescribed by Cariappa. A study of these enumerations indicated the 
irregular nature ·of the crop. In the Kanyakumari forests there was a great deficiency 
in the matur~ stock. However, the presence of a fair number of middle aged stock indicat
ed that if further exploitation were made with sufficient safeguards, the distribution could 
be normalised. 

Selection system has been adopted. The girth limit fixed is 6 feet (except in Sengalteri 
Series where it is 7'), for the following species: . 

Acrocarpus fraxinifolius 
Artocarpus hirsuta 
A. integrifolia 
Bischofia javanica 
Cedrela toona 
Hopea parviflora 
Filicium decipiens 
Eugenia sp. 
Elaeodendron sp. 

A felling cycle of 15 years is prescribed in order to increase the area of the annual 
coupe and thus to make the extraction more economical. Not more than 2 trees would 
be removed per acre. The yield is regulated by area. An annual approximate yield of 
100,000 c.ft. is anticipated. Usual marking .rules have been adopted and artificial 
stocking _is not prescribed. 

Preliminary reconnaissance in the Ambasamudram and Kuttalam ranges and the new 
Shencottah F'orests and Ex-zamindari forests, indicates that the evergreen areas which 
were under rest during Cariappa's Plan can now be worked. In addition a few more 
areas can also be exploited. Tentatively a Selection Working Circle has been constituted 
of all such wet evergreen forests (2000 acres) in Ambasamudram range, A 10-year 
felling cycle and exploitable girths of 6' to 7' are proposed. 

In the Nilgiris district. the small patches of tropical evergreen forests have not been 
worked so far due to financial reasons. Also their preservation is of paramount importance 
to the regulation of moisture and stream flow in these hills. 

In the Madurai and Tirunelveli distritt 4851 acres of evergreen forests have been 
leased out in scattered patches for cardamom cultivation. The cardamom is introduced 
as a shrubby ground cover without interfering at all with the tree canopy. -

Research 
In the evergreen forests of Tirunelveli district natural regeneration of ·the important 

timber species is generally plentiful but usually remains suppressed for lack of opening of the 
- canopy and proper tending. In the Hopea-Mesua asso'ciations often found on stream 

banks, natural regeneration of Hopea parviflora is dense. Such natural regeneration 
remains suppressed for a long period owing to uninterrupted canopy and dense. under
growth, but responds quickly if sufficient light is allowed to reach through the top canopy. 
In thePalaquium-Mangifer_a association; natural regeneration of both the species is prolific. 
In the Cullenia-Calophyllum association, natural regeneration of Cullenia excelsa is more 
prolific. The desirability of tending the existing natural regeneration by making light 
cuttings, so as to free the more valuable species has been thought over but not prescribed, 
because: 

(a) the most favourable light conditions for the growth of: evergreen species are not 
yet known, · · 

(b) identification o( seedlings is difficult and they are liable to be cut by mazdoors 
during tending operations, 

(c) the cost of tending operation is considerable and the advantages gained are 
doubtful.- · . 

In these evergreen forests there is a considerable amount of young natural regenera
tion of both desirable and undesirable species. Such regeneration stagnates for varying 
periods, until a gap in th~ canopy ~dmits sufficient light .to enable it to shoo! up. Li!tle 
1s known as regards the light reqUirements of such seedlings except that a light operung 
of the canopy immediately above such regeneration is definitely beneficial. The extent of 
opening required to assist the desired species or the stage at which such opening should be 
made are still matters of conjecture. Artificial regenera_tion of useful species either by 
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dibbling of seeds or transplanting of nursery or natural seedlings pres~nt similar pr~blems 
regarding the amount of light and shade to be afforded. The mam problems 10 the 
evergreen forests that require research are, therefore :- . . 

(i)/the nature, extent and time of opening of the canopy req~e~ for: encouragmg 
natural regeneration of useful species and success~lly establishing 1t, .. 

(ii) the tending necessary for establishing both artificial and . nat~ral r~generatlon, 
(iii) the best method of artificial regeneration of the different species, 10clud10g nursery 

techniques. · 

While much ~ork has been attempted in the evergreen forests of Coimbatore a~d 
Tirunelveli districts, these problems are yet to be solved. Past efforts have resul~ed 10 
but little guidance though a mass of useful knowledge has been accumulated. 

In the evergreen Karianshola of Coimbatore South division, a lint::ar tree increment 
plot was laid out for phenological studies. Experimen~s ~ere started 10 1941 to find out 
whether it is possible to introduce valuable species artificially. 

So far the following results have been obtained : 
Mter clearing all the undergrowth: (growth upto 10 feet in height except the see~lings 

and saplings of useful species such as Calophyllum elatf!m, Hopea parviflo~a, 
Dysoxylum malabaricum, Canarium strictum, etc.) the followmg hardwood species 
were introduced by direct sowings, entire transplants and stump plants : 

1. Acrocarpus fraxinifolius 
2. Aglaia ro~burghiana 
3. Artocarpus hirsuta 
4. Bischofia javanica 
5. Cedrela toona 
6. Chukrasia tabularis 
7. Hopea ·parvijlora 
8. Swietenia macrophylla. 

Of the three methods tried, transplanting nursery raised seedlings between the 15th 
June and the 15th July was found to be significantly the best method. In the 
case of Hopea parviflora, three weedings gave significantly good results. Artocarpus 
hirsuta failed completely due to constant browsing by sambhur, bison and elephants. 
All other species succeeded. Of these, mahogany and Hopea parvijlora proved most 
promising. By retaining the top canopy, it was also seen that the damage caused to 
mahogany by the shoot and collar borers could be controlled to a significant extent. 
But Cedrela toona suffered badly from the shoot and collar borers even with the reten
tion · of top and intermediate canopies and what was more, its growth was slower than 
that of mahogany. Hopea parviflora and Gluta travancorica appeared to be very pro
mi~ing. Hopea parviflora grew to an average height of about 15 feet within 10 years, 
while Gluta . travancorica reached about 20 feet. Mahogany, during the same period, 
grew to a height of 35 to 40 feet and a girth of 24 to 30 inches. It might, therefore, 
be concluded that these three hardwood species could be introduced; in this area. It was 
also seen that for proper growth and development of these species it is necessary to remove 
not only the undergrowth but also the middle canopy. This could be done by girdling 
all useless species up to four feet in girth besides clearing the undergrowth. 

The following softwood species were tried under the above technique: 
1. Alstonia scholaris 
2. Ailanthus excelsa 
3. Evodia roxburghiana· 
4. Ailanthus malabarica 
5. Lophopetalum wightianum 
6. Machilus macrantha 
7. Samadera indica 
8. Sterculia alata 
9. Vateria indica 

All the a?ove species were introduced by transplanting nine months to one year old 
nursery seedlmgs betwee.n !une 1~ and ~uly 15 .. Three weedings are necessary till the 
end of second year. While It was Impossible to ratse Alstonia scholaris due to constant 
?a~age from ~)!son and sambhur, it was more or less easy to establish the others. Vateria 
md1ca and Azlanthus excelsa appeared to be most promising. In about 10 years, Vateria 
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Indica grew to an average height of about 20 feet even though the top and intermediate 
canopies were left untouched. Evodia roxburghiana seemed to grow fairly well but 
like Vateria indica this species also requires more light and this could be given by the 
removal of the trees forming the intermediate canopy. 

The following exotic species were tried :
!. Sterculia campanulata 
2. Broussonetia papyrifera 
3. Ochroma lagopus (balsa). 

1. Sterculia campanulata (a good matchwood) was successfully raised from one year 
old transplants, even with the retention of the top canopy. The growth appeared to be 
fairly rapid. The species will be further tried along with Vateria indica in the coming 
years. 

2. Broussonetia papyrifera was at first tried as a suitable wood for manufacture of 
newsprint. But since last year the wood has been found to be quite suitable for the 
manufacture of match splints. This species could be raised by transplanting seedlings or 
stump planting and its growth proved very rapid. In about 8 years a girth of 2 feet 
was obtained and it was_expected that on a rotation of 20 years it may be possible to get 
trees of 3 to 4 feet in girth. When once introduced this species spreads fast by natural 
regeneration. As a suitable species for the match industry this would deserve special 
ttention. · 

3. Ochroma lagopus (balsa).-Experiments with balsa 'were started in 1942 and the 
silvicultural characteristics and requirements of the species have been more or less fully 
understood. The species could be raised from seedlings and its rate of growth appeared 
to be most promising in Topslip. The tree attains a girth of more than 4 feet in 4 to 6 
years. But the timber when tested in the Forest Research Institute at Debra Dun proved 
to be more dense than the imported balsa from South America. Unless a special market 
for this heavier wood could be assured it would not be advantageous to extend this species. 

The following oth,er species were also tried : 
1. Tung oil.-Both Aleurites fordii and Aleurites montana have been tried during 

the .last eight years. The growth of Aleurites fordii was not satisfactory but 
Aleurites montana appeared to grow well. The trees started flowering when 
they were about six years old. They have also fruited. The growth and develop! 
ment appeared to be satisfactory. 

2. Rauwolfia serpentina could be successfully grown both under a top canopy and 
in the open, using nursery raised seedlings, 3 to 4 months old or cuttings. 

Conclusions 
Since the States Reorganisation, the timber forests of Madras State have dwindled 

considerably in · extent: On the other hand, the demand for timber to meet the require
ments of hydro-electric projects, railway sleepers and stuctural works, is increasing. by leaps 
and bounds and this would call urgently for a more intensive study and exploitation of 
our evergreen forests, however, limited they might be in extent and however difficult or 
remote they might be in location. 
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APPENDIX I 

Enumeration (1953) of marketable species : Evergreen forests of Coimbatore district 

GIRTH CLASSES 
Serial number and - . ----
name of species. 7 feet to 8 feet 8 feet to 9 feet 9 feet to 10 feet 

---~---- ----------
Number Number Number 
of trees Volume of trees Volume of trees Volume 

--
(1) (2) (3) (4) (5) (6) (7) 

--
1. Mesua ferrea 4238 . 485549 3596 531905 1936 366450 

2. Palaquium 
536167 324607 1212 ellipticum 4324 2016 241738 

3: Calophyllum 
\ 

tomentosum 332 44999 282 48234 188 39475 

~ Artocmpus · 
S, integrifolia 300 23946 190 17633 112 16509 

-
5. Vateria indica 748 . 90445 492 79984 324 66756 

6. Cedrela toona 26 3580 26 4063 10 1913 

7. Dysoxylum 
malabaricum 48 5306 110 15411 

I 
68 12119 

-
11180992 

--
TOTAL 10016 6712 1021837 3850 744960 

I 
10 feet to 11 feet 11 feet to 12 feet Total 
----- -

Number Number Number 
of trees Volume of trees Volume of trees Volume 

1. M esua ferrea 1234 274106 . 788 211206 11792 1896216 

2. Palaquium 
ellipticum 394 93481 176 54737 8122 1250730 

31 Calophyllum 
198 tomentosum 52280 56 15977 1056 200965 

4. Artocarpus 
integrifolia 46 5481 26 5337 674 68906 

5. Vateria indica 230 53059 160 45401 1954 335645 

6. Cedre/a toona 10 1532 - - 72 11088 

7. Dysoxylum 
malabaricum 66 13928 30 9009 322 55773 

-
4938671 

-TOTAL 2178 1236 341667 23992 3792323 
-------- - ----
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APPENDIX II 
Enumeration of marketable species :Evergreen Forests of Tirunelveli district. 

Girth at br,ast height in Feet . r- ---., Over 10 1-3 3-5 5-6 6-7 7-8 8-9 9-10 --------------- ----·-
A Class species ----- --

A crocarpus fraxinifo/itls 326 238 84. 27 .. 57 55 48 38 I Ag/aia roxburghiana .. 2380 1642 388 142 35 13 11 18 Amoora rolzit11ka .. .. 3524 1679 540 146 81 61 24 14 Anacolosa densifiora .. .. 1347 1405 .446 250 82 36 28 8 Artocarpus sp. .. .. 522 563 176 130 45 18 IS 24 Bisclwfla javanica .. .. 190 233 106 99 64 34 37 16 Balanoc11rpus uti/is .. .. 616 321 128 63 40 20' 7 2 Ca!op!lyllum trapezifolium .. 68 94 46 31 31 25 7 7 Clzukrasia tubularis .. .. 149 117 54 27 16 21 19 -Cullenia excel sa " .. 3833 3444 1854 1555 949 566 322 200 Eugenia gardneri " ... 211 81 29 4 4 2 1 -Filici11m decipiens .. .. 183 134 66 45 25 2 2 -Garcinia eclzioocarpa .. 1861 .952 208 110 ss 23 12 -Gordonia obtusa .. .. ' 279 143 38 17 7 3 - -Gluta travancorica .. .. 1708 1805 922 806 463 328 181 103 Hardwickia pinnata .. .. 947 865 449 277 128 47 46 36 Hopea parvif/ora .. .. 1635 817 126 128 79 31 18 34 Lansium anama!ayamm1 .. 786 381 51 9 6 - - -Mesuaferrea .. .. 2806 2181 804 582 365 196 105 70 
Mimusops elengi .. .. 652 443 164 109 48 22 13 13 Pterospermum sp. .. .. 829 718 280 179 121 56 44 40 Palaquim el/ipticum .. .. 4552 4940 2645 1967 969 439 934 108 
Pygeum wig/ztianum '' .. 286' 2S3 82 63 37 19 IS 2 
Vitex altissima .. .. 282 413 194 236 136 48 21 3U 
. B Class species 

Agrostistaclzys longifolia .. 6749· . 1601 102 14 3 - - -Alstonia scholaris .. .. 11S 62 20 12 8 4 1 11· Canarium strictum .. .. 664 608 182 2S3 160 106 81. f(.. Cinnamomum •sp. '1284 984 2S3 169 Ill 49 14 
Diospyros sp. .. .. 14349 6854 1225 S65 151 52 8 ~ 
.Eiaeocarpus sp. . . ... 1642 1110 412 287 172 110 63 "' " Euge11ia sp. (excluding Eugenia 

3431 2304 647 310 gard11ert) .. .. 486 168 69 79 
Hydnocarpus sp. .. .. 1430 304 30 18 1 - - -Holigarna arnottiana .. .. -47S 292 89 38 20 6 1 3 
Machilus macrantlza .. .. 254 137 42 20 13 4 1 -Mangifera indica .. .. 309 155 39 26 20 9 7 9 
Myristica sp. .. .. 1881 1005 279 107 31 24 2 1 
Neplzelium longanum .. 2445 1621 392 131 47 17 5 I 
Notlzopegia colebrookiana .. 1160 422 77 30 7 2 6 3 
Stereospermum clze/onoides .. 115 87 20 12 7 7 2 -Termina/ia belerica .. .. 142 122 66 79 48 31 42 42 

C Class species 12111 4302 743 233 lOS 61 32 36 

---

APPENDIX III 

Enumeration of marketable species: Evergreen forests of Kanyakumari district. 

Girth at breast height ------~ . ' -Species 2'-3' '3'·4' 4'-5' 5'~6' 6'-7' 7' and 
i above ___ ......:. ______ ...___,_. ____ ------------

Acrocarpus fraxini/olius .. .. .. 2 1 1 2 - I 
Artoca,;c.us species · .. .. .. 8 10 9 - 3 2 
Bisclzo a javanica .. .. .. 4 4 6 4 2 -Canarium strictum .. .. 4 I - I 2 3 
Diospyros species " .. .. 23 17 9 I 2 3 
Cullenia exceisa .. .. .. 31 18 16 13 14 13 
Clzukrasia tabularis .. .. .. s 2 I - I -
Dysoxyiummalabaricmn .. .. 2 I - - - -
Eugenia sp. .. .. . . 3 s 3 3 2 7 
Dipterocarpus sp, .. .. 2S 25 3S II 2 4 
Hemicyclia venusta .. .. .. 3 1 I - - -
Aglaia sp. .. .. . . 2 1 - I - -
Mesua ferrea .. .. . . 1 2 2 - I 2 
Mangifera indica .. .. .. 4 3 3 3 1 s 
Myristica sp. .. .. .. 4 3 - - - -
Nephelitml longamnn .. .. .. 18 13 6 I 2 1 
Pa/aquium ellipticum .. .. .. 22 II 9 3 2 2 
Podocarpus lati/ofia .. .. .. 1 1 - - -

I 
1 

Vitex aftissima .. .. .. 3 3 - I -



. APPENDIX IV 
Results of experimental regeneration work in the Evergreen Forests of Tirunelveli district. 

(From 1921 to 1924) 
-----------------~--~~--~ ------Cost of Dibbling and sowing Planting (seedlings)' Cost columns Total cost 

felling number or measure Weeding (3), (4), & 
Locality C. Class of seeds. (5) 

species 
Rs, _a. Rs>.a._ p. Rs. a. p. Rs. a. p, p, 

(I) (2) (3) (4) (5) (6) (7) 

1. Kannikatty 652 6 6 Ba/anocarpus 60 Hopea 15lll- 71 10 9 724 1 3 
1921-22 Cedrela 16 
(81 acres) Pygeum 50 

Eugenia· 28 
Glut a 28 

1922-23 44 14 0 Mesua 244 Artocarpus hlrsuta' 571 9 8. 0 213 7 0 267 13 0 
Glut a 380 
Palaquium 254 

6'0 1923-24 67 11 0 Gluta 652 167 7' 6 105. . 340 8- 6 
1924-25 Hopea 18 84 12 0 .7 8· o 92 4 0 
1925-26 10 5 0 10 5 0 -----

1,434 15 9 ----2. Kannikatty 838 8 0 Palaqulum 186 Artocarpus 1250 199 15 6 1,038 7 6 
hirsuta-

1922-23 Balanocarpus 319 
(89 acres) Chukrasia 6 

Mesua, 7 
Eugenia 22 

1923-24 129 15 0 Glut a 969 Hopea 109 11 0. 239 10 0 
Pygeun~ 16 96 0 0 96 0 0 ----

1,374 1 6 

3. Kannikatty 531 13 6 Gluta -,------
758 - 164 8 0 696 5- 6 1923-24 Pygeum 68 

(53 acres) 
1924-25 88 12 0 Mesua 25 7 8 0 96 4 0 

792 9 6 -----r-
4. Kodamadi 551 6 6 Dysoxy/um 12 Hopea 6644 168 4 0 725 10' 6 1921-22 Da/anocarpus 670 · Gluta 1544 (97 acres) Hardwick Ia 205 BalanocarptJS 500_ 

Cedrela 14c 
Pygeum 114-
Vitex 5 

1922-23 
Aglaia . 1. 

442 8 0 Hardwick Ia 167 174 0 0 616" 8.; ci 
Vitex 42 
Mesua 120 
Filicium 24. 
Glut a 324 
Artocarpus 30 
-Chukrasia 10 
Balanocarpus 162 

1923-24 145 10 
Pygeum 8 

0 Gluta 583 Hopea- 20240 144 9 0 290 3 0 Pygeum 106 Balanocarpus 4075-
Hardwickia 30 
Filicium 2 

1,632 5 6 
S. Kodamadi 950 9 -----0 Hardwick Ia 243 215 6 0 1,165 IS 0 (1922-23) Balanocarpus 1042 

Mesua 136 
Gluta 43 
Pygeum 8 

1923-24 128 12 0 
Palaquium 495 
Ba/01rocarpus 100 47 0 0 17S 12 0 Dalbergla 745 47 0 0 47 0 0 Artocarpus 14 
Termina/la tomentosa 8 

1,388 11 0 
6. Kodtmadl 522 7 0 Glut a 1147 Hopea (one 16400 

Cedrela 1 
year old) 294 0 0 816 7 0 

Chkrasia 12 
Balanocarpus 500 

Filicium 7 
Dalbergia 7 
Balanocarpus 30 
Pygeum 72 
Hardwick/a 17 
Me sua so 
Dalbergia 165 
Artocarpus 7 67 12 0 67 12 0 Hopea 417 
Termlnalia 7 

----884 3 0 
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TROPICAL RAIN FORESTS OF MADRAS STATE 

PLANT COMMUNIT!ES, WITH SPECIAL REFERENCE TO SUCCESSIONAL 
RELATIONS AND FIELD CHARACTERS 

BY S~ A. R.AliMATULLAH, 

Conservator of F~rests, Madras State 

Abstract 
The climatic condition:s, nature of terrain, and features of the soils on which the 

Tropical rain forests are dep~ndent in the J'1ad:as State ar_e. ·described. Similarly the 
evergreen subtypes as found m each of the d1stncts from C01mbatore to Kanyakumari are 
detailed. The ecological status, floristic composition and constituent plant communities of 
the primary forest are dealt with. The· theory of climatic climax, polyclimax or mono
climax (as far as it relates to these forests) is referred to. Secondary and deflected 
succession and biotic climax in such of the evergreen forests which were clear-felled or dis
tur?ed for Kumr!JJ (taul'l:g¥a) . cultivation, plantation, agriculture or by ~~avy selection 
fellings are descnbed, giVIng the general features of secondary commumties. The he
trogeneous composition in dominant species and the varying degree of mixture of one and 
the same species in different height or diameter classes are briefly mentioned. Some salient 

. observations made in the evergreen forests of this State are presented. Cases of adaptative 
mechanism of evergreen species like plank buttress, leaf structure, cauli:flory etc., are 
enumerated. Economic importance and future possibility of the evergreen forests without 
changing its evergreen nature are discussed. Botanical importance of the Tropical rain 
forest as a reservoir of genetical diversity is stressed. The necessity for a more detailed 
and close study of various aspects of our Tropical rain forests on the same lines as that of 
Amazon, Nigeria and Congo forests is suggested. 

Introduction-The tropical moist evergreen. forests of Madras State are comparatively 
limited in extent. All the same, the important role they play in protecting the soil and 
water sources of the .rain-sodden slopes where they occur, cannot be over-estimated. 
Though the earliest forests to attract the attention of forest ·officers (since 1882), they 
still remain the least understood. 

These forests occur in the hilly terrain of Coimbatore, Madurai, Ramanathapuram, 
Tirunelveli and Kanyakumari districts in localities favoured with a rainfall of over 200 
em .. They are confined to the upper slopes of the Western Ghats in a more or less conti
guous stretch from north to south. The width of this belt is variable. These primary 
rain forests are extremely complex plant communities and exist in a delicate but 
stable equilibrium with the other components of the ecosystem, the climate, soil and 
fauna. Extremely little is known of the past history of the rain forest formation but there 
is reason to believe that they have persisted unchanged or ch:;mging exceedingly slowly, 
from a very remote past. Until the middle of the last century man has had little effect on 
these rain forests; large areas have been altogether uninhabited or inhabited only by 
food gathering people with no more influence on the vegetation than any of the other animal 
inhabitants. · 

Climate-Climatologically, the Tropical rain· forests of this State fall within the 
monsoon belt with rainfall varying from 200 em to 500 em (or more at some places). 
The average is well over 300 em for all the areas. Temperature seldom exceeds 3TC. The 
mean annual humidity is as high as 70 %, often reaching saturation point during the south
west and north-east monsoon periods. Frost is unknown. The forests receive the bulk of 
the rainfall from the south-west monsoon, while certain parts of these forests in Ramnad 
and Tirunelveli districts get an equal amount of precipitation during the north-east 
monsoon also. 

Soil-The principal underlying rock in most of these forest areas is· a granitoid gneiss · 
belonging to Arc~1aen gr~mp. It is a pale quartz-felspar banded rock c~:mtain~ng narrow 
veins of black m1ca and mtercalated w1th numerous small pale red or pmk garnets. The 
soil formed by the weathering of gneiss is generally a sandy loam and the disintegration is 
comparatively rapid. . If the soil cover pr~s~n~ is disturb.ed (for plan~ation purpos.es), 
potash and phosphonc contents tend to d1m1msh by leachmg. The ram forest thr1ves 
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best where the soil is fairly deep and well drained. Bu~ _in loc~lised ~epressions where a 
clayey loam accumulates from rain wash, marshy conditions anse and m such places tree 
vegetation is usually poor. 

Mechanical and Chemical Analysis lof Soil 

The results of the mechan~cal and :ch~rni.cal analysis of the soil from 
in Ambasamudram range of Tirunelveli distnct are given below : 

Mechanical Analysis. 
Moisture Coarse sand 

4.66% 48.54% 

Chemical Analysis. 
pH 

5.50 
Reduceable 
manganese 

p.p.m. 
270.00 

Exchangeable 
calcium 
m.e.% 
7.81 

Organic matter 
% 
5.60 
Total 

Fine ·sand 
10.29% 

Silt 
. 7.99% 

Water soluble 
ma~ganese p.p.m. 

0.20 
Base exchange 

capacity 
m.e. % 

16.81 
Exchangeable 

magnesium 
m.e. % 

1.95 

a typical locality 

Clay 
21.70% 

Exchangeable 
manganese 

p.p.m. 
36.00 

Exchangeable 
hydrogen 
m.e.% 

7.87 

Description-Th~ forest for~ation i~ ch<}racte_rised by a luxuriance _of vegetation, 
consisting of several tiers. The highest canopy con tams lofty trees (often With plank butt
resses at the base) reaching fifty metres or more in height; and the lowest consists of dense 
evergreen shrubby undergrowth. A_ heavy rainfall, ~igh atl;llospheric hum~dity, a short dry 
season, striking absence of greganous_ness, trees With smooth. bark spanngly bran?hed, 
leaves often firm, leathery or glossy, thick stemmed or woody climbers, and woody epiphy:
tes are the characteristic features (Warming). 
. The characteristic species are Mesua ferrea, Palaquium ellipticum, Calophyllum elatum, 
Hardwickia pinnata, Hopea pqrviftora, Gluta travanco_rica, Dyso.xylum malabaricum, etc. 
By and large, this type of forest IS situated between the altitude of 500 to 1500 metres. , 

The growth d~ter~orates rapidly both in quality and bulk alopg th~ wind-swept ridges. 
The whole of the hill sides ab~v~ 500 metres are not, ~owever, cl~thedwith dense tree growth. 
There is much bare and precipitous rock and extensive areas With shallow soils are covered 
with grass and stunted tree growth. Small patches of shola growth cap most of the 
sheltered faces of the peaks. 

Though the plant communities in.the everg_re~ns of differe.nt d~stricts have !llany species 
in common, there are, .however,_ m.m~r yanatwns from locality to locality. A brief 
description of the forests m each dis~nct Is giVen below : 

A. COIMBATORE 

The evergreen forests ~re mainly confined to Punachi range. A . few isolated patches 
in Tunakadavu range a~Jacent to the Kerala State boundary are also found and these 
are in Palakadavu, Uland1 and Mt. Stuart ~locks, the most accessible being the Karian
shola. In Bolam patty range also, narrow stnps of eve_rgreen can be seen along the State's 
western boundary. These eve~green forests once occupied a ~om pact area of about 40,000 
hectares, but about !Jalf ~f this has been cle:;tred for.plantatio~s of tea' etc. Usually this 
type of forest occurs m regwn over 600 metres m elevatiOn and with annual rainfall of above 
200 em. The ~ariat:t·shola nea_r .Top-Slip is an exception where although the rainfall is 
only 175 em, s01l moisture conditiOn are more favourable. Perhaps this is an instance of 
a post-~limax devel<;>I?met:tt because _the gen~ral cli_max vegetations to be expected and usually 
found m such localities IS the tropiCal mOist deciduous, but owing to the more favour
able m?isture conditions in the sheltered situation, these pockets bear a more evergreen 
vegctatwn. 

Structure and c;:omposition : Emergent lay~r-The constituent species are numcr
~us. The canopy IS extremely dense and there IS a. certain diff~rentiation in~o layers or 
t1ers. The top storey of the emergent layer consists of dommants reachmg a height 
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of 45 metres or more .. The principal species are Mesua ferrea, Poeciloneuron excelsa 
Palaquium ellipticum, Hopea parviflora, Cullenia excelsa, Calophyllum elatum Vateri~ 
indica, Heritiera papilio, Aglaia roxburghiana, Dysoxylum malabaricum, Eugeni~ species 
Ced1:ela t<:o_na, Canarium :Jltrictum .and Elaeocarpus species. · Many of these 
sp~cies exhibit plank butresses .. The mam trunk of the trees are mottled with black patches. 
Epiphytes are numerous. 

Co-dominant layer or second storey-This ti~r comprises of meso-micro-and macro
phyllous species. The crown is dark red !n colour. The main species constituting this 
stratu~n .are Artocarpus lak~oc~a, Nephelzum longanum, Diospyros '}1icrophylla, Mangi
fera . z~dzca, Adenochla~na ~ndzca, Drypetes macrophylla and species of Litsaea and 
Myrzstzca. These species like the emergents have clean smooth but mottled cylindrical 
boles and fluted or plank buttresses at the base.. .Epiphytes are not uncommon . 

. Th~ Sub-canopy or Understorey-Immediately below the co-dominant layer the sub
canopy IS s~en. . The trees are more s~~nder ~nd ~ore branched. . The principal species 
are Canthzum dzdymum, Mal/otus phzlzppen:szs, Cmnamomum graczle, Sapindus emargina
tus, Hydnocarpus wightiana, Spermum heyneanum, Mimusops elengi, Myristica lauri
folia, Casearia esculenta, etc. · 

Undergrowth-The undergrowth, although sparse, includes Calamus pseudo-tenuis, 
Curcuma pse,udo-montana, Strobilanthes species and Oplismenus burmanii. In moist 
localities, gregarious patches of Ochlandra travancorica exist. Notable climbers met 
with are Elaeagnus conferta and Entada scandens. Lobelia excelsa is not uncommon 
near water courses along with species of Polygonum. There is a heavy layer of leaf litter 
with plenty of leeches. . . 

Three plant associations may be distinguished in the forests of Coimbatore :-
1. Hopea-Mesua association. 
2. Mesua-Palaquium association. 
3. Poeciloneuron-Cullenia association. 

In Karian-shola the crop is predominantly a Hopea-Mesua association, Hopea 
parviflora and Mesua efrrea forming a considerable proportion of the tree crop. This 
association occurs in comparatively dry sites. Other common species occurring are 
Calophyllum tomentosum, Dysoxylum malabaricum, Canarium strictum, Bischofia 
javanica, Vitex altjssima and Alstonia scholaris. Natural regeneration in this sub
type is marked by prolific occurrence of Hopea seedlings and much less of Mesua seedlings. 
The young plants, however, remain suppressed for a long period, and respond quickly 
if sufficient overhead light is provided. 

The intermediate Mesua-Palaquium associations found in Punachi range where the 
·rainfall is pver 300 em. The percentage of each of these two species is about 40, other 
species met with being Calophyllum tomentosum, Artocarpus integrifolia, Cedrela toona, 
Vateria indica and Dysoxylum malabaricum. The natural regeneration in this sub-type 
consists of profuse Palaquium · ellipticum seedling and less of Mesua fen·ea. This is so 
because Palaquium seed almost every year while Mesua does not; and the seeds of the 
former are also less palatable to rodents and insects; and further Palaquium is more 
tolerant to shade. In the lower girth classes there is predominance of Palaquium, which, 
however, does not persist in the more mature stages of the stand. 

The Poeciloneuron-Cullenia association is restricted to places where the rainfall is as 
high as 750 em., e.g., in ~taliar block of Punachi .. raJ?-ge. The predorn!nant tree species is 
Poeciloneuron indicum with comparatively low InCidence of Cullema excelsa. There 
is always a dense mass of natural regeneration of Poeciloneuron indicum and all age classes 
are well represented. In fact there is a marked tendency towards the crop ultimately becoming 
almost pure Poeciloneuron indicum. So~e .of the typical Poeciloneuron associ.ations are to 
be found in South Kanara and Palghat diVISIOns of the former Madras State m Tombettu 
and Agumbe forests and also in Sispara in Silent Valley reserve. 

B. MADURAI DISTRICT 

In Madurai district, the evergreen forests ar~ not so typical as in Coimbatore or 
Tirunelveli. This is due to comparatively less ramfall and a longer dry season. They are 
found in the protected valley of Cumbum in Bodinayakanur and in the lower Palnis between 
900 and 1500 metres above sea level. Small patches of evergreen forests are surrounded by 
deciduous vegetation. The chief species are Bischojia javanica, Cedrela toona, Chukrasia 
tabularis, Elaeocarpus species and Canarium strictum with a sprinkling of Michelia c/zampaca 
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and Acrocarpus fraxinifolius. Along strea~ ban_ks Meslfa ferreq occurs. The sholas have 
gradually been eaten into by fires spreadmg mto their margms from th~ surrounding 
deciduous forests. 

C. RAMANATHAPURAM DISTRICT 

Evergreen forests occur in . Srivilliputtur range. . But thes~ can be classi~e.d. as 
semi-evergreen, because the locahty wh~r~ t~ey _occur IS far less mmst than the ~dJommg 
Tirunelveli evergreen areas. The precipitatl<;m IS l~ss qecause the '":fravancore high ra~ge 
and the Upper Palnis keep off much of the rams which would otherwise fall on these hill~. 
The principal species are Acrocarpus fraxinifolius, Cedrela toona, Mesua ferrea, Eugema 
spp., Palaquiuin ellipticum, Bischofia javanica and Mangifera indica. 

D. TmUNELVJ;LI DISTRICT 

This is a more southerly district adjoining tne Kerala State, being separated from it 
by the crest of the Western Ghats. The forests are situated on the leeward side of the Western 
Ghats, the evergreen rain forests being found between 500 metres a.nd 1300 metres with 
semi-evergreen type occurring upto · 500 metres elevation. The area of these forests 
is about 20,000 hectares. The principal species in the evergreen forests are Mesua 
ferrea, Palaquium ellipticum, Hopea parviflora, Elaeocarpus tuberculatus, Canarium strictum, 
Cullenia excelsa, Gluta travancorica, Vateria indica, Myristica beddomei, Nephelium 
longanum, Lansium sp., Litsaea sp. etc. · The principal species in the semi-evergreen forest 
type are Hopea parviflora, Balanocarpus uti/is, Hardwickia pinnata, Vitex altissima, Bischofia 
javanica, Diospyros species etc. Much of the evergreen forests have been destroyed towards 
the end of the last century by extensive clearings· made by hill tribes and coffee planters. 
The secondary shola growth consisting chiefly of Macaranga, Mangifera, · Clerodendron. 
Diospyros sp., is met with in abandoned coffee estates. With decreasing rainfall, the mini
mum elevation at which the true evergreens appear increases. Thus in Kalakad · reserve 
with less rainfall than Papanasam or Kuttalam forests, the evergreens start at about 900 
metres elevation and is at its best in the region of 1,000 to 1,200 metres. Around Netterikkal 
and Murungamottai in Kalakad, and near Kalivelipil and Martins Hut in Papanasam reserve 
patches of Podocarpus latifolia occur. This . is the only indigenous conifer of South 
India. 

The following associations are met with in the evergreen forests of Tirunelveli : 
1. M esua-Palaquium association. · 
2. Gluta-Palaquium association. 
3. Palaquium-Mangifera association. 

The first two sub-type~ are not e~s~ly recognisable as the distinction is only local. 
Gluta occurs where the mmsture conditlons are more favourable. In Kalakad reserve. with 
a marked fall in rainfall, the sub-type changes to one of Palaquium-Mangifera with total 
absence of Gluta travancorica. · 

J!.eed areas-Near~r the summi.t. of the hills (ab?ve !~e belt of shola forests) and along 
the higher slopes of vanous moun tam ranges from Sivagm to Kanyakumari border above 
900 metres elevation, extensive areas are covered with reed. Ochlandra brandtsii and 
travancorica form an iJ?penetrabl_e thicket 10 to 15 feet high, from which stand out scat
tered _trees of Vernoma, . M~noszs, Eugenia sp. etc. ~These reeds not only occur to the 
exclusiOn of all other vege~at10n but als.o encroach into shola .gradually. A picturesque 
fea~ure of the ree_d areas IS the greganous growth of the palm, Bentinckia coddapanna 
whi~h usually thnves on _the steepest portions and rocky peaks. Reed, of late, has become 
an Important raw matenal for paper pulp. 

E. KANYAKUMARI DISTRICT 

The evergreen forest~ ~f Kanyakumari district (at higher elevation of 900. to 1300 
metres) are more or less similar to those ~n the adjoining Tirunelveli forests. But their 
occurrence exten~s down t~ lower elevatiOn as the rainfall in these areas is high, being 
located .on the wmdward side of the main ridge. Narrow belts of evergreen forests 
are n.otlced down to I ~0 ~etres ele_vation, especially along stream banks. The species are 
practically the same as m Tirunelveh but associations or sub-types are not so well marked 
Large . areas of. evergreen forest have been clear-felled in the last century and so the virgi~ 
forest .Is much mterspersed by second.ary growth on the abandoned clearings. The more 
accesstblc forests ~ave also b~en subJe?t to h_eavy selection fellings resulting in deflected 
secondary successiOn. At htgh elevatiOn as m Muthukuzhi valley, subject to heavy rain-
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fall and fierce winds, the height growth is poor. Pure reed areas occur in this valley. Due 
to repeated fires certain areas have attained a biotic climax in the form of grassland. 

Ecological status-Ecologically these forests are mature and can be classified as climatic 
climax. They conform generally to Richards' definition of mixed rain forests. Also some 
of Richards' observations can be empirically applied with suitable· n;10difications to these 
forests. 

I 

. A. PrimqrY. Rain .(or~sts-The most important .single. cJ:aracteristic of the Tropical 
ram forest IS Its astomshmg wealth of species. Tlus flonstic abundance is achieved by 
a ve~y congenial. climate (favourable. to a high rate of speciation) and also by the great age 
of this South Indian land mass. It IS unfortunate that· we do not have sufficient scientific 
d~~a to study the differ~nt s~ages and gradual development of the primary forest commu~ 
mtles of the evergreens m this tract. Nor do we possess enough information about the 
relation. of ~xed and single domi~ant pri:rr:ta~y co:rr:tmunities, about primary succession 
etc. it 1s deSirable that study of this aspect IS Immediately taken up on the lines indicated 
by Richards in his 'Tropical Rain Forests'. 

Theory of Climax of Rain forests-The cl!matic climax is regarded as a final stage of 
stability in the development of vegetation. There are two views about th~ climatic climax, 
viz., (1) the Mono-Climax theory and (2) Poly-Climax theory. According to the former 
all vegetation under a given climatic region tends to develop towards one and the same 
climax except where special conditions of soil or topography hinder normal development 
and lead to sub-climax. The poly-climax theory on the other hand considers the develop~ 
ment of vegetation as leading to a series of climax types, all equally stable but suited to 
different conditions of soil, topography and drainage. A study of the floristic coniposi- · 
tion of the forests of this State shows that these can be conveniently harmonised within 
poly-climax theory. But it should be recognised that factors other than climate, for instance 
the parent rock, topography, etc., do play an important part in the soil development; 
and this can result in more than one type of mature soils within the same climatic region. 
The vast reed forests and also patches of stunted tree growth within the evergreen tract, 
can be classified as edaphic or bio-edaphic climaxes. So also pure patches of Balanocarpus 
uti/is. 

B. Secondary Succession-After existing for millions of years with little or no disturbance, 
. the evergre.en forests have been mainly disturbed in the middle of 19th Century. This 

involved widespread destruction of the forest to make way for agriculture, coffee, tea and 
rubber plantations. Such destruction · has affected large areas of virgin or primary 
forest in Kanyakumari and Coimbatore districts and to a lesser extent in Tirunelveli. Of 
such cleared areas, much has been subsequently abandoned, before the beginning of this 
century. Thus, at present, the secondary growth in these abandoned clearings varies from 
stands of herbs and grasses (upper slope of Veerapuli reserves in Kanyakumari) to dense 
forests not very dissimilar in appearance to the original primary vegetation.· Vast areas 
of grasslands resulting from deflected succession are not an uncommon feature. 
Secondary communities derived from these evergreen forests, have t)le aspect of forest, 
scrub savannahor (as is often tlH~ case) of a chaotic wilderness of trees, shrubs, herbs 
and 'climbers. They are always more or less· unstable and thus from distinct 
stages in secondary succession. Given absolute res~, without fires, grazing and fellings, 
these areas can be gradually colonized by primary forest species and there is no doubt 
that . the climatic climax would re-establish itself in the long run. Some of the abandoned 
estate in Kuttalam, Kalakad and Papanasam reserves are example of such complete recovery. 
On the other hand if subjected to fire, grazing of periodical shifting cultivation by hill 
tribes deflected succesion sets in, leading to stable biotic climaxes. The above observa
tions ~re mere based on the sketchy and fragmentary data available, whereas the study 
of secondary and deflected success~on_is complex. subject for which the details _can be fully 
obtained· only by carefully quantitative observatJ.Ons made . over a long penod. Such 
observation. should be undertaken soon. 
. Virgin forests have g~ven. place to ~ecm~dary suc_ce~sim~ for different_reasons. One i~port
ant cause is Kwnri cultivatiOn· by lull tnbes. This IS stdl common ~n Kanyakuman and 
Singampatty forest.s. A patch of forest is felled, th~ugh ver.y ofte~ bwger trees are ~pared. 
The felled growth Is. burn_t and crops such as tapwca, maize, h~ll nee and plantams are 

I cultivated. Humus IS rapidly destroyed by exposure to sun and ram; the ground generally 
receives little tilling and no manure-; and the soil soon becomes infertile. After 2 or 3 
years as soon as the soil is impoverished, the plot is abandoned to be overtaken by natural 
second growth or by Eupatorium, gr~ss etc. Plantations of. tea, rub~er and. coffee are 
generally established on permanent basis but often the· story Is otherwise. Either due to 
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pests or disease or uneconomic expenditure many· a clearfelled area has been abando~ed 
to be followed by a secondary succession, but very different from abandoned areas of shift
ing cultivation. · Examples of such abandoned_ estates a1:e _to be seen a~out Balamore m 
Kanyakumari. The third ca!lse for the destruct~~n of the pnmary forestS" Is fire. However,' 
fires can occur only in exceptwnal weather conditions. 

· Areas of primary rain forest subjected to sele~tive exploitation of timber (sel~cti~n 
felling) or to selective removal of overhead shade m order to unde~pla!J-t cardamom (m 
leased areas). The gaps left by the removal o~ timber tree~ become colomsed by secondary 
species and the community thus becomes a ffilXture of pnmary an~ secondary f?rests of 
irregular structure. Some of the cardamom lease areas and the old timber coupes m Papa
nasam and Singampatty forests are typical examples of such depleted forests. The gaps 
are colonized by Trema sp., Macaranga sp. etc. 

General features of Secondary Rain forest-The course that a secondary succession 
takes, depends on the size of the cleared area; its distance from uncl~ared a~eas, t~e local 
conditions of climate, topography, soil type, degree of humus destructiOn, sml_eroswn and 
soil impoverishment. Soil impoverishment in ·turn depends on how long and m what way 
the area was utilised (cultivated), whether it was burnt or the ~lash ~eft to ro_t on the ground 
after clearing, the slope of th_e g~ound and the amount and mtens1~y ~f r!lmfall etc. . TJ:le 
course of a secondary successiOn IS to· some extent dependent on the mtnns1c charactenstics 
of the soil and is different, e.g. in Tirunelveli and Kanyakumari. The history of the site 
between the clear-felling of otginal growth and the beginning of secondary growth is also 
an important factor. If the intervening period -under cultivation was along enough to 
alter the structure of soil and destroy its humus reserve or if there is considerable 
erosion, the subsequent.succession is different from that on an area where the secondary 
succession sets in soon after clearing of the primary forest. · . 

Some of the general characteristics of secondary forests in their early seral stages are 
given below : 

The secondary .forest is lower in height and consists of trees of smaller average 
dimensions than those of the primary forest. Occasionally trees of ·much larger dimension 
(which belong to the pFimary growth) may occur scattered. Seen from above it has a more 
level surface than a primary forest. For example the young secondary growth in Kuliratti 
estate of Kalakad and several abandoned fields in Singampatty and Papanasam forests 
look like smooth lawns when seen from the neighbouring hill peaks whereas in the more 

· darkly coloured primary forests the crowns of individual species can be distinguished even 
from a great distance. Very young secondary forest is often remarkably regular and uniform 
in structure with abundance of small climbers and young·saplings. At a later stage, an 
extremely irregular structure, with tangles of lianes and poor undergrowth, characterise 
the secondary forest. Later still a two-storeyed forest results, with Macaranga sp., Mallo
tus and Trema sp., in the upper storey and dense thicket of Lantana camara, ·Eupatorium 
SJ?· or Strobi!anthes in the lower storey. As years pass on, these even-aged stands of 
piOneer species become unable to regenerate under the new conditions they themselves 
have c~eated. ~aturally their proporti?n reduces abnormally due to increasing casualties. 
In therr place chmbers and slow growmg and shade tolerant species appear. 

. Almost all the early secondary forest trees are light demanding. Though they grow well, 
ultimately they become suppressed by shade-tolerant spec~es of either the primary forest 
or of the later s~ages of seco_ndary succession. The early secondary species have efficient 
me~ns of seed d1spersal. Th~s enables th~m immediately to ?olonize op~nings and clearings. 
Qurck growth helps the species of the ear her stages of successwn to estabhsh themselves before 
they are .shad~d out. by the slower growing secondary forest species. For example, 
Tremc_I onentalzs ha~ hght seeds. . Seeds of Alstonia scholaris and Anthocephalus cadamba 
are dtspersed by _wmd. Mqcaranga, Jt:!allotus and Trema seeds are bird dispersed, 
whereas the dommants o_f pnmary species have no such special mechanism for !>Vide dis
persal of seeds. T~e rapid growth of M acarqnga, r:rema sp. etc., in cleared patches is a com
mon place obs~rvatwn. There fast growth IS a nursance to regeneration work undertaken in 
the tract. It IS also observed that species characteristic of drier types of forest occur in the 
ser~l stages of evergreens. For. exam~le Kydia calycina, a tree usually found in dry 
deciduous forest, IS often found 1~ clea.rmgs m evergreen forests. After a certain stage, the 
secondary forest b~~omes more m1xed mage-classes and floristic composition till it approxi
mates to the condlh<;m of ma~ure forests. The secondary succession thus differs from 
the normal regeneraho~ of a PriJ?ary forest, in which the gaps formed by the death of large 
old trees are temporanly colomzcd by the same fast growing, eas~ly dispersed species as 
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do:r:ninate secondary forests. In depleted forests like Singampatty and Papanasam timber 
~enes, w~ere larger number of trees has been re:'lloved by selection felling, the situation is 
mtermediate betw~en a clear-felled area and a pnmary forest with naturally formed gaps. 

Biotic <:;lim~x-"In every part ?f the Trop!cal . raiJ? forest the tendency of a secon
dary successiOn IS towards the restoratiOn of the chmat1c climax, although fire, grazing and 
soil deterioration due to over-cultivation may deflect the succession and lead to the sta
bilisati~n of a biotic cliJ?ax". Thus, the vast stretches of grassland amidst the evergreen 
forests m Kanyakumari (between Balamore and Muthizhi) are biotic climaxes resulting 
from deflection mainly due to annual fires. · 

And, the natural gaps of cardamom in Papanasam, Kalakad forests are examples of 
a 'biotic climax, where by annual tending the secondary succession is inhibited at this 
stage for cardamom to thrive best. But for the biotic interference primary succession will 
usurp the gaps. 

The Tropical rain forest is an excellent example of an ecosystem in which climate, soil, 
vegetation and fauna are components in an extremely complex equilibrium. If one of 
these elements in the primary forest is destroyed, partially or completely,· the other elements 
undergo an equally violent change. During the subsequent secondary succession micro
climate, soil and fauna undergo development parallel to that of the vegetation until a balance 
is once more attained. These changes and develop!Jlent are too many and . too complex. 

· Some Field Observations in the Evergreen Forests of Madras 

The following observations are made as a result of numerous visits to the evergreen 
forests of Madras State including some in the divisions in Malabar and South Kanara 
which were part of the former composite State of Madras. 

A. Gregariousness and Zonation-It is well-known fact that much variation in the 
distribution of deciduous species is noticed which cannot be satisfactorily accounted for. 
For instance at Mount Stuart, Terminalia tomentosa is one oft~ common species whereas 
in Punachi forests, a few miles to the east, it is virtually absent.. The same appears to be 
the case with some evergreen species. At Wynaad near Coorg border Dipterocarpus indicus 
is a common species whereas it is not found in any division of the present Madras State. 
InTirunelveli, Hardwickia pinnata is common on either sides of the Serviiar near Kedumadi. 
In Kannikatthu only· a few miles to the south it is absent. Gluta travancorica and 
Balanocarpus uti/is appears to be confined to Tirunelveli district only in the State. 

We ~re aware of the well-defined species zones· in the Himalayas. There are definite 
chir pine zone, the deodor and kail zone, the spruce and silver fir zone · and the oak 
zones. Similarly in our evergreen forest differentiation into zones of associations, if not 

- species can be recognized but it is not so obvious with gregarious species. In fact, though 
evergreen species grow in intimate mixtures, there are some which tend to grow gregariously 
when condition of elevation and locality are at the optimum for the respective species. 
Such species are Hopea parviflora, Balanocarous uti/is and· Poeciloneuron indicum. 

Hopea parvifiora and Balanocarpus uti/is are definitely low elevation species occur
ring between 300 and 500 metres elevation. But when moisture conditions are favourable 
they may be found even at 200 metres elevation. 

. Cullenia, Palaquium and Gluta occupy what may be called middle zone .. Generally 
speaking the zone for these species seem to be narrower than that for Mesua which may be 

. seen further up as in Silent Valley,and Attapadi reserves of Palghat..bnt below that. zone 
as in Ambasamud~am range. In practically the highest tree zone I~ Kanyakuman and · 
Tirunelveli (beyond Sengalteri, Kannikkatti or on Kuthukuzhi) a species !Jf poon ( C~lop~yl
lum trapezifolium) mixed with Podocarpus latifolia is common. This occurs m high 
zone between 1,000 and 1,500 metres. ·In Silent Valley and Attapady .of Palghat, poon 
(Calophyllum elatum) is very common in zone above that.of Mesua; but It also occurs to 
a small degree in M esua zone itself. . 

B. Age Class Representation-For lack of distinct arinual rings, the age of evergreen 
species in a natural forest cannot be. determined and this render~ the study of age cl~ss 
representation very difficult. All the. same based on a superficial stu~y, the followmg 
observations are made ~rom the enumeration figures avai~able from varwus tracts. Even 
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within the same sub-type e.g., Mesua-Palaquium all stages of growth from saplings to ciomi• ' 
nant trees of a particular species do not occur equally abundantly. Palaquium which is pro
lific in seedling and sapling stages ultimately becomes less common than Mesua in its in
cidence at the dominant stage. Therefore, any attempt made to correlate the percentage 
of a particular m~in species a~ ~ifferen~ sta&es (or girths ) d?e~ not lead to an~ defini~e 
relationship. This, however, ISm keepmg w1th the charactenstlcs of these tropical ram 
forests where all the main species cannot thrive uniformly under the varying conditions of 
microclimate. · 

C. Adaptions of Evergreen species-By far a large number of evergreen species 
have developed certain mechanisms · suited to their environmental conditions. 
These characteristics are buttressed base, thin and smooth bark, deep green, more or less 
elliptical, entire leaves with a pronounced drip tip, simple caulifiory .etc. The leaves 
become smaller in size as the tree grows up in height. · 

Economic Possibilities of Evergreen Forest 

The revenue through timber and minor forest produce is but limited. The protec
tion of these forests is mainly in order to preserve the catchment areas of important water 
courses. Without impairing their evergreen nature and their role as regulators of 
stream-flow, these forests can yield substantial ·return by under-planting of cardamom or 
cocoa. Already some suitable patches in Madurai, Ramnad arid Tirunelveli districts 
have been leased out for cardamom cultivation up to elevations of about 900 metres. 
Cocoa can also be raised as an under-storey. In the semi-evergreen forests, where rainfall 
conditions are favourable, elevation below 400 metres, rubber can lucratively be raised. 
Species like cloves, nutmeg and pepper can also be raised in the semi~evergreen forests. 

The reed areas which occur mixed or pure, are of value as a source of raw material 
for paper and rayon industries. . 

MSDcptt. of Agri./61-22 
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SILVlCULTURE AND MANAGEMENT OF THE TROPICAL MOIST EVER
GREEN FORESTS OF MAD~AS STATE 

BY K. A. BHOJA SHETTY, A.I.F.C., 

Cqnservator of Forests, Madras State 

Abstract 
The extent of tropical evergreen forests in the State is very limited; typical occ1.mences 

have been briefly described. These forests are worked mainly under selection fellings 
adopting a suitable felling cycle and a minimum but variable girth limit for the different 
exploitable species. A limit by number of trees that may be felled per acre is also 
prescribed as a safeguard against any excessive opening of the canopy. 

Natural regeneration is generally adequ<~-te but there is need to provide optimum condi
tions of growth and afford preferential treatment for the development or t;egeneratiqn of the 
more useful species. The establishment of such regeneration within the shortest possible 
period would, of course, have a direct bear:ing on the s:ustained yield during successive 
felling cycles. · 

. In the past, artificial regeneration in gaps was attempted but without much success. 
Results of the experiments concerned are briefly stated. · 

A f~ature of the tropi9al evergreen forests in the State is the c:ulitvation of cardamom 
as· a ground cover. · 

Necessity for further studies on the regeneration of evergreen species and utilization 
of their timbers is stressed. 

Introduction 
Over most of the area of Madras State the rainfall is too low to support 

anything like tropical wet evergreen forests. This type of forests is confined to compara
tively small areas of the western ghats in Tirunelveli . district, on the Anamalai hills of 
Coimbatore district and in small, isolated pockets ·in Madurai and Ramanathapuram 
districts. These forests are mainly confined to the hills bordering Kerala State, where the 
annual rainfall is. usually over 100 inches. 

The silviculture and management of these forests received but inadequate attention 
in the past, since the forests are situated in relatively remote localities. Their very location 
also often renders them uneconomical for exploitation. Another contributqry factor was 
that a majority of the species comprising these forests were considered of but little timber 
value and hence unsuitable for exploitation. But the position has changed during recent 

- years. The demand for timber in the country has increased tremendously and supply is 
so short of demand that these forests can no longer be considered uneconomic for valuable 
timber production. Modern methods of wood preservation and seasoning have helped 
to increase the durability and utility of many species. New industries such as the plywood, 
matches, wood pulp, rayon and other undertakings have entered in new uses for wood 
and have thus pressed into use a number of species which were hitherto considered 
useless. In this context the tropical evergreen forests have attained the status almost of a 
valuable store house of wood wealth. 

Types of Forests 
In Tirunelveli, Ramanathapuram and Kanyakumari districts, the tropical wet ever~ 

green forest is found at elevations from about 2,000 feet and extending upwards to nearly 
the crest of the mountains, upto 4,500 feet. Some of the more important tree species found 
are-Mesua ferrea, Cullenia excelsa, Gluta travancorica, Palaquium ellipticum, 
Cedrela toona, Acrocarpus fi'axinifolius, Hopea parvi.flora, Bischofia javanica, Mangifera 
indica, Eugenia spp., Elaeodendron glaucum, Elaeocarpus tuberculatus, Conarium strictum, 
Dysoxylum malabaricum and Valeria indica. The undergrowth consists principally of 
species of canes, wild cardamom, Pandanus, Solanum etc. 

Along the higher slopes in Tirunelveli district, generally above 3,000 feet in elevation, 
extensive areas may be locally covered with. dense growth of reeds-Ochlandra brandisii 
and Ochlandra travancorica. These reeds form vast and impenetrable thickets, 10 feet 
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to 15 feet high, amidst which stand out scattered trees. A picturesq!-le feature of the r~ed ' 
areas is the gregarious growth of the palm, Bentinckia coddapanna, W~Ich usua.lly colomses 
the steepest portions of rocky peaks and knolls above 4,000 feet elevatiOn. . It .Is a generally 
accepted view that the reed encroaches on the ever~reen forest and not vzce versa ~nd 
.this is borne out by the frequent occurrence of Isolated large trees of. Palqquzum 
ellipticum, Mesua ferrea, etc,, in a sea of reeds. The area covered by the reeds ts estimated 
as about 35,000 acres. . 

At lower elevations of about 1,000 ft., where the average annual rainfall is about 
75 inches, a semi-evergreen type of forest occurs, the principal species met with being 
Balanocarpus uti/is, Hopea parviflora, Pterospermum rubiginosum, Pterosperum glabres
cens, Aglaia courtallensis, A. barberii, Nephelium longanum, Hardwickia pinnata, Stere~sp~~
mum chelonoides, Dalbergia latifolia, Chukrasia tabularis, Artocarpus integrifoha, 
Diospyros spp., and Bischofia javanica. 

The tropical wet evergreen forests in Coimbatore district occur on the Anam~lai 
hills, generally between elevations of2,000 to 5,000 feet. These forests occupied an extens~ve 
area in the past but much of them have been cleared for the planting of tea .. The spec~es 
composing the tropical evergreen type here are as usual numerous; the chief tree species 
being-Mesua ferrea, Poecilone.uron indicum, Palaquium ellipticum, Hopea parviflora, 
Cullenia excelsa, Calophyllum elatum,- Vateria indica, Heritiera papilio; Aglaia 
roxburghiana, Dysoxylum malabaricum, Eugenia spp., Cedrela toona, Artocarpus integrifolia, 
Conarium strictum and Elaeocarpus spp. Undergrowth is comparatively sparse and 
includes species of cane, Pandanus, cardamom, Curcuma, Strobilanthes besides Laportea 
crenulata. 

Based on associations of the predominating species, the following three sub-types are 
distinguished in the tropical evergreen forests of Anamalai hills. 

(i) T~e coml?aratiyely dry ty_pes o~Tunacadavu and Ulandi blocks (7.0''-100" a~nual 
ramfall) m which Hopea parviflora and Mesua ferrea occur m appreCiable 
quantities (Hopea-Mesua assbciation). 

(if) The intermediate type found in portions of Punachi range where the rainfall is 
about 120 inches in which preponderate Mesua ferrea and Palaquium ellipticum 
(Palaquium-Mesua association). 

(iii) In regions where the annual rainfall is 200 inches or mote, as in the Italiat valley 
of Punachi range, the predominating tree species is mostly Poeciloneuron 
indicum with a small admixture of Cullenia excelsa (Poecilioneuron-Cullenia 
association). 

The tropical evergreen forests in Madurai district are confined to small, sheltered 
pockets in Cum~:>um and _Palni hills. The chief tree species are Bischofia javanica; Cedre/a 
too!la, Chukra!flCl_ tabulans, Elaeocarpu~ tuberculatus, E. serratus, E. oblongus, Canarium 
stnctu~n, Afynstzca spp., Lagerstroemza lanceolata and Eugenia spp., with a sprinkling 
of lvltchelta champaca and Acrocarpus fraxitlifolius. Occasionally Mesua ferrea occurs 
along streams. 

Methods of Management 

. The ·tropical ever~reen forests ~f the Sta~e are worked under a system or' selection 
fellu!-gs. A comparatlv~ly loJ?g felhpg c¥cl~ IS adopte~ a~d COJ:?mercially ex.ploitable 
species are extracted adoptmg SUitable _girth limits. The essential prmcjples in the working 
of these for~sts ar~ to ensu~e that their evergreen character is not endangered, that there is 
no setb~ck m their ecologiCal . status on ac~ount ~f excessive explo!tation a:nd that the 
c_anpJ?Y Is never permanently disturbed. With a vtew to ensure all thts not only high girth 
hm~t IS adop~ed. bl!t the numbe~ of t~ee_s ~hat . may be removed from every acre during each 
felhn~ cycle Is limited. The guth hmit IS generally 7 feet at breast height and the felling 
cycle IS usual~y ?O ye~rs. How~ver, in areas with a preponderance of ovenrtature trees 
and where It Is considered d~s1rable to remove such trees speedily, a shorter felling 
cycle may be adopted. _The maxim!Jm number of trees of all species permitted to be removed 
from any one acre dunng each felhng cycle varies from 3 to 6 depending upon the condition 
of the crop. ' 

Natural Regeneration· 

~t present reliance i~ pla~ed entirely on natural regeneration, for restocking areas under 
~o~kmg. The observations ~~ the various 'Yorking plans, based on sample emimeratioi'is, 
tnd1cate that natural regeneratiOn of the deSired species is ~enerally adequate, · · · 
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Experiments have been carried out in Karian-shola forests of Coimbatore South division 
on natural regeneration of a few of the evergreen species viz., Hopea parviflora, Mesua 
ferrea and Palaquium ellipticum. Conclusive results are yet to be derived except that it 
has been ascertained that canopy opening does help in the establishment and subsequent 
development of natural regeneration, particularly in the case of Hopea parviflora. 
But the number of species that concern us in these forests is very large and the light 
requirements of one species are ~ften not the optimum for another. 

, The· presence of adequate natural regeneration over most of the areas of tropical ever
green forests in the State tends to give us an optimistic view of the future of these forests 
under the present method of management. This is evident from the fact that though 
detailed prescriptions regarding selection fellings are contained in the working plans, it 
has not been considered equally necessary to prescribe measures for the establishment 
and tending of the regeneration in the exploited areas. In practiCe, little else is done apart 
from executing the selection fellings according to the prescriptions. · . -

It is essential, however, that the yield from a felling series is sustained during successive 
felling cycles.. This can be ensured only if natural regeneration is given the most favourable 
conditions for its further development and the progress from seedling to pole and from 
pole to tree accomplished in as short a period as possible. Only then will it be possible for 
the future crop to keep pace with the progress of fellings and thus permit of a more 'or less 
sustained yield being realised during successive felling cycles. What would constitute 
·such favourable conditions is yet· to be specifically ascertained. For instance, it is to 
be determined whether. any preparatory operations are necessary before timber fellings, 
in order to induce natural regeneration where such regeneration is either inadequate or 
absent. Mter timber fellings, . necessary measures by way of canopy manipulation, 
weeding, tending and thinning for the· establishment and subsequent development of 
natural.regeneration are yet . to be standardised. . 

The selection fellings concentrate in practice on the removal of a few, commercially 
utilizable species and it is obvious that by such fellings there will be progressive reduction 
in the proportion of such useful species in the crop. Therefore, in all the regeneration opera- · 
tions, it should be the aim to encourage the reproduction of the more useful species and 
in cases where natural regeneration cannot be relied upon for this purpose, it is necessary 
. to restore ta artificial regeneration. 

Artificial regeneration 
In the past artificial regeneration in gaps was undertaken in the tropical evergreen 

forests after the completion of selection fellings, but this did not give results commen
surate with the time 'and money involved in it arid hence this method of artificial regenera
tion was given · up. 

Subsequently, raising of concentrated. plantations of the more useful species under 
a shelterwood in the most accessible localities was thought of. Experiments have shown 
that some of the important timber· species in the evergreen forests can. be raised arti
ficially without difficulty. The best shade conditions are obtainable from a high top canopy 
only. It is also observed that for most species the best method of introduction is trans
planting. Burning before regeneration operation is not consideredr desirable. Though 
encouraging results have been obtained in experimental work with the art.ificial regenera
tion of the evergreens, large-scale work on these lines has not been earned out to any 
appreciable extent. 

While discussing about the artificial regeneration in evergreen forests, mention may 
.also be made to the attempts of raising . teak plantations by clear-felling semi-evergreen 
forests in Papanasam hills of Tirunelveli district. A total area of about 566 acres was 
planted with teak between the years 1917 and 1950. Results .have been generally 

.satisfactory. ,.. · 

Cardamom cultivation 
A feature of the tropical evergreen forests in Madras State is the presence of numerous 

cardamom leases. The right to farm for cardamom is leased usually for a period of 25 
years with a provision for renewal for a further period of 20 years. 

. For cardamom cultivation shade is essential and hence the cultivator takes 
care to preserve the trees in the top and middle canopies. However, in the process of 
weedin~s and other .. cultural operations f01; c~rd~mom plants~ seedlin~s and poles of tree 
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species are ruthlessly removed. .Cons~quently an are~ brought under cardamom cultiva
tion may cease to serve for sustamed timber production. 

Conclusion 
Under the present system of working wherein selection fellings are concentrated 

on a few species, there must result a steady reduction in the proportion of those species 
and unless special measures are taken for the regeneration of these species, after first fellings 
the number of exploitable trees per acre must progressively fall off. Measures to achieve 
such regeneration, as well as subsequent development of the regeneration within the 
shortest possible period, have to be studied further. · 

Another equally important subject that requires investigation is the utilization of 
the numerous species comprising these forests. No doubt, in recent years, owing to the 
acute shortage of timber, many of these species have been brought into use but many 
more species still remain unknown in the market. The best uses to which these timbers 
can be put are to be investigated on priority basis. 



FEATURES OF PROTECTION IN THE TROPICAL MOIST EVERGREEN 
FORESTS IN THE MADRAS STATE 

BY K. ANDIAPPAN, 

Conservator of Forests, Madras State 

In Madras State, the characteristic tropical rain forest is confined to the eastern 
slopes of the Western Ghats. The location, type and composition can be broadly account· 
ed for as follows :L 

(1) High alti_tu~~ (temperate) sholas-:-They are studde~ amidst a vast sea of grass 
on the Ntlgms, and .are commercially non-remunerative.. The growth is stunted. 
The main species found represent the natural orders Myrtaceae, Styraceae and 
Lauraceae. Ferns and mosses· cover the ground abundantly. The annual rain
fall varies from 80 to 300 inches. 

(2) Typical rain forests-They occur at altitudes ranging from 2000' to 5000'. 
They_ !ire ~oristi~ally luxuriant _and commercially valuable. Stratification may 
be dtstmgmshed mto 3 to 5 tiers. They are found on the Anamalais of 
Coimbatore district, the Palnis of the Madurai district and the Western Ghats of 
Tirunelveli and Kanyakumari districts. The rainfall ranges from I 00 to 250 inches 
per annum. Trees are lofty with a fair proportion of useful species like Mesua 
fen·ea, Hopea parviflora, Calophyllum sp., and Poeciloneuron indicum. In this 
type, distinct associations are recognised. 

(3) The semi-evergreen type -It occurs below 2000' and down to 1 000'. This is charac
terised by species like Balanocarpus uti/is, Hopea parviflora, Hardwickia pinnata 
Bischofia javanica, Diospyros sp., Mangifera indica, Lagerstroemia lanceolata, 
Dalbergia latifolia etc. This type occurs in parts of Gudalur taluk of the Nilgiris 
and in Tirunelveli and Kanyakumari districts. 

A large part of this commercially valuable evergreen forests was the target of early 
European settlers for coffee and tea planting. 50% of the 77 sq. miles of the tropical 
wet evergreen forests ofthe Anamalais have been replaced by tea, coffee or cinchona. Simi
larly large areas were cleared and set apart for coffee plantations in the Tirunelveli district 
and actually assigned in Kanyakumari district. The renowned Karian-shola on the 
Anamalais which extends over 3 sq. miles, and the accessible portions of similarly useful 
sholas, extending over 200 sq. miles in Tirunelveli district were heavily worked during 
second World War to meet the ever-increasing defence requirements. Thus the virgin 
evergreen fores~s intended by nature to play a protective role in the conservation of mois
ture, protection of fertile soil, regulation of streams, etc., were encroached into gradually. 
The following statement shows the extent of encroachments the forests have suffered : 

The nature of money Ar h eas on t e 
crop introduced and Tirunelveli & 

other types of Nilgiris Anamalais Kanyakumari 
encroachment districts 

Acres Acres Acres 
Tea, Coffee and 

12,000 Cinchona 15,000 50,000 
Cardamom - 10,000 1,500 

Commercial Timber 
Extraction 

Sleeper and war timber War timber 

Injuries 
(1) Man-Among the injuries to which the sholas are susceptible, man ~as been ~he 

most potent factor. Vast tracts of evergreen forests have been destroyed for mtroduct10n 
of commercial crops. Even in the so-called selection system of working, when large trees 
are felled and removed, innumerable poles and saplings of valuable species are. damaged. 
Often, the gaps caused are occupied by prolific growth of persistent and obnoxious weeds 
and fast growing Trema orienta/is, Erythrina sp., Maesa perrottetiana etc. .As shad.e tr~es 
for Coffee, Cinchona and Tea, in the place of local species, new, fast growmg species like 
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Grevillea robusta, Albizzia stipulata, Erythrina sp., are introduced. Even in cardamom 
areas, all storeys except the top-most one are removed and cardamom alone. for~ns t~e 
ground cover. Any attempt at !latural regeneration of the tree species IS dis
couraged and where gaps are created m. the canopy by a ~all or de~th of over-mature trees! 
fast growing species like Macaranga are mtroduced. In Tirunelveh, the Marvans ofTenkas1 
and Sankarankoil taluk, go into the great depths of th~ sholas !ind collect thousan~s. of 
Mesua ferrea saplings every year for disposal at good pnce~ as s_ttcks and clubs. Shtftmg 
cultivation by hill tribes is another adverse factor especially m the sholas of Gudalur 
in the Nilgiris and in Kanyakumari. · 

(2) Wind~Causes great damage in the newly worked coupes and on steep slopes where 
g~ps have been created by fall of over-mature trees or removal of s_election trees. The break 
iu the canopy of a shola may prove as vulnerable as _breaches m a fort~ess wall .and the 
strong wind during monsoon blows down trees and saplmgs, !he havoc IS gr_eater m water-. 
logged soils where tree roots are superficial. On slopes, senous loss of soil due to land
sli.J?S may follow. 

(3) Landslips.......:..High winds, when they act on holes ~nd gaps crea~ed by clearings 
in the sholas, prove too strong for even deep rooted trees, particularly on ram soaked slopes 
and soils and cause serious landslips. 

(4) Climbers like Entada scandens, Bauhinia sp. also cause not a little damage when 
they entwine the useful species. · 

(5) Animals-Bison, sambhur and deer browse down young seedlings and saplings 
o~ Hopea-Porcupine, bats,. squirrels, monkeys and rats consume large quantities of seeds 
apd. fruits. of Mesua, Elaeocarpus, Dysoxylum, etc. Wild pigs dig into the ground and 
uproot and destroy many seedlings. · 

(6) Fire-Though fires play no specific role as such in evergreen forests, frequent 
and recurring occurrence of fire around them results in the shola being pushed back thus 
resulting in reduction of its area. 

(7) Insects-Stem borers in large numbers cause considerable· damage to H opea parvi.
flora. A Cerambycid borer riddles longitudinally and radially through the stem of Mesua 
ferrea. This damage is very heavy in some localities e.g.,. the sleeper coupes in Punachi 
range. Trypetid grubs riddle the fruits and seeds of Dysoxylum. · 

(?) Fungi-The huge b~acket shaped polyporous fungi infest trees of Mesua ferrea, 
especially of over-mature size. . 

{9) Other i'?juries-Twisted fibre is formed in species like Mesua. Hollowness is a 
common feature m mature stems. Rot sets in quite often in the timber of Calophyllum. 

(4) Protection-Evergreen forests ·require ·protection mainly . from the ravages of 
man. One of the foremost duties implicit in shola management is the care for 
the health and safety of the crop and of the soil that supports it. Even the Forest 
Department has t~ guard a~ainst careless and greedy exploitation. That the Forest 
Officer was .. con.scwus of this . from early times is evidenced by the fact that 
Dr. Brandis (IJ? 1882) advt~ed in respect of Tirunelveli and other districts, 
sto~pag;e forthwith of the alienat~on o~ shola areas . for cultivation. Shifting 
cultivatiOn should be prev~~t~d by tlghterung up protectiOn. Necessary legislation. 
should ~e enacted prohibiting encroachment into shola areas. In any method 
of working, ever¥, care should be e_xercised to follow up with systematic and 
repeated regeneratiOn ~e'!-sures, especially of useful species. Efforts . should be 
made t~ tackle the Silvicultural problems involved in successful regeneration. 
Inaccessible and ~ar off shola areas should not be exploited at all. Care 
has to. be taken agamst the d~str~ction of seeds by pests and vermin so that the 
establishment _of ·!-lseful. species 1~ _ensured. Climber cutting should become a 
regular operatiOn m the sholas. Fmng on the fringes of sholas should be avoided 
and prevented. Research on the fungal and borer attacks is indicated. 



FORESTS AND FORESTRY IN THE ANDAMAN & NICOBAR ISLANDS 

BY J. C. VARMAH, 

Conservator of Forests, Andaman & Nicobar Islands 

Location and Climate 
A group of 204 big and small islands known as the Great Andamans lies in the 

South-East of the Bay of Bengal between latitudes of 92°-11' and 93° -7' East and 1 oo -30'. 
a~d 13°-41' longit:udes North and n~ns in a N<;>rth-South line for about 220 miles in length 
~1th an average Width of .~bout 15 miles, cov.er~ng about 2,500 sq. miles. Another group of 
Islands known as the N1cobar Group consistmg of about 19 islands lies speparated from· 
the Andaman G_roup by 150 mi~es to the Sou~h. As. the forests of the former group alone 
have been studied and worked m the past, this note IS confined to these islands. 

. The. configuration of these islands is rough, consistin_g of a series 9f mountain peaks 
which anse abruptly from the level of the sea. The result Is that jn the Andaman Group 
there are very few valleys where the level land is found to an appreciable extent. 

· The characteristic feature of the ·climate of the Andaman Islands is that it is equable 
the temperature varying between 70° F and 90° F with a humidity range of 75% to 90%, 
The annual rainfall varies from I 00" to 130" of which about 80% is derived from the South
West monsoon and the balance from the North-East monsoon. Cyclonic weather prevails 
in July-August during the peak period of the South-West monsoon, and December-January 
during the peak period of North-East monsoon. 

General History of Forestry in the Andamans 
The primeval forests which exist in these islands were for the first time disturbed in 

1857 when the settlement was started. The earlier operations were confined to clearances 
for roads, buildings etc. It was gradually realised that the dense forests of these islands 
may yield valuable timber and the first Forest Officer was deputed to the Andamans in 
1883. The early forest operations consisted in the removal of padauk from the more 
accessible localities. Mr .. Ferrard the first Divisional Forest Officer explored the South 
Andamans in 1886 and submitted a report for the exploitation of the forests. Although 
fellings were irregular, it goes to his credit for starting the earliest of the teak and padauk 
plantations. However, this attempt at artificial regeneration was abandoned after a 
few years . 

. . In the subsequent years there were various officers who explored the Andamans but 
the first exploration which was based on regular lines of survey along the main beds of 
the streams, was carried out by Mr. C.G. Rogers in 1903-1904. The results of those 

- explorations did not alter the mode of working. It continued to be a selective and irregular 
working of the forests in the easily accessible areas, in spite of the fact that To.dd explored 
the North Andamans in .1904 and eventually prepared a Working Plan in 1906. 

The First World War resulted in a stimulus 'being given to some of the lesser known 
species of the Andamans and a new division called the North Andaman division with 
its headquarters at Steward Sound was opened in 1918. In 1921 felling of selected 
species with a girth limitwas discontinued and clear-felling system was introduced. Soon 
after, however, having failed to regenerate the clear-felled areas, the previous system was 
again introduced and continued to be in vogue up to even after the Second World War. 
Thus, the history of forestry operations in the Andamans indicates importance of logging 
operations which were concentrated on the easier areas and more particularly round about 
the harbours., The result was that in the greater part of the South Andamans and Middle 
Andamans the forest in the· most accessible areas had been creamed of the best timber, 
leaving the more remote fore.sts to be worked in the future. 

The next Working Plan prepared by Deans in 1936 was not followed. The Working 
Plan prepared by B.S. Chengappa in 1951, which although could not be adhered to strictly 
on account of the colonisation schemes being put into operation, for the first time laid 
down regular exploitation of the forest with natural regeneration in the clear-felling areas. 

Several Inspector Generals of Forests have pointed out about the rather loose 
nature of the working of the Andaman Forest Department. This prevailed even after 
the last World War and as late as 1947 the then I.G.F., Mr. Hamilton has remarked 
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"There does not appear to me to be a sanctioned and properly organised cadre in the 
Andamans. The organisation gives me the impression that it has always been based on a 
temporary and changing requirement of a series of lumbering camps. There does not 
appear to be a framework for proper management". Itwas only as late as 1951 that the 
need for some sort of territorial jurisdiction was felt and three divisions namely, South 
Andaman Middle Andaman and North Andaman were constituted. But even here it 
must be 'recalled that the officers-in-charge of the divisions were practically without 
power and without a well defined plan of operations to execute. It was only as late as 
1958 that the three divisions mentioned· above were formed to function as normal 
divisions as on the mainland. Even now, due to the effect of the long standing practice it 
is feared that it will take some time for these divisions to function in a normal way. 

The Forests and· their Classification 

Except f~r. about 150 sq. miles of level land and undulating areas which have been 
cleared for settlement and agricultural needs of the settlers, the rest of the area of these 
islands from water's edge to the summit of the highest hills is covered with luxuriant growth 
of dense forests, tangled by climbers, canes, bamboos, etc. Along the water's edge in sheltered 
places and in creeks which penetrate deep into the islands extend the mangrove forests. Large 
sized commercially valuable species are present in these forests alniost throughout their range 
except the uppermost parts of high hills and steep slopes where growth beco:rnes very stunted 
and scrubby. The vegetation of these islands has been divided into different types or classes 
depending upon the nature of the soil, tidal influence, moisture retentivity and floristic 
composition. Climatically these islands are more or less uniform since altitudinal varia
tion is small and aspect is a factor which has little influence in such low latitude. The two 
major categories into which the forests can be divided are the group where the forest is 
mostly a function of the edaphic factor and the group where the climate holds away, as 
follows :- 1 

(a) Edaphic pre-climax forests where the forests· are influenced by site factors in addi-
tion to climatic factors ': · . 
(i) Tidal forests (Mangrove forests) 

(ii} Beach forests 
(iii) Riverain forests (Low level) 

(b) Tropical and climatic forests: 
(i) Moist deciduous forests 
(ii) Wet evergreen forests. 

A detailed classification of the above according to Chap1pion's classification of forest 
types, has not been :yet attempted .. The following· 14 types exist in the Andamans. Quite 
a few oft_he_se mvrge mto each other Imperceptib~y and are difficult to identify whereas others 
offer a d1stmct contrast and can be made out Without any difficulty. 

1. M.Tr/IS/2a Low Mangrove Forest 
2. M.Tr/IS/2b High Mangrove Forest 
3. M.Tr/IS/1 Beach Forest 
4. M.Tr/IS/7a Southern Tropical Moist Deciduous Riverain Forest 
5. M.Tr/IS/8a Southern Tropical Semi-Evergreen Riverain Forest 
6. M.Tr/2S/8 Secondary Moist Bamboo Brakes 
7. M.Tr/E.3 AndaJ,llans Moist Deciduous Forest 
8. M.Tr/E.8 Cane .Brakes 
9. M.Tr/E.9 Southern Wet Bamboo Brakes 

10. M.Tr/E.IOa Southern Moist Bamboo Brakes 
11. 2a . . Southern Tropical Semi-Evergreen Forest 
12. lajC.4 Southern Low Tropical Evergreen Forest 
13. 1ajC.2 Eastern Tropical Evergreen Forest 
14. 1a/C.l Evergreen Dipterocarp Forest. 

A brief description of the above is given below :-
1. & 2. M. Tr/IS/2a & 2b. Low Mangrove Forest and High Mangrove Forest 

Both _these type~ fall und~r the category of Tidal Forests occupying the marshy allu
vmm and stiff clays mundated by salt water. They extend as far as the highest 

M5Dcptt. of Agri./61-23 ' 
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reach of the tide along the sheltered . sea-coast and up the creeks. as f~r as the 
influence of salt wat~r is felt The Low Mangrove Forests which form more or 
less dense, gregarious, evergreen: belts of Rhizophora mucronata and Rhizophora 
conjugata are those .. which .extend farthest into the sea and take the full blast of 

. the ti~a~ curren~. The fo~ests do not grow to a height of more than 20 ft. Other 
greganou~ specie~ fou~d. m patche~ are. Carapa granatum, a species of Phoenix, 
etc. Species growmg .smgly are Avzcenma officina/is, Ceriops candolleana etc. 

Just behind this belt along the higher. reaches of the tidal creeks and where the influence 
· ?f fresh 'Yater is· also felt, extends the belt of High Mangrove Forests. A change 
IP. the soil between the former andthe latter can clearly be seen in so far as it is 
rathercl~yey for the Low Mangrove Forests whereas in the High Mangrove 
Forests It ten~s to become loamy. This type which comes next in succession, is 
t:ypically 1:!- Hi~h Eve:greeri Fo~est wi,th amor~ or les~ closed canopy. The grega-

. nous habit still continues and the trees attam a height of 40 ft. to 70 ft. The 
predomin~nt speGies· are Bruguiera gymnorhiza and Bruguiera parviflora. Below 
the more .Or les·s continuous ·crown of . Bruguiera may be seen Sonneratia acida, 
Nipa fruticans etc. At the edges of these forests away from the sea and towards 
the zone of high forests, Heritiera littoralis is found. 

3. M.Tr/IS/1~ Beach Forest 
Though this . type foml.s a ·narrow belt of a few yards to a few . chains in width just 

. · above the l,righ tide leve~ it is clearly distinguished from the above. The soil 
cons~st of sand, shingles, shell fragments etc:, and is poor in. mineral content 
e~cept lime, being coarse, porus and more or less dry at the surface. 

This type, which is' locally known· as "Mohwakhari" presents a completely distinct 
· . floristic composition having almost pure stands of Sea mohwa (Mimusops 

· littoralis). This species attains a fairly large size with a long clear bole and acts 
as a very efficient wind belt. Its ass'ociates are Calophyllum inophyllum, Termi
na/ia. catappa, Gyrocarpus americanus, Erythrina indica etc., with an understorey 
of Thespesia populnea, Pongamia pinnata, Guettarda speciosa etc., In places 
where loose sand collects and where it is touched by high tide may be found 
Ipomea biloba, Crinum asiaticum, Scaevola koenigii etc. . 

4. M.Tr/IS/7a. Southern Tropical Moist Deciduous Riverain Forest 
This type forms a very sm'all percentage of the forests of these islands being confined 

to the well drained alluvium near the banks of the bigger streams. It merges into 
the next type i.e., the Southern Tropical Evergreen Riverain Forest. Jt is charac-

. terised by gravelly, sandy and very loose textured soil with pyinma (Lagerstroemia 
hypoleuca) and· th,itkandu (Pometia pinnata) as· the predominating species. 
Also characteristic~ feature of this type is the 'complete absence of bamboos, 
canes and species lik~ gurjan (Dipterocarpus sp.) and padauk (Petrocarplls 
dalbergioides} which are typical associates of the Southern Tropical Semi
Evergreen· Forests: The floristic composition of. thjs type consists ofTetrameles 
nudiflora and Gyrocarpus americanus in the topmost or emergent layer .. Below 
the emergent layer are found Lagerstroemia hypoleuca (pyinma), Dillenia pen
tagyna (zimbyun), Anthocephalus cadamba (kadam), Pometia pinnata (thitkandu), 
Sterculia _alata (letkok) etc. In the. lower storey are Litsaea chinensis, Fagraea 
morindaefoli(l, Garc,inia dndamanica, Pongamia pinnata etc. The undergrowth 
is mainly composed of Mallotus acuminatus, Clerodendron infortunatum and 
Leea sp., etc. In this type, of forest, there are small patches covered with a dense 
growth of Saccharun't' arundinaceum and sedges and supporting only a few 
scattered· kadam · (Anthocephalus cadamba). 

5. M.Tr/IS/8a. Southern Tropical . Semi-Evergreen 'Riverain Forest 
These forests are found typically on all alluvial soils along the banks of large fresh 

water streams which are sufficiently raised above the flood level and are, therefore, 
fairly well drained ·having ~·good sub-s?il_water supply. The .s~il is mo.re clayey 
than the preceding type, . Its charactenstic feature bemg. that It IS sufficiently old 
to let vegetation progress to a climatic climax. 

The principal species in these forests is Dlpterocr:rpus alatus (Syn. D. i'!canus), wh!ch 
. grows to 1the largest size amongst gurjans m the. Andamans sometimes reachmg 

. · a ... girth of 30 ft. at breast height and a clear bole of about 100 ft. Other 
tree species of importance in these forests are Sterculia campanulata, S. alata, Ter

, minalia procera, T. bialata, Albizzia /ebbek, Bombax insigne, Artocarpus chap/osha, 
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and very often Pterocarpus dalbergioides, Lagerstroernia . hypoleuca, Tetrameles 
nudiflora etc. The trees are found scattered . few and, far betwe.en and so the . 
ground floor is usually d~nsely covered by shrubs .and bftmbpos, climbers and cane 
brakes, forming a thick Impenetrab~e tangl~ of.ve~etatwn.: .. Clumps of bamboos 
(Oxytenanthera sp.) occur .scatteredm large pa:t~h~sand w~c;:!eyer bamboo patches 
occur the stand of trees IS extremely poor.. · 

' ... '; •. l • 

6. M.Trf2Sf8 .. Secondary Moist Bamboo Brakes. .. · . · · 
This type occurs usually in the upper portions ofste~p hill slopes particularly on their 

hotter aspects. It is seen characteristically JI1 parts of Nort~ Andaman Island 
along the higher ridges of the Saddle range. · · The type consists more or less of 
a gregarious growth of bamboo brakes with a few scattered trees· of _DipterocarP.us 
turbinatus, Terminalia procera, Stercylia campanulatd, Planchoma andamamca 
etc., which increase in their frequency in the sheltered hollows and other more 

· favourably located patches. 

7. M.TrfE.3. Andamans Moist Deciduous Forest ' . - · · 
This is a subsidiary edaphic type of moist tropical forests locally known as the "Padauk 

Type", which is found on the undulations and ge11t1e slopes Up to about 390ft .. 
elevation and covers about ·45% of the total area of Andamans. ·Padauk ls the 
most important timber species Qf these forests a)ld is associated with many other 
valuable decidum;ts species such as Terminalia bialata, • T. manii, T; proce~a, 
Canarium euphyllum, Bombax insigne, Albizzia lebbek .and. a number of species 
valuable to the match, plywood and packing case.industries. This -is, generally 
characterised by extre~ely rapid surface as well as 'sub-soil drainage and absence 
of perennial water sources. · 

8. M.TrfE.8. Cane Brakes .. . 
Cane brakes occur in densely shaded wet hollows where the soil·is permap.ently wet, 

consisting of fine clay rich·in humus; · A sharp contrast is offered by the presence 
of this type, the temperature being ce>oler than the Moist Deciduous types of forests, 
where the cane brakes are completely absent. This type is .more in association 
with the evergreen and semi-evergreen climaxes than the deciduous ones. 
It forms an impenetrable thicket of long trailing stems with a few erect species 
also. · · · ' 

Cane species present in these brakes are Calamus andamanicus, Calamus pseudo
rivalis, Calamus palustris, ·Calamus longisetus, Calamus viminalis, Daemonorops 
kurzianus, Daemonorops manii, ·and Korthalsia laciniosa. The creeping bamboo 

· (Dinochloa andamanica) is also invariably present. A f~w palms such as Licuala 
peltata and Licuala spinosa are also present. Large trees standing over the 
area if at all, are invariably Dipterocarpus incanus, Planchonia andamanica 
Pisonia excelsa etc. • 

9. M.TrfE.9 Southern Wet· Bamboo Brakes 
This type is also connected with the evergreen . and semi-evergreen climaxes along 

. sheltered valleys. Dense clumps of Oxytenanthera nigrociliata occur with 
scatten:d trees of Dipetrocarpus incanus, Planchonta andamanica, Pisonia excelsa, 
Artocarpus chaplasha, Hope.a odorata etc. · 

10. M.Tr/E.10a. Southern Moist Bamboo Brakes 
This type occurs on the moist, shady . and gentle slopes. The species forming _ 

such brakes are Oxytenanthera nigrociliaia and Bambusa schizostachyoides, 
and species forming the standards are Term{nalia bialata; Terminalia manii, 
Canarium euphyllum, Bombax insigne etc. 

11. 2a. Southern Tropical Semi-Evergreen· Forest . 
This typ~ is more or less an imperceptibly transitional pre-climax form between the 

Tropical Evergreen and the Moist Deciduous types. It is not as dense as the 
Southern Tropica~ ~emi-Eye:green ~yerain type,. though it very much 
resemble~ the same m Its fionstic composition>. It has a mixture of both evergreen 
and deciduous trees, the former predominating. · 

. . 

12. 1a/C.4. Southern Low Tropical Evergreen Forest 
This type oc~urs 9n ste.ep hill slopes .exposed to strong winds and having bard, reddish 

brown, u~fertlle thm layer ~f soli. In the region of its occurrence there is usually 
heavy rainfall of over 100 an~ very often the atmosphere· is cloudy and misty. 
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It occurs typically on the steep slopes of Saddle hill and its surrounding peaks in 
tht: ~orth Andamal?-s, Mt .. Farringdon in Middle Andamans, etc. The charac
ten~tic f~ature of this type. IS the presenc~ <?f stunted .t~ees _which rarely exceed 30 
ft. m ~eight and 3 ft. m guth. The flonstiC composition m the overhead canopy 
IS of Dzpterocarpus costatus, Mesua ferrea, Canarium manii, Harpullia eupanioi
des, Hopea andamanica, Cratoxylon formosum etc. The principal shrubs present 
are Memecylon caeruleum, Cryptocarya ferrarsi and some small bamboos. A 
species of Phoenix is also present. 

13. 1a/C. 2. Eastern Tropical Evergreen Forest 
This type forms the climax vegetation in areas of heavy rainfall having a more or less 

shall~w soil ?verlying serpentine intrusi~ns. It is found on the steeper slopes of 
th~ higher ndges, the tree grow~h . bemg less luxuriant than in the Evergreen 
Dzpterocarp type (1 a/C .1). Flonstlcally the two are more or less identical there 
being no sharp line of division between them. · ' 

14. 1a/C.l. Evergreen Dipterocarp Forest 
The Andaman Forests read). their climatic climax in this type and it constitutes the 

most _luxur~ant eyergreen forests. of the islands. It is found _in the high hill slopes 
and ndges m which outcrops of tgneous rocks of the serpentme -type predominate. 
The rainfall here is the heaviest being well over 120" per annum. The soil 
consists of a deep clayey loam which is always wet, having a thick humus layer. 
The. princip~l tree ~pecies is Dipterocarp'!s grandiflorus (Syn_. D. griffithii) which 
attams the biggest size among the trees m the Andamans with enormous height 
growth and large girth. This species has the largest fruit of all the gurjans. 
The other Dipterocarpus which occur in the top canopy are D. kerii and D. 
~urbinatus. It is of interest to note that. Whereas D .. kerii occurs exclusively 
m the South Andaman Island, the other two have been reported to occur throughout 
the Andamans in this type of forest. Their associates i:Q. thb top canopy, are, 
Artocarpus chaplasha, Artocarpus gomeziana, Calophyllum spectabile, Planchonia 
andamanica, Hopea odorata, Endospermum malaccense, Sideroxylon long
epetiolatum, Bassia butyracea, A.moora wallichii, Sterculia alata, Sterculia 
campan.ulata with occasional and large sized Pterocarpus dalbergioides, Terminalia 
bialata, Canarium euphyllum etc. In the lower storey can be found Xanthoxylum 
andamanicum, Myristica andamanica, Myristica glauca, Mesua ferrea, Baccau
rea spida, Podocarpus neerifolia (this is found only in certain tracts and is 
gregarious), Croton argyratus, Pterospermuni aceroides, Caryota mitis, Crypto- , 
carya, Memecylon, Euphorbia epiphylloides, Mitrephora prainii, Actephilla excelsa 
etc. The chief climbers are Dinochloa andamanica, Gnetum scandens, Ancistrocladus 
extensus, and a variety of canes. · 

Management of the Andaman Forests 
As will be seen from the history of the forests, Forestry in Andamans was confined 

- to lumbering in the past, there being no real management. The staff existed mainly in 
temporary camps, whose only guiding principle was the creaming out of the forests in one 
accessible area and then moving on to the next. 

The last Working Plan which was completed in 1951 laid down Jegular forestry 
operations as the key-note of working these forests. The forests were to be worked on 
a system of clearfelling annual coupes with natural regenerations as the silvicultural system 
to be followed. In addition to these coupes, certain 'areas were thrown open for selection 
fellings with prescribed girth li.mits. These selection fellings were heavy, and resulted 
in the degeneration of the forests. It has now become the practice to clearfell the areas 
completely rather than go for such selection fellings which resulted in the degeneration of.the 
forests. Although much controversy. has existed on the subject as to whether clear
felling is suitable for the semi-evergreen forests of the Andamans t_he problems of l!lanage
ment and utilisation make any other system unworkable. With ~he present high cost 
of extraction, it has been found by experience that unless an area IS completely worked 
the cost of extraction becomes prohibitive. Besides, the so-called selection fellings of the 
past hardly constituted any recognis~d system of working, they being heavy !_umbering 
operations which left the forests poorer than before. The system of clearfelhng these 
forests has, th~refore, become inescapable on account of the economic factor. 

Silvicultural System 
The silvicultural system t~at .had been_presc~ibed in the last Wor~ing P~an was clear

felling .with natural regeneratiOn m the deciduous areas and a system m which advantage 
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was to be taken by retaining the advance_growth in ~he ca~e of evergreen forests.. In both 
the cases, however, regeneration operatiOns on an mtensive scale ;.vere prescnbed s_oon 
after felling and extracation was completed. As the _latter operatiOns . were prescnbed 
to be carried out over about 8,500 acres of forests m the North, Middle and South 
Andaman divisions, regenerating these ar~as on such a large scale has been 
found to be a difficult task. Tbis in the context of Andaman Forestry, where 
labour has to be imported fro!? the mainland and has ~o be paid bigh .~ages, coupled 
with the lack of adequate supervisory·staff that the executwn of regeneratiOn operatiOns 
will require over such wide area, made the task almost impossible. 

The natural forests as they exist in the Andamans, have a wide range of. stocking 
of commercial timber per acre. In places, ~t is as low a~ 3 tons per acre and. m oth~rs, 
as much as 25 or 30 tons per acre. The earlier regeneration areas and plantatiOns wbich 
are now about 30 years old give an indication that the regenerated areas will on maturity 
yield at least 60 tons of ~i~be~ per acre. As the J?ri!llary object of management <;>f th~se 
forests is to convert the eXIstmg rrregular forests consistmg of a large number of mfenor 
species into regular and well-stocked forests of commercially valuable species,. the system 
which is being prescribed in the Working Pl_an which is under finalisatio1_1 a_t prese.nt, 
will be that of compensatory regeneratiOn both natural and artificial, bemg 
mainly natural for evergreen species and artifiCial for deciduous species. On the 1 

basis of this system regeneration operations are proposed to be confined to about 600 acres 
for each division along with 250 acres of teak plantations anually. The area ·so regenerated 
is expected to give an ultimate yield of timber wbich will be far more than the yield prescribed 
at present, i.e., about llakh tons per annum. The forests so regenerated will have stock
ing almost to the extent of 5 times the pre~ent timber stocking. Tbis will thus maintain 
the essential principle of forestry, viz. provision of increasing yield for posterity. Since 
1956 large scale teak plantations have been regularly raised bringing it up to 750 acres 
in 1960. The results of these plantations have been extremely encouraging and it is now 
prescribed that each division will raise 250 acres of teak plantations every year. These 
plantations in the course of time will prove extremely valuable, compared to the present 
species that exist in the original forests. · The amount of labour and supervisory staff that 
exist at present in the divisions are expected to suffice in tackling regeneration operations 
over the areas proposed in the new plan. · 
Regeneration Technique 

Although attempts at regenerating the forests had beep. made as early as the end of the 
19th century, t~ere ~auld not be any appreciable success. In fact all attempts to raise 
natural reg~neratwn m t~ese forests we~e more or less abandoned. by about 1921 in favour 
of clear-fellmg and plan~mg. These fmlures resul~ed because either the attempts were 
confined to small gaps m the natur~l can~py of t~e forest where no regeneration could 
come . up on acc~unt of the low mtenstty of hght or on account of the error being 
~Omffiltted. by tak!ng recourse to the other extreme, i.e., creating large gaps which, with 
m~reased light stimulated ":eed growth t~ exuberance. Enough attention was not being 
pmd t<;> the subseque~t cleanmg and weedmg before the young seedlings died. Attempts 
made m 1931 by Shn B.S. C:hengappa, however, proved successful in getting regeneration 
of alm_ost all A_ndaman species and-the technique has since then been fairly standardised. 
As this · techmque has been fully described by Shri B. S. Chengappa in the Indian 
Forester of September, October, November and December, 1944, it is not being discussed 
in detail here. This technique briefly consists of the following operations :-

A. For Moist Deciduous Types 

(i) ~xploitatio!l fellings which are the ~nitial regeneration fellings should remove .all 
h~ber available by November leavmg 4 to 5 padauk trees. per acre and sufficient 
(Dwspyros marf1!orata), marble wood and chooi . (Sageraea elliptica) trees as 
mother trees which- should be freed from the climbers. . 

(ii) In December !egeneration fellings consisting of the removal of all undergrowth 
up to 30 ft. height should be done. Trees above 30 ft. height may be girdled to 
lower the eost. 

(iii) A general burning is beneficial in March but no heaping and burning is necessary. 

(iv) Sowing is unnecessary but if seed bearers are absent broadcast sowings may be 
done. 

(v) !n first year weedings in June-July should be done and in second and third year 
m August and September .. 
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It has now been experienced that regeneration comes up profusely even if no seed 
bearers are retained. 

B.· For Wet Evergreen Types 

· (i) One year before . th~ forest is due for fellings it should be examined for 
seedlings of valuable species hke gurjan, toungpeing, famhapatti etc. and if seedlings 
are found the . undergrowth up to . hei~ht of 20 ft. from grou~d level should be cleared 
as soon as possible. Evergreen areas without seedlings are rare but if such areas are 
found the tre~tment should be modified to the extent that whenever gurjan seed profusely 
and the seedlings appear on the ground (this invariably happens every second or third 
year) ~e undergrowth up to 15-20 ft. should be cleared at once. These seedlings then 
establish themselves: 

(ii) Gurjan does. not se~d eve~y year. Seeds also lose their viability. soon. Artificial 
methods of regenerating this species have not been successful. It is, therefore of utmost 
import~nce that ad_vantage sh.ould b~ taken of. seed years and brushwood cu'tting done 
accordmgly. But if the area IS devoid of sufficient advance growth it should be left along 
after clearing brushwood up to a height of 10-15 feet. 

(iii) Along with general regeneration fellings (if seedlings are one season old) all 
tree growth should be girdled because felling of unwanted trees in evergreen is definitely 
harmful as climbers spread over th~m and form a thick leafy umbrella and kill seedlings. 

(iv) No burning should be done. 
(v) First y~ar weedings should be done in July with uprooting of climbers even 

and may contmue up to December-January. In the second aiJ.d_ third year weedings 
and climber cutting in July-August and December-January are necessary. 

Timber Extraction 
Extraction of timber iri the Andamans offers. unique combination of the integrated 

use of elephants, tractors, tramline with locomotives, rafting in small creeks and towing of 
rafts by motor boats. - Elephant dragging is confined to short distance haulage from stunip 
site to the tramway head. Tramways lead to the rafting point from wher~ logs are 
tied in a combination of sinkers and floaters and rafted to the export depot. Where the 
lead from stump-site to the tramway head is more than about! of a mile, it is invariably 
the practice to use heavy tractors. The operations have to 'be balanced between short 
distance haulage by elephants in the rainy season and long distance haulage in the dry 
season, in which alone the tractors can operate. As elephants have much greater manoeu
vrability and are handier than tractors, it is quite usual to have combined tractor and 
elephant extraction; Besides, the elephant . does not suffer from the handicap of shortage 
of fuel or lubricating oil which confronts the tractors in the out of the way forest camps 
with the· inevitable shipping difficulties that one faces in these islands. Although tractors 
have been very efficient for long distance haulage in the dry season, they have worked out 
to be far more expensive than the elephants. The cause for this high cost for working with 
tractors is the frequency with which they break down and remain out of action either as 
a result of lack of spare .parts or ·the difficulty of getting quick repairs carried out at site 
where these tractors operate. · 

Utilization 
On account of the high cost of extraction which prevails in these islands with the 

use of imported labour and the use of expensive mechanical equipment as also on acco.unt 
of the fact that the freight rates from Andamans to the mainland being excessively hig~, 
almost all timber species below 4' girth are ·economically unextractable and are left m 
the forests. The bulk of the timber is .exported in the round to the Matchwood and 
Plywood industries on the mainland. The major Sawmill industry is located on Chath~m 
Island. This sawmill is capable of taking in over 100 tons of logs per day. The working 
of the sawmill, however, is invariably linked up with the market trends. When the market 
for logs on the mainland is fairly high the sawmill has to be slowed down. Whe_n, how~ver, 
the log market falls, the capacity of the sawmill is accordingly increased to give a higher 
prqportion of processed timber. · 

• I . 
The need for a plywood factory in the Andamans has been greatly fel~ to ensure better 

utilisation of timber if the factory is · sited near the source of the raw matenal. . A plywoo~ 
factory installed by private enterprise has gone into production recently. This factory IS 
expected to consume about 200 tons of ply-logs per month in the initia~ stages and ab<?ut 
500 tons per month when it goes into full production. There already eXIsts a Match splint 
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factory of the Western India Match Company Ltd., which consumes about, 3,500 tons 
of papita (Sterculia campanulata) species annually. It is hoped that a chipboard factory 
will also come up in course of time. 

Andaman Forestry thus provides a combination of the most elaborate means of timber 
extraction operations in the forests that .can be seen ~nywhere in India, along with regenera
tion technique which has proved successful in raising the second rotation crop of the more 
commercially valuable species in these forests .. Also, these forests are a source of raw 
material for the plywood Industry, the Matchwood industry, and the Sawmilling industry, 
the last catering for the demands for constructional timber, general utility timber as well 
as high class cabinet making and furniture. · 



MANIPULATIO~ OF UNDERGROWTH FOR AIDING NATURAL REGENERATION 
OF EVERGREEN AND SEMI-EVERGREEN FORESTS 

By K. .B. MOHAN LAL, 

. Conser.vator of Forests, Assam 

Influence of various plants in acting as nurse to regeneration of valuable tree species 
is well known. The inhibiting and harmful effects of various plants have also been 
studied. It _is 3;ls~ ~nown that som~ pl~nts assist natural regeneration when they occur scat
~ered but mhibit .It when occurrmg 1~ dense ma~s~s. It is, therefore, important, in the 
mterests of s~cunng natural regenerat~on, to see If It were possible to manipulate under
~owth effectively. The author took up this. study in 1938 in Lakhimpur, particularly 
m the recently worked over evergreen and semi-evergreen forest areas in Margherita range. 
The forests belonged to hollong-nahor (Champion's IB/C.2) type and miscellaneous ever 
green and semi-evergreen (Champion's llb/C-2) type. In the former,' hollong, Dfptero
carpus macrocarpus, formed nearly ~ft~ per cent of the crop with nahor, Mesua ferrea, 
as understorey and Amoora walhchu, Artocarpus chaplasha, Pachylarnax pleiocarpa, 
Talauma phellocarpa, Michelia species, Manglietia insignis, Magnolia species, Litsaea species 
Chukrasia tabularis, Dysoxylum spe~ies, Cinnamomum cecidodaphne and C. glanduli
ferrum, Shorea assamica, Eugenia species, Engelhardtia spicata, Sapium baccatum, Myristica 
species, Polyalthia species, Endospermum chinense, Elaeocarpus species, Castanopsis species 

· etc., as associates. In the latter type, hollong was not found but other species enumerated 
above occurred with varying proportions. The middle and lower storeys had Mesua 
ferrea, Vatica lanceaefolia,Magnolia griffithii, Talaumahodgsoni, Dysoxylum species, Amoora 
rohituka and A. chittagonga etc. with occasional poles of tree species enumerated above and 
bamboos, Dendrocalamus hamiltonii, Teinostachyum dullooa and Pseudostachyum poly
morpha. The undergrowth in forest areas consisted of woody shrubs, e.g. Saprosma 
ternatum, Amblyanthus multiflora, Osbeckia species, Ixora species, Melastoma species, 
Dracaonna · angustifolia, Laportea crenulata, Leea species with palms, viz.· mostly Pinanga 
gracilis and occasional Livistonia jenkinsiana, etc. Canes, viz. Calamus erectus, 
C. jloribundus, C. flagellum, C. latifolius, C. leptospadix, etc, Non-woody shrubs like 
Alp ina species, Phrynium species, and ferns formed the ground. cover in wooded 
areas. The open areas had either ,thick clumps of Dendrocalamus hamiltonii and 
Teinostachyum dullooa or Pseudostachyum polymorphum would occupy the area along
with shrubs and climbers, or dense masses of shrubs covered with creepers or Eupatorium 
species would be found. Macaranga species, Mallotus alba, Leea species, Marlea be
goniaefolia, Casearia varica, Trema orienta/is, Anthocephalus cadamba, Duabanga sonnera
tioides, Litsaea species are the tree species that came up, the first three being more common. 

These areas had been heavily worked over in the past and there were large openings 
scattered in the area where a group. of large trees had been felled and, apart from damage 
caused by them, the sawyers had removed the poles and small trees to make sawing plat
forms. These openings were full of a tangled mass of vegetation covered with creepers. 
It was thought that even if these areas were planted up artificially they would require yearly 
three or even four weedings, for the first two or three 'years. Then the idea of selective 
weeding with manipulation -of undergrowth occurred. It was decided to leave such weeds 
which did not spread rapidly uncut on the ground to keep down creepers and other 
obnoxious weeds and to keep ground cover down so that newly germinated seedlings 
could get som~ overhead room, if they came up. In areas where there were only scattered 
trees and too much light the same.~procedure was followed. It was immaterial what 
the shrubs were as long as they were not likely to spread or hang down and smother the 
seedlings. As is well known, the number of species which occur in the evergreen forest 
as undergrowth is very large and all of them which have erect stems were left as long as 
they did not interfere with seedlings of valuable species or formed a dense mass, e.g. 
Eupatorium species so that light could not reach the ground. Where they formed a dense 
mass they were only thinned out but where they were scattered to keep down climbers 
even those which were near valuable seedlings were left and only pruning of lower and 
such branches were directly over the valuable seedlings. was done. In bamboo areas these 
were allowed to be worked where possible and where this was not the case they were cut · 
'but not pulled down as the cut bamboos helped to keep we.eds down. This saved cost and 
labour of pulling them down also ... Where overwood was light and dense mass of bamboos 
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formed the middle storey bamboos in the middle of the clump which went str~ight up were 
retained. The results were found to be excelle~t .. Though only one _weedmg had been 
done and that too in the cold weather, the maJonty of valuable seedlings we!e found to 
have remained free and put on good increment and there was adequ~te recrmtment. · 

' . . . . 

The method of selective weeding described above will appear to be dif!icult and com
plicated but really this was not so. A batch of20-30 labourers was put ~n charge of_an 
intelligent forest guard. These would go ah~ad cutting down creepers ~nd climbers, clearmg 
ground cover and such weeds. as form . thick masses? e.g. Eupat01:rum odoratum. They 
would leave all kinds of seedlings, saphngs along with shrubs which were more _than 3 
feet high. The Forest Guard coming behind loo~ed for seedlin&s of valu~ble S_PeCies and 
removed such plants as interfered with them and dtd the other thmgs descnbed. m t~e P!e
ceding paragraph. Where necessary he would call one of the labour to assist hi~, t.e. 
in cutting low branches, dense shrubs etc. The Naga workers came to recogm_se the 
seedlings well and became so efficient at this that they used to take the whole operatiOn on 
contract basis of Rs. 5 per acre for first year's work. 

As far as experience in evergr~en forests of Upper Assam is c'oncerned it is seen that 
the method of selective weeding has the following advantages over the orthodox method 
where all shrubs and even small poles are removed wholesale in 'Lifting up canopy' 
operations. 

I. Creepers and climbers are kept down. . Where orthodox method is followed even 
small poles are found covered with creepers which smother them in places where there 
is sufficient light. . This is not the case where selective weedi11gs have been done. 

2. The shrubs keep down the immediate competitors. of new recruits for' light and 
growing space, i.e. grasses, ferns, herbal plants etc. 

3. The upper canopy need not be 'kept intact and the forest can be allowed to be worked 
before being taken up for regeneration. Actually much better light conditions result 
by the upper canopy being broken. by selection fellings, i.e. patchy light on the forest floor. 
By providing better ground and light conditions, working of the forests helps in getting 
recruitment, specially of the more valuable species like Dipterocarpus macrocarpus, Miche
lia species, Manglietia insignis, Talauma phellocarpa, Amoora wallichii, Chukrasia tabularis, 
Artocarpus . chaplasha etc. which want some light to show increment. With insufficient 
light the seedlings of these species do not show appreciable increment and more shade bear
ing species of which M esua fer rea is the most valuable collie up but these also do better in 
scattered, patchy light. · _ 

4. The shrubs left on the ground keep the soil soft and moist and prevent the devas
tating effects of drip which is extremely serious in these forests. which get heavy rain and 
which have tall big leaved trees in the upper canopy. 

5. It has not been investigated but these shrubs must be benefiting the recruits by 
providing a mixture and minimising insect attack, wild animal damage etc. . 

. 6. The regeneration actua:lly shows better progress which is obvious from the reasons 
gtven above. · · 

In some of the experimental plots laid under the Silviculturist Assam where the 
orthodox methods of lifting the canopy had been followed, the progres~ was ob;erved to be 
extremely slow. Indicator lines laid down in areas where these two methods had been 
followed showed_ a vast difference in height .growth for either the shade was too dense· or 
the weeds and cl~mbers came up and covered up the seedlings. It was about 4" to 14" in 
the method descnbed above while under orthodox system it would be hardly half of this. 

Th~ seedlings came up profu~ely_ in semi-o12en conditions so it appeared to the writer' 
that u~Iform syst~m could be eastly mtroduced m those forests. It is the present view of 

·the ~nter after se~mg the result of the wor~ for more than 20 years that uniform system could 
be I~trod~ced with full confidence provided the system of selective weeding with careful 
mampulatwn of undergrowth is followed. 

It. appears t~e method of selective weeding ~r manipulation of undergrowth may 
prove tmport~nt m other t~pe of forests a~so. · Besides the advantages mentioned above it 
gtves protectton from. grazm~ and browsmg, means more leaf-fall and humus and gives 
some shelter to ~Ild hfe th~ Importance of which for inducing natural regeneration is per-
haps, not . sufficiently realized. · ' 

M5Dcrtt. of Agri./61- 24 



THE UPPER ASSAM DIPTEROCARPUS-MESUA FORESTS AND 
THEIR REGENERATION 

BY s. RAJKHOWA, 

Silviculturist, Assam 

Occurrence 
· The Upper Assam Dipterocarpus-Mesua forests are confined to the low outcrops of 

the Naga and Patkoi Hills and the high alluvial deposits at the foot hills in the Lakhimpur 
an,d the. eastern half. of the Sibs~gar distr~cts, _on t~e south bank of the river Brahmaputra. 
ChampiOn (I) has mcluded this formatiOn m this type I b C2-"Upper Assam Tropical 
Evergreen Forest". The type finds its best expression on the undulating old alluvium of 
the Dehing river, though it is also found at an elevation of as much as 2,000 1 (610 m) on 
the foot hills of the Naga and Patkoi ranges. · . 

CJimate and Rainfall 
The maximum temperature in the area se1dom exceeds IOOo F (38° C) and the minimum 

is about 51° F '(11° C). The .hottest months coincide with the monsoons while the cold 
months are comparatively dry. The following Table shows the rainfall in inches, month 
by month, for two stations in this area(3) :-c- · . 

Namsang Margherita 

Month Rainfall j Number of Rainfall /Number o 
(inches) rainy days (inches) rainy days 

f 

January . . . . . . .. 1.2 4.0 0.9 2.4 
February . . .. . . . . 4.0' 8.0 2.2 4.9 
March . . . . . . .. 6.6' 13.0 5.2 9.2 
April . . . . . . .. 15.4 16.0 . 10.6 12.6 
May . . . . .. . . 17.2 20.0 13.2 14.5 
June 

\ 23.4 22.0 19.3 18.5 . . .. . . . . 
July . . .. . . . . 28.8 26.0 20.7 17.6 
August . . .. . . . .. 21.2 21.0 14.9 13.7 
September . . . . .. . . 20.6 17.0 3.6 5.4 
October . . . . . . .. 8.6 17.0 3.6 5.4 
November . . .. . . . . 1.2 4.0 0.3 0.7 
December . . .. . . . . 1.0 4.0 0.7 1:3 

-
TOTAL . :j 149.2 175.0 ·I 104.1 111.8 

Structure and Composition 
These forests are characterised by a multi-storied structure. The top canopy which is 

open more often than not, is dominated almost exclusively by Dipterocarpus macrocarpus 
which tower up to above 150ft. (46 m) height. The middle canopy is dominated by Mesua 
ferrea. Another g~ant in ~h.e top canopy is Shorea assamica but. i~s occ~ence is confi.ned 
to only a few defimte localities so much so that Mackamess (2) divided this forest type mto 
two sub-types based on the presence or absence of this species. . 

The . important commercially valuable species are Dipterocarpus macrocarpus and 
Shorea assamica which yield excellent veneers and railway sleepers, Michelia species which 
are prized for furniture and cabinet making, and Mesuaferrea, which is used as bridge piles. 

Silvicultural characters of the-principal species, seeding and fruiting 
All the three important specie~, viz. Dipterocarpus, Shorea assamica and Mesuaferrea 

are considered to be shade bearers, at least in the early stages of their growth. Dipterocarpus 
macrocarpus, · Shorea assamica and Vatica lanceaefolia have winged seeds which help in 
seed dispersal by wind. All th,e thre~ species pr?duce seeds in February-March and se~ding 
may continue till May, and as pre-monsoon rams start by then, the seeds soon germmate 

• J7~ 
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a.nd under favourable ground conditions, establish themse~ves .. As for Mesua fe!reci, 
seeding is in October, and if the seeds escape the rayages of WI~d pigs, they soon germmate 
and come up in a mass where the ground cover IS comparatively low. Seeds of Shorea 
assamica are taken by parrots and ants, which account for almost all the seeds formed. 

Silvicultural system and regeneration operations 
The forests have been mana~ed in the. past uncle~ a: selection systei? wit~ a fairly long 

felling cycle. Sriniva~~n prescnbed tet:dmg, operatwns. ~fter the n:tam fellmgs, conc~n
trated in certain localities (3). The obJect of these tendmg op~ratwns were to ennch 
the stocking of Dipterocarpus macrocarpus and Shorea assam1ca. Purkayastha (1936) 
prescribed a shelterwood compartment system for some. of. these important ~orest areas 
covered by this type, but somehow or other, these prescnptwns were not earned out. 

The earliest attempt at obtaining natural regeneration were made experimentally in 
Jeypore compartment 206, in the year 1929·. The initi~l fellings consisted in. removing all 
valueless species in the lower canopies to have a clear ground floor and to raise the canopy 
from below. Subsequent operations, carried out once every three years between 1933-34 
to 1941-42 consisted in shrub cutting and removing inferior stems competing with Mesua 
ferrea and Dipterocarpus macrocarpus. The total cost involved came to Rs. 20. 69, up to 
1940-41, at labour rate of Re. ~.37 per man day. , 

The result of this experiment was that the wholesale removal of lower canopy trees and 
the repeated shrub c~ttings soon resulted in a dense regenera:tion of M esua fer rea to the 
detriment of Dipterocarpus · macrocarpus and Shorea assamica. In areas where Mesua 
ferrea was thin or absent due to variations in the soil, seedings of Dipterocarpus macrocarpus 
pierced through the comparatively thin canopied middle storey species like Vatica lanceaefolia 
and established themselves. . 

A variation ·in the tending operations as introduced at Jeypore Compartment 206 was 
tried in the Powai Block of Upper Dehing Reserve in 1938-39, on 286 acres, in which fellings 
were carried out in 1937-38. Tlie tending operations have been described in detail by 
Mohan Lal (5). Briefly, these consisted in cutting climbers and straggling shrubs, and 
removing inferior species only when suppressing or competing with a seedling, sapling or 
pole of Dipterocarpus macrocarpus or other valuable species in that particular canopy layer, 
or in other words carrying out thinnings a:round these 'elite' stems of valuable species. 
In actual practice tendings were done on the 1st, 2nd, 3rd, 5th, 9th, 12th and 15th years 
followeci by one round of girdling of interfering stems during the 16th, 17th and 18th . 
years. 

_In the 21st and 22nd years, climber. cutting was done. The total cost of all operations 
earned ~ut came toRs. 53.62 per acre m:1960, at labour rate of Re. 0.37 in 1937, rising 
progreSSiv.ely to the p~esen! day rate of Re. 2.0~ per man day. The cost included seed 
broadcastmg and weedmgs 111 a very small proportiOn of the area in one corner. 

Assessment . of Results 
In order to assess the results ?~ such regeneration operations, and also to get further 

data 01f the s~ructure and composition of these forests and the silvicultural behaviour of 
the mam specie~, four ~reas were selected for detailed study by the quadrat method. These 
areas are descnbed bnefly below:-

Tif!ali-In t~e ~eypore. Reserve on ~more o~ _less flat .ground near a stream. The 
vegetation was nch 111 density as well as m composttlon. Selection fellings were done in this 
area S?me twenty _years ago. A set of 56 .consecutive quadrats of 20 m x 20 m size (about 
1 cham x 1 cham) was enumerated. 

. ?fukanjuri-!n the Jeypore Reserve on high ground. No fellings have been recorded 
tn this place durmg the last twenty years or so. A set of 80 quadrats was taken here. 

:mmi-In upper Dehing Reserve, ~n ~ndulating ground. Fellings were done in 
19933~ 38. dOne set of 8~ quadrats was studied 111 the area taken for regeneration tending in 

, an another set m the untended area close by. 

1944 
~~erjandin upper Dehing Reserve. Selection fellings were done in 1943-44 and 
- • an part ?f the area w~s taken up for regeneration tendin in 1948-49. J h · 

tended area, operations were earned out in the first, third fourth fiftt seventh and~e~th 
years, at a total cost of Rs. 35 per acre, (1960) at labour 'rate of Rs. 2. 09 per man day. 

was ~k~~ei~ 0{h~3 u~~::J:Js ;::.taken in the tended area and another set or: 80 quadrats 
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The str~Icture and composition, as revealed by an analysis of the data are shown in 
the appendix, where the number of species found in canopy layers I to V and their percen
tage presence frequency (F) as well .as the density in terms of. percentage of the total 
number of stems 111 the canopy are gtven for each canopy layer. 

In spite of a very large number of species occurring in the area, relatively few species 
showed a high frequency index. A comparative statement of presence of frequencies of 
such species is shown in Table II:- _ 

. TABLE II 

Jeypore Reserve 

Species .Canopy 
Tin ali Hukan-

· juri 

-- -----
Dipterocarpus macrocarpus I 37.59 42.50 

II 21.48 17.50 
III 50.12 16.25 
IV 93.08 12.50 
v 73.39 25.00 

Shorea assamica .. I 44.75 50.00 
II 17.90 8.75. 

III 41.17 6.25 
IV 39.38 3.75 
v 10.74 -

Vatica lanceaefolia .. I 1.45 3.75 
II 41.17 18.75 

III 71.60 46:.25 
· IV 84.13 15.00 

v 32.22 2.50 

Talauma hodgsoni .. I 0 0 
II 3.58 1.25 

III 5.31 0 , 
IV 8.95 1.25 . v· 1.79 0 

I 

M esua ferrea .. I 23.27 25.00 
II 51.79 57.50 

III 57.28 27,50 
IV 42.98 27.25 
v 16.11 2:50 

Amoora wallichii .. I 5.37 0 
II 14.32 11.25 

'III 16.1 I 11.25 
IV ' 30.43 0. 
v 5.37 0. 

Upper Dehi 
, 

Kherjan I 
-----··-

Un-Tended tended 
....,...._.--- -----

33.75 36.66 
12.50 30.00· 
57.50 70.00 
73.75 90.00 
52.50 86.66 

I 

Nil Nil 

·. 
' . 

'1.25 0 
0 23.33 

5.00 23.33 
7.00 16.67 
0 10.00 

0 0 
12.50 0 
17.50 0 
11.50 10.00 
1.25 3.33 

17.50 10.00 
56.25 16.66 
36.25 43.33 
30.00 90.00 
15.00 93.33 

'5.00 0 
7.50 6.67 
8.75 3.33 

'10.00. 6.67 
1.25 3.33 

' 

ng Reserve 

Powai 

Tended te~~~d 
30.00 
21.25 
26.25 
33.75 
37.50 

Nil 

3.75 
8.75 

47.50 
60.00 
51.25 

0 
2.50 
3.75 
3.75 
2.50 

5.00 
3.75 
7.50 
6.25 

13.75 

1.25 
3.75 

17.50 
12.50 
II .25 

43.75 
13.75 
52.50 
77.50 

.82.50 

Nil 

82.75 
35.00 
53.75 
61.25 
40.00 

2.50 
1.25 
3.75 
3.75 

15.00 

35.00 
25.00 
35.00 
40.00 
41.25 

0 
0 
0 
0 

6.25 

·Apart from the above, Garcinia species, Polyalthia simi arum, P.jenkinsii, Leea sambucina 
and Baccaurea sapida were found frequently in lower canopy layers, while Eurya acuminata 
had a good representation in tpe fourth layer in Tinali. 

The statement .brings out clearly the two sub-types based on the presence or absence of 
Shorea assamica. · 

As regards the number of stems in different canopy layers, the total number of all 
species per quadrat varied from 0 to 10 in the top layer. In Tinali, Hukanjuri, Kherjan, 
untended area, Kherjan tended area, Powai untended area and Powai tended area res· 
pectively a minimum of four stems per quadrat was found in 20, 25, 13, 6, 50 and 9 per cent 
of the quadrats respectively. In the same areas, a minimum of six stems per quadrat in 
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the second canopy was found in 100, 14, 17 II 16 and 0 per cent of the quadruts 
respectively. ' ' 

The distributions of the number ?f stems pc_r quadrat in case of piptcrocarpus macro
carpus and Mesua ferrea are sh?wn m c~mulatJve f~equency curves m the accompanying 
figures. Thes.e show clearly the d1fference m the stockmg of Mesuaferrca and Dipterocarpus 
macrocarpus m the lower canopy layers in the tended and untended areas. 

Regression analysis brought out the following facts regarding the silvicultural 
requirements of the main species. The regression equations are given in Table Ill. 

TABLE III 

Regression Equations 

I 
Sl. Regression equation F ratio I 5 ro I % 
No. i pomt 1 point 
----------------:--------------~-----~-------

1 Y=2·3920+0.4778 X 11·3 I 4·02 .I 7·12 
2 Y=l·2393- .0659X 6·17 4·02 • 7·12 
3 Y=2'4355+0.3613 X 7·4 I 3•97 i 6·97 
4 Y=2·3805+0.4550X 110·0 3·97 I 6·97 
5 Y = 3 ·4037-0.2709 X 4·07 4·02 7·64 
6 Y=5·9764-0.5438 X 5·9 4·02 

1

1 7·64 
i Y=4·9883-2.6667X 25·13 4·02 7·64 
8 Y=2·1029+0.3645X 25·4 4·02 I 7·12 

·--·----

(I) Indicator species-The presence of Leea sambucina was found to be an indication of 
conditions suitable for the existence of Dipterocarp seedlings and saplings 6'-10' (2-3m) 
high. In the tended area of Powai, the quadrats containing Leea sambucina contained a 
greater number of Dipterocarp seedlings and the difference was highly significant. There 
was also a linear increase in the number of Dipterocarp stems 6'-10' high with the increase 
in the number of Leea stems pi:¥" quadrat (Eqn. I). 

(2) Interaction between associate species-The presence of Mesua ferrea is associated 
with decrease in the incidence of Vatica lanceaefolia. In the Tinali plots, where both these 
species are well represented in the third canopy, the number of Vatica /anceaefolia decreases 
linearly with the increase in the number of Mesuaferrea saplings and poles (Eqn. 2). 

(3) The effect of top canopy-In tended areas, the presence of top canopy trees 
appeared to be beneficial to the establishment of Dipterocarp trees. In the tended area of 
Powai which, incidentally, had the highest ·density in the top canopy, the number of Dip
terocarp seedlings and saplings 6'-10' (2-3 m) high was found to increase linearly and very 
significantly not only with the total number of all stems in top canopy including Dipterocarp, 
(Eqn. 3) but also with the total number of stems other than Dipterocarp (Eqn. 4). In the 
untended areas of Tinali, the same trend was seen, but the regression just failed to be 
significant. In the more open canopied areas elsewhere, Dipterocarp regeneration was 
independent of top canopy. 

( 4) The effect of a second canopy-A: de~se second canopy was found to inhibit Diptero.carp 
regeneration. The untended areas ofTmah had the densest S(Cond canopy and here a sJglll
ficant decrease in the number of Dipterocarp saplings 6'-10' (2-3 m) high and the number 
of stems of all species in the second canopy was fou!ld (Eqn. 5). A simila!, s!gnifica~t 
trend was also fourid in the tended areas of KherJan (Eqn. 6). In the Tmah .plots, Jt 
was also found that Dipterocarp regeneration decreases significantly with the increase in the 
number of Mesua ferrea trees in the middle canopy. This relationship was found to be 
highly significant (Eqn. 7). 

(5) The effects of the third and fourth canopies-The number of stems of all species 
in these canopies did not appear to make any significant difference in the number of Dipte
rocarp seedlings and saplings 6'-10' (2-3m) high. 

( 6) The effect of the fifth canopy ( 6' -I 0'} layer-Competition with st<:ms of other species 
in this layer did not appear to hamper the growth of D1pterocarP. seedlings. qn t_he con
trary, the number of Dipterocarp stems i~ th!s layer ~as.found to mcrease very SJ~dicantly 
with the totalpuml;>er of stems of all spec1es m the T1nah quadrats (Eqn. 8). 
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The effect of tending on Dipterocarp and Mesua regeneration 
· The cumulative freql!ency graphs sh_ow clearly that in untended areas, the number of 

stems of t.hese useful species per quadrat m the lower canopy layers is rather low. Thus in 
~ase of Drpterocarpus ~acrocarpus, 0 to 55 per cent of the quadrats have 3 stems per quadrat 
~n canopy II. In the third cano~y, 3 ste~~ per quadra~ are found in 0 to 20% of the quadrats 
m the untended ·areas. , A stnct statistical companson wa;s not possible, for tended vs. 
untended. areas of .Powru, .as the tended areas had a comp·aratively dense canopy. In case 
of the pair of sets m KherJan, however, th~ mean numbers of stems per quadrat in the top 
and the second canopy were comparable m respect of Dipterocarpus macrocarpus stems 
as well as stems of all species taken together. ' 

Since the tendings st~rted in Kherjan in 1948, Dipterocarp seedlings recruited then were 
expected .to .reach t~e ~h!fd canopy by 1~60, and this was actually seen to materialise in 
a very sigmficant nse ~n t?e mean number of saplings of Dipterocarp in the third, fourth 
an.d fifth layers. Ano~lier ImJ?ort~nt fact that e~erged from an analysis of the number of 
Dzpt~rocarp se~dling.s m the 0 __:_6 (0-2 m) heig~t class was that after the stopping of the 
tendmg opera~tons m .1957-58, the rate of recrUitment of Dipterocarp seedlings was not 
found to be different m th~ tend~d and untended areas. All seedlings in the 0'- 6' height 
class would have been recrUited smce 1957-58, but the mean number pe:t: quadrat in tended 
and untended areas ~as not different. This h!ghligh~s the need for continued efforts to get 
more and more recrUits. On the other hand, SIX tendmg operations between 1948 and 1957 
resulted in a minimum of four stems 6'-20' (2 m-6 m) high, in 77 per cent of the tended 
quadrats as against the same minimum number found in 30 per cent of the quadrats in un
tended areas. There was also an increase in Dipterocarp stems in the third canopy i.e. 
the 20' to 40' la~er where, minll?~m two stems. per quadrat was found in 50 per cent of the 
quadrats, as agamst the same mimmum found m 33 per cent of the quadrats in the untended 
area. 

· DISCUSSIONS 

It is now possible to summarise the tending requirements of Dipterocarpus macrocarpus, 
which is the main ·species in these forests. The species requires a clear ground floor for 
regeneration and up to 6' (2 m) height. At this stage it is not necessary to make any opening 
in the canopy layers above 6 ft. (2 m) height. After the seedlings reach about 6 ft. (2 m) 
height, further growth is controlled by· the number of stems in the second canopy. At 
this stage, canopy manipulation is essential to control the rate of growth.· Also the effect 
of cleaning the ground cover is lost after about two years. Early repeated clearing of the 
ground cover for 3 to 4 years will be necessary to obtain recruitment on the scale shown by 
the tended areas under consideration. After revenue fellings, the top canopy will have 
sufficient openings so that no further felling in this layer will be required within the next 
twenty years or so. 

As regards assessment of results obtained after tending, and the adequacy of regene-
- ration obtained, the results are to be judged by the ·objects of management. In these 

forests, tending operations aim at obtaining natural regeneration without making drastic 
changes in the forest composition, as such a state of affairs might upset the ecological 
balance, bringing in problems of regeneration at a later date. It has been found from general 
observations that the mortality per cent of seedlings and saplings of Dipterocarpus 
macrocarpus is very low, once they attain about 6' (2 m) height. They have been known 
to survive in completely suppressed condition under a mid canopy of Mesua ferrea. Under 
the circumstances, '4 stems of 6' to 20' (2-6 m) height per 20 m x 20 m quadrat (about I 
square chain), or in other words, 40 such stems per acre (100 stems per hectare) are consi
dered sufficient and on regeneration sampling; if 75 per cent of the quadrats are fully stocked 
(to allow for unsuitable sites) the area can be called fully regenerated. On this criterion, 
the success of the regeneration operations carried out at Powai and Kherjan, as well as the 
deficiency in the untended areas is shown in the cumulative frequency curves. 

Silvicultural system to be adopted · · · 
It will be seen from the discussion above and the details of operations found Qecessary 

in Powai and Kherjan regeneration areas that initial ground clearing for three or four years, 
followed by two or three thinnings in the different canopy layers over about 20 years 
is necessary for obtaining the minimum requirement for having an area fully regenerated. 
On the other hand, it is not the aim to have a uniform crop of Dipterocarpus macroca_rpus. 
These two factors rule out both the uniform system and the selection ~yste~ as the s~;utable 
Silvicultural system. ·The former is unsuitable on ecological considerations, while the 
latter is impracticable, as in these forests of widely varying density and age classes from area 
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to area any yield prescription. based on sustained yield as well. as gir~h limit 'Yill 
necessarily result in widely varymg area of the an~ual coup~, makn~g tendmg _operatiOn 
following fellings im~racticable. A_lso, one t~ndmg followmg felhng ol?eratlons, and 
leaving the area alone 1111 the next felhng cycle wlll not be enough, as. there will be no sco~e 
for further thinnings in the lower _canopy layers to help the recrUitment. Thus the S.il
vicultural system that suggests itself is the Irregular s~elterwood system ~ith a 20 year re~e
neration period. Dipterocarpus macrocarpus stems m the lower canopies, (correspondmg 
to about 4~- ft. or 1 · 35 m .. girth at breast. height) may be left as seed bearers as well as 
part of the future crop. · 
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APPENDIX 

Structure and Composition of Upper Assam Mesua-Dipterocarp forest 

--·--------------------~------------------------------------
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TOP CANOPY-OVER 70' (21·3 m) ht. 

Tinali Hukanjuri Kherjan Powai 

F % F % F % F % 

' - - - - - - 1·25 1 ·18 
- - - - - - 1•25 1 . 18 
- - - - 6·25 6·31 3·75 3·53 I 

- - 2·50 1·12 - - - -

23·-27 13·04 25·00 14·61 17·50 18·93 5·00 4·70 
-

37·59 35·67 42·50 34·84 33·75 40·00 30·00 28·23 
44·75 42·63 50·00 42·15 - - - -

1·45 0·67 3·75 3·37 1·25 1·05 3·75 5·88 

- - - - 1·25 1·05 - -
- - 1·25 0·56 - - - -

- - - - - - 1·25 1 ·18 

- - 2·50 1·12 - - 3·75- 3·53 

5·37 2·61 -'- - 5·00 4·20 1·251 1·18 
1·79 0·87 - -
- - - - - -- 1·25 1·18 

- - - - 1·25 1·05, - -

1·79 0·87 - 2·50 1·12 - - -
1·79 0·87 - - - - - -

- - 1·25 0·56 2·50 2·10 1·25 1·08 

- - - - 1·25 1·05 - --

- - - - 1·25 1·05 1·25 1 ·18 

-- - - - - - 1·25 1·18 

- - - - - - 1·25 1·18 • 
- - - - 3·75 6·31 1·25 1·18 

- - - - - - 3·75 3·53 

- - - - 1·25 1·05 1·25 1·18 
-

- - - - - - 1·25 I ·18 
• -- - 1·25 0·56 - - 1·25 1·18 

1·79 0·87 - - - - - -
- - 2·50 2·10 - - - -

- - - - - - 2·50 2·45 
- - - - 1·25 1 ·15 - -
- - - - - - 1·25 2·35 

5·37 2·61 - - - - 1·25 1 ·18 

- - - - - - 8·75 8·23 

5·26 - - - - 6·25 - - -
(C:mlld.) 

)84 
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. -----------------:--::-:-:::-::-:---.--=:-:--::-:-~--;:;--:-7;--:-------
CANOPY II. 40'-70' (12·2m-21·3m) ht. 

-----------------,-------;;T"="in=-a::-.1.,.-i -,--Hukanj..-; I Khod•n 'Powai 
--·------------------
F % F %. F "-' /I) 

-----F % 
1----·-----

- - 2·50 1·00 - -Dilleniaceae 
Dillenia indica 

1·25 0·47 12·50 6·00 2·50 2·15 
1·25 0·47 1·25 0·50 1·25 1·08 

Magnoliaceae 
Talauma hodgsoni 3·58 -1·20 
Other sp. 

Anonaceae 
Polyalthia jenkinsii 5·37 1·80 2 5·00 15·64 12·50 6·00 - -
P. simiarum - .- - - - -

- - - - 1·25 1·08 
Flacourtiaceae 

Taraktogenos kurzii 
Guttiferae 

- - 1·25 0·50 - -
7·50 46-92 56·25 39·00 3·75 5·38 

Garcinia sp. 1·79 0·60 
Mesuaferrea 51·79 34·80 5 

- - - - 1·25 1·08 
Ternstroemaceae 

Eurya acuminata 1·79 0·60 

7·50 9·48 12·50 6·.00 21·25 23·65 
8·75 3·32 - - - -
8·75 19·27 - - 8·75 ll·82 

Dipterocarpaceae 
Dipterocarpus macrocarpus 21·48 10·20 
Shorea assamica . . . . 17·90 6·00 
Vatica lanceaefolia 41·17 29·40 

Malvaceae 
- - 1·25 0·50 - -Kydia calycina 

Sterculiaceae 
1·25 0·47 2·50 1·00 1·05 1·08 
1.25 0.47 - - - -

Pterospermum lanceaefolium 1·79 0·60 
Sterculia villosa . . . . 

Elaeocarpaceae 
- - - - - -
- - 3·75 1·15 3·75 3·23 

Elaeocarpus ganitrus 3·58 1·20 
E. rugosus . . . . 

Burseraceae 
Conarium bengalense 

Me1iaceae 
- - 1·25 0·50 3·75 3·23 

Amoora wallichii .. 14·32 7·20 1·25 6·10 7·50 3·50 3·75 3·23 
Cedrela sp. .. 1·79 0·60 - - - - - -

- -
,_ 

- -- -Chukrasia tabularis 1·79 0·60 
Dysoxylum procerum 1·79 0·60 1·25 0·47 - - 1·25 1·08 

Aquifoliaceae 
Ilex godajam - - - - 1·25 1·08 

Ampelidaceae 
Leea umbraculifera 

Leguminosae 
- - 1·25 0·50 2·50 2·15 

- - - - - -I 
Dalbergia assamica 1·79 0·60 

Hamamelidaceae 
Altingia excelsa 

Combretaceae 
1·25 0·47 1·25 0·50 - -

Terminalia belerica 1·79 0·60 - - - - - -
T. chebula } T. citrina 3·58 1·20 2 ·50 0·95 3·75 1·50 1·25 1·08 

- - - - - -T. myriocarpa 1·79 0·60 
Myrtaceae • 

- - - - - -Syzygium cumini 1·79 0·06 
Rubiaceae 

Anthocephalus cadamba 
Bignoniaceae 

- - 1·25 0·05 1·25 3·23 

- - - - 3·75 . 3·23 Stereospermum chelonoides 
Verbenaceae . 

- - - - 6·25 5·37 
- - 5·00. 2·50 - -
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- - - - 1·25 1·08 Myristica kingii 1·79 0·60 
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- - - - 2·50 2·15 
- - 2·50 1·00 - -- - - - - -

' 
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- - 8·75 4·50 - -
- - - - - -

Baccaurea sapida 
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(Contd.) 
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CANOPY II. 40'-70' (i2•2m-21·3m) ht. 

Tina1i I Kherjallj ___ Powa_i __ 

% I F % 

Hukanjuri ---,---F . % F F % 

- - - 3.75 3·23 
- - - 1·25 1·08 

1·79 0·60 - - 1·25 0·50 

- - - 1·25 3·23 
- 0·47 - 6·50 7·53 

CANOPY III. 20'-40' (6 ·1m-12 ·2m) ht. 

- - -.. 
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.. 35·80 4·25 27·50 

- - -.. 
.. 7 ·16 0·68 53·75 
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58·68 5·00 1·72 

- - -

~ - -
- - -

- - -
- 3·75 1·43 
- - -

0·24 - -

- - - . 
- 1·25 0·29 

2·42 8·75 2·58 
0·24 - -
- - -
- - -

1·45 1·25 0·29 
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(Comd.) 
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CANOPY III. 20'-40' (6·1m-12·2m) ht. 
--

Tin ali I Hukanjuri Kherjan Powai 

F I % 
---~-----

F I % F % F % 
-----

12·53 I Myrtaceae 
1·53 Eugenia sp. Syzygium cumini .. 5·00 1·15 2·50 2·00 

Datiscaceae 
Tetrameles nudiflora .. .. - - 1·25 0·24 1·25 0·57 

Rubiaceae 
Anthocephalus cadamba .. .. - - 3·75 6·00 

Styraceae 
1·79 0·17 Symplocos spicata .. .. 

Apocynaceae 
1·79 0·17 Alstonia scholaris .. .. 3·75 0·86 

Bignoniaceae 
1·79 0·17 Stereospermum chelonoides .. 1·25 0·24 1·25 0·~9 3·75 3·00 

Verbenaceae 
Gmelina arborea .. .. .. - -
Premna bengalensis .. .. - -

10·00 ll·OO 
3·75 1·72! 

Myristicaceae 
5·37 0·51 Myristica kingii .. .. .. 

l.auraceae 
Cryptocarya amygdalina .. .. - -

-

Cinnamomum obtusifolium .. - -
C. tamala .. .. .. - -

2·50 2·00 
5·00 0·15 

6·25 6·00 
Litsaea salicifo!ia .. .. .. 1·79 0·17 
L. polyantha .. .. . .. 3·58 0·51 
Litsaea sp. .. .. .. - -
Purkayasthaea pseudomicrocarpa 3·58 0·34 

1·25 1·99 
7·50 2·00 

Other spp. .. .. . . 12·53 1·19 1·25 0·24 
Euphorbiaceae . 

Baccaurea sapida . . .. . . 30·43 4·25 2·50 0·48 11·25 2·87 3·75 3·00 
Croton joufra .. .. 1·79 0·17 1·25 0·57 
Endospermum chinense .. .. - - 8·75 8·00 
Macaranga sp. .. . . .. 7 ·16 0·85 16·25 22·00 
Mallotus a/bus .. .. .. 5·37 0·51 5·00 ·1·43 
Sapium baccatum .. .. 3·58 0·34 5·00 5·00 

Ulmaceae 
Celtis australis .. ... .. - - 1·25 1·00 
Trema orienta/is .. .. - - 1·25 ll·OO 

Moraceae 
Artocarpus chaplasha .. .. - - 1·25 1·00 
A. lakoocha .. .. . . - - 1·25 1·00 
Morus laevigata .. .. .. 1·79 0·17 1·25 1·00 

Jaglandaceae 
Engelhardtia spicata .. .. 3·58 0·51 

Fagaceae / 

Castanopsis indica .. .. 21·48 2·39 
Unknown .. .. .. - -

1·25 0·24 18·75 5·44 1·25 1·00 
2·44 13·00 ---

CA\'l'OPY LAYER IV. 10'-20' (3·0m-6·1m) ht. 
I 

Dilleniaceae l 

Dillenia indica .. .. .. - - - - 1·25 0·34 2·50 0·53 Magnoliaceae 
Magnolia griffithii .. .. 1·45 0·06 - - - - - -Michelia champaca .. .. - - - - - - 1·25 0·26 Talauma hodgsoni .. .. .. 8·95 0·35 1·25 0·98 ll·25 4·06 3·75 0·79 T. phellocarpa .. .. .. - - - - 1·25 0·34 2·:SO 0·53 Other sp. .. .. .. 42·96 2·38 - - 7·50 3·04 10·00 4·22 Anonaceae 
Polyalthia jenkinsii .• .. .. 32·22 1·02 7·50 7·84 11·25 5·41 2·50 0·53 P. simiarum .. .. .. - - - -· - - - -Flacourtiaceae 
Taraktogenos kurzii 

Guttiferae 
.. .. - - - - - - 2·50 0·53 

Garcinia sp. .. .. .. 31·59 2·17 1·25 0·98 17·50 10·14 5·00 1·05 Mesuaferrea .. .. .. 42·96 2·31 27·75 35·28 30·00 14·20 6·25 1·58 Ternstroemaceae 
Camellia caudata .. .. - - - - - - 1·25 0·26 Eurya acuminata .. .. .. 18·33 3·92 - - - - 1·25 1·58 E.japonica .. .. .. 

(Contd.) 
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CANOPY LAYER IV. 10'-20' (3·0m-6.1m) ht. 
---------'----------:---=-~--;----------------

TI nali Hukanjuri 

Dipterocarpaceae 
Dipterocarpus macrocarpus 
Shorea assamica 
Vatica lanceaefo/ia 

Malvaceae 
Kydia calycina .. 

Sterculiaceae 
Pterospermum lanceaefolium 

Elaeocarpaceae 
~/aeocarpus rugosus 
~. varunna 

Rutaceae 
~vodia meliaefolia 

Simarubaceae · 
Ailamhus grandis 

Burseraceae 
Canarium bengalense 

Meliaceae 
Amoora imllichii 
Cedrela sp. 
Clwkrasia tabularis 
Dysoxylum hamiltonii 

- Dysoxylum procerum 
Ampelidaceae 

Leea sambucina .. 
Anacardiaceae 

Mangifera indica 
Leguminosae 

Albizzia Iucida .. 
Dalhergia assamica 

Hamamelidaceae 
Altingia excelsa .. 

Combretaceae 
Terminalia belerica 
T. chebula"' 
T. citrina f 
T. myriocarpa 

Myrtaceae 
~ugenia balsamea 
~.praecox 
Syzygium cumini 

Melastomaceae 
B/astas cochinchinensis 

Rubiaceae 
Anthocephalus cadamba 
Cephalanthus occidenta/is 
Morinda angustifolia 

Styraceae 
Symplocos spicata 

Bignoniaceae 
Stereospermum che/onoides 

Datiscaceae 
Tetrame/es nudijlora 

Apocynaceae 
Alstonia scholaris 

Verbenaceae 
Gme/ina arborea 
Premna bengalensis 

Myristicaceae 
Myristica kingii .. 

Lauraceae 
Cinnamomum obtusifo/ium 
Litsaea polyantha 
Litsaea salicifolia 

•,•' 

Litsaea sp. 
Purkayasthaea pseudomicrocarpa 
Other spp. 

F 

93-·08 
39·38 
84·13 

3•58 

14·32 
1·79 

3·85 

30·43 
17·90 
1·70 
8·70 

21·48 

21·48 

1·79 

1·79 

5·30 

21·48 
32·22 

5·37 

1·79 
1·45 

37·59 

1·79 

1·79 

3·58 

1·79 

1·79 

3·58 

5·37 

5·37 
5·37 
1·79 
4·35 
8·95 

16·11 

---
% F % --

14·35 12·50 12·74 
2·59 3·75 3·92 

37·94 I5·00 29·40 

- - -

0·14 - -
0·70 - -
0·7 - -

0·2I - -
- - -
- - -

1·47 - -
1·12 - -

. 0·07 - -
0·44 - -
1·05 - -

1·26 1·25 0·98 

0·14 - -
- - -

0·14 - -

0·49 - -
0·91 - -
1·47 - -
0·28 - -

0·34 - -
0·1 I - -
2·52 - -
0·07 - -

- - -
0·14 - -
- - -

0·51, - -

0·07 - .. -

- - -

0·07 - -
' - - -
0·14 - -

0·28 - -

0·35 - -
0·21 - -
0·07 - -
0·22 - -
0·42 - -
1·33 - -

Kherjan I 
I 

F I % 
-

73·75 45·63 
- -

7·50 4·06 

1·25 0·34 

- -

I ·25 0·34 
- -

- -
- -

- - r 

10·00 3·88 
2·50 0·68 
- -
- -

3·75 1·01 

28·75 13·86 

2·50 0·68 

1·25 0·34 
- -

- -

- -
6·25 2·03 

- -
- -
- -

5·00 1·35 

- -

I·25 0·34 
- -

I ·25 0·34 

- -

- -
2·50 0·68 

3·75 1·0I 

- -
- -

- -

3·75 1·01 
- -
- -
- -

12·50 5·07 
- -

-
Powai 

F 

33·75 
-

60·00 

-
1·25 

-
-
-

1·25 

5·00 

I2·50 
-
-
-

I2·75 

21·25 

-

-
-
-

-
-

-

-
-
-

-

2·50 
-

I ·25 

1·25 

-
~ 

-

15·00 
-

1·25 

-
-
-

1·25 
-
-

% 

9·5 
-

28·2 

-
0·2 

-
-
-

0 

5 

6 

0·1 

1·5 

2·6 

5 

8 

4 
-
-
-

3 ·1 

13·4 

-

-
-

-
-
-
-
-
-
-

-

7 

6 

o··53 
-

0·34 

0·26 

-

-
-

3·70 
-

0·53 

-, 
-
-

0·26 
-
-

(Contd.) 
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CANOPY LAYER IV. 10'-20' (3 ·Om-6.1m) ht. 

I 
Tinali I Hukanjuri Kherjan Powai 

F I % F 
I 

% F % F % ----
Euphorbiaceae 

59·07. ll·O~ 1·25 0·98 26·25 7·44 7·50 2·11 Baccaurea sapida .. .. 
8·75 5·54 Endospermum chinense - -· - - - -.. .. 

1·53 3·75 1·01 10·00 2·10 7 ·16 - -1l1acaranga sp. .. .. . . 
Malfotus a/bus 

I 
30·43 3·08 - - - - - -.. .. .. .. 

6·25 3 ·17 Sapium baccatum 1·79 0·07 - - - -.. .. 
Moraceae 

5·37 0·51 5·00 2·03 1·25 0·26 Artocarpus chap!asha _ - -.. .. 
0·07 -A.lakoocha 1·79 - - - - -.. .. .. 

1·25 0·34 -Ficus sp. - - - - -.. .. .. 
Jaglandaceae 

1·79 0·07 - - - - - -Engelhardtia splcata .. ~. ' . 
Ulmaceae 

1·25 0·26 Trema orienta/is - - - - - -.. .. 
Fagaceae 

44·75 
I 3~21 6·25 I 1·69 - -Castanopsis indica - -.. .. 

2·94 1·02 1·75 Unknown - - - -.. .. .. 

CANOPY V. 6'-10' (1·8m-3·0m) ht. 

I 
Dilleniaceae 

Dillenia indica .. .. . . - - - - - - 2·50 0·47 
Magnoliaceae 

2·50 0·47 Michelia champaca .. .. - - - - - -
Talauma hodgsoni .. .. 1 .. 79 0·29 - - 1·25 0·99 2·50 0·47 
T. phellocarpa .. .. .. - - - - - - 1·25 0·24 
Other species 17·90 4·04 - 11·25 2;60 .. . . .. - - - -

Anonaceae 
Polyalthia jenkinsii 7 ·16 1·16 3·75 5·56 3·75 1·49 - . -.. .. 

Guttiferae 
Garcinia xanthochymus .. .. - - - - - - 1·25 0·24 
Garcinia sp. .. '. . . 17·90 4·04 - - 15·00 14·36' 3·75 0·94 
M esua fer rea .. .. .. 16:11 3·77 .2·50 3·70 15·00 11·38 13·75 6·84 

Ternstroemaceae 
Eurya acuminata .. .. 14·32 2·90 - .- - - - -

Dipterocarpaceae 
25·00 Dipterocarpus macrocarpus .. 73·30 35·67 68·52 52·50 48·51 37·50 15·34 

Shorea assamica .. .. 10·74 2·61 - - - - - -Vatica lanceaefolia .. .. 32·22 15·37 
Sterculiaceae 

2·50 3·70 - - 51·25 28·09 

Pterospermum lanceaefolizim .. - - - - - - t ·25 0·47 
Sterculia villosa .. .. - - 2·50 5·41 - - 1·25 0·47 Elaeocarpaceae · 
Elaeocarpus rugosus .. .. 7 ·16 1·16 - - 1·25 0·99 2·50 0·47 Rutaceae 
E1•odia me!iaefo!ia .. .. 1·79. 0·29 - - - - - -Burseraceae 
Canarium bengalense .. .. - - - - - - 6·25 1·18 Meliaceae 
Amoora wallichii .. .. 5·37 0·87 - - 1·25 0·50 11·25 4·25 Cedrela sp. .. .. . . 5·37 1·45 2·50 3·70 1·25 0·50 2·50 0·71 Dysoxylum procerum .. .. - - 1·25 1·85 - - 11·25 2·60 . Ampelidaceae . 
Leea sambu:ira .. .. .. 5·37 0·87 - - 1·25 0·50 - -Anacardiacea -
Mangifera indica .. .. 5·37 0·87 - - 1·25 0·50 - -Spondias mangifera .. .. - - - - - - 1·25 0·71 Leguminosae 
Albizzia Iucida .. .. 1·79 0·29 - - - - --Dalbergia assamica .. .. 1·79 0·29 - - - - -. -Hamamelidaceae 
Altingia exce!sa .. .. .. 1·79 0·29 - - - - - -Combretaceae 
Terminalia belerica .. .. 5·37 1·45 - - - - - -T. chebula l 

5·371 T. citrina f .. .. .. 0·87 - - . 7·50 3·96 1·25 0·24 -----------
-------··-----·--

(Conrd.) 
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CANOPY V. 6'-10' (1·8m-3·0m) ht. 

Tinali Hukanjuri Kherjan Pow.ti 
-------

F % F % F• % F % 
·---

-
Combretaceae 

Terminalia myriocarpa 1·79 0·29 ~ 

I . . .. - - - - -
Myrtaceae 

Eugenia sp. Syzygium cumini .. 8·95 2·03 - - - - 6·25 8·73 
Rubiaceae ' 

Morinda tinctoria .. .. - - - - 1·25 0·50 2·50 0·71 
Randia dumetorum . . .. 1·79 0·29 - - - - -

Apocynaceae 
Alstonia scho/aris .. .. - - - - 1·25 0·50 - -

Bignoniaceae 
Stereospermum chelonoides .. - - - - - - 10·00 2·60 

Verbenaceae 
Gmelina arborea . . .. - - - - - - 11·25 2·83 

Lauraceae 
Alseodaphne petiolaris .. .. - - - - - - 1·25 0·24 
Cinnamomum obtusifolium .. - - - - 1·25 0·99 - -
C. tamala . . .. .. 1·79 0·29 - - - - 3·75 0·71 
Cryptocarya amygdalina .. - - - - - - 2·50 0·71 
Litsaea sp. .. .. .. - - - - - - 3·75 1·98 
Other spp. .. .. . . 5·37 0·87 _._ - - - - -

Euphorbiaceae 
Baccaurea sapida . . .. 26·85 11·60 - - 10·00 4·46 5·00 0·94 
Croton joujra .. .. . . - - - - 1·25 0·50 - -
Endospermum chinense .. .. - - - - - - 1·25 0·24 
Macaranga sp. .. .. . . - - - - - - 6r25 1·18 
Mallotus a/bus .. .. 12·53 2·32 - - - - 1·25 0·24 
Sapium baccatum .. .. 1·79 0·29 - - 1·25 0·99 1~25 0·24 

Moraceae 
Artocarpus chaplasha .. .. - - - - 10·00 3·96 16·25 4·01 
Ficus sp. .. .. .. - - - - 1·25 0·50 1·25 0·47 

Ulmaceae 
Trema orienta/is . . .. - - - - - - 1·25 0·24 

Fagaceae '' 
Castanopsis indica .. .. 10·74 2·61 - - ~ - 5·00 2·21 
Unknown .. .. . . - - - 1·85 - 0·50 - 0·24 

As regards the ground cover, the Tinali area had cane brakes as the characteristic ground cover, while 
in the Hukanjuri area, Alpinia, aroids, ferns, Laportea crenulata and Clerodendron sp. and other shrubs formed 
the characteristic ground cover. In Kherjan area, cane brakes, the dwarf bamboo Pseudostachyum polymor
phum and the dwarf palm Pinanga gracilis formed the undergrowth. In the Powai area, Pseudostachyum poly
morphum, Pinanga gracilis, Phrynicum sp., Calamus erectus, were common. 

In all the areas, climbers were found in abundance, where no tending 'operation had been done. The chief 
climbers were Derris oblonga, Tapiria hirsutq, Mezoneurum cucu/lqtum, etc. 



FOREST TYPES OF ASSAM, WITH SPECIAL REFERENCE TO mE 
EVERGREEN AND SEMI-EVERGREEN FORESTS 

BY s. RAJKHOWA, 

Silvicufturist, Assam 

Introduction 
Champion (1) has divided the Evergreen and Semi-evergreen forests of Assam into 

some thirteen different types. Admittedly, these types were defined and named on very 
meagre information then available. . ~his has res~lted in r~leg!ltin~ seve~~l important forest 
types into one broad group, the fionstlc heterogemty of which 1s m1sleadmg. In some other 
cases, there is also a confusion in naming associations or in denoting their ecological signifi
cations. As for example, Champion's type lb/C2-Upper Assam tropical evergreen, 
embraces two distinct types, viz., the Mesua-Dipterocarp formation to the exclusion of 
Kayea assamica and a Kayea assamica formation, which practically excludes Dipterocarpus 
species. Also, the extent of this area is not correctly shown. In the Abor, Aka hills, the 
type is more akin to a submontane type, while in Manipur and Lushai hills, the affinity 
is more towards Champion's type lb/C3-Cachar tropical evergreen. In case of Cham
pion's type M.Tr./1 S/5,-Moist riparian, a very distinct type which is characterised by t.he 
presence of Dil/enia indica and Lagerstroemia jlos-reginae, has been grouped together with 
a riverain Terminalia formation. . These two forms are distinct, as Terminalia myriocarpa is. 
never found in riverain areas west of the Lakhimpur district, except on stream banks of 
some foot-hills, whereas the other formation is much widely distributed. As a matter of 
fact, tagging this very localised high level riverain Terminalia myriocarpa formation to 
other formations has resulted in Champion's types M.Tr./1 S/7 (c)-Upper Assam moist 
deciduous riverain, and M.Tr./1 S/8b--:northern tropical semi-evergreen-riverain (Termina
lia-Phoebe and Terminalia-Morus associations) .. 

. It may also be mentioned here that Phoebe goalparensis· is an important constituent of 
high level semi-evergreen forests of the Assam valley and thi~ species avoids riverain tracts. 
On the other hand, Champion's type 2bfd---Upper Assam semi-evergreen forest should 
include these high level.seJ?i-evergreen forests which are found not only in Upper Assam, 
but up to the western hm1t of the State and should exclude any reference to an Altingia
Magnolia-Cin!fa"!omum associ3:tion, as a ty_Pical example. Altingia excelsa occurs in small 
pure pa~ches m sllte? ~p ar.eas m some semi-evergreen forests and a Dillenia-Mesua-Altingia 
associatiOn can. be ~Istmgu1shed. In the early days, Altingia exce/sa, Cinnamomum cecido
dap_hne and Mlch_ella champaca were about the only useful species in these forests, though 
their occurrence 1s very scanty. · 

In o~der that the everg~een and semi-evergreen forests of Assam (excluding NEF A 
and Mamp_ur) can-be reclassified on ~ more rational basis, an attempt has now been made to 
s~ow the different forest t_ypes ~eco~mse? by the working plans and to indicate their composi-
tion as well as theu relatiOnship w1th chmate and soil. · 

In Assam, two main climatic formations can he recognised. These are : . 
A.-Evergreen, including semi-evergreen, and 

, B.-Deciduous, including what may be termed as semi-deciduous forests . 
. T~e !WO main formations appear to be determined not so much by the total annual 

precipitati~n as the lengt_h of the dry period, greatly modified by biotic influences as 
Illustrated m the Table g1ven below :-,--. ' 

Locality 
Temperature 

' ·Rainfall 
Mean max. Mean min. in inches 

· (July) (January) 

Kochugaon 83·1· F. 52 ·3· F. 179. 4" 

Mazbat ss·ot·l .. gg• F. 59 F. 
·- -- ~----- ····~--

M5Dcplt. of Agri/61-26 
191 

Length of 
dry period 

with 1" 
rainfall or less 

-· 
Nov.-Feb. 

.nec.•Jan. .. 

Forest type 

s 
s 

al, Misc. 
emi-deciduous and 
ssam valley semi .. A 

e vergreen. 
Se 
fo 

mi-evergreen 
rests. w.,.. _____ 
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Temperature Length of 
Locality ------- ------ Rainfall dry period Forest type 

Mean max. Mean min. in inches with 1" 
' (July) · (January) ' · rainfall or less 

. . ' 
Dimapur .. ? 45· F.·. 62;.7" Dec.-Jan. Semi-evergreen 

(92 rainy days) forests. 

Amguri .. 89·6· F. 53·1·F. 83·2" Nov.-Jan. Evergreen Dipte-
(124 rainy rocarp forests. 

Namsang 84·8·F .. 47·6·F. 149·2" 
'days) 
December Evergreen Dipte-

(near Jeypore) I . (175· rainy rocarp forests. .! days) 

The true deciduous (including semi-deciduous) formations are in the Kamrup and 
Nowgong districts, while the evergreen formations are· typical of all the other districts. 

The two main climatic formations, as above, are further modified by elevation, topo-
graphy and soil factors. . ,I '. . 

On the basis of elevation, the evergreen formation is sub-divided into two broad classes, 
viz., sub-montane evergreen formation~ and tropical evergreen formation. The sub
montane formation represents : (a) The Oak-Rhododendron formation (Champion's 10 
bfc 2) found in the Khasi and Jaintia Hills and the Naga Hills at elevations of about 5000 
feet, and (b) an oak formation,* growing almost pure in North Cachar Hills at 2000 feet. 
Bor (2) describes the first type as seen in Khasi and Jaintia Hills. From the point of view 
of economic utility as well as extent, these forests'are not very important. Shifting cultivation 
in the past has replaced much of.these types in the Khasi Hills by a sub-tropical pine forest, 
and in North Cachar Hills, by a grassland formation. . . · 

The tropical evergreen formation can be classified further into the following types :--.:. 

.. (1) Evergreen Mesua~Dipterocarp formation }·. included in Champion's type 
·· (2) Evergreen Kaye a assamica formation . 1 b/C .2. 

(3) Assam valley semi-evergreen formation-This should replace Champion's type 
2b/C1. 

· Other bio-edaphic formations occur in between these main formations. Amongst biotic 
formations may be recognised' the following :- · 

(4) Secondary bamboo 'formations-Champion's type· M.Tr/E 10(b) . 
. (5) Secondary semi-evergreen formations~differs from Champion's type M.Tr/2 

~b. . . . 
(6) Sub~mohtane savannah formation-not mentioned by Champion. 
(7) Sub-tropical pine formation~Champiori's type 11/2C(c). · 

Amongst edaphic types,' the following are distinctly recognisable :- · 
(8) High level riverain .type-included in Champion's · M.Tr./lS/5, Mr.Tr./1Sf7(c), 

. . ¥.Tr./2S/2b and 2p/CI. 
(9) Sub-Hjmalayan sandy alluvium semi-evergreen type-Champion's M.Tr./2S/4. 

(10) High Savanna}l (Salmalia-Albizzia rYpe)-Champi~n's M.Tr./2S/7. 
(11) Inundated type. · 
(12) Fresh water swamp type-Champion's M.Tr.flS/4. 
(13) Riverain Khair-Sjssoo type-Champion's , M.Tr./IS/6. 
(14) Cane brakes-Champion's M.Tr./E 8. 

In case of the deciduou~ forests, two main t~pes can be recognised, viz. sal forests and 
mixed deciduous forests. ·· · · 

1. The ev.ergreen • Mesua ... Dipterocarp formation 
There ·are 'two distinct sub-types. These are : 

· (a) ·cachar Mesua-Dipterocarp-Palaquium formation.-T~is has been described by 
Champion' in his Preliminary Survey of F prest types of Inqxa an~ Burma as type 1 b ~3 
•'Cachar tropical evergreen forest'r. Ty~ic.a~ forests representmg thxs typ~ may ~~ see~ m 
the Inner Line Reserve of the Cachar diVISion. Rowbotham (3) calls this type A IDixed 

*(Net described by Cb;lmpion). 
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1argely evergreert type' 1 and Mohanlal (4) calls it "Mixed evergreert type". 'fhe type is 
characterised by the presence of Dipterocarpus turbinatus, Mesua ferrea, Kayea floribunda, 
Cynometra polyandra, Palaquium polyanthum, Nephelium Jongana, Heritiera acuminata, 
Alseodaphne owdenii, Diospyros species and Vatica lanceaefolia. Moreover, with the excep
tion of Mesuaferrea, the first few species are not known to occur inthe Brahmaputra Valley. 

Shifting cultivation and heavy exploitation for Dipterocarpus turbinatus in the past have 
destroyed much of this formation, so that the type is found in localised patches only. 

In a typiCal formation of this type, Dipterocarpus turbinatus forms a very small percent
age of the total number of stems per unit area. The most noticeable species are Palaquium 
polyanthum (which produces a lot of seedlings every year), Kayea jloribunda and Cynometra 
po{yandra. ~n the absence ?fan emergent canopy of.Dipterocarp, Mesuaferrea attains good 
height and IS to be recogmsed as a top canopy species. · 

!he Table below s~o~s the CO!fiposition o~ this t'ype. The figures show the percentage 
density of stems above 3 gtrth (partial enumeratiOn figures reduced to percentage basis). 

Cachar M esua-Dipterocarp-Palaquium formation 

Species 

Alseodaphne owdenii 
Amoora spp. 
Artocarpus chaplasha 
Albizzia procera 
Aquilaria agallocha 
Alphonsea ventricosa 
Cinnamomum cecidodaphne 
Calophyllum polyanthum .. 
Canarium spp. 
Cynometra polyandra 
Dipterocarpus turbinatus .. 
Dysoxylum reticulatum ~ 
Dysoxylum binectariferum J 
Diospyros toposia · .. 
Diospyros lanceaefolia .. 
Eugenia spp. 
Echinocarpus assamicus 
Elaeocarpus spp. 
Ficus bengalensis 
Garcinia spp. 
Heritiera acuminata 
Ixonanthes khasiana , 
Kayea floribunda . . . . . . 
Other Lauraceae and Magnoliaceae spp. 
Lophopetalum fimbriatum . . . . . . 
Morus laevigata · 
Michelia champaca 
Michelia montana 
Mesua ferrea 
Mangifera indica 
Myristica kingii 
Nephelium longana 
Podocarpus neriifolia 
Palaquium polyanthum 
Premna bengalensis 
Sterculia 'a lata 
Sterculia villosa 
Sapium baccatum 
Stereospermum chelonoides. · 
Taraktogenos kurzii .. 
Terminalia chebula 
Vatica lanceaefolia 
Zanthoxylum budrunga 
Others 

... 

. ·' 

'•. 

•'• 

· .. 
... 

• • I .• • 

.... 
·,. 

' .. 

. Density 
per cent 

1.13 
1.13 
1.02 
0.06 
0.73 
0.06 
0.17 
0.40 
3.11 
8.19 
7.29 

. 0.40 

9.10 
0.45 
7.86 
0.06 
0.06 
0.23 
0.17 
,0.10 
0.06 
0.06. 
0.79 
0.28 
0.23 
0.11 
0.11 
7.63 
0.'80 
0.06 
8.53 
1.30 

20.00. 
0.06 

, .. 0.62' 
'0~28 
3 .41. 
0.06 
2.43 
0.56 
2.82. 
0 .. 11 
5.57' 



. . . (b) The Upper A.ssaln Mesua-bipterocarp forests.-Rowbotham (3) spilts 1t up into 
"High evergreen fore~t ~onsis!ing chiefl~ of Shorea as~amica and Mesua ferrea" and "High 
evergreen fores~ consisting chiefly of Dlpterocarpus prlosus* and Mesuaferrea but without 
Shorea. a~samica" . . Pu:kayast~a, in.,his wo~kif!g plan (5) ca11s it the Hollong-Nahor type 
and Srnuvasan (6) 111 hts workmg plan calls It Simply "Evergreen forest". 

The fo11owing figures, taken from Srinivasan's Working Plan (6) show the composition 
of well stocked areas in certain fore.sts Reserves carrying this type of forest. The figures 
show the number of stems above 3' girth, per 100 acres, and density per cent (i.e. enumera
tion figures reduced to percentage of total number of stems enumerated). 
---

Upper Dehing 
Reserve 

Species No. 
per 100 % 

acres 

Amoora wallichii .. 39.48 1 1.31 
Artocarpus chaplasha .. 25.38 0.84 
Altingia excelsa .. 19 .. 74 0.56 
Artocarpus lakoocha .. 11.28 0.37 
Alphonsea ventricosa .. - -
Ailanthus grandis .. 8.46 0.28 
Anthocepha/us cadamba 2.82 0.09 
Adina cordifolia + .. -
Aquilaria agallocha .. -- -
Albizzia odoratissima .. - -
Albizzia Iucida .. - -
Alstonia scholaris .. - -
Bridelia retusa .. 2.82 0.09 
Bischojia javanica * -.. 
Cinnamomum 

glanduliferum .. 19.74 . 0.65 
Cinnamomum tamala .. + 
Canarium spp. .. 16.92 0.56 
Chukrasia tahularis .. + 
Cedrela spp. .. -
Castanopsis indica .. /+ 
Celtis australis l * Celtis tetrandra J 

.. 
Dipterocarpus 

41.66 macrocarpus .. 1291.56 
Dysoxylum procerum} 
Chisocheton · 64.86 2.16 

paniculatus . 
Dillenia indica ... - -
Duabanga 

sonneratioides .. + 
Eugenia jambolana -.. 
Eugenia praecox + .. 
E'ndospermum chinense + 
Ethinocarpus assamicus 11.28 0.37 
Engelhardtia spicata - -.. 
Gynocatdia odorata - ~ .. 
Garcinia spp. + -.. 
Holigarna spp~ 5.64 0.18 .. 
Lagerstroemia.flos- .+ 

reginae · • Lannea grandis + .. 
Mesua ferrea . . 634.50 . 20.46 
Magnoliaceae spp. 163.56. 5.45 . . 
Michelia champaca 2.82 0.09 .. 
Morus laevigata .. 2.82 0.09 .. 

• D/pterocarpus macrocarpus. 

Dirak Reserve J eypore Reserve 

No. No. 
per 100 % p~r 100 % 

acres acres 
/ 

40.74 1.02 42.37 2.30 
22.28 0.55 24.26 1.32 
9.78 0.24 9.60 0.48 
2.71 0.07 - -
- - - ·-

0 5 0.01 - -
18.48 1.56 - -

.. - 1.43 0.07 - -
-· - -
- - 0.78 0.03 
- - - -
- - - -
- - -
-· - 1.44 ~0.07 

29.34 0.73 21.64 1.20 
~ 3.19 0.16 

58.13 1.45 -
40.74 1.02 2.22 0.11 
2.17 0.54 -

50.48 0.12 -

6.52 o·.62 -

1032.28 28.68 629.34 34.56 
\ 

86.91 . 2.17 - -

+ - - -

1.09 0.02 4.74 0.23 
11.40 0.25 ·- -
16.30 0.41 - -

'21.18 0.53 - -
- --

+ - -
- - - -

43.45 0.11 - -
1.09 0.02 - -
- 0.37 0.01 

- 1.15 0.61 
636.26 16.67 576.29 31'. 52 
350.62 9.74 85.71 4.70 

11.73 0.58 - -
21.74 0.54 ·- -

·--··-··- -· 

Abhoypur 
Reserve 

No. ·J 
per 100 
-acres 

I 

79.29 
35.00 
13.71 

+ .+ 
7.14 
+ 
+ 

12.43 
+ 

10.43 
4.86 
-

10.00 

98.57 
+ 

36.57 
4.44 
6.71 

92.57 

+ 
-211.00 

64.00 

13.57 

2.29 
23.00 

+ 
87.43 

+ 
57.43 
11.29 
0,55 
+ 
-

+ 
66.14 

125.43 
11.29 
0.14 

% 

4.8 
2.1 
0.8 

9 
7 
5 

-
-
0.1 
-
-

0.7 
-

7 

5 
0 

0.6 
0.3 
-

0.6 2 

0 6.1 

2.26 
0.28 
0.41 
5.73 

-

13.07 

3.96 

0.84 

0.14 
1.42 
-

5.42 
-

3.56 
0.70 
0.04 
-
-
-

4.10 
7.78 
0.70 
0.01 

(Cont./) 



Species 

I 

Nyssa sessi/ijfora l I 
Magnolia griffithii ~ 
Magnolia pterocarpa J \ 
Myristica kingii . . ! 
M eliosma simplicifolia. . 1 

Podocmpus neriifolia .. 
Pterospermum 

lanceaefolium 
Phoebe cooperiana 
Phoebe goalparensis .. 
Shorea assamica 
Sterculia villosa 
Sterculia alata 
Sapium baccatum 
Schima wallichii 
Spondias mangifera .. 
Sa/mafia malabarica .. 
Stereospermum 

chelonoides 
Terminalia chebula .. 
Terminalia myriocarpa 
Terminalia belerica .. 
Vatica lanceaefolia .. 
Others 
Unknown 

Upper Dehing 
Reserve· 

No. 
per 100 % 
acres 

14.10 

+ 
+ 
+ 
+ 

169.20 
5.64 
2.82 
5.64 

2.82 
36.66 

+ 
2.82 

+++ 
535.80 

0.47 

5.64 
0.18 
0.09 
0.18 

2.09 
1.22 
+ 

t0.09 

16~64 
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Dirak Reserve Jeypore Reserve 

No. 
per 100 

acres 

8.14 

2.17 

10.87 

294.13 
1.08 

62.47 
1.62 
0.54 

2.71 
33.70 
9.22 
5.97 

599.5 
684.01 

No. 
% per 100 

acres 
% 

0.05 

0.27 

8.17 
0.02 

1.56 
0.40 
0.13 

0.09 
0.84 
0.23 
0.15 

15.00 
22.75 
-I 

0.56 0.02 

1.25 0.62 

5.23 0.26 

314.87 17.09 

1.43 0.71 

0.27 0 .. 01 

o. 78 0.03 

36.77 2.01 
22.89 1.14 

+++ -
1.02 .05 

Abhoypur 
Reserve 

No. 
per 100 % 
acres 

9.85 

11.90 
18.71 

+ 
+ 

4.29 
0.55 
9.71 
+ 
+ 

9.85 
7.43 
+ 
+ 

85.71 
37.86 

1.43 
66.00 

. 60.14 
103.43 
100.43 

0.61 

0.73 
1.61 

0~27 
0.04 
0.09 

0.61 
0.46 

5.31 
2.34 
0.09 
4.09 
3.73 
6.40 
6.20 

++ + indicates species abundant in lower canopy layers in all the rJserves, but often excluded from the statement 
due to small girth. 

Besides the above, the following species are also found occasionally and sporadically in 
the Abhoypur Reserve, and also in parts of the other ones : 

Albizzia procera, A. stipulata, Aglaia spp., Azadirachta indica, Antidesma spp., Alphonsea 
ventricosa, Cryptocarya amygdalina, Cyclo~temon spp., Dysoxylum hamiltonii, Diospy!·~s 
spp., Evodia meliaefolia, Elaeocmpus rugosus, Elaeocarpus ganitrus, Ficus SPI?·• Ga_rcl!lla 
spp., Hydnocarpus kurzii, /lex godajam, Kydia calycina, Litsaea spp., Mangifera md1c~, 
Machilus bombycina, Myristica erratica, Myristica gibbosa, Olea spp., Premna bengalens1s, 
Pterospermum acerifolium, Polya/thia spp., Symplocos racemosa, Trewia nudifiora, Zantho
xylum budrunga. 

A comparison of the species present and their density is illuminating. Dirak Reserve is 
near the Sub-Himalayan Frontier tracts, and the eastern-most reserve of those mentioned in 
the list, and Abhoypur Reserve is very near the western limit of this type of forests. 

In the Dirak Reserve, a large number of shallow nullahs which remain dry in winter, 
come to life with the rains and sweep over the forest floor. The soil is devoid of humus (the 
same being washed away every rain), and contains a percentage of silt. Terminalia myrio
carpa is g~tnerally present near the streams or in areas where surface streams spring up 
during the rains, and also as pioneer species in fresh silt deposits. The presence of other 
pioneer species such as Duabanga sonneratioides and Chukrasia tabularis also indicates 
the effect of past shifting cultivation. Species like Eugenia sp., Pterospermum lanceaefolium, 
(;_eltis sp., Endospermum chinense, are more characteristic of the flat ground with recent allu
vmm, rat~e~ than of the red earth of the old alluvium on undulating grqund which is more 
charactenshc of the Mesua-Dipterocmp formation. 

The change of the forest type. is clearly noticeable in the Abhoypur Reserve, whe~·e the 
perc?ntage of Mesuafe~re.a and D1pterocmpus macrocarpus decreases and a large number of 
SJ?CCies rn_ore charact~~Istic of s.ome other forest typ111 come in. The same is seen in the 
h1lly portwn of the H1hka block 111 Jeypore Reservo. Perhaps its sandy loam soil as opposed 
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~o ol~ alluvium l~oking al~ost like t~opical red. ~arth in w~Il ~tocked n_ahor-iwiiong forests 
IS mamly responsible for this change m composition. ChampiOn classifies this as a secon
dary formati~n ~Type M.'!r./2sf2b) but geological formation may also have a prominent 
part to play m Its. formatiOn. · 

In all the reserves of the forest type under discussion, Vatica lanceaefolia is the common
est species in the lower canopies, so much so that Mesua-Dipterocarpus-Vatica associa-
tion seems to pe the more correct name for the type. · 

The characteristic species in the underground are canes of several species, and the palm, 
Pinanga gracilis. . ' 

2. Evergreen Kayea assamica formation 
This type occurs in the extreme east on the north bank of the Brahmaputra. A typical 

area is in the Dulong Reserve. Here, Dipterocarpus macrocarpus is practically absent, and 
M esua ferrea gives W'!.Y to Kayea assamica which comprises about 70% of the stock. The 
following figures taken from Islam's plan (under preparation) show the floristic composition 
and percentage density* of stems above 3' girth. 

Evergreen Kayea assamica formation, Dulong Reserve 

Species 

Artocarpus chaplasha 
Aquilaria agallocha .. 
Amoora wallichii 
Altingia excelsa · 
Adina spp. 
Bridelia retusa 
Bischo.fia javanica 
Cinnamomum cecidodaphne 
Cedrela toona 
Cinnamomum obtusifolium 
Canarium spp. · 
Dipterocarpus macrocarpus 
Duabanga sonneratioides 
Dysoxylum spp. 
Dysoxylum hamiltonii 
Eugenia praecox 
Echinocarpus assamicus 
Eugenia spp. . . \ 
Gmelina arborea 
Kayea assamica 
Michelia champaca .. 
Manglietia insignis 
.M esua fer rea 
Michelia montana 
Magnoliaceae spp. 
Mansonia dipikae 
M angifera indica 
Premna bengalensis 
Pterospermum acerifolium 
Pterospermum lanceaefolium 
Salmalia malabarica · · 
Terminalia chebufa· 
Terminalia belerica .. 
Vitex peduncularis .. 
Zanthoxylum budrunga 
Others 

*Total enumeration figures reduced too percentage basis. 

,·, 

' Density per cent 

0.31 
0.01 
1.50 
0.19 
0.06 
0.01 
0.14 
0.16 
0.02 
0.08 
4.31 
0.17 
0.01 
6.33 
0.30 
0.25 
3.70 
0.13 
0.01 

68.89 
0.10 
0.06 
2.69 
0.10 
0.09 
0.13 
0.10 
0.02 
0.40 
6.25 
0.07 
2.57 
0.29 
0.01 
0.32 
0.02 

3. The Assam Valley semi-evt~rgreen formation / 
On the south bank of the Brahmaputra, this type starts _just west of t~e upper Assam 

Mesua-.Dij)terocarp type, anct ex .. nds as far west as Lumdmg, whe.re It IS replaced by a 
semi-deciduous forest. On t~1e north bank of the Brahmaputra, this type extends from 
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Naduar reserve of the Darrang district in the east, running along the Sub-Himalayan plains 
to the western limit of Assam, in the Ripu-Reserve of the Goalpara West division (9) with a 
break in the North Kamrup division where it is replaced by Savannah and other formations 
characterised by Sa/mafia, Terminalia myriocarpa, Acacia catechu and Albiztia procera. This 
type prefers the well drained, high level areas, giving place to one of the edaphic formations in 
the inundated low lying areas. 

The :floristic composition as well as density per cent1 of stems above 3' girth, taken from 
working plan figures, are shown below : 

Assam Valley semi-evergre,en type on the south bank of the Brahmaputra. 

Species 

Aglaia spp. . . 
Bischojia javanica .. 
Beilschmiedia brandisii : :v 
Amoora wallichii .. 
Albizzia odoratissima . . . . 
Albizzia procera . . . . 
Albizzia spp. . . . . 
Alstonia scholaris . . . . 
Altingia excelsa . . . . 
Anthocephalus cadamba .. 
Artocarpus chaplasha .. 
Azadirachta indica . . . . 
Artocarpus lakoocha . . . . 
Alphonsea ventricosa . . . . 
Aquilaria agallocha . . . . 
Ailanthus grandis . . . . 
Adina cordifolia . . . . 
Bambax insigne . . . . 
Cassia fistula . . • . 
Castanopsis indica . . • . 
Canarium spp. . . . . 
Chukrasia tabularis . . . . 
Cinnamomum glanduliferum } 
Cinnamomum cecidodaphne 
Cedrela spp. • • . . . . 
Cryptocarya amygdalina .. 
Crypteronia paniculata •• 
Celtis spp. , . . . . . . 
Cinnamomum obtusifolium . . _ 
Cyclostemon ellipticus. . . . 
Cyclostemon assamicus l 
Polyalthia spp. j .. 
Diospyros spp. 
Dillenia indica . . . . 
Dillenia scabrella . . } 
Dillenia pentagyna · · 
Dipterocarpus macrocarpus .. 
Dysoxylum procerum .. 
Dysoxylum hamiltonii 
Duabanga sonneratioides 
Endospermum chinense 
Eugenia spp. · .. 
Engelhardtia spicata .. 
Evodia me/iaefolia .. 

Geleki Doyarig 
Block I. Reserve 

% % 

0.20 

4.11 

0.24 
1.12 

:0.72 
0.60 

+ 

3.90 
3.71 
0.72 

0.92 
0.24 

+ 
0.20 

+ 
+ 
+ 
+ 

8.74 
3.11 

0.49 
4.49 
3.56 
2.92 

12.26 
0.17 
5.86 
0.07 
0.60 
0.03 
0.05 
0.02 
0.30 
0.76 
0.05 

4.60 
0.11 

6.46 
0.67 

0.06 

3.63 

0.13 

+} + 0.02 

6.45 

2.28 

3.80 

0.18 

0.01 

Nambor \ 
Reserve 

% 

+ 
1.20 

5.39 
+ 

0.22' 

0.87 

+ 
1.95 

+ 
1.21 

0.97 
+ 
+ 

3•87 
4.77 
0.53 
0.59 
1.66 

+ 

t }o.84 
. 3.58 

1.07 

3.52 

0.54 
0.59 
1.80 

I Partial enumeration fiuures expressed " as percentage of total number of stems enumerated, 

Intanki 
Reserve 

% 

0.61 
0.21 

1.82 
0.06 
0.09 

0 . .12 
0.70 
0.12 
0:21 
2.93 
0.41 
0.40 
0.08 I 

0.17 
+ 

0.39 
0.60 
1.11 

0.31 
0.38 

18.26 
10.01 
0.57 

1.48 
2.33 

1.58 
0.14 
0.28 

4.70 

Dhansiri 
Reserve 

% 

1.63 
0.09 

2.92 

0.16 

0.10 
0.71 
0.11 
0.02 
1.64 

0.77 
0.20 
0.01 
0.01 
0.02 
1.36 
2.56 

0.04 
1.56 

0.22 
0.22 

12.03 
4.63 

1.09 
1.50 

1.45 
0.64 . 
0.40 

(('011/d.) 
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Assam Valley senzi-evergreen type on the south bank of the Brahmaputra-(Concld.) 

·----

Spec_ies 
' 

rythrina subel·osa .. 
laeocarpus ganitrus .. 
laeocarpus rugosus . . 
icus spp. .. 
me/ina arborea .. 
arcinia spp. . . 
eteropanax fragrans . . 
ydnocmpus kurzii . . 
agerstroemia fios-reginae 

E 
E 
E 
F, 
G 
G 
u 
H 
L 
L 
L 
L 
L 
u 
u 
u 
M 
M, 

agerstroemia parviflora . 
itsaea po/yantha} 
itsaea sebifer.a 
annea grandis 
agnolia spp. 
ansonia dipikae 
esua fer rea 
ichelia champaca 
angifera indica 
orus /aevigata 
a/lotus a/bus 
achilus bombycina 

M 
M, 
M, 
M 
M 
M 
N 
N, 

yristica errattca 
yristica kingii .. 
yristica gibbosa 
yssa sessilif/ora 
ephelium longana · 
roxylum indicum 0 

p hoebe goa/parensis 
hoebe cooperiana 

.. 

.. 

.. 

.. 

. . 

.. 

. . 

.. 

.. 

.. 

. . . . 

.. 

.. 

.. 

.. 

.. 

.. 
terospermum lanceaefolium 

p 
p 
p 
p 
p 
s 
s 

remnd bengalensis .. 
odocarpus neriifolia .. 
arkia roxburghii . . 
tereospermum che/onoides 
opium baccatum . . 

Sterculia alata .. 
chima wallichii s .. 

Shorea assamica . . 
Sterculia guttata .. 
Spondias mangifera .. 
Sterculia villosa . . 
Symp/ocos spicata . . 
Saracca indica .. 
Sa/mafia malabarica .. 
Terminalia belerica . . 
Terminalia chebula . . 
Tetminalia myrio'carpa .. 
Tetrameles nudiflora . . 
Ulmus lanceaefolia. .. 
Vatica /anceaefolia . . 
Vitex peduncularis . . 
Vitex canescens .. 
~rightia tomentosa .. 
Zanthoxylum budrunga .. 
Unknown .. 
Others* .. 

Geleki Do yang 
Block L Reserve 

% % 

. . - 0.34 

. . + -.. - 0.77 

. . + 0.08 

. . 0.20 0.11 

.. + -.. - 0.36 

.. + -· 

.. - . 3.42 

.. - -

. . + +l_ 
+ + 1 0.12 

. . - -. . 10.61 0.22 

. . - -. 0.92 0.09 . . 

. . 0.69 -.. 0.09 0.19 

. . - 0.03 

. . + 0.85 

. . + -

.. + -

. . + 0.36 

.. + -

.. 1.16 0.85 

. . - -

. . -- 0.05 

. . - 5.57 
-. . -

.. 0.60 0.19 

. . 0.29 0.44. 

. . + 0.02 

.. - -

.. 7.03 8.36 

.. 4.69 -

. . - 5.91 
2.56 . . -

.. 1.17 -
- -. . 

. . + 0.41 

.. + 0.45 

.. +· 0.08 

. . - 0.03 

. . + 2.09 

.. 3.83 1.09 

.. 1.10 1.20 
0 . . 0.12 11.12 

.. + 4.46 
- -. . 

.. 5.63 -
- ·-.. 

I . . - -
- -. . 

. . + 0.06 
- -. . 

. . 5.15 -
•Others include species whose srattcred presence is shown by +. 

Nambor Intanki 
Reserve Reserve 

% % 

- -
- -
- -
- -

1.49 0.81 
- -
- -

1.44 0.97 
1.54 0.03 
- ·-
- -

+ 5.29 
3.06 1.32 

- 3.68 
6.61 0.27 

- 0.13 
1.13 2.77 
0.15 0.04 
- -
- 0.09 
- -
- -
- -
+ -
- 3.19 
- -

0.34 0.75 - 0.10 - '-

Q.56 0.39 
- 0.68 
-
+ 0.15 

7.33 11.20 
0.88 -
1.93 0.32 

>. 

+ o'.b2 
- -. . 

0.29 -
0.85 0.15 
+ 1.32 
- -
- -

0.28 0.13 
1.00 0.39 
3.01 1.20 
0.94 0.85 
5.73 4.02 
- 0.49 
- -
- 0.43 
- 0.49 
- -

0.53 0.13 
11.16 1.97 
13.76 3.26 

Dhansi ri 
e Reserv 

% 

-
-

0.69 
-

1.84 
-

1.62 
4.85 

-
0.04 
-

7.06 
1.46 

14.45 
-
-

0.78 
. 0.38 

-
-
-

1.63 
-
-

1.69 
-

1.36 
0.21 
0.70 
0.61 
-

0.39 
10.43 
0.12 
0.58 
0.02 

-
0.77 
0.13 
1.03 

-
-

0.40 
0.36 
-

0.31 
5.21 
-
-

0.20 
-

0.72 
0.15 
-

3.51 
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Assam Valley Setrd-evergreeh type~North bank areas 

.. 

.. Species 

Acrocarpus fraxinifolius 
Artocarpus chaplasha 
Altingia excelsa . . 

moora wallichii . . 
Adina oligocephala . . 

rtocarpus lakoocha 
ilanthus grandis . . 
lstonia scholaris . . 
nthoceplzalus cadamba 
lbizzia odoratissima 
lbizzia Iucida . . 
quilaria agallocha . . 
ridelia retusa .. 
ischofia javanica . . 
auhinia spp. . . 

.. astanopsis spp. · 
innamomum cecidodaphne 

A 

A 
A 
A 
A 
A 
A 
A 
B 
B 
B 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
D 
D 
D 
D 
D 
D 
D 
E 
E 
E 
En 
El 
G 
Gy 
Ga 
H 
Ka 
Ky 
Lo 
La 
La 
La 
G 
Lz 
Lz 
Lz 
Li 
La 
M 

innamomum obiusifolium 
hukrasia tabularis .. 
edrela topna . . 
anarium spp. . . 
rypteron(a paniculata 
innamomum tamala 
eltis australis .. 
rataeva spp. .. 
ordia myxa .. 
allicarpa arborea . . 
areya arborea . . 
ysoxylum procerum .. 
ysoxylum hamiltonii . . 
illenia indica .. 
illenia scabrella .. 
il!enia pentagyna .. 
rzmycarpus racemosus 
uabanga sonneratioides 
ugenia spp. . . 
chinocarpus assamicus 
mblica officina/is .. 
dospermum chinense 
aeocarpus ganitrus .. 
melina arborea .. 
nocardia odorata . . 
rcinia xanthochymu..<~ 

eteropanax fragrans 
yea assamica .. 
dia calycina .. 

'Phopetalum fimbria tum 
gerstroemia jlos-reginae 
gerstroemia parvijlora 
nnea grandis } 

t;truga pinnata · • 
tsaea polyantha ... 
'tsaea sebifera .. 
'tsaea citrata .. 
tsaea elongata .. 
portea crenulata 
esuaferrea 

. . : .. 
M5 Deptt. of Agri. 61-27 

. . 

.. 

. . 

. . 

. . 

.. 

. . 

.. 

. . 

. . 

. . 

. . 

. . 

. . .. 

. . 

.. 

.. . . 

.. 

. . 

.. 

. . 

. . 

. . 
... 
.. 
... 
.. 
. . 
. . 

. .. 
.. 

. . . 
.. 
.. 
.. 
.. 
.. . . .. 
.. 
.. 
.. 
.. 
.. .. 
.. 
.. 
. . . . . . . . 
. . .. 

.. . ., 

Charduar Charduar Charduar 
Panchnoi Sopai Belsiri 

Block Block Block 

-- -.. .. 
. . 0.25 0.40 0.56 
.. 0.33 0.44 0.60 
.. 5.65 0.35 6.41 
.. 0.45 0.76 0.19. ·, 

0.02 - -. . 
.. 0.90 0.31 0.57 
. . 0.50 0.46 -
.. 0.10 1.37 -
.. 0.30 0.05 0.22 
.. 0.80 0.17 0.66 
.. 0.01 - 0.04 

- - 0.96 . . 
.. 0.40 0.86 '1.84 
. . 0.15 - 0.04 
. . 2.80 2.80 2.24 
. . 0.60 0.80 13.35 

0.02 1.70 0.04 . . 
.. 0.95 0.66 o.:8<> · 
. . 0.50. 0.01 -
.. 2.00 2.40 1.35 
... 0.02 - -

- - -.. 
. . 0.04 0.02 0.21 
. . 0.01 0.01 0.04 
. . 0.01 0.08 0.48 

- - 0.17 . . 
' .. 0.09 0.01 0.02 

. . 7.05 7.71 5.12 

. . 0.35 0.10 0.16 

. . - 4.67 11.34 

. . 2.05 - -

.. 0.02 0.03 -

. . - 0.07 ·-

. . 2.30 0.86 · . 1.24 

. . 2.00 1.30 1.59 

. . 0.15 0.01 0.64 

.. 0.05 - -

. . 0.10 0.19 0.06 

. . - 0.03 0.02. 

. . 1.30 1.10 2.58. 

.. 0.01 - -

. . - 0.03 -· . . 0.01 0.03 -

.. - + . . 0.05 1.82 3.10 
- - -. . 
- - -.. 

. . 0.55 ..__ -

. . 4.60. 2.85 1.91 
·' .·. 

0.15 ... -
o~s' 0.04 0.04 ... 

- - -.. .. 
.. - 1.10 ·o .. t6 
.. - 1.34. 1.12 . 
. . 0.60 1.40 3.00 

I 

--·-

Ripu 
Bamba 
·mock 

0.50' 
-
-

. s.so 
+ -

1.00 
-
+ -

4.50 
-
+ -
+ 6.00 

. 3.50 
: -
·+ .. ·o.o5 
+ 

. . ~ ' -
·-
·-
-
-
+ 
-
+ 

.0.50 
+ .· 

0.50 
-
-.... + 

2.50 --
-
-
.+ 

: 

' .-· 
'"-· 
........ 
-

1.00 
--
-

' . 

.• + 
·+ + -'I -· 
3.00 

,. 

(Con'td.) 



Assam Valley SeiJ·zi-evergreen _ type-No~ti-z bank areas- ( Concld.) 

Species 
Charduar Charduar Charduar 
Panchnoi Sopai Belsiri 

Block Block Block 

Ripu 
Bamba 
Block 

-------:--. ,;--,,------~---'-.------·----1----1-----1----
Michelia c~ampaca 
Michelia manii- } 
Michelia oblonga ·. · 
Michelia montana .. 
Manglietia, insignis . } 
Pachylarnax pleiocarpa .. 
Mansonia dipikae } , 
Sterculia alata . 
M angifera -indica ~ . 
Magnolia grif.fithii } 
Nyssa sessiliflora · · 
Machilus bombycina .. 
Machilus globosa .. 
M e~iosma simplicifolia 
M orus laevigata · .. 
Mytistica angustifolia 
Oroxylum indicum .. 
Olea dioica } 
Elaeocarpus rugosus · · 
Phoebe goa!parensis .. 
Phoebe cooferiana .. 
Pterospermum acerifolium 

... 
~ 

Podocarpus, neriifolia . . . . 
Pterospermum lanceaefolium 
Premna bengalensis .. 
Premna latifolia .. 
Polyalthia simiarum .. 
Sa/mafia malabarica .. 
Schima wallichii · .. 
Sapium baccatum · 
Sterculia villosa .. 
Spondias mangifera .. 
Symplocos oxyphylla .. 
Sapium insigne . . 1 

Stereospermum chelonoides · .. 
Talauma phellocarpa .. 
Talauma hodgsoni .. 
Taraktogenos kurzii 
Terminalia myriocarpa 
Terminalia belerica .. 
Terminalia arjuna .. 
Terminalia chebula ... 
Tetrameles nudijlora .. 

.. ~ 

... 

Vitex peduncularis . . · · .. 
Zanthoxylu"!- budrunga 
Others . . . . . . 

. ,; 

.. ·-: ' .. 

0.08 

0.35 
4.80 

0.20. 

0.05 
0.03 

2.85 .. 

0.40 

0.02 

13.22. 
2.00 .. 
1.47 
0.01 
4.85 
0.45 
0.05 
0.67 
1.18 
0.01 
0.35 
1.20 
0.02 

0.75.' 

2.20 

1.25 
0.25 
+ 

0.01 
0.01 
2.35 
1. 70 .. 
0.60 
3.81 

2.70 
5.38 
3.30 

1.09 
0.04 
0.03 
.1.10 
.0.69 
.0.28 
.0.74 
0.02 
2.39' 

.7..92 
1.00 
.0.16 
0.01 
0.58 
1.20 

0.55 
0.20 

0.38 
1.20 

0.02 
0.19 
0.99 
4.08 
2.71 
2.16 
0.09 
1.33 

2.10 
0.44 
1.40 
3.31 

0.01 
3.70 
3.19 . 

0.26 
0.01. 
0.10 

0.42 
·1.12 
0.07 
0.07 
0.59 
0.06 
1.50' 
5.87 
0.32 

0.87 
0.12. 
0.36 
1.32 

0.11 
0.12 
0.05 

0.28 
0.52 
8 .• 10 
0.01 
1.05 

0.01 

0.32 
2.10 
o:t6 

. 0.56 
4.41 

1.00 

13.5 

10.00 
17.50 

. 9.50 

+ 

+ 
+ 

1.50 
+ 

3.50 
+ 
+ 

1.50 

0.50 

0.50 
7.00 
+ 

6.00 

4. SecondarY bamboo formations 
"The mo~t c;haracteristig f~~.ture. of.secondary growths in both the. evergreen and semi

evergreen types is the presence of bamboos, either as an understorey, or mainly bamboos, 
with_~ few scattered tr~es standing; over them. The characteristic species of bamboos in 
loamy_ soil are-. Pseudostac.hyum polymorpha and Derz.drocalamus hamiltonii, and that in 
lateri_tic soils, Malocanna bambusoides. Dendrocalamus hamiltonii occurs largely in the low 
hills_ of upper Assam, while· M elocanna is found in Cachar and in Garo hills. In drier 
regi0ns of North; Cachar district, Bambusa tulda is the domin~ting species. 

LThe bambo~ forests tend to becoine in ore and more pure ·as the intensity of shifting 
cultivation. increases, and especially in lateritic soils (e.g. in Badshahi tilla reserve of the 
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present Cachar district) a stage is reached when it becomes difficult to maintain pl(!.ntations. 
as these are soon swamped by batp.boos. · . . 

The characteri~tic tree species in the hilly areas is Du~banga sonneratioides, which often 
forms pure young crops soon after clearance, where bamboo gro':"th is not prolific. Te~rameles 
nudiflora also occurs along stream banks. These, together wtth some of the 'trees of the 
original formation left standing, form an open .tree canopy, wher:e the number,of trees may 
be as small as 2 trees per seven acr~s or so.,. ., · 

5. Secondary Semi-evergreen formation 

This type occurs in sandy le>am ·soil and onloW-lyingateas of the main formations~·. On, 
account of the ptesence of fast growing pioneer speCies like Duabanga $oi{neratioides, Ptero
spermum acerifolium, Salmalia inalabarica, ~he type as a whole tends mote towards the deci· 
duous. The following Table, take!l from working plari figures ·cs) of ·Naduar Rese:t;ve 
exemplify this ~ype. The figures sho~ the percenta~e density of stems above 3' girth: .; .. 

. . ·•. . . . . . ·. ; ,. .. . . : , .. ·,·.I 

Species Density % 
Artocarpus· chaplasha· . . ~ . . .. : ;. ' . . .. '. l. 70 
Amoora wallichii . . •• 0.56 
Adina spp ... . . . . .. '1. 70 
Artocarpus lakoocha ... . .. 0.56 
Ailanthus grandis ... 0.56· 
Albizzia Iucida . . . .. 0.63 . 
Bischofia javanica 1.70 
Bauhinia spp. . •. ..... 

'' 6.23 
Chukrasia tabularis .. 1.13 
Cedrela toona 0.56 
Castanopsis spp. 0.56 
Duabdnga sonneratioides 2.26 
Dysoxylum procerum 5.66 
Diospyros spp. 0.56 
Dillenia indica . 25.50 
Eugenia spp. · 1.70 
Echinocarpus assamicus 0.56 

·Ficus spp. · · .. 1.70 
Gm.elina arborea . •' 1.13 
Garuga pinnata } 

1.13 Lannea grandis 
Kydia calycina 0.56 
Litsaea sebifera o\. . 2.•26 
Litsaea spp. .:. 0.,56 
Premna bengalensis 

.. .. 0.56 
Pterospermum acerifolium .. -7.93 
Premna latifolia 

• •• t• 7.93 
Salmalia malabarica .. . . 4.53 
Stereospermum chelonoides ·"•. 1.13 
Terminalia chebula 0.56 
Terminalia belerica 

.. 
0.56 'Trewia nudiflora .. . ' 1.70 Talauma hodgsoni · .. .. ·'0.56 

Taraktogenos kurzii .. 0:56 Unknown 2.17 
. . . 

belo~ J,he_ e~ample d~scri_be?, ~lmost al~ the trees, with the exception of Dillenfa indica, are 
the ori ufaltf' and _Dzllemr:t mdzca al?ne Is fo_und up to 10' girth size. It may be noted that 
'"ormat& dorm~btLon wht~h gave nse to thts secondary formation was one of the inundated 
1• tons escn ed heremafter. · · · · 

6. Sub-montane Savannah formation 
This formation ·sse · d'ffi - · · · · 

~one. T.he type see~s toebe1~e ~r~~~d~:oil formations, at an elevation above the ba~~oo 
luJ.e. I! IS seen in the Unitel Khasi andJ~~ti trh~Ifor~ts and bamboo for~sts b:t a dtsti~ct 
with pme forests at 2000 ft. elevation i N tha CI sha ov~ 3000 ft. elevatiOn, std~ by stde 

' n or ac ar htlls near the oak formationJ and 
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on the western sioe of the Naga hills abo-ve 3000 ft. where hill tops are often covered with 
grass, with timber forests lower down. - .. 

. These gras.sland,s owe the!r ~xistence to intensive shifting cultivation and burning, and 
there are practically no trees In them. . · · . . 

7. Sub-tropical pine formation . 
This type is seen in Khasi and Jaintia hills and in Naga hills above 3000 ft. elevation. 

Pinus insularis forms pure even aged stands wherever shifting cultivation is prevalent. · 

8. Edaphic formations 
·High-level riverain. type (Terminalia myriocarpa):-This type is found in the Sub

Himalayan tracts as well as in the foot hills of the Naga, and Patkoi hills. ·The most promi
nent species is Terminalia myriocarpa which is a pioneer species appearing in silt deposits. 
In the area where this type occurs, a large number of shallow surface streams and springs 
come to life with the advent of the rains, and carry with them silt washed down from higher 
areas and clearances for shifting cultivation. The soil is devoid of humus, the latter being 
washed down every rains. 

This type also occurs in the riverain tracts along the Brahmaputra and the Dehing rivers, 
and often merge with one of the inundated types, as in Dibru Reserve. In the Assam valley 
semi-evergreen forests, this type occurs to the north of the main formation, as seen in Khalin
duar Reserve of the Darrang division, and Chirang Reserve of G~alpata. east division. The 
most clear cut formation, however, occurs in the old Sadiya division (now merged with the 
Lakhimpur division). The_ fqllowing enumeration figures of 1932, given by Purkayastha 
(10) for Pasighat Reserve show the best example of this type. · 

High level riverain type 

Species 

Amoora wallichii 
Albizzia procera 
Albizzia Iucida 
Ailanthus grandis 
Anthocephalus cadamba 
Alstonia scholaris . 
Bischofia javanica 
Baccaurea sapida 

. Cinnamomum cecidodaphne 
Castanopsis spp. 
Cedrela toona 
Cordia obliqua 
Canarium spp. 
Crataeva spp. 
Dysoxylum binectariferum 
Duabanga sonneratioides 
Dalbergia assamica 1 
Derris robusta J 
Echinocarpus assamicus 
Eugenia,spp. 
E/aeocarpusrugosus 
Morus laevigata 
Mesuaferrea 
Premna bengalensis . 
Phoelie cooperiana · 
Pterospermum acerifolium 
Salmalia malabarica 
Terminalia belerica 
Terminalia myriocarpa 
Terminalia chebula 
Taraktogenos kurzii · 

Percentage 
density of 
trees about 

3' girth 

. 0.76 
0.38 
1.01 
2.80 
0.12 
1.01 
1.40 
1.27 
0.30 
0.25 
0.50 
0.12 
0.63 
1.52 
0.12 
4.33 
1.14 
1.27 
0.38 
2.93 
0.38 
0.50 
0.38 
0.12 
7.51 
0.38 
.0.63 

42.24 
0.63. 
·1.01 

(Conrd.) 
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. High /eve/. riverain type---:--( Cone/d.) 

Speeies 

Talauma hodgsoni 
Turpinia pomifera 
Vitex peduncularis 
Vatica lanceaefolia 
Unknown 

9. Sub-Himalayan sandy alluvium semi-evergreen type 

Percentage 
density of 
trees about 

3' girth 

1.27 
0.25. 
3.43 
4.62 

13.12 

This type is found in the Sub-Himalayan tracts to the north of the Assam valley semi
evergreen type where, due to stream action, the soil is composed mainly of loamy sand and 
pebbles, and where fire is unknown, due to the area being surrounded by a semi-evergreen 
type. This type is perhaps a forerunner of the Assam valley semi-evergreen type. Here, 
Phoebe goalparensis 1s either absent, or constitutes a very small percentage of the total number 
of stems. The top canopy, which is actually an emergent layer over a general canopy level 
of about 60' height, .is very open and consists mostly of deciduous and semi-deciduous 
trees like Tetrameles. nudiflora, Acrocarpus fraxinifolius, Ailanthus grandis, Terminalia 
myriocarpa etc. The middle canopy is composed of evergreens like Machilus bombycina, 
Amoora wallichii, Lagerstroemia parvifiora etc. Rajkhowa (9) in his working plan for Goal
para West division (1956) splits this up into two sub-types depending on the percentage 
density ofTetrameles nudifiora in the emergent layer and the presence of Michelia champaca. 
The f()1lowing figures taken from his working plan illustrate these two sub-types. The figures 
show the percentage of stems ab5>ve 3' girth. · 

Sub-Himalayan sandy alluvium semi-evergreen type 
0----------~~~----------------------------~----------.--EMu_g_e_n~w----

Species 
Miche/ia Tetrameles-
sub-type Machilus \ 

sub-type 
~--·--------------'---'-------------l------- ., ________ _ 
Amoora wallichii .. · 7 5. 0 
Ailanthus grandis 1 0 
Alstonia scholaris 1 0 
Anthocephalus cadamba below 1 0 
Albizzia procera below 1 0 
Albizzia lebbek below 1· 3.0 
Aporosa roxburghii 0 1 . 0 
Acrocarpus fraxinifolius below 1 0 
Artocarpus lakoocha below 1 0 
Amoora rohituka below 1 below 1 
Bauhinia spp. below 1 below 1 
Castanopsis spp. 5 0 
Cedrela toona 1 below 1 
Cordia myxa 1 below 1 
Careya arborea below 1 0 
Cinnamomum cecidodaphne below 1 below 1 
Chukrasia tabularis . . below 1 0 
CDalbb'carpa arborea . d 0 3. 0 

ua anga sonneratzoi es 2 below 1 
Dysoxylum hamiltonii below 1 below 1 
Dillenia pentagyna below 1 below 1 
Eugenia spp. 9 
Gmelina arborea below 1 b;~: 1 
Garuga pinnata b 1 
1/ex godaiam e ow 1 2.0 

'J below 1 0 Lagerstroemia parvifiora 3 
Lophopeta/um fimbriatum below 1 

4 · 6 

Lannea grandis below 1 g 
(Contd.) 
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Sub-Himalayan· sandy alluvium semi-evergreen type-(Concld.) 
oO 0 •••o 0 --••• • o• •0 l''""- oO • -H·-·- oo•o-Ooo ••o • o• • • 0 ~-·· '•·•-o• •••o•O•• 

Species 

Litsea spp. 
Machilus bombycina 
Michelia champaca 
Mansonia dipikae 
M esua ferrea 
Premna bengalensis 
Polyalthia simiarum 
Pterospermum acerifolium 
Phoebe attenuata 
Schima wallichii 
Stereospermum' chelonoides 
Sterculia· a lata 
Salmalia malabarica 
Sapium baccatum 
Sterculia villosa 
Tetrameles nudiflora 
Trewia nudijlora 
Terminalia belerica 
Terminalia myriocarpa 
Vitex spp. . · 
Zanthoxylum budrunga 

.· . 
~ . 

~ . . . 

10. High Savannah, Salmalia-Albizzia type 

. · . . . 

. . 
. ; . 

. .• 

. .. 

. 

Michelia 
sub-type 

below 1 
8 
6 
0 

'below 1 
4' 

·2 
below 1 
below 1 . 6 

9 
3 

below 1 
·o 

' below 1 
. 10 
below 1 
below 1 
below 1 

0 
below 1 

Eugenia
Tetrameles

Machilus 
sub-type 

below 1 
15.0 

0 
below 1 

0 
3.00 

below 1 
0 
0 

2.0 
4.2 
0 

below 1 
2.0 

below 1 . 
17.5 

0 
below 1 
below 1 
below 1 
below 1 

This type is found over extensive areas in the Sub-Himalayan tracts of the Goalpara and 
Kamrup districts, and in some parts of the Darrang district. It is an open formation in high 
grassland, subject to annual fire. The soil is loamy sand of about a foot or two in depth 
overlying gravel and boulder deposits. This type seems to follow the khair-sissoo type and is 
in turn followed by the Sub-Himalayan ~a:(lqy alluvium semi-evergreeP. type described before. 

The following Table, taken from. working plan figures (8, 11) shows the composition 
of this type. The figures indicate the percentage ofstems above 3' girth. 

Species 

High Savannah, Salmalia-Albizzia type 

Naduar 
··Reserve 

Monas 
Reserve 

--------------------·----------------------1----------i------~--
Adina spp. 
Amoora wallichii 
Albizzia procera 
Albizzia lebbek 
Artocarpus lakoocha 
Ailanthus grandis 
Anthocephalus cadamba 
Albizzia Iucida · 
Alstonia scholaris 
Bridelia retusa • 
Bischofia javanica 
Bauhinia spp. . 
Cedrela toona • 
Chukrasra tabularis 
Cm1arium spp. . · 
Cryptocarya a~t~ygdalina 
Celtis spp. : 
Callicarpa arborea 
Careya arborea 
Castanopsis spp. 

• • <:. 

. . 

0.86 
0.03 
8.91 

0.43 
1.30 
0.43 
3.35 
0.35 
0.76 
5.61 
2.12 
0.08 
0.26 
0.21 

0.51 

0.21.. 

5.03 
2.67 

0.36 
0.04 

0.29 
4.41 
1.27 
2.70 
0.26 

1.58 

U.82 
1.06 
0.21 

(Contd.) 
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High Savafmah, Salmalia-Albizzia type- (Concld.) 

Cordia myxa 
Dalbergia sissoo 
Duabanga sonneratioides 
Dysoxylum spp. 
Derris robusta · 
Dillenia indica 
Dillenia pentagyna 
Eugenia spp. 

. " . .; 
Echinocarpus assamicus . ~ 
Emblica officina/is 
Ficus spp. 
Gmelina arborea 
Garuga pinnata 
Hymenodictyon excelsum 
/lex godajam 
Kydia calycina ... 
Lagerstroemia jlos-reginae .. 
Lagerstroemia parviflora 
Lannea grandis 
Litsaea spp. 
M orus laeviga~a 
Magnoliaceae spp. 
M achilus bombycina 
Phoebe goalparensis. 
Premna bengalensis 
Pterospermum acerifolium 
Pterospermum lanceaefolium 
Premna kztifolia 
Polyalthia simiarum 
Salmalia malabarica 
Schima wallichii 
Sterculia alata 
Sapium baccatum 
Spondias mangifera 
Sterculia. villosa .. 
Stereospermum che/onoides 
Talauma phellocarpa . 
Tetrameles nudijlora 
Terminalia belerica 
Terminalia myriocarpa 
Trewia nudijlora 
Vitex peduncularis 
Wrightia tomentosa 
Zanthoxylum budrunga 
Others 

11. Inundated type 

··.· 

·-·-

1.08 
1.32 
1.26 
1.42 
0.08 
0.21 
1.08' 
0.21 

3.90 
1.48 

0.22 
20.01 

0.59 
3.61 
1.02 
0.21 
0.15 
0.22 
0.03 
4.12 
0.29 

0.23 
4.02 

This type occurs ·all over the evergreen and semi-evergreen zone in Assam valley along 
river banks and extending up to !Several miles inland. The soil is clayey loam to loam, and 
the topography may be flat or more generally cut up by a large number of small nallahs, so 
that the land appears as a series of ridges and mounds in a low-lying water-logged base. 
Water stagnates in these areas for a short or long period during the monsoons, depending 
on the height of the land relative to flood level. These areas are, however, dry for several 
months ~n winte~, so that the type cannot be ~alled fresh water swamp type.. In the working 
plans this type Is often called the "Kurkam" type. 

Dependi~g on the topography, several sub-types can be recognised in this formation. 
In the low-lymg ~reas, Dillenia indica, Echi1J.ocarpus, Bischofiajavanica are the species most 
frequently met w1th, along with Taraktogenos kurzii in certain areas (e.g .. Dibru Reserve). 
On slightly higher ground, Mesua ferrea appeat'i and often forms pure patches. In loamy 
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soil an intermediate stage· which may be called Dillenia-Mesua-Aitingia sub-type, is 
seen. 

The following Tables show the composition of the different sub-types with percent~ge~ 
of stems above 3' in girth. . 

11. (a) Dillenia-Bischofia sub-type 

LOCALITY 

Species 
.. 

Jokai Telpani Dehing-.· 
Reserve Reserve. mukh 

Reserve 

ltingia excelsa . . .. .. 2.23 - -
lbizzia Iucida .. . . . . ' 3.65 1. 77 1.87 
rtocarpus chaplasha . . . . .. 0.30 - -
rtocarpus lakoocha . . . . .. - - ,, 0.07. \ 

nthocephalus cadamba . . . . .. 0.51 0,13 0.22 
lstonia scholaris . . . . .. 1.12 0.13 0.90 
ischofia javanica . . . . .. 13".89 25.92 .. 13.14 .. 
eilschmiedia brandisii . . . . .. - L14 . 4.11 
edrela toona . . . . .. 0.20 . . '· astanopsis indica . .. . . .. 2.13 - 0.15. 
rataeva spp. . . .. . . 0.10 0.18 ~·l 

ryptocarya amygdalina . . . . .. 0.10 - -
ryptocarya jloribunda . . . . .. - 2.91 .. -
eltis australis . . . . .. 0.51 - -
arallia integerrima . . . . .. - 0.25 0.37· 

. . . . .. -

A 
A 
A 
A 
A 
A 
B 
B 
c 
c 
c 
c 
c 
c 
c 
D 
D 
D 
E 
E 
E 
E 
La 
M, 
M, 
p 

albergia assamica 0.71 . . 0.07 . . 
illefzia indica . . 
uabanga sonneratioides . . 
ugenia spp. . . 
laeocarpus rugosus . . 
laeocarpus obtusus . . 
chinocarpus assamicus . . 
gerstroemia flos-reginae .. 
esuaferrea 
agnoliceae spp. 

remna latifolia 
a/mafia malabarica 
urpinia 1//mifera 
ermina ia chebula 

s 
Ti 

-]l 
V atica lanceaefolia 
0 ther species 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . . . 

. . 

. . 

. . 

. . 

. . 

.. . . 

.. 

. . 

. . 

. . 

_11. (b) D1llenia-Mesua-Altingia sub-type 

.. 

.. 

. . 

.. 

. . 

.. 

.. 

.. 

.. 
•.• .. 
.. 
.. 
.. 
.. 

22.45 23.26 25.77 
- -· 0 .. 07 

2.23 3.03 . 1.27 
8.11 - 2.09 
4.16 - . 5.75 
- 16.56 9.93· 

8.52 2.91 .3.96 . ' 

0.10 - 0..52 
0.41 - I -
0.30 4.93 ... 0.30 
0.51 0.25 0.30 
4.87 -· 

' 
. 0.15 

1.82 1.90 2.24. 
5.89 8.47 18.67 

15.01 6.32 7.62 

Species 
Namdang. I Balipara 
Reserve . . : R~ser.y~ .. 

------------·------~-----1-------~ 

.. : .. ' 

.· ... 

21·:9G . . . · 3.08 
0.31· 0.41 
~ 0.74 

0.63 
0.32 
1.27 

0.12 
0.47 
0.95 
0.40 

Altingia excelsa 
.Albizzia Iucida 
Ailanthus grandis 
Albizzia prCicera .•• 
.Artocarpus lakoocna 
Artocarpus chaplasha 
.Anthocephalus cadamba 
Alstonia scholaris .. 
Amoora wallichii 5.10 

4:92 0:27 Bischo.fia javanica .. 
nB~ez~·~~c~hn~l~k~d~w~~br~a~n~m~s~ii--~~~~--~--~~--~--~--~0_.~3_2~. __________ _ 
- (Contd.) 

'. 



Species 

Cimzamomum cecidodaphne 
Cedrela toona 
Carallia integerrima 
Castanopsis indica 
Cryptocarya amygdalina 
Canarium spp. 
Chukrasia tabularis 
Celtis australis 
Dillenia indica 
Dalbergia assamica 
Duabanga sonneratioides 
Dysoxylum spp. 
Eugenia spp. 
Eleaeocarpus assamicus 
Echinocarpus assamicus 
Gmelina arborea 
Kydia calycina .. 
Lagerstroemia jlos-reginae .. 
Lannea grandis 
Mesuaferrea 
Magnoliaceae spp. 
Morus laevigata 
Premna bengalensis 
Phoebe cooperiana 
Phoebe goalparensis .. 
Pterospermum lanceaefolium 
Pterospermum acerifolium 
Quercus xylocarpa 
Sterculia villosa 
Sa/mafia malabarica 
Stereospermum chelonoides 
Sterculia alata 
Schima wallichii 
Sapium baccatum 
Terminalia chebula 
Turpinia pomifera 
Terminalia myriocarpa 
Terminalia belerica · 
Talauma hodgsoni 
Tetrameles nudiflora 
Taraktogenos kurzii 
Vatica lanceaefolia 
Zanthoxylum budrunga 
Other species 

12. Fresh water swamp type 

. ' 

·'i01 

Namdang 
Reserve 

0.48 
0.32 
0.16 
0.63 

0.79 

5.08 
0.32 

1.75 
0.08 
1.43 

1.59 

31.27 
1.27 

1.70. 

0.79 

0.16 

1.59 
7.62 

2.70 

9.52 

Balipara 
Reserve 

1.16 
0.91 

3.88 
0.02 
4.13 
2.39 
0.01 
8.66 

·o.27 
5.30 
4.01 
1.60 

2.23 
0.40 
0.07 
0.94 

13.30 
3.03 
0.54 
0.72 
0.14 
0.91 
2.44 
1.13 

0.98 
0.02 
1.74 
1.40 
0.02 
0.18 
0.02 

0.64 
1.86 
2.56 
0.60 
1.14 
1.24 
0.51 

19.59 

This type is seen in areas where water stagnates almost throughout the year.· It is often 
seen in roadsides and in other swampy areas throughout the State. In this type, Barringtonia 
acutangula forms a pure crop, and sometimes a closed canopy, as seen in Sonebeel areas of 
Cachar district. 

·The other edaphic types are (13) Riverain Kbaii:-Sissoo type, and (14) Cane brakes. 
These are well known types and will not be described here. · 

DISCUSSIONS 

It ~ill be seen from the detailed description given above. that Champion's classifications 
~f the different evergreen and semi-~vergreen types found in Assam will require tnodifica
tlons. 
M5Dcptt. of Agri/61-28 
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ASSAM VALLEY SEMI-EVERGREEN FORESTS AND THEIR 
REGENERATION · 

BY s. RAJKHOWA 

Silviculturist, Assam 

Occurrence 
The' Assam Valley semi-evergreen forests occur .all oyer the allu':ial soil in the 

Assam Valley (Brahmaputra Valley), rangmg from, 94-30 E: long .. m the east to 
89.-50' E. long. in the west, and between 26 -40 N and 26 N. latitudes, wherever 
the rainfall exceeds about 62 inches annually, spread over about 9 months of the year 
and where it is not replaced by other edaphic or biotic communities. 

On the north bank of the Brahmaputra, it is found in the sub-Himalayan "Bhabar" 
tracts of the Goalpara district, to the north of the sal (Shorea robusta) belt, where the 
main factor preventing this type from invading the sal forests is the annual ground fires 
that run through the latter. Further east, the type is interrupted by bio-edaphic commu
nities such as the khair-sissoo forests, and the High Savannah formation in the North 
Kamrup division, but patches of this type are also found ill places where the soil depth 
is good and fire is absent. East of the North Kamrup division, and in the sub-Himalayan 
Bhabar belts of the Darrang district, this type finds its best expression, and continues 
eastwards, interrupted here and there by other bio-edaphic formations, until it is replaced 
by the Evergreen Kayea .assamica formation. 

On the south bank of the Brahmaputra, the type occurs sporadically in the foot-hills 
of the Khasi and Jaintia hills on old alluvium and in Garo hills where the rainfall is favour
able, and where such areas are remote from fire. On areas of lesser rainfall in this region, 
this type is replaced by the Kamrup Alluvial Sub-type of sal. 

East of the Kamrup district, the type is absent in the Nowgong Forest division, 
which is the low rainfall zone of Assam, the rainfall in the dry parts varying from 56" to 
60". Further east of this dry zone, the Assam Valley semi-evergreen forests extend conti
nually from near Diphu railway Station to its eastern limit where it is replaced by the 
Upper Assam Mesua-Dipterocarp forests. Jn the Nambor Reserve, where the rainfall is 
62", the change of type towards the semi-deciduous is clearly evident. The type, however, 
attains its fullest expression in the Panchnoi and Sopai blocks of the Charduar Reserve 
of the Darrang district, where it is locally known as Bonsum-Amari forest (Phoebe goal
parensis-Amoora wallichii association) on account of the predominance of these two com
mercially valuable timber species. 

Champion (1) has not mentioned the type, though this covers the major portion 
of the forest areas of Assam Valley. His type, 2bCl,Assam Tropical Semi-Evergreen forest
described as Altingia-Magnolia-Cinnamomum. association is, in fact, not seen any
where. 

Climate and rainfall 
The followin~ Table shows the mean monthly rainfall in stations at different parts. of 

the area whe~e this typ~ o~curs (Kach:ngao.n is in Ripu Reserve, Barpothar is near Nambor 
Reserve of S1bsagar d1stnct and MaJbat 1s near Charduar Reserve in Darrang district). 

TABLE I 

Rainfall data 

Kachugaon Barpothar 

Rainfall in inches Rainfall in inches 

0.57 
0.62 
0.03 
·8.68 

~-- -----------·-----. -·------------
~09 

0.6 
1.2 
2.9 
5.7 

Majbat 

0.36 
0.59 
2.92 
~.67 

(Contd.) 
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Rainfall data-(Concld.) 

Kachugaon Barpothar I Majbat 

Rainfall in inches Rainfall in inches Rainfall in inches 

May 24.51 9.1 13.43 
June 40.78 ' 10.4 15.88 
July 39.17 9.1 14.54 
August 25.18 10.0 12.47 
September 27.92 8.0 10.24 
October 8.25 4.3 5.17 
November 0.66 0.6 1.20 
December 0.13 0.2 0.39 

ToTAL .. , 179.50 62.1 83.36 

The maximum summer temperature seldom reaches 1 oo·p (37. 8.C) in these loca ... 
lities while the minimum winter temperature is about 50"F (10 C). 

The elevation above mean sea level varies from about 300ft. (91 m) to about 900ft. 
(274m). 

Structure and composition 
Structurally, the Assam Valley semi-evergreen forest is a multi-storeyed forest com

posed of a large number of species belonging to a number of families and genera. Most 
of the tree species are evergreen, with a sprinkling of deciduous or semi-deciduous trees 
in the top canopy. The height of the top canopy layer is over 120 ft. (36.6 m). At the 
height of its expression, this forest type shows a high percentage of Phoebe goalparensis . 
and Amoora wallkhii. · 

In order to study the structure and composition of such a well-formed sample, 
a set 80 consecutive quadrats, each 20 m x 20 m in size, were enumerated in the Sopai 
block of the Charduar Reserve, in what is locally called a well stocked Bonsum-Amari 
(Phoebe-Amoora) forest. The field work consisted in counting the number of stems of 
each species in each quadrat and recording them· in five height classes, viz., 6'-10' (1.8 m-
3. 0 m), 10' -20' (3. 0 in-6 .1 m), 20' -40' (6 .1 m-12. 2m), 40' -70' (12. 2 m-21. 3m), and over 
70' (over 21.3 m) height classes. No attempt was done to enumerate the 0~-6' (0-1.8 m) 
height class on account of the thick under growth consisting of a large number of species, 
and cane brakes. The species foupd in the different canopy layers, their presence fre-

- quency (expressed as a percentage of the total number of quadrats enumerated), and the 
percentage of stems of a species relative to the total number of stems in the height class are 
shown in this appendix height class by height class. · . · 

The commonest ground cover was of cane brakes in somewhat low areas and in .other 
areas, the palm Pinanga gracilis and the monocot, Forrestia hookerii, were common. 

It was found that there was no correlation between the number of trees per quadrat 
in any canopy layer and that in any lower canopy layer. Table JI shows the frequency 
of the number of trees per quadrat in the top and second canopy layers, where the number 
ofquadrats (out of total 80) which contained 1, 2, etc., trees of one layer has been plotted 
against the corre~ponding number of trees found in the quadrats. 

Table III shows, for the different canopy layers, the number of species whose occurrence 
has been confined to 1, 2, and of the 80 quadrats examined. It will be seen that in the top 
canopy, only three species occur in 8 quadrats or mor~ (i.e: 10% of the qu.adrats), while 
in the 2nd, 3rd, 4th and 5th layers, the number of species With a frequency mdex of 10 or 
more are 9, 13, 14 and 17. 

Table V shows the presence frequency of the top canopy species in different canopy 
layers. The figures here show the :Q.Umber of quadrats (out of total of 80) in which at least 
one stem of the species has been found. It will be seen from the table that t~e represen
tation of Phoebe goalparensis which was the highest in the top canopy, falls off m the lower 
canopy layers and about the same fate has overtaken the next importa:t?-t timber s~ecies, 
Amo()r(l wal/ichii, Considering Jl()nsum (Pho~be goalparen.sis) the most 1mportant t1mber 
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' species, the frequency of occurrence of 0, 1, 2, etc. numbers of stems per quadrat is 
shown in Table IV, wherein the number of quadrats is shown against the number of stem 
per qua4rat, 

TABI,B II 

Showing frequency (Number of quadrats) of different numbers of stems of all species 
per quadrat, in different canopy layers. 

Number of quadrats 
Number per quadrat -------~-----,--------------

Top canopy Second canopy 
-~--------~---1-~------·-----!1------~-----

--

0 
1 
2 
3 
4 
5 
6 
7 
8 

14-
15 
15 
15 
7 
5 
2 
2 
0 

TABLE III 

I 
I 

I 
I 

14 
16 
18 
11 
10 
11 
3 
4 
0 

Number_ of species whose .occurrence is confined to I, 2, 3, etc., quadrat$ (out of 80) 
· in different canopy layers. 

Number of species in canopy layers. 
Number of quad· .. 

rats represented I . 
II III IV v 

.. 

1 23 1.5 12 22 26 
2 9 5 4 6 5 
3 3 5 4 4 4 
4 4 3 8 1 0 
5 1 3 8 - 2 5 
6 4 0 0 1 1 
7 2 3 1 2 1 
8 0 2 '2 1 3 
9 0 1 1 1 3 

10 0 1 1 0 Q 
11 1 1 2 1 0 
12 0 2 1 0 1 
13 0 1 2 1 2 
14 0 0 0 1 1 
15 0 1 1 1 1 
16 0 0 1 1 0 
17 0 0 0 1 1 
18 0 0 0 ' 1 1 19 0 0 0 0 
20 1 0 0 

0 
0 0 

Over 21 1 0 2 5 4 

TABLE fV 
Number (Jf quadrats in which fhoebe goalparen~is Ol;curs in 0, 1, 2 etc., number 

(m 80 quadrats) m canopy. · 

Number of plants 
Number of quadrats in canopy layers 

I II III IV v 
0 55 69 --
1 15 

75 69 75 

2 8 
10 5 11 4 

3 
1 0 0 1 2 0 0 0 0 

.. 
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TABLE V 

Showing presence (out of80 quadrats) of the top canopy specie; in different canopy 
layers (figures show the number of quadrats in which the species was found). 

Amoora wallichii .. 23 10 10 15 15 
Amoora sp. .. 3 5 5 9 3 
Altingia excelsa .. 1 0 3 2 0 
Albizzia Iucida .. 1 0 0 0 0 
Adina oligocephela .. 1 1 0 0 0 
Alstonia scholaris .. 0 2 0 0 0 
Artocarpus chdplasha .. 0 0 0 0 I 
Beilschmiedia assamica .. 10 13 -12 17 18 
Beilschmiedia sp. .. 8 8 5 5 ~ 
Bischofia javanica .. 0 2 0 0 2 
Castanopsis indica .. 8 2 9 7 9 
Canarium bengalense .. 6 5 3 8 6 
Chukrasia tabularis .. 4 0 1 ·o I 
Cryptocarya amygdalina .. 2 3 8 5 2 
Cedrela sp. .. I 0 0 0 0 
Cedrela toona .. 0 0 0 1 0 
Dillenia indica .. 7 9 5 1 3 
Diospyros variegata .. .1 ·o 2 0 0 
Duabanga sonneratioides .. 0 1 0 0 0 
Evodia meliaefolia .. 2 0 5 0 0 
Elaeocarpus floribundus .. 1 0 0 0 0 
Ficus elastica .. 2 0 1 0 0 
Ficus Sp. .. . I 0 1 2 2 
Ga,rcinia xanthochymus .. .I I 0 0 0 
Kydia calycina .. I 2 2 I 3 
Litsaea .polyantha .. I 2 3 11 14 
L aportea ptergostigma .. 1 4 8 4 9 
Lannea grandis .. 1 7 11 I6 13 
Myristica kingii 

/ 

3 7 5 6 2 I .. 
Magnolia griffithii .. 2 3 3 2 1 
Manglietia insignis .. 8 15 21 14 8 
Myristica angustifolia .. . 1 0 4 7 12 
Michelia champaca .. 4 0 1 0 0 
Morus laevigata .. .1 0 0 0 1 
M angifera indica .. 0 0 0 0 1 
Phoebe goalparensis .. 37 11 5 11 5 
Pterospermum lanceaefolium 12 8 11 14 7 
Pterospermum acerifolium .. 2 2 0 0 0 
Premna bengalensis .. 1 0 0 0 0 
Sarcosperma arboreum .. 

' 
5 3 4. 2 6 

Sterculia alata .. 2 0 0 3 6 
Sterculia villosa .. 1 1 1 1 1 
Sapium baccatum .. 0 0 0 0 1 
Stereospermum chelonoides .. 3 1 0 1 2 
Taraktogenos kurzii .. 2 1 5 ·3 I 
Talauma hodgsoni .. Z2 I2 29 29 26 
Tetrameles nudiflora .. 1 0 0 0 3 
Terminalia chebula - 0 0 0 0 I .. 
Zanthoxylum budrunga .. 2 0 0 I 5 

\ I 

Silvicultural characters of the dominant species 
Except for a few species in the top canopy, trees occurring in this region are evergreen. 

The most important Silvicultural cha~acters that have a bearing on the possible 
methods of regeneration of these forests are that these species are shade bearers, and seeds 
produced by these species depend on birds and animals for their dispersal. Of the commqn
est species of importance, Phoebe goalparensis, which seeds in Autumn, produces bemes 



0f size about is mm by 5 mm, covered by a fles~y pulp ?f dark coiour whe.n dpe. This 
fruit is a great favourite of birds. It has been specially n?ttced that reg~neratton of Phoebe · 
goalparensis springs up in patches under Ficus trees which are favount.e haunts of ·horn
bills. These birds gore themselves with ripe fruits of !'hoebe goalpc:renszs, and the regene
ration of this species springs up from the birds' d~~ppmgs _under F1cus trees: As ~ matter 
of fact, it is often possible to collect good quantities of v)able seeds of this species· from 
the droppings. 

Of the other species, Amoora wallichii·has heavy seeds which do .not travel far from the 
mother trees, except for fortuitous circumst~nces, when some amm~ls carry them else-· 
where. Similarly,' seeds of k[anglietia insigms and Tazauma hodgsom depend on ro~e~ts 
and animals for dispersal. This fact ~ccounts for the fai.lure ?f early attempts at ~ttam~g 
natural regeneration of the commercxally valuable species With any degree of umformity 
over large areas and at distances from the mother trees. , 

Seeding habits of the commercially important species 
Most of the important tree species produce seed during monsoons or in autumn. Good 

'seed years of Phoebe goalparensis and Michelia ~hampaca com~ about .every three year, 
and apart from a good seed year, there may be httle or no seed m a particular year. 

Method of management . 
All the forest reserves in the different Forest divisions falling under this type are being 

managed under the .selection system un~er girth limit. Attem~ts at cult~r'!-1 op~rati.?ns 
with a view to obtainmg natural regeneration were made on expenmental basis m ChllomJan 
centre of the Nambor Reserve of the Sibsagar division, with indifferent success. In the 
Charduar Reserve of the Darrang Forest division, from where the transact data were taken, 
Jacob (1942) prescribed regeneration operations, concentrated in certain localities, wherein 
regeneration of Phoebe gocilparensis, Amoora wallichii and ·other commer~ially impor
tant species was sought to be established by keeping mother trees of Phoebe goalparensis at 
least I20.ft. (36. 6 m) apart, so that gaps of 30' to 40' (9 m-12 m) were created in the top 
canopy, leaving alone the low middle canopy unless standing over advance growth of valu
able species, till recruitment in sufficient number was obtained on the ground. Simul
taneously, cold weather clearance of the undergrowth and cane brakes was prescribed. He 
also prescribed weeding once before the rains and one cold weather weeding every year, 
in strips 6 ft. (I . 8 m) wide, leaving an unweeded. inter space of .same width. The removal 
of all the seed bearers above the girth limit, hitherto left unfelled in order to maintain a 
spacirig of 120ft. (36. 6 m) from one Phoebe goalparensis tree to another was prescribed 
when seedlings of Phoebe goalpdrensis were 6ft. (I. 8 m) high in the weeded ·Jines (2). 

. . As for the results of such operations, it was found by and by that while regeneration 
of Phoebe goalparensis was obtained in fairly good numbers in the vicinity of the mother 
trees, a uniform distribution of regeneration was not found possible, without resorting 
to artificial notching of seeds, or transplanting under forest canopy. Also, clearances 
done for tendingregeneration brought in light grass and other vegetations which attracted 
elephants and bisons to these cleared areas, with consequent damages to the seedlings (3). 

It will be seen from the transact data taken from a typical well-stocked Bonsu~-Amari 
(Phoebe go_alparensis-Amoor_a wallichii) association that. the mother trees of this species 
~re not uniformly spa~e~; m a?y app~ecia~le area. Also, subsequent experiments started 
m 1951 by the State Sllvicultunst to pm-pomt the factors responsible for the failure of the 
technique (4, 5) show that seedlings are always concentrated under the mother trees 
and the mortality of the new recruits is rather heavy. In this experiment which was laid 
out in a well-stocked area a few miles away from the area where the tr~nsact data were 
collected, three canopy .mani~ulations were tried, viz., in the first set (a) only the top 
canopy trees were retamed, m the second set (b) the top canopy trees and some middle 
canop~ trees were left well spaced out, while in the third set (c) the above two canopies, 
and some lower canopy trees were left. Each of these three sets was further divided into 
two ~alves, (i) in one hal~, clean we~ding was done in 6' (1.8 m) wide parallel strips, each 
3 .. chams (~0 m)long ~t 15. (4.6m) distances from centre to centre while in the other half, 
(u) these 6 (1.8 m) wtde lines of same length were also hoed lightly initially besides being 
weeded annually. There were t.hus six. plot~ in all, of 1 ~ 5 acres (o. 61 hectares) 
each. Subsequent cultural ~perahon consisted m one shrub cutting annually just before 
seed _fall, and o~e before rams. . Assessment of r~generation was made by counting the 
seedh_ngs ~ound m the weeded line.s. The followmg figures show the number of lines 
carrymg d1fferent numbers of seedlmgs, as found in 1957, after six annual tendings. 
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Number Of seedling 
Number of lines 

~---· ~ -· 
I 

f 
~ 

Ai Aii Bi Bii Ci Cii 
~-

0-4 8 8 2 3 26 17 
5-9 9 6 4 5 3 10 

10-14 - 2 12 4 1 0 1 
15-19 0 1 6 3 0 0 
20-24 0 1 6 2 0 0 
25-29 0 2 0 2 0 2 
30-34 0 2 3 3 0 0 
35-39 0 0 2 2 0 0 
40-44 0 0 0 1 0 0 
45-49 0 0 0 ' 1 0 0 
50-54 0 0 0 2 0 0 
55·59· I 0 0 0 1 0 0 
60-64 j 0 0 0 0 0 0 
65-69 0 0 0 0 0 0 
70-74 Q 0 0 0 0 0 
75-79 0 0 0 0 0 0 
80-84 0 0 1 0 0 0 
85-89 0 0 0 1 0 0 

.. 

Number ·of mother 
trees~ 11 l4 8 8 13 8 

..• .. 

Eyen as an. on~ dimensional picture the ab~ve ~gures s~ow the paucity of seedlings in 
~ach lme [Considenng that the length of each line IS 3 chams (60 m)] except for a very few 
lnres where a large number of seedling was found. None of these seedlings grew to be 
above 6' (I. 8 m) height by 1957 when the experiment was finally dosed. . 

In natural forest, however, seedlings above 6' (l. 8 m) height are found scattered here 
and· there, even in the well-stocked areas as shown by the transact data. 

. . . 

the following figures show the relationships between the n_umber of Bonsum (Phoebe 
goalparensis) trees in the top canopy and those fourtd in the lower ·canopy layers. The 
·figures stand for rtumber of quadrats. 

~--:--------'. -
Top canopy Bonsum 

Present Absent Total' 

- Bonsum see dlings and saplings Present 10 17 27 
.. 

Absent 15 38 53 

Total 25 .55 80 
. . 

The values of X2 for l degree of freedom., -after applying Yate's correction, is 0.312 
showing that no correlation ex.ists between the number of poles, saplings or seedlings above 
6' (1. 8 m) height and the number of top canopy trees ·of this species in the quadrat. 

The experiment above did not bring out the effect of different canopy conditions and 
~oil working on the survival of Phoebe goalparensis seedlings. Hen~ in 1957, plots, each 
1 chain X! chain (20 m x 10m) were laid out in the same old plots as· well as i!} oth~r areas, 
wherein seeds were sown in patches of different sizes .. Judging from survival m 1959, 
it was found that the highest mortality was seen in plots 'Yhere, due to the r~moval ~flower 
canopy layers, thatch was coming in and at the same t1me, where no s01l workmg was 
done in the patches (6). . 

· It was also found that when no soil working was done, a light shade of top canopy 
trees alone, and an evergreen ground cover presented the best condition for the survival 
of seedlings, and an open canopy or a dense low canopy proved equally the worst, under 
similar evergreen ground cover and one winter shrub cutting. As regards the effects of 
hoeing, there seemed to be no difference between survival in hoed patches of 30cm x 30 em 
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:!!ize and unhoed patches, so long as the seed was dibbled in, but bigger patches of 61 em X 61 
em size showed distinctly better survival than in case of the hoed ones of 30 CJ?. X 30 em 
size 'or unhoed patches. It was al~o seen t.hat canopy and ~ou~d cover conditions had 
a significant effect on the mean height attamed by the seedlmgs m 21 months. It was 
found that when no soil working was done, a tall light canopy, or an ~pen canopy 
induced better height growth than when dense low canopy layers were retame<;f. pnder 
tall light canopy, soil working without the addition of any wood ash t~. the sml did not 
make any difference as regards height growth, but it was seen that additiOn of wood ash 
to the 61 m x 61 m hoed patches made a significant difference in height growth. The best 
average height attained in 21 months was 4 .15" (1 0. 54 em) and the worst was 1. 29" 
(3.28 em). · · 

The experiments, described somewhat in detail, show the indifferent success obtain
able when natural regeneration of the principal species of these forests is attempted even 
in areas well stocked as regards Phoebe goalparensis. The patchy. regeneration, and the 
slowness of growth of seedlings require shrub cutting operations to be carried out for many 
years, even in the vicinity of mother trees. On. the other hand, it was found that if seedlings 
of Phoebe goalparensis were raised in the nursery and maintained there· for two or three 
years, and then transplanted under forest canopy when they were 4' to 6' high, these seed
lings showed a high percentage of survival and required little attention afterwards. The 
idea in using 6' hjgh seedlings was to put the leading shoots above the level of the 
shrubby cover once for all, so that they had only to compete with the 6'-10' (I. 8 m-3 m), 
and up canopy layers. 

When the technique of underplanting Phoebe goalparensis was first started, the plants 
were removed carefully with ball of earth, after all the leaves except one or two at the tip 
were stripped off in order to reduce transpiration·loss. The tap root had to be cut at a 
depth of about 18~ (46 em) for practical reasons, but this did not induce ·any mortality. 
Later on it was found that these plants could survive fairly well without ball of earth, and 
also, the survival percentage was ·even higher when root and shoot cuttings were planted 
under tall forest canopy, though the last method was not recommended because of slow 
height growth in the succeeding years. When transplanted with ball of earth, the seedling 
showed about 80% survival, and without ball of earth, the survival was 77% (5, 6). 

When underplantings were done initially, the spacing adopted wa.s 6' x 6' (1 . 8 m x 1 . 8 m) 
which was later extended to. 9'x9' (2.7mx2.7m) and still at a later date to 18'xl8' 
(5.5 mx5.5 ~)and 24'x24' (7.3 mx7.3 m).· With closer spacings adopted initially, it 
was the practice to clear the lower canopy levels completely up to a h'eight of about 40' 
Q2.2 m) with the result ~hat after some 10 years, the crop grew up to be, a pure planta
tion of J!hoebe goalparens~s. The modern tef!-dency is not to have a pure crop of one species, 
but to mtroduce a certam number of seedhngs of other valuable species in the area and 
~et them grow up in competitio~ ~ith the lower canopy layers as they would have grown 
m n~tural forest, a~d do the mimmum cultural operations necessary, so that finally at 
the tim~ of harvestm.g, SOJJ?-e 30 trees o~ these ·valua~le species survive in each acre, 
along With other species which grow up Without any assistance. The present technique is 
thus to clear "tunnels" some 6' (1. 8 m) wide, in the lower canopy layers, spaced 24 ft. 
(7 .3. m) apar!, ~nd. transpl.ant the see~lings then: .. Research· is being directed towards 
findmg out If It IS possible to . arnve at a mmimum figure for the number of Phoebe · 
goalparensis, and Am_oora wallichii seedling to be introduced artificially, well spaced in 
each acre,. so that Without any subsequent tending except for periodic climber cutting 
and thinning !!round these "elites" the stipulated number of plants per acre at maturity 
can be o btamed. 
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APPENDIX 

Structu:e and Composition of the Laurus-Melia association found in the Assam Valley 
Semz-evergreen forests, as revealed by quadrat studies in Sopai Block of 

Charduar Reserve. 

Dilleniaceae 
Dillenia indica 

Top Canopy over 70' (21. 3 m) tall 

F. 
7.50 

Magnoliaceae 
M anglietia insignis 
Magnolia griffithii 
Michelia champaca 
Talauma hodgsoni 

Anonaceae 
Polyalthia simiarum · 

Flacourtiaceae 
Taraktogenos kurzii 

Guttiferae 
Garcinia xanthochymus 

Malvaceae 
Kydia calycina 

Sterculiaceae 
Pterospermum acerifolium 
P. lanceaefolium 
Sterculia alata 
S. villosa 

Elaeocarpaceae 
E/aeocarpus floribundus 

Rutaceae 
Evodia meliaefolia 
Zanthoxylum budrunga 

Burseraceae 
Canarium benga/ense 

Meliaceae 
Amoora wallichii 
Amobra sp. 
Cedrela sp. 
Chukrasia tabularis 
Dysoxylum procerum 

Anacatdiaceae 
Lannea grandis 

Leguminosae 
Albizzia Iucida 

H amamelidaceae 
Altingia excelsa 

Myrtaceae 
Syzygium cumini' 

Datiscaceae 
Tetrameles nudiflora 

Rubiaceae 
Adina oligocephela 

Sapotaceae 
Sarcosperma arboreum 

Ebinaceae 
Diospyros variegata 

;ll~ 

8.75. 
2.50 
5.00 
2.50 

10.00 

2.50 

1.25 

1.25 

1.50 
13.75 
1.25 
1.25 

1.25 

2.50 
2.50 

7.50 

25.00 
3.75 
1.25 
5.00 
1.25 

1.25 

1.25 

1.25 

2.50 

1.25 

1.25 

6.25 

1.25 

% 
'3.57 

4.08 
1.02 

. 2.04 
1.02 

4.08 

1.02 

0.51 

0.51 

1.02 
6.12 
1.02 
0.51 

0.51 

1.02 
1.02 

3.06 

11.73 
1.53 
0.51 
2.04 
0.51 

0.51 

0.51 

0.51 

1.02 

.0.51 

0.51 

2.55 

0.51 
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·fop Canopy over 70' (21.3 m) taJi.......-;contd. 

F. % 
Bignoniaceae . 

Stereospermum chelonoides 3.75 1.53 
Verbenaceae 

Premna bengalensis 1.25 0.51 

Myristicaceae 
1.25 0.51 Myristica angustifolia 

M. kingii 3.75 1.53 
Lauraceae 

Beilschmiedia assamica 12.50 5.10 
B.eilschmiedia sp. 10.00 4.80 
Cryptocarya amygdalina 2.50 1.02 
M a chi/us bombycina 2.50 1.02 
Phoebe goalparensis 32.50 19.21 

Moraceae 
Ficus elastica 2.50 1.02 
Ficus sp. 1.25 0.51 
M orus /aevigata 1.25 0.51 

Urticaceae 
Laportea· pterygostigma 1.25 0.51 

Fagaceae 
Castanopsis indica 8.75 4.08 

Unknown spp. 4.08 

100.00 

Canopy IT. 40'-70'(12.2 m-21.3 m) beigltt 
F. % 

Dilleniaceae 
Dillenia indica 12.50 5.10 

Magnoliaceae 
M anglietia insignis 18.75 7.65 
.Magnolia griffithii 3.75 1.53 
Ta/auma hodgsoni l5.00 6.12 

Anonaceae 
Polyalthia simiarum 15.00 7.14 

Flacourtiaceae 
Taraktogenos kurzii 1.25 0.51 

Guttiferae 
Garcinia morella 1.25 0.51 

Malvaceae 
K ydia calycina 2.50 1.02 

Sterculiaceae 
Pterospermum acerifolium 2.50 1.02 P. lanceaefolium 10.00 . 4 .. 08 Sterculia villosa 1:25 0.51 

Burseraceae 
Conarium bengalense 6.25 3.06 

Meliaceae 
Amoora wallichii 12.50 5.10 Amoora sp. 6.25 2.55 Chukrasia tabularis 16.25 8.67 Dysoxylum binectariferum} 
D. procerum 8.75 3.57 

· Ampelidaceae 
Leea umbraculifera 1.25 0.51 
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Canopy n. 40-' -70~ (12.2 m-21.3 m) ·heigiii--tontd~ 

Anacardiaceae E. % 
. Lannea grandis 1 . 25 0. 51 

Lythtaceae 
Duabanga sonneratioides · 1. 25 0. 51 

Myrtaceae 
Syzygium cumini 6. 25 3 . 57 

Rubiaceae 
Adinq oligocephela . 1.25 0.51 

Sapotaceae . 
Sarcosperma arboreum 3. 75 1.53 

Styraceae 
Symplocos sp. 

Apocynaceae 
Alstonia scholaris 

Bignoniaceae 
Stereospermum chelonoides 

Myristicaceae 
Myristica kingii 

Lauraceae 
Beilschmiedia sp .. 
Cryptocczrya amygdalina 
Machilus bomhycina 
Phoebe goalparensis 

Euphorbiaceae 
Bischofia jav.anica 
Croton sp. 

U rtieaceae-- · · 
Laportea pterygostigma. 

Fagaceae 
· Castanopsis indica , · 

Unknown spp. · 

3.75 

1.25 

1.25' 

8.75 

10.00 
2.75 
2.50 

13.75 

·2.501 

1.25· 

5 .OOl 

2.5()) 

1.53 

0.51 

0.51 

4.08 

5.10 
1.53 
1.02 
6.12 

1.02 
0.51 

3.57 

1.02 
5.63 

100.00 
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tanopy layer m .. 2o·-:4o~"(6.1 m___:u.2 m} fleight~c~Jntd .. 
F. % 

Burseraceae 
Canarium bengalense 

Meliaceae 
Amoora wallichii 
Amoora sp. 
Cedrela sp. 
Chukrasia tabularis 
Dysoxylum binectariferum } 
D.procerum 

Ampelidaceae · 
Leea sambucina 

Anacardiaceae . 
Lannea grandis 

Hamamelidaceae 
Altingia excelsa 

Myrtaceae 
Syzygium cumini } 
Eugenia sp. 

Rubiaceae 
Anthocephalus cadamba 

Sapotaceae 
Sarcosperma arboreum 

Ebinaceae 
Diospyros variegata 

Myristicaceae 
'Myristica amygdalina 
M. kingii 

Lauraceae 
Beilschmiedia assamica 
Beilschmiedia sp. 
Cinnamomum tamala 
Cryptocarya amygdalina 
Lindera reticulata 
Machilus bombycina 
Phoebe goalparensis 

Euphorbiaceae . 
Baccaurea sapida 

Moraceae 
Ficus elastica 
Ficus sp. 
Morus laevigata 

Urticaceae 
Laportea pterygostigma 

Fagaceae 
Castanopsis indica 

Unknown spp. 

3.75 

12.50 
6.25 
1.25 
1.25 

18.75 

16.25 

13.75 

6.25 

6.25 

1.25 

5.00 

2.50 

5.00 
6.25 

11.25 
6.25 
3.75 

10.00 
1.25 
3.75 
6.25 

1.25 

1.25 
1.25· 
1.25 

10.00 

11.25 

Canopy IV. 10'-20' (3 m-6 m) height 
F. 

Dilleniaceae 
Dillenia indica 

Magnoliaceae 
Manglietia insignia 
Magnolia griffithii 
Talauma hodgsoni 

1.25 

17.50. 
2.50 

36.25 

1.24 

. 3.51 
1.55 
0.31 
0.31 
6.82 

4.96 

3.72 

1.24 

1.86 

Od1 

1.24 . 

·o.62 

1 .. 24 
2.17 

3.72 
2.17 
0.93 
3.10 
0.31 
0'.93 
1..55 

0;31 

0.31. 
0~.31 
0 .. 31 

L24 

2.79 
16:49 

1.00'.00 

% 

0~ 17 
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Canopy rv.· 10'-20'1 (3 m-6 :m) fteight-contd. 

Anonaceae· 
Polyalthia jenkinsii } 
P. simiarum 

Flacourtiaceae 
Taraktogenos kurzii 

Guttiferae 
Garcinia kydia 

· Garcinia sp. 
Malvaceae 

Kydia calycina 
Sterculiaceae 

Pterospermum lanceaefolium 
Sterculia alata 
S. villosa 

Rutaceae 
Zanthoxylum budrunga 

· Burseraceae 
Canarium bengalense 

Meliaceae 
Amoora wallichii 
A11).oora sp. 
Cedrela toona 
Cedrela sp. 
Dysoxylum binectariferum } 
D.procerum 

Ampelidaceae 
Leea sambucina 

llnacardiaceae ' · 
Lannea grandis 
Mangifera indica 

Leguminosae 
Bauhinia sanguinea 

Hamamelidaceae 
Altingia excelsa 

Combretaceae 
Terminalia chebula 

Myrtaceae 
Syzygium cumini } 
Eugenia sp. 

Sapotaceae 
Sarcosperma arboreum 

Styraceae · 
Symplocos sp. 

Bignoniaceae 
Stereospermum chelonoides 

Verbenaceae 
Vitex heterophylla 

Myristicaceae 
. Myristica angustifolia 

M. kingii 
Lauraceae _ 

Beilschmiedia assamica 
Beilschmiedia sp. 
Cinnamomum tamala 
Cryptocarya amygdalina 
Litsaea laeta 
Litsaea sp. 

. Machilus bombycina 
Phoebe goalparensis 

F. 

17.50 

3.75 

2.50 
2.50 

1.25 

17.50 
3.75 
1.25 

1.25 

10.00 

18.75 
12.50 
1.25 
2.50. 
7.50 

43.75 

20.00 
. 3. 75, 

1.25 

2.50 

1.25 

16.25 

2.50 

1.25 

1.25 

2.50 

8.75 
7.50 

21.25 
6.50 
3.75 
6.50 
1.25 
1.25 

13.75 
13.75 

% 

3.63 

0.66 

.0.33 
0.33 

0.17 

2.97 
0.50 
0.17 

0.17 

1.49 

2.14 
1.65 
0.17 
0.33 

. 9.24 

11.06 

3.80 
0.50 

0.17 

0.33 

0.17 

2.97 

0.33 

0.17 

0.17 

0.33 

1.16 
1.16 

3.14 
1.49 
0.50 
0.99 
0.17 
0.17 
1.98 
1.82 
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Canopy IV. 10'~20' (3 m-6 m) height-contd. 

Euphorbiaceae 
Antidesma bunius 
Baccaurea sapida 
Macaranga sp. 

Moraceae 
Ficus sp. 

Urticaceae 
Boehmeria sp. 
Laportea pterygostigma 

FaO'aceae; 
o Castanopsis indica 

Unknown spp. 

F. 

1.25 
22.50 

1.25 

2.50 

31.25 
5.00 

8.75. 

Canopy V. 6'-10' (1.8 m-3.0 m) height 
F. 

Dilleniaceae 
Dillenia indica 

Magnoliaceae 
Manglietia insignis 
Magnolia griffithii 
Talauma hodgsoni 

Anonaceae 
Polyalthia simi arum } 
P. jenkinsii 

Flacourtiaceae 
Taraktogenos kurzii . 

Guttiferae 
Garcinia xanthochymus 

Maivaceae 
Kydia calycina 

Stercu liaceae 
Pterospermum lanceaefolium 
Sterculia alata . 
S. villosa 

Rutaceae 
Citrus documana 
Zanthoxylum budrunga 

Burseraceae 
Conarium bengalense 

Meliaceae 
Amoora wallichii 
Amoora.sp. 
Chukrasia tabularis 
Dysoxylum binectariferum } 
D.procerum 

Ampelidaceae 
Leea sambucina 

Anacardiaceae 
Lannea grandis 
M angifera indica 

Moringaceae 
Moringa pterygosperma 

Leguminosae 
Albizzia procera 

Com bretaceae 
Termina/ia chebula 

3.75 

10.00 
1.25 

32.50 

11.25 

1.25 

1.25 

3.75 

11.25 
6.25 
1.25 

' 1.25 
6.25 

7.50 

18.75 
3.75 
1.25 

35.00 

47.50 

16.25 
1.25 

1.25 

1.25 

1.25 

% 
0.17 
3.80 
0.17 

0.33 

7.92 
0.66 

1.16 
19.69 

100.00 
r-

% 

0.60 

1.20 
0.15 
9.05 

1.95 

0.15 

0.15 

0.75 

1.60 
1.25 
0.15 

0.30 
1.80 

1.05 

2.85 
0.60 
0.15 

6~83 

13.70 

2.10 
0.15 

0.15 

0.15 

0.15 
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Canopy V. 6'~10' (1.8m:7""3.0m) heigbt-contd. 

Myrtaceae 
Syzygium cumini } 
Eugenia sp. 

Dastiscaceae 
Tetrame/es nudiflora 

Sapotaceae 
Sarcosperma arboreum 

Apocynaceae 
Tabernaemontana coronarla 

. Verbenaceae 
Clerodendron hestatum · 
Premna be'nga/ensis 

Myristicaceae 
Myristica angustifo/ia 
M. kingii 

Lauraceae 
Bei/schmiedia assamica 
Beilschmiedia sp. 
Cinnamomum tama/a 
Cryptocarya amygdalina 
Litsaea polyantha 
Litsaea sp. 
Phoebe goalparensis 

Euphorbiaceae 
Bridelia stipularis 
Baccaurea sapida 
Macaranga sp. 
Sapium baccatuin 

Moraceae 
Ficus sp. 
Morus /aevigata 

Urticaceae 
Laportea pterygostigma 

Fagaceae 
· Castanopsis indica 
Unknown spp, 

F. 

10.00 

3.75 

6.25 

.1.25 

1.25 
1.25 

15.00 
2.50 

22.50 
6.25 
6.15 
2.50 

17.50 
8.75 
6.25 

1.25 
16.25 
6.25 
1.25 

1.25 
3.75 

11.25 

11.25 

% 

1.50 

0.45 

2.55 

0.15 

0.15 
0.15 

2.40 
0.30 

2.·70 
1.50 
0.90 
0.30 
3.25 
1.35 
0.90 

0.15 
2.70 
0.75 
0.15 

0.15 
0.45 

2.40 

1.50 
25.90 

100.00 

--



THE SEMI-EVERGREEN FQRESTS. OF TJlE,Cll<\NDGAD R.I\NGE, 
. KOLHAPUR ;DJ.VlSION,;)lOMB~Y 

BY .G.; B .. DASHPUT~~ •. 
Divisiona/..Forest ,officer, .. 

Working Plans, Poona and Amraoti Circles. 

Abstract 
The semi-evergreen forests of the, CJ:tandgad.range are de.~cribed .. ,T}le aast hist<?ry 

of management and its . results are s~ar.is~d. Attempts 11J.a4e to 1ntroauce artifi
cial regeneration .in r~ent years and the .silv1cultural . and ID.an.~ge~ent pro1Jlems are 
discussed. Items of investigation,.necessacy to .be u~dertaken are:mdicateQ.. 

Introduction~Area ·Distribution 
The semi-evergreen forests of . Chandgad lie approximately between .lat~tudes 

1 s· 44' and 1s· 58' North and longitudes 74· 1' and 74• 4' East, and occupy the hills m the 
south-western part of the Kolhapur division !Jf the Bombay St~te. Topographical~y the 
site is located on the Deccan tableland near Its edge over-lookmg the coastal plams of 
South Konkan. The total area of these forests is about 33,000 acres.. These were consti
tuted Reserves under the Indian Ferest Act between· the ye_~s ·1880 and 1909. There 
are no adverse' rights but a. number of concessions are giv~n to the residents· in respect of 
forest produce. These concessions permit, inter. alia, .. the free grazing of cattle and rota
tional cultivation on steep hill slopes over an area. of :about 4,600 acres. An area of alJ'lut 
650 acres is also given out for patch cultivation .. 

Locality Factors 
Except for a. small portion in the southwest. which n~aches down almost to sea-level 

along the western slopes of ~he Sahyadris, the general elevation varies from about 2,400' 
to 3,000' above mean sealeyel. The~ higlwst poil;ttjs. 3,435 ft. Most of the forest exists 
only on the rugged hilts: The hill ranges 11J,ostly_e:l(te.nd in .a south,. west .to north-east direc
tion. The slopes are steep t6 precjpito:qs. The tract fonns tl:le ·catchment of the Ghata
prabha river, an important trioutary of the oJ(.ri~hna .. M.()st of, ~he _smaller str~ams are 
heavily flooded .in the. rainy_ season b1;1t _dry_ soon. aft~r ~he. cessation of the monsoon, but 
there are also a few. per~nnial streanJ,s wherein. water per~ists in the J:lot :weather in pqols or 
small trickles. · 

The geological; formation is· Deccan trap. The prevailing rock is. basalt, .which pro
duces red. tropical. soil varying .considerably in depth, texture and fertility. 

Climate 
. T~e. record~d annual rainfall during ..the years 1950-58 .. at (;handgad which is on the 

dr~er hrmt of this tract averages 118", tholJgh during recent years a re.atiyely much higher 
ramfall from 150 .to nearly 200 inches is recorded. ,The edge c;>f t.}J.e plateau which _gets the 
full blast ~f the .sout~:-west ,,monsoon expedenc~s the .highe§t precipit~tiqn. Waghotra, 
wher~ a rau: gauge statiOn has been established recently recorded 222 inches in 1957 and 
386 mches m 1958.' AlsC?, very dens~ fog constantly-persists during the four monsoon 
months .. Frolll: thts regiOn, the. ~~mfaJl decreases- ptpidJy .toy.rat;ds .~he, ,leeward side, 
the grad!ent bemg roughly, about 20 for every five ID1l.es. . More tb,an_ 80% of the rain 
falls ~unng. th~ months of June to September and the n,umber of months with less than 2" 
of ramfall IS SIX. The mean monthly minimum and maximum temperatures of the years · 
1950-1958 at Chandgad average to 63.F in December and 93•p in May. There is no 
frost. 

Composition and Condition of the Forest 

The semi-evergreen climatic climax in this tract is represented by the hithertofore 
unwor~ed par~s of for~sts. mostly in the upper reaches and pockets difficult for timber 
e~tractwn and m t~o ~ai~-sized groves at an elevation of about 2,400' m.s.l. the latter occur
rm& nearer the dner.hmits <;>f the region. Here the dominants attain a height of about 
!,00 and the growt~ Is luxunant. The vegetation corresponds to Champion's type 2a C2-

West Coast. semi-ever~een~"· ~yzygium cum_ini,,Memecylon edule, Mangifera indica, 
Artocarpus ~zrs~ta, Termmalla pqm~ula_ta, Ter."!mqlla tomen(osa, Lagerstroemia micro
carpa, Termmaba chebula,. Ga.rcmza .mdzca, Albzzzza [ebbfJk, , Diospyros montana,· Ficus 
MSDeptt. of A$ri./61-3Q Z2~ 
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spp. usually occur in the top canopy while Dalbergia paniculata, Miinusops elingii, Cinna
momum tama/a, Mallotus philippiensis, · Dalbergia latlfolia, Alstonia scholaris · Trewia 
nudi.flora, Careva ar:boreq occur i!l the lower can?PY· There is a dens~ underg;.owth of 
shrubs and annuals m which Strobl/anthes spp,, Carissa carandas, Murraya koenigii Murraya· 
paniculata, Atlantia monophylla, Lasiosiphon eriocephalus, Calycarpa lantana and Lantana 
camara ar~ predominant. The main climbers ·which· grow luxuriantly are Waghatia spi-

, cata, Acacia concinna, Acacia pinnata and Smilax macrophylla. 

Regeneration 
Under natural conditions most of, the tree species regen~rate freely. In particular 

!J_emr;cylon •edule and Syzyg~um cum_lni are ve~ prolific. Where the tree canopy has been 
InJUdiCIOUsly opened, the soil detenorates rapidly and the ground is . overrun chiefly 
by Strobilanthes spp. (mainly sessiles)~Lasiosiphon eriocephalus, Carissa carandus and 
Lantana camara. The only regeneration of tree species persisting through the· mass of 

·these weeds is Syzygium cumini and Memecylon edule. Vast stretches of abandoned shift
ing cultivation ·on the slopes often carry only masses of Strobilanthes sessiles to the total 
exclusion of all others. · 

Management 
These forests lyiQg in a remote place were neglected in the past and so far no working 

plan has. been drawn up. From· 1913-14 onwards the forests are being worked under what 
is known as a "Felling li'st" under which 8 'Blocks' or Felling Series have been formed 
and each divided into 40 annual coupes. There were no definite prescriptions for working 
or felling rules. In most coupes, the working has left about 20-25 trees p~r acre in the coupes 
causing wide gaps in the canopy which have failed to fill up. Large areas were clearfelled 
and given out for "agri-silvi" cultivation ostensibly under the Grow More Food Campaign, 
but the conditions pertaining to the growing of the· tree species were never properly en
forced and on the plea that the 'forest crop' has not come up well, leases were.often extended 
after the expiry of the original period with no better results.· These areas have been vir
tually rendered barren. In 1953-54, fellings continued in the second cycle after the issue 
of a "correction slip" to the· "felling list" under which felling rules were framed. These 
laid down, reservation of 15 to 20 trees per acre, preservation of a:ll growth to a width of 
33' on either side of nalas, planting of denuded areas, blanks, and charcoal kiln sites ·and 
preparing burnt rabs and planting about 2,500 seedlings of "suitable species" by the staff 
in the annual coupes. The coupes which have been worked over twice carry practically 
nothing but a dense growth of weeds with a few climber-infested Eugenias and Terminalias. 
A teak plantation was raised some 20 years back at Bhing Mal near Parle: Plantations 
on "agri-silv.i" lines continued ·to be attempted and failed. Such of the tree -species as 
persisted are either smothered by weeds and climbers or otherwise suffered for· want of 
tending._ 

A working plan is now under compilation for these forests. For the first time the area 
- has -been divided into compartments and stock-mapped.. These stock-maps indicate 

the extent • of retrogression of these forests in acreage. Out of the total area of 33,329 
acres, an area of 4,647 acres is occupied by shifting cultivation and 644 acres by patch 
cultivation. The stocking in the remaining forest area of 28,038 acres is as follows 

overwood density over 0.~ · I 0,_295 acres~ 
overwood density 03 to 0.6 7,809 acres. 
overwood density below 0.3 9,934 acres . 

. , 

Artificial Regeneration· . 
During the last two years, viz. 1958 and 1959 earnest effo!ts are .being ma.de to reboise 

these areas and to increase the value ·of the forests by plantmg vanous spe~Ies,. Though 
not of a striking magnitude, these provide valuable information and ind1catwns useful 
for future· management Owing to the difficulty of obtain!ng 3;dequate la~o~r •. paucity 
of ·staff and ·high initial costs, all these plantations B:re. b7mg raised by ~gri-sdvtcultural 
method. , In contrast with the earlier atten:tpts at agn-sllvtcultural plant~t.1ons, the rece_nt 
attempts show that with rigid control on.lessees' work through proper vtgdance and stnct 
enforcement of conditions, the method can be employed successfully. 

. . ' . . . 
Teak-This has been . attempte<;i . at 12' x 6' and 6' x ~.' spacem.ent . The ~urmng, 

aligning ancl staking ?re done departmentally a1;1d the plantmg stock ts ~lso .provided by 
the d'epartment. ·The lessee is allowed to plough the land· before stak~ng IS .done, ;an~ 
11a~.-hani (an inf(:riopr.illet) is grovm in 8' ~ide strips· in the case ofplantattons wtth 12 x6 
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spacing and 41 wide strip~· in cas~ of6' X 6' spacing, respectlve1y, thus ieaving a dear strip 
for the teak seedlings, ratsed mam~y from stump plantmg .or frol? four months old dona 
or polythene-bag transplants, and m rare cases from seeds dtbbled m crow-bar holes. The 
growth is very poor during the first year presumably because of the low temperatures pre
vailing during the incessant mo?soons so that. th~ first effective break for the sprou~s 
to shoot vigorously occurs only m October, whtch IS soon followe~ by. a dry spell till 
the following March or April when some pre~monsoon ~ho~ers mvanably r~nder con
ditions more favourable· again. The observations so far mdtcate that teak will succeed 
below 3000' elevation on fairly good and well-drained. soils on J.?.O~thern and eastern aspects 
in sheltered pockets free from the persistent monsoon fogs; Stmdarly, premonsoon plant
ing will probably give the sprouts a good sta_rt to face the onset of !he heavy and cons~ant 
rains. -On favourable soils the teak plantatiOns of 1958 have attamed an average hetght 
of about 4' which is quite promising. The "agri-silvi" lessee has to keep the plants fr~e 
from weeds. Repeated clean strips, _weeding is essential in t~e first year. Under no cir
cumstances is the lease extended dunng the second year. It IS necessary to keep the plan
tations· properly weeded and cleaned departmentally for at least 5 yea:s. To keep t~e 
weeds down and to minimise the. exposures· of soil, . closer . spacmg of 6' X 6' Is 
advisable. · 

Kaju (Anacardium occidentale).-This has been trie~ on a variety of locati9ns, viz., 
on barren, undulating slopes With hard. compact soils, o.n gentle . slopes ~Ith poor 
gravelly soils carrying sparse tree growt~ With lot of weeds; .and on exposed _ndges and 
spurs carrying well-stocked forests m the past but With poor and shallow red 
soils. The spacing adopted is 12' x 6', 12' x 12' -and 20' x 20'. The conditions under 
which the agri-silviculturalleases are given are the same as those in case of teak. In 
case of 20'x20' spacing the plants are raised. in 1!'x l!'x 1!' pits filled with 
weathered soil. The kaju is raised either from seeds dibbled at the break of rains, or from 
two months old plants raised in -polythene bags. The kaju plantations have so far been 
a mixed success. In one place, oa exposed barren slopes with hard lateritic pan, the plants 
both from transplants as well as seeds . seemed. tQ d.Q well for a time, then gradually 
died off in July-August. The -particular locality received abo1,1t 200" rainfall and· is only 
about a mile or so from the edge of the table land and has a constant dense fog in 
the rainy season. It-is likely that the mortality is a combined effect of etiolation and damp
ing off. The transplants and even sowings done in September-October to fill up the casual
ties have established well but it is to be seen whether they can withstand the next monsoon. 
Though the best results have been obtained on soils of medium fertility with a fair tree 
cover in the original cr<;>p, kaju has also done well on poor soils with very open to practi
cally no tree cover in the previous crop. It seems this species can be made use of as a. 
go.od <:oloniser in degraded forests as it is also very promising economically. Plants 
ratsed m polythene bags show better survival and also vigour as with dibbling, the seeds 
and cotyle~ons. are 9ften eaten by a va~iety of animals including man. Here again, a 
cl<?ser spacmg IS advisable; the most Sl}ttable appears to be 12' x 6' to be thinned at a 
smtable stage later. It wo~ld also be advisable to put in a line of suitable Eucalyptus species 
between two rows as a miXture. In areas close to villages, seeds of improved variety of 
grass could also be sown between the lines after deep ploughing. 

Other spectes.-In a couple of plots, mixed plantations of kaju and other species have 
been at.tempted. Some of the spectes tried and the best methods of raising them could be 
determmed so far are : 

(a) By transplanti~g-Terminalia ch~bula_, Dalbergia latifolia, Pongamia glabra, Ptero-
carpus marsupzum, Lagerstroemza m1crocarpa, Syzygium cumini. . 

(b) Direct showing or not planting-Artocarpus integrifolia. · 
(c) Pot planting-Mesua ferrea, Mangifera indica. 

:rh~ v~rious sp~cies have not ~een tri~~ over areas large enough to give any generalised 
m~hca~IOns but It appea~s tha~ 1~ localities where. kajlf suffers from damping off and 
etiolation, Artocarpus zntegrifolza and Dalberg~a latifolia would survive. 

Nurseries.-yY_et' nurse~ies with stan~ard beds have been established during the last 
t'":o years for ~atsmg plantmg stock, mamly teak. Here again many seedlings die in the 
rams after. havmg germin.ated splendidly and it appears that the time of sowing will have 
to be map1pulated to avo1d damping off during the vulnerable stage in the development of 
the seedlings. 

Research 

Under ~egetation cover soil get~ copst~ntl¥ enriched by rapidly ·decomposing litter. 
But on exposure, the top layers of the SOil With 1ts colloidal contents are promptly washed 



off· owing to. the heavy. rainfall;· and the: process of leaching. of mineral salts commences 
rapidly, leading to the fonilation .of a hard laterite pan .over which vegetation cannot thrive. 
In the areas which were clearfelled for shifting or patch cultivation or agri-silvicultnral 
plantations and have. remained-exposed:for sometime now, the. retrogression has reached 
the extreme limit. -The rehabilitation of these barren lands extending over nearly 15 000 
acres is the most important ·problem in the management. of these forests. Methods' are 
also requifed to .be· devised to re-stock the degraded forests,.extending over approximately 
8,000 acres, from which the tree cover has been. heavily removed· and in which the i~ter
vening gaps have failed to regenerate owing to heavy weed growth. For the scientific manage
ment of the remaining weJl·stocked forest,.very little data particularly on technique of re
generation and rate of growth of important timber species is available. The forests are 
only about 25to 30miles from 1Belgaum town andthere.is a keen demand for timber, fire
wood and charcoal. 

Investigations are thus required· in this ·locality on the following points :-:_ 
(1)' To evolve the besti nursery· technique for teak in wet. and dry nurseries. · 
(2) To detetmine tlie best time, method and; spacing fot planting teak and the best 

locations for raising teak plantations. · · 

(3) Investigati(;ms _on nur.sery' technique an~; artifiCial regeneration of valu~bl.e ever
greetnind·moist deciduoUs species· suttable·fot replacement of the extstmg crop 
with low ·density; · 

(4)· Evolving methods to· induce· and nurse natural t:egeneration of such valuable 
· timber· species· as· Syzygium cumini, .Mangifera indica,.· Terminalia · chebula, Dal

bergia latifolia,. Lagerstroemia microcarpa: etc. by manipulation of the canopy 
without disturbing the ecological- equilibrium in the moist semi-evergreen stands 
particularly· in locations with rainfalL over. 200" and· with dense persistent fog 
in the ·monsoon· months. · 

(5)To evolve a comprehensive te~hnique for reclothing the hill slopes rendered' barren 
· · by· shifting cultivation. . . ·· . 



TROPICAL MOlST EVERGREEN FOREST IN BOMBAY STATE 
BY D: V. KHISTY, 

Conservator of Forests, Poona 
Introduction · · · · . . . 

With the re-organisation of States in 1956 the new composite Bombay Sta!e I~ pract~
cally devoid of Southern tropical wet evergreen forests, &rou~ 1-a as per Champion s classi
fication. Western tropical evergreen forest 1-a C3 exists m North Kanara, a part of 
erstwhile Bombay State. These forests now form part of new Mysore State. 

The Southern tropical semi-evergreen forest~ are· represented by ~est coast tropical 
semi-evergreen forests 2-a C2 but these are found m Ghat slopes. above Nllambur and.South 
Kanara. In the present Bombay State southern sub-tropical wet hill forest is represented 
by subtype C3. 

Distribution . . 
Bombay sub-tropiCal evergreen forests [Champion's 7-a(3)] are distributed in 4 locali-

ties removed from each other as under : · · 
(i) Sawantwadi sub-division and Kolhapur division : Area occupied . approximately 

12 400 acres. The forests are confined to the plateau region in the vicinity of 
th~ Amboli Ghat and also occur on the precipitous slopes near about the crest of 
the Western Ghats. 

(ii) Satara division : Area occupied 11,983 acres. The forests are confined to the 
Mahabaleshwar plateau. . . 

(iii) Poona division : Area occupied 92,766•15 acres. The forests are confined. to the 
higher elevation of the .Western Gbats (Sahyadri main range)· and extend some 
distance on the out lying spurs on their eastern flanks. 

(iv) Kolaba division : Area occupied 42,461.23 acres. The· forests are confined to the 
inaccessible areas of the Western Ghats and Matheran plateau. 

Locality Factors 
(i) Sawantwadi· sub-division and Kolhapur· division :· The· annual· rainfall in the semi

evergreen tract (Amboli Ghat) varies from 120• to 250". The temperature varies from 
92·F to n·p. The soil is sandy loam round about Sawantwadi and the remaining tract 
red soil of lateritic lumps is found. 

(ii) Sa tara division : The average yearly rainfall at Mahabaleshwar varies from 250" to 
300". The temperature varies from 72J6•F to 61.4.F. The rock of the plateau is basalt. 
The soil is red which is the result of disintegration of laterite. The plateau is exposed to 
strong winds and storms. 

(iii) Poona division : The western hill region having southern. sub-tropical' hill forest 
receives precipitation from 125" to 275". The rock is basalt. Red soils are common in 
western hilly regions. The climate is generally equitable. 

(iv) Kolaba division : The annual rainfall varies from 130" to 200" in the semi-evergreen 
tracts. The soil is red formed by the disintegration of laterite. The temperature at 
Matheran varies between 7TF to 6TF. . 

Composition of Forests 
(i) Sawantwadi sub-division and Kolhapur division : The· height of the· crop. varies 

between 20' to 40'. ·Three distinct canopies can be distinguished as below : 
Top canopy-:-The main species fou~~· a;e '!.femecylon edule, Mangifera indica, 

T_ermmalza chebula, Mallotus phzllppzenszs, Bridelia retusa, Holigarna arnot
ttana, etc. 

Middle canopy-It consists of Olea dioica, Leea macrophylla Cinnamomum tamala 
Erythrina indica; Sterculia urens, etc. ' ' 

The gro~nd cover is gen~rally !llade up o_f evergreen shrubs, such as Calycopteris 
florzbunda, Woodfordza frutzcosa, Carnssa carandus, Zizyphus rugosa, etc. 

(ii) Satara _division : T~e vege!a.tion ~n Mahabaleshwar plateau consists of stunted 
evergreen SJ?eCI~s not exceedmg 25 m he1ght. The common species are Eugenia.jambo
la!"a, Termznaha chebula, 1ct~nodaphne hoo.keri, Memecy/on edule, Olea diolca, etc. The 
chmbers are Elaeagnus latifolza, Hoya palhda, Atalantia monophylla, etc. 

227 



228 

(iii) Poona division : The species occurring are Eugenia jambolana, Actinodaphne hookeri 
Memecylon edule, Olea dioica, The under-growth consists of Strobilanthes, Murray~ 
exotica, Ixora parviflora, Gymnema sylvestre, etc. · · 

(iv) Kolaba division : The flora is represented by Eugenia jambolana; Mangifera indica · 
Terminalia chebula, Terminalia paniculata, Lagerstroemia lanceolata. The under shrub~ 
are Woodfordia .floribunda, Calycopteris .floribunda, Carissa carandas; etc. 
Natural Regeneration . · 

(i) Sc:wantwa~i sub-division and .Kolhapur divisio_n : On western s}opes Memecylon 
edule IS .d1sappeanng and as the elevatiOn falls predommance of such species as Olea dioica 
Lagerstroemia lanceolata, Terminalia tomentosa, Xylia xylocarpa is seen, i.e. there is chang~ 
over from evergreen to· moist deciduous. Kumri (shifting) cultivation has resulted in turn
ing 7,000 acres of these forests into grass lands. 

· (ii) Satara division : Iri Mahabaleshwar plateau forests, reproduction is good particu-
larly jn unexposed situations. · 
· (iii) Pf!ona division : Due to injudicious fellings to secure economic working, grassy 

blanks with the preponderance of thorny shrubs have been created in these forests. Re-
generation is practically absent. . 
· {iv) Kolaba division :Reproduction has not been determined so far.' 
Management 

(i) Sawantwadi sub-division and Kolhapur division-Under Takle's plan prepared for 
the period 1901 to 1934 these forests were allotted in 4 working circles to be worked on 
Selection system. The girth limit prescribed for selection fellings was fixed at 36°. The 
selection fellings were to be carried out on a cycle of 10 years. 

As per the revised plan (1958) by Shri G. R. Mavinkurve the area is divided into three 
felling series. Felling series I & II are worked und.er light improvement fellings in the 
overwood and supplemented by light thinning in congested patch((s of the underwood. 
Under this method all really dead, decaying and damaged trees are removed.. In the gaps 
created by the removal of dead and dying trees such species as Mangifera indica, Arlo
carpus integrifolia. and Salmalia malabarica are planted to improve the stocking. 

(ii) Sa tara division-The working plan for the Mahabaleshwar plateau forests was 
prepared by Fagan in 1893-94 to be a provisional Working Plan. Roughly half the forests 
were reserved and half protected. These were divided into 30 annual coupes. Each 
coupe was subjected yearly to light improvement fellings with a view to keep dense 
forest crop continuously and to improve existing growth by introducing Grevillea robusta 
and Eucalyptus spp. 

This plan was followed till the introduction of Bourke's plan in 1909 when old Blocks 
II & III were added. Subsequently in the years 1917-18 old Blocks IV to IX were added 
by .Shri A. N. Master. In all. the exploited blocks the working was the sa~e that is each 
coupe was subjected to a .light improvement felling. Old Blocks V, VII and IX were not 
worked till 1934. 

· Bourke's plan w~s revised in 1934 by Shri J. A. Singh. According to this plan the 
annual coupes are worked under light improvement fellings and the coupes thus exploited 
are closed to grazing for 10 years. · 

(iii) Poona division-For the semi-evergreen forests in Poona division a protection 
working circle was formed. Under a felling cycle of 30 years mature trees were to be 
removed in the form of improvement-cum-thinning. This working, however, resulted 
into creating grassy open patches and this practice was stopped in 1949. No fellings are 
carried out now in these forests. · 

(iv) Kolaba division-The semi-evergreen forests constitute unexploitable working 
circle. No definite prescriptions are laid down for this circle. However, Divisional Forest 
Officer is authorised to carry out fellings in conformity with the silvicultural principles. 
Research .· . 

The main problem is of protection. There is very little. data available _on these i~regular 
mixed crops. To collect the. grow.th statistics of the few Important spec~es found m these 
forests it is necessary to lay out Linear Tree Increment plots. <;ontmuo~s Inventory 
plots may also be laid out. These plots managed on proper selecbon-c~m-tmproyement 
principles will be the basis for preparing yield and stand tables for the given quahty and 
forest type. Preparation ?f stand tables ~or . dif!erent types of u~evenaged tree crops 
is important for safeguardmg the correct d1stnb~t1on of SIZ~ classes 1~ th~ forests. How
ever, this is only nec~ssary for ~he important .se:r~u-e~ergreen ~racts hl;tvm~ tmp.ortant valu
able evergreen spectes for whtch correct d1stnbut10n of stze classe& IS destred. · 



TROPICAL MOIST EVERGREEN FOREST STUDY-TO_UR AND SYMPOSIUM 

TOUR . PROGRAMME . 

Date Particulars of journey 

----------
MYSORE STATE 

Mode of 
travel 

March 
6 Reach Hubli by train and then to Sirsi. 

Sirsi to Jog Falls. 
RailfRoad 

7 
8 
9 

10 
11 
12 
13 

14 
15 
16 

17 
18 
19 
20 

21-23 

24 
25-26 

27 
28 

Halt at"Jog Falls .. 
Jog Falls to Agumbe. 
Halt at Agumbe. . 
Agumbe to Sakleshpur. 
Sakleshpur .to Mercara. . . . 
Mercara to Tellicherry via Makut-State Symposmm at Makut. 

MADRAS STATE 

Tellicherry to Coimbatore via Podanur. 
Halt at Coimbatore. . 
Coimbatore to Palghat. 

KERALA STATE 
Halt at Palghat. 
Palghat to Peermade via Trichur. 
Halt at Peermade. 
Peermade to Trivandrum. 
Half at Trivandrum. 

MADRAS STATE 

Road · 

Road 

Road 
Road 
Road 

Rail 

Road 

Road 

Road 

Trivandrum to Kanyakumari via Nagercoil-State Symposium. ·. Road 
Kanyakumari to Pondicherry. Road/Rail 
Pondicherry to Madras. Rail 
Halt at Madras. 

29-31 } 
April 

1-3 
3-7 

·Madras to Porf Blair. 

Halt at Port Blair. 

Sea 

8 
8-12 

13-14 
15 

15 
16 
17 

18-19 
20 

. 21 
22-24 

Sta,te Symposium in .the morning. 
Port Blair to Calcutta. 
Halt at Calcutta. 
Calcutta to Dhekiajuli via Gauhati. 

AssAM STATE 

Halt at Dhekiajuli. 
Dhekiajuli to Kohora. 
Kohora to Jeypore. · 
Hal.t at Jeypore. 
Jeypore to Kohora.-State Symposium. 
Kohora to Shillong. 
Halt at Shillong. Plenary Session of the 
Moist· Evergreen Forest Symposium. 

Sea 

Air/Road 

Road 
Road 

Road 
Road 

Ail-India Tropical 

LIST OF DELEGATES AND OBSERVERS -STUDY TOUR 
Forest Researc!1 Institute & Co!leges-

21. SShhr~ S. K. Seth, Central Silviculturist and Head, Division of Forestry 
. n M. A. Waheed Khan·, Ecologist. · 

3. Dr .. J. S. P. Yadav, Soil' Chemist. . 
4. Sh~ K. K. Nair, Lecturer, I. F. C. · 
5. Shn V. Govinda·Menon, Instructor, S.F.R.C. (15-3-60 to 23-3-60). 
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Afysore-- · . 
. 6. Shri D. K. Deshinukh, Silvi~ulturist. 
Kerala~ · · 

, 7. Shri A. I. Iyppu, Silviculturist.' 
Assam--

. 8. Shr.i,H. Kakati', Asstt. Working Plans Officer (13-3-60 to. 24:-4-60). 
Bombay- . '· . ·. · 

· 9. Shri G, B. Dashputre, Working'Plans Officer. · 
West Bengal-.·.· 

· 10. Shri A. B. Chaudhari, Silviculturist (6-3-60 to 23..;3-60). · · 
Orissa--· 

11. Shri S. S. Das, Silviculturist (15-4-60 to 24-4-60). 
Botanical. Survey of India~ · · ., 

.12. Shri R. S. Rao, Regional Botanist, Poona (6-3-60 to 24-3-60).· . 
13. Dr. G. Panigrahi, Regional Botanist, Shillong (15-4-60 to 24-4-60). 

. LIST OF DELEGATES--PLENARY SESSION 
Forest Research Institute & Colleges- < 

· 1. Shri T. N. Srivastava, Director of Forest Educatieni. 
2. Shri P. Venkataramany, Chief Editor, Editorial Board, 
3. Shri M. A. Wahe~d Khan, Ecologist. 
4. Shri K. K. Nair, Lecturer, I.F.C. 
5: Shri S. N. Dabral, Mensuration Officer. 
6. Dr. J. S. P. Yadav, .Soil Chemist. 
7. Dr. Harish Bhatnagar, Research Scholar. 

Mysore-- · . 
· 8. Dr. K. Kadambi, Chief Conservator of Forests. 

· 9. Shri D. K. Deshmukh, Silviculturist. 
Kerala-- · . 

10. Shri A. I. lyppu, Silviculturist. 
Madras-

11. Shri C. A. R. Bhadran, Chief Cons~rvator of Forests. 
Assam-

12. Shri M. C. Jacob, Chief Conservator of Forests. 
13. Shri R. M. Das, Conservator of Forests. 
14. Shri P. Barua, Conservator of Forests. . · 
15. Shri B. N. Das, D.F.O., Goalpara West Division. 
16. Shri S. Rajkhowa, Silviculturist. 

· 17. Shri P. N. Bhattacharjee, D.F.O., Cachar. 
18. Shri M. L. Saikia, D.F.O., Kamrup. 
19. Shri H. Kakati, A.C.F. 

· 20; Shri T. C. Goswami, Forest Utilization Offict;!1 

21. · Shri T. Hazarika, D.R.O., K. & J. Hills .... '\ 
22. Shri M. A. Islam, Planning Officer (Assam). 

N.E.F.A.- · " 
23. Shri P. B. Kar, :pirector of Fo~ests,~ 
24. Shri Ganpat Rat, D.F.O., Balipa~ ...,. .. , 
25. Shri S. B. Roy, A.C.F. 
26. Shri Lalthan Zama, D.F.O., Tirap. 
27. Shri W. B. Bathew, .D.F.O., Tezu. 

: : ~ 

Bombay- .. . 
28. Shri R. R. Chaudhari, Chief Conseryatm: of Forests. 

West Bengal-
29. Shri V. S. Rao, Conservator General of Forests. 
3Q. Shri A. B. Chaudhari, Silviculturist. 

Orissa-· 
31. Shri S. S. Das, Silviculturist. 

Bhutan- • 
32. Shri S. Daley, D.F.O. 

Botanical Survey. of India- . . · . 
· 33. pr. G. Panigrahi, Regtonal Botamst, Shillong. 


