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ADVERTISEMENT.· 

The Central Board of Irrigation :a,nd ~Power as a b-ody is not res-
. ~ . . 

ponsible either for the statements made or for the opinions-expressed 
in the following pages. 
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FOREWORD 

The term 'land reclamation' has been implied.to mean in U.S.A. 
and other countries, the development of irrigation and cultivation in 
new and uncut lands. In India in the past the term 'land reclama­
tion ' has been used specifically for the reclamation of deteriorated and 
water logged lands infested with salts, but now under the pressure of 
growing more food, this term is being used also for bringing waste and 
uncultivated lands under cultivation. 

In the pre-partitioned Punjab. magnificient and extensive irriga­
tion systems were developed especially in its western portion. These 
resulted in intensive irrigation on new lands and· brought prosperity to 
the State and the people. which was. however, accompanied· by the 
evil of water logging and deterioration of .lands due to rise· in the water 
table consequent on seepage from canals. distributaries, water courses 
and fields. This deterioration of land due to water logging assumed 
a serious form and threatened the prosperity of the ·province. The 
Government of the Punjab as a result. instituted a Water Logging En· 
quiry Committee in 1925 to study the problem. The Irrigation Re­
search Institute. Punjab. Lahore was also established about the-same 
time and in addition to other studies of hydiaulic and irrigation 
proble111s, the main investigation that had to be undertaken and which 
actually led to the inauguration of the institute, was a study of the 
deteriorated lands and methods to be adopted for ·their reclamation. 
Since then the Punjab Irrigation Department have done extensive work 
on studies on " land reclamation ••. bOth in ·the laboratory and the field 
and have be~::n successful in reclaiming large areas which had gone out 
of cultivation due to salts or thur. As the development of irrigation 
was mainly onfined to the ·western portion of the Punjab (now in 
Pakistan), the problem of water logging was also being studied in that 
portion. Shri M. L. Mehta. the ~thor of this publication was con­
nected with these investigations from the very beginning and to him 
goes the credit of development of, the methods of reclamation which 
at the time of the partition were. being successfully applied. ,The 
problem after the partition has been studied in the Indian portion of 
PunjaL a:Sc. as there are vast areas on the Western Yamuna Canal and 
Sirhind Canal. which require attention. but were not being attended 
to before the partition. Naturally. therefore. the investigations describ­
ed herein have all been carried out in the West Punjab and Shri Mehta 
has put them together for the benefit of all engaged on land reclama­
tion. 
I . 

The subject of land reclamation has engaged the attention of the 
Board since its institution in 1930 and has been ~i~russed at every 
Board and Research Committee meeting. A questionnaire on land 
reclamation and water logging was prepared in 1935 to ascertain the 
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present state of knowledge and to compare different conditions in 
various parts of India and a note based on the information received 
from various -Frovinces was published in 1938. The Executive Com­
mittee of the Board in 1949 felt that time had come when the Board 
should publish a comprehensive publication on land reclamation, based 
on the experience gained in different parts of the cOuntry. Shri M. L. 
Mehta, Director, Land Reclamation, Punjab (India), who has been 
connected with the subject for a long time, was requested to prepare 
a draft in association with Dr. R. C. Hoon, Dr. N. K. Bose and the 
Bombay Public Works Department. Shri Mehta has prepared his 
portion for the practice of reclamation, as evolved and. followed in 

. Punjab, where the problem was very acute and was studied minutely. 
His portion is, therefore, being published as Volume I and it is propos­
ed to publish. the contributions .from others, which will deal more with 
the chemistry of soils, reclamation of tidal areas and reclamation of 
land in Deccan, in Volume II, subse~uently. · · 

Shri M. L. Mehta, the author of. this volume has presented a fair­
ly complete and uptodate version of the. science, as developed and 
followed in the Punjab. All the factors contributing to deterioration 
of lands; the different methods of treatment and preventive measures 

·have been discussed in detail in. Chapters ·L to 10, which ·will be of 
general interest. The remaining chapters are· of local interest to the 
Punjab and contain details of this system, especially from administra­
tive point of view as practised in the Punjab. It is hoped that the book 
will be equally useful to the soil chemist, the practical fanner and the 
irrigation engineer · and will focus attention of: all interested in · the 
advancement .of knowledge on the subject. 

· May 21, 1951. 

s.· L. MALHOTRA, , 

Secretary. 

··Central Board of Irrigation and Power. 
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PREFACE 

The information given in this book is based on more than twenty 
years' experience of work done -in the laboratory and in the field, 
both under government control and on thousands of acres of deterio­
rated land reclaimed and farmed by zemindars themselves. 

· With the dissemination of knowledge bearing upon thur forma­
lion and a general recognition of the terrible risks- of rise of water­
table in soil profiles with a zone of salt accumulation, it is to be 
hoped that reclamation projects would be taken up one after the 
other iind that the days of laQd deterioration will be closed for ever. 

No price would be too high to pay for absolute security of land 
against deterioration. It is a matter of satisfaction that the costs of 
reclamation at the present prices of agricultural produce are not 
high. In fact land reclamation now is a self paying proposition. 

It is now an admitted fact that there is an intimate relationship 
between the quality of the soil, the nutritive quality of the plants 
that grow on it,' and the health of those who eat these· plants. Poor 
and deteriorated land makes people poor and sickly; and poor, sickly 
people make poor land poorer. Every one of us, therefore, no matter 

'where one lives, in a rural area or a suburban town or even in a 
big city-has a major stake in the land. Good health is primarily a 
matter of good nutrition. 

· It is the duty of all to save this great heritage ·(soil) from 
damage. U we do that, it will enable us to build a better world for 
our children and our children's children. 

M. L. MEHT~ 



CHAPTER 1 
. . 

Historical and Introductory 

The problem of thur or salt .affected land in· the Punjab. rnis 
never been out of sight _of the ~unjab -farmer. ; 

The first attempt that the Punjab Government made to izlVesti­
gate this problem was a survey of the Lower Chenab Canal Colony 
area, carried out in 1908 at the instance of the late Dr. Bal;'nes, Agri~ 
cultural Chemist to the_ Government of Punjab .. : : 

_A field experilnent in the way of rvclamation was started in 1914, 
near Narwala, Lyallpur district. This experiment involved using a 
mole plough with the help of steam tackle. to construct moles at 
regular distances in the salt affected fields~ All these moles opened 
into a. drain artificially constructed. This drain_ emptied itself into 
a tank. The idea was to apply heavy waterings to leach the -soil. It 
was expected that the salt-laden water would enter the drain through 
the moles, that .it would ~ollect in the tank and become available for 
the manufacture _of sodium sulphate .on a. commercia~ s_cale. . 

In actual working it was found that the moles all collapsed and 
no water entered the drain or the tank. · · · . · · . · 

Soil Science ~as yet iii its. infancy and the processes invo.lved 
in land deterioration and land reclamation were not. well .under .. 
stoo<l. · .. · · · ... ( . 

As he~vY waterings had been·. given, there was 'certaui.ly some 
improvement in the. land, with the . result that· crops raised during 
the first year or two gave good yields." As salts had not been leach­
ed completely,. patches: of _salt started appearing again. . · 

The period that. followed the Narwala. experiment was. one of 
rapid development of new project areas. In 1917, was completed 
the Triple Canal Project which involved the construction of two 
carrier-cum irrigation canals, vi~. the Upper Jhelum ancl the. Upper 
Chenab, running across the Chaj and the Rechna doabs,· and. of the 
Lower Bari Doab Canal which was designed to irrigate large areas 
in Montgomery an.d Multan. districts. . ·. . . . . 

By this time, surveys ·in connection with the proposed Sutlej 
Valley Canals,· were put in hand-the ·actual construction starting in 
1921. The Sutlej Valley Project comprised (a) the· Bikaner Canal, 
the Eastern Canal and the Dipalpur Ca:nal ·which. were. to take_ off 
at Ferozepur from the river Sutlej; ~b) the Eastern Sadiqia, the 
~ordwah and the Pakpattan Canals wh1ch were to take off the same 
nver at Sulemanki; (c) the Bahawal, the Qaimpur and the Mailsi 
Canals at Islam, froni the same river again and (d) the Panjnad and 
Abasia Canals at Punjnad, where all the five rivers meet. The!>P 
canals (a), (b), and· (c) were opened in 1927-28 and the Panjnad 
canals in 1932. . 
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· The areas to be irrigated by the Sutlej Valley Canals in the 
Punjab or the adjoining states of Bikaner and Bahawalpur were yet 
in the course of development, when the construction of the Haveli 
and the Rangpur Canals was taken in ~and, in 1937. When construc­
tion on this project was finished, the construction of the Kalabagh 
Weir on the river Indus and the Thai Canal to provide water for irri­
gation in the districts of Shah pur, Mianwali . and Muzaffargarh was 
started. , . · . _ . 

It would be seen, therefore, that head..:works and canals were 
constructed in rapid succession and vast areas of new land were 
brought under cultivation. On account of this, the problem of salt 
affected land remained. largely masked and · no serious. notice was 
taken of it either by the public or the Government. 

In 1918, an extremely deteriorated type of land was noticed in 
the Lower Bari. Doab Colony. In local language this type of land 
was designated as 'bara '. · 

Briefly, bara land is highly arid, very closely packed and intract­
able. It usually cracks into hexagonal shaped clods of porous struc-· 
ture and it is highly charged with alkali salts. While riding across, 
the bara land gives a metallic sound .. In sunlight from a distance, 
it looks like a mirage. The surface of the soil is generally covered 
with a sort of "papri" or thin cake like material, which· contains 
about 80 per cent. clay and is impervious to water. This papri, al~ 
though containing a -very high amount of clay, is not at all sticky 
and if it is kept under water for an hour or so not only does it not 
get suspended, but can be separated into several fine leaves. If this 
papri is allowed to remain in water for a ·couple of days it begins 
to give a very offensive smell, which does not develop in the presence 
of mercury chloride. The profile is deep, soil crust thick, salt content 
is high and the pH values are usually above normal. 

In appearance and chemical and physical characteristics, Bara 
·land is more or less similar to the Chit Dain areas of the Mailsi 
Canal and the Rakkar areas on some of the older canals, viz., the _ 
Upper Chenab' and Lower Chenab .. · . . 

j 

The first attempt to reclaim. these soils was made in 1918, when 
an experimental station was established by the Agricultural depart­
ment. . The experiments· then were unsuccessful, the main reason of 
the failure being that land reclamation was then ahead of research. 
The phenomenon of base-exchange was not clearly understood and 
the soil standards applicable to Punjab conditions had not been work-
ed out.. · ' 

Since 1918, considerable progress in soil science has been made ; 
the problem of land deterioration and land reclamation is more 
clearly understood now. The source of harmful salts is known and 
the factors responsible for their movements up and down have been 
studied. 

The problem of water-logging first came to be seriously noticed 
in 1915-16, but it was not till 1925, that the Government constituted 
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a." Waterlogging Enquiry Committee" with the object of investigat­
ing the waterlogging problem in the Province as a whole, and report­
ing to Government from time to time the conclusions arrived at as 
a result of the investigations. ..Originally two members were ap­
pointed, viz., the Scientific Member and the Engineer Member. In 
1927, a third member was added as Civil Revenue Member, the duty 
of this officer being the co-ordination in each district of matters re­
lating to the classification of waterlogged lands and methods of com­
pensation. The main lines on which the technical work of the Com­
mittee was started were:-

(a) Collection and Examination of Statistical data 
The object of this line of investigation was the discovery of. 

the manner in which the equilibrium of the water-table 
is affected by fluctuations in rainfall, intensity of irriga­
tion, etc., and to determine the influence of local factors, 
for instance soil, drainage, or the proximity of main 
channels, on the height of the water table. 

(b) Well surveys of tracts not covered by the Irrigation Depart­
ment's canal systems 

The object of this survey was to link up on the map of the 
Punjab areas for which there were no contoured grou:ad 
water-levels or regularly observed well lines, with the 
system of sub-soil water-level statistics maintained by 
the Canal Department. 

(c) Mapping 

The object of this work being the preparation of a general 
map on which all well statistics would be plotted ; this 
being considered the most satisfactory method of study­
ing the variation of the water-table and ascertaining its · 
progress against time. In addition a detailed study of 
each doab was to be carried out by means of contoured 
maps on a larger scale. 

(d) Collection and examination of records dealing with remedial 
measures 

(e) Laboratory and field in~estigations 
The object of these investigations was the examination of all 

available material, both from a practical and a theore­
tical standpoint, with a view to ascertaining the best 
and cheapest method of combating waterlogging, both 
in particular areas as well as for the Province as a whole. 

An area of· waterlogged and salt affected land near Hafizabad, 
Gujranwala district was taken over by the Irrigation Department 
for reclamation and experimental work. This came to be known as 
the "Chakanwali Reclamation Farm". 

At about the same time, viz., 1925. an Irrigation Research Labo­
ratory, was established, in a se~arate y;in~ of the University Chemical 
Laboratory building, where mvestlgatlons connected with the 
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chemical arid physical examination of soils, examination of drainage 
waters, and the movement of moisture in soil columns were under-
taken. ' 

In 1928, the Waterlogging Enquiry Committee was abolished. 
Instead a Waterlogging Board was constituted. A new Circle called 
the 'Waterlogging Investigations Circle' was created within- the 
Irrigation Branch to continue the work started by the Engineer 
Member of the Waterlogging Enquiry Committee. The Irrigation 
Research Laboratory continued the work taken up by the Scientific 
Member ; the designation was changed to " Scientific Research 
Officer''. The designation of the Civil and Revenue Member was 
changed to '-' Waterlogging Assistant to - the Financial Commis­
sioners"·-

- It was laid down by the Board that the measures to be adopted to 
check or minimise waterlogging or· thur belong primarily to the field 
of irrigation engineeriilg; their nature and scope must, however, be 
determined in close collaboration with scientists trained in _the study 
of soils and allied subjects.. It was also decided that before such 
measures could be put into execution, they ·should be discussed in 
the ' Waterlogging Board ' to ascertain what effect they' will produce 
on the established conditions of agriculture and on the general well- ' 
being of the areas to be treated, including its health and its capacity 
to contribute to the revenues of the Province. 

The constitution of· the Board was:--
(1) Financial Commissioner Revenue (Chairman), 
(2) Pie Chlef En__gineer, Irrigation Branch, 
(3) The Director of Agriculture, 
( 4) The Director of Public Health, 
(5) The Financial Secretary, 

with 
Superintending Engineer, Waterlogging Investigation Circle. 

Scientific Research Officer,_ Irrigation Research Labora­
tory and Waterlogging Assistant to the Financial Com­
missioners as technical advisors. 

--
The Board was to be an advisory body and its fimctions were :-.... . . - . - -

(a) to meet q~erly ;_ 

(b) to review the general progress of- corrective or remedial 
measures in hand, and the progress- obtained by the 
Scientific Research Officer in his research. in water­
logging_ and to comment thereon ; 

(c) to _consider and advise the Government on proposed or 
-- - projected measll!es for dealing ~th ~aterlogging and 

thur on broad lines, more especially m respect of the -
general well-being of the areas requiring treatment : 

(d) to make any suggestions or offer such advice-as may seem 
- to them desirable. 
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_ The same year when the Waterlogging Board was constituted it 
was decided that the position regarding land ~eterioration and land 
reclamation should be reviewed annually in a Waterlogging Con­
ference presided over by His Excellency the Governor. These con­
ferences were held annually. 

By 1929 experimental work carried out irt the laboratory and 
field work carried out at Chakanwali Reclamation- Farm had shown 
that, if drainage was provided, waterlogged ,land could be cultivated 
with profit for crops like rice, sugarcane, cotto~, wheat. kharif and 
rabi fodders. It was thus demonstrated that waterlogging did not -
cause any permanent damage to land. To help the zamindars in 
reclaiming waterlogged lands, the Government agreed to construct 
the main and the branch drains ; the construction of the subsidiary 
and the field drains being the responsibility of the zamindars them­
selves. 

As a result of this recommendation, the Government launched 
a five year programme of drain construction. . 

The experimental work on land deterioration on account of salt 
action and land reclamation was intensified both in the laboratory 
and the field. While this was being intensively pursued the Water­
logging Assistant to the Financial Commissioper had obtained from 
his surveys conclusive evidence that some areas in canal colonies 
were under the process.of deterioration. 

Independently the Settlemel}.t Officer, Lyallpur district and Sir 
Malcolm Darling, Financial Commissioner, brought to the notice of 

. Government the state of affairs in some of the worst-affected tracts. 
By 1939, the laboratory and the field experiments yielded fruit­

ful results. Methods for reclaiming salt and alkali lands were 
established and it was considered that the same could be applie9 by 
zamindars in their own fields. 

In 1940, it was decided that land reclamation should be extend­
ed to zamindars' fields in the form of reclamation centres ; the area 
of activity of the centre extending on all sides as reclamation pro-
gressed. -

A Land Reclamation Board,: as distinct from Waterlogging Board, 
was constituted with Sir Colin· ..Garbett, Financial Commissioner. 
Revenue as its first Chairman and Chief Engineer, Irrigation as the 
other member. Superintending Engineer, Drainage, was the Secre­
tary. The Land Reclamation Board was an executive body. It 
initiated schemes of reclamation, gave sanctions and supervised field 
work. · · 

By 1942, Land Reclamation Centres had started functioning in 
Lower Chenab, Upper Chenab, Lower Jhelum and Lower Bari Doab 
Canal Circles. 

In 1942, it was considered that, instead of Land Reclamation 
Centres, general reclamation should be taken up_ on whole distribu­
taries. The entire fi~ld work was entrusted to .the Irrigation Branch. 
The Land Reclamation Board, however, contmued to review pro­
gress of work, and, lay down Government's policy. 
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In 1945~ a separate Land Reclamati~n Directorate and a separate 
post of Director, Land Reclamat_ion, were sanctioned. The Director 
of Land Reclamation was also made the Secretary of the Land Re­
clamation Board. Taking into consideration the diversity of land and 
climate, more experimental stations were established and schemes 
of integral land reclamation prepared. 

Bar~ land, which. did not yieid to a reclamation technique in 
1918 to 1928 was successfully reclaimed. Reclamation .was also ex­
tended to the Rakkar and Chit Dain areas of other canals. 



CHAPTER 2 

The Formation of Salt (Thur) Lands 
- . . 

In America, attentip~ has been .devoted to· the ~ddition of salt 
made to the land by)rriga:tion water and in that country Scofield (1) 

considers this to be an important source of salt. 

In the Punjab, there has _been a~d prob-ably is -even now, a strong 
opinion that the source of the salt responsible for the formation of 
thur was the water-table and that thur appeare~ as the ·result of the 
evaporation of water that is drawn from th~ water-table to the sur-- ·. .. 
face. 

The investigations carried out in the Punjab do not lend support 
to the theory that salt contained in canal water can . be responsible 
for the formation of salt lands. Large tracts of waste land exist even 
now which have never received any irrigation and which have not 
been cultivated so far. Soil surveys of these tracts show that almost 
the entire area is covered with salt at the soil surface or salt is pre­
sent in the profile. 

. . 

The salt content of waters in. the Punjab rivers never exceeds 
eighteen parts per hundred thousand and this only in the monsoon 
period. During the rest of th~)Yea~ it_ remains rc;>und about seven 
parts per hundred thousand. Waters containing such insignificant 
amounts of salt are unlikely to cause any accumulations. 

The belief that the source of the salt in thur formation was the 
water-table is probably due to the fact that the first serious notice 
of the existence of thur was in areas where the water-table was high~ 

In order to investigate the effect of the rising water-table on the 
formation of thur, soil surveys were carried out in a portion of the 

7 
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Lower Chenab CanaL where the water-table was rising at the rate 
of 1.6 feet ·a year. Two .lines of villages _(Figure 1) lying between 

J. 
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known to vary considerably in depth. The results of the survey 
are given in, Table L 

TABLE I 

Summary of Results of Special Thur Girdawari,. December, 1938 

N~ I N_.,.....,. ... ......,. 
1 Ta.Ja.b (Chiniot, Jhang) 

2 Chak 570 (Jaranwal&, Lyallpur) 

3 !fahra.nwala, 61 G.B. (Jaranwa.Ja., Lyallpur) , • 

4 Chak 559 G.B. (Jara.nwala, Lyallpur) 

6 Chak 560 G.B. (Jara.nw&la, Lyallpur) 

I Sarab Kalan and Naurang Di Jhugi&n (Nank&na 
Sahib, Sheikhupura) • • • • • • 

7 Chak No. 126-G.B. (Jara.nwala, Lyallpur) 

8 Kotla &nt Singh Wala Chak 43-R.B. (Sheikhu-
pura). • 

9 Chak 6 (Sheikhupura) 

10 Chak 11-G.B. Masanda and Lalka (Sheikhupura) 

11 Ka.ryal Chak ~7-G.B. (Sheikhupura) •• 

U Chak 370-G.B. (Sheikhupura) 

13 Chak 126-J.B. Kokri&n DaChak (Chiniot,Jhang) 

14 Chak 187 Baloana JhuDll"& (Lyallpur) 

15 Chak 41 Marar Khurd (Sheikhupura): . ', ·. 
' -4 ·_ ..•• 

18 Chak 110 Babewa.Ja. (Lyallpur);_: ,.·· ;·:·J...:.:;_ .,_· 

16{t~) Kariw&la, Chak 49 R.B. (Sheikhupura) 

17 Raipur, Chak 658-G.B. (Jaranwala, Lyallpur) 

18 Chak 102-G.B. (Jara.nwala, Lyallpur) 

11 Chak 84-R.B. (Sheikhupura) 

20 Chak 103-G.B. (Jaranwala, Lyallpur) 

21 Chak Gerri, 189-R.B. (Jaranwala, Lyallpur) 

2! Khu.rari&nwala Chak 266-R.B. (Jaranwala, 
Lyallpur) 

23 Phulaiwa.Ja., Chak 103-R.B. (Jaranwa.Ja., Lyallpur) 

Ll4CBI 

Depth io 
water-table 

in feet 

Conditions 
regarding Thu,. 

9·0 Thw appearing 

10·0 Do. 

12·0 Do. 

12·5 Do. 

14•0 Do. 

15·0 Do. -

18·0 Do. 

18·0 Do: -

20·0 Do. 

20·5 DO. 

21·0 

21·0 No ehw at the su.rfaoe 
yet. Zone of aoou. 
mulation . of salts 
below the surface 

23·5 Tlnw appearing. 

23·5 

23·5 Thw appearing 

24·5 

25·5 

26·0 TAw appearing 

26·5 Do. 

27·0 

30·0 2'/alll' ap~aring 

3:>·0 Do. 

37·0 Do. 

40·0 no. 
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From Table I it will be seen that land is going out of cultivation 
due to the appearance of salt at all depths of the water-table between 
9 feet and 40 feet. From this the conclusion seems to be that the 
water-table might not be an essential factor contributing to the 
formation of thur. · 

Having discovered that land is going out of cultivation on ac­
count of thur at water-table depths from 9 to 40 feet, it was neces­
sary to pursue the study further. Du:r;ing the same winter, pits to 
expose soil profiles were dug in all the villages. The selected points 
for profile observations were :-

(a) fields where thur had appeared at the surface. 

(b) the adjoining fields in which normal crops of cotton were 
standing or wheat had been sown. 

The soil profiles remained exposed for some time so that the 
soil characteristics could fully develop and a visual examination 
became possible. The observations made are shown in Figures 2 and 
3 and the results of the analyses in Figure 4. From an examination 
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. .Rakh Branch, Lower Chenab Cana&, . 

of Figure 4 which relates to village 266, Rakh Branch, having a 
watertable at a depth of 38 feet from the natural surface, it is clear 
that in the field (pit No. 1) which was formerly under cultivation, 
but_ had. }?ecome :t~ur, salt 1is present throughout the depth of the 
soil crust, that is, a depth of 10 feet from the natural surface, and 
that the main zone _of accumulation of salt, is 0 to 5.0 feet. 

In,one of the two fields carrying a normal crop of cotton, the 
salt content of the first three feet of the soil is low. Between the . . -
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third and the tenth foot, the salt content is high and forms a zone 
of accumulation between these depths. Below the lOth foot, sand 
occurs and the salt content is low. 

In another field (pit No. 3), the salt content throughout the 
depth of soil crust is low and no zone of accumulation of salts is 
present. . 

The three profiles represented in Figure 4 and that illustr~ted 
in Figure 2 were taken close together and were situated over 
similar water-tables at the same depth. Since soil profiles free from 
salt and containing salt occur under similar conditions regarding 
depth and quality of water of the . water-table it follows that the 
water-table is not responsible for the presence of the salt in the soil 
crust. · - · · 

The examination of soil profiles was extended to the irrigated 
and un-irrigated areas in other canal colonies of the Punjab. These 
profiles demonstrated that both in the irrigated and un-irrigated 
areas salts were usually· present as a zone of accumulation, Figure 
2, but in un-irrigated areas more even distribution of the salts 
throughout the soil crust was observed. It seems, therefore, that 
the irrigation may be responsible for the formation o:£ the zone of 
salt accumulation. As these salts containing pro!i.les were situated 
over varying depths of_ wat~rtable· and as the sand underlying 
them was relatively dry there could be no upward movement of 
moisture from the water-table to the soil crust. It must, therefore, 
be considered that the formation of thur in such areas has no con­
nection with the rise of water-table. 

The salts responsible for the deterioration of the Punjab soils 
~re sodium sulphate, sodium chloride and sodium carbonate; 
sodium sulphate forms the bulk of the accumulation at least in the 
newer canal colonies. An examination of the soil profiles of un­
irrigated areas has shown that sodium sulphate is distributed through­
out the soil crust. It appears, therefore, that it must have been de­
posited along with the alluvium now forming the soil. A possible 
explanation of the presence of large quantities of sodium sulphate 
in the alluvium of the Punjab is indicated by the fact tha( sodium 
sulphate is deposited from a solution of mixed salts at a tempera­
ture of a·c. Glacial conditions. are ·known to have occurred in the 
Punjab, and if appears probable that the sodium sulphate was de­
posited along with the alluvium during a glacial period. Support 
is lent to this by a consideration of the extention of the alluvium 
into Sind where the main salts present are sodium chloride and 
calcium chloride and sodium sulphate is of minor importance. 

Before proceeding further to discuss the factors that are res­
ponsible for the movement of the salt layer in the soil profile to the 
ground surface, observations made by various workers under labo­
ratory and semi-field conditions have shown that the loss of water 
due to evaporation at the soil surface only affects the water in a 
limited depth of soil. Keen ( 1) states that water which has once 
reached the depth of six feet in a soil does not return to the 
surface by evaporation. The work ·of Veihnmeyer also supports the 
conclusion that the return of water to the surface of a soil occurs 
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only from a shallow depth. More recently Ramdas and Malik ( 3) 

using Punjab soils have shown that the amount of water lost by 
evaporation decreases as the water-table recedes below the surface. 
The results obtained by- them have been plotted in the form of a 
curve Figure 5. From Figure 5 it v.i1l be se~n that when the water­
table reaches a depth of four feet, the loss of water by evaporation 
from the surface ceases. 
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Observations were made in Baramati area under the direction 
of the Poona Irrigation and Research Division ( 4

) in which the 
concentration of salts at the surface was correlated with the depth 
of the sub-soil water. The correlation coefficient between 
the concentration of salts at the surface and that in the 
sub-soil water is significant only upto a depth of four feet. There 
is no relation between the surface salts and concentration in the 
sub-soil water when the latter is below four feet. 

The study of the evidence leads to the conclusion that the 
water-table is unlikely to contribute salts to the soil surface when 
it is situated at a depth of 10 feet. 

When the wate:r-tabie in the Punjab is within ten feet of the 
surface it seems probable that it may supply water to the soil crust 
to replace that lost by evaporation. With soil crust less than six 
fE:et in ,thickness a water-table touching the bottom of this crust 
results in signs of waterlogging and .water lost at the surface by 
evaporation is undoubtedly partially replaced by water from the 
water-table. Under these conditions of water-table it seems pro­
bable that the water-table may contribute to the formation of thur 
since there will be a tendency for the deposition of salts at the soil 
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surface following the evaporation of the water. In areas of high 
water-table, therefore, in un-cultivated fields, the source of a por­
tion of the salt causing thur may be the water-table. In such cases the 
greatest concentration of salt occurs at the soil surface since eva­
poration taking place at the surface of the soil results in the de­
position of the salts, Table .J:L 

TABLE II 

Showing salt content and pH values of soil from Village Uchaina, 
District Karnal 

Per cent. on air dry fine earth. 
Description of sample 

Total soluble matter. pH value 

lst foot 2·11 8·2 

2nd 0·19 8·8 

3rd , 0·15 9·6 

4th •• 0·17 .JJ-7 

lith .. 0·13 9·7 

6~h . 0·19 9·7 

7th •• . : I 0·22 9·9 
' 

Profiles in high water-table areas that are continually cultivated 
under irrigation generally show a zone of salt accumulation below 
the surface; indicating that, even in high water-table areas, the 
water-table may not be able to contribute towards the upward move­
ment_ of the zone of salt accumulation, if cultivation and irrigation 
are not neglected. · 

Calculations have been made to estimate the amount of salt that 
would be added to onE: acre of soil-crust, ten feet in thickness, by 
the annual evaporation of six inches of water derived from the water­
table. For a water-table containing .90 parts of total soluble matter 
per 100,000 parts of water the amount of salt added to the soil crust 
is found to be 0.5 ton per annum. Investigations of numerous soil 
profiles of land, that has gone out of cultivation due to thur, show that, 
on an average, more than 100 tons of salts per acre are present in a 
10 feet depth of soil crust. It will be seen, therefore, that a period 
of something like 200 years would be necessary, if the water-table 
were the source of salt, to account for the presence of the quantity 
of salt present in thur land when the land has gone out of cultivation. 
This is an additional reason for stating that there is little connec­
tion between the rise of water-table and the appearance of thur. 

Havin2 eliminated the water-table as a cause of the appear, 
ance of thur on the soil surface in areas of deep water-table other 
factors that might be responsible were brought under examination 
These factors were the intensity of irrigation ·and the system of 
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cropp~ng,. which includes the use made of the irrigation water. An 
exammabon was made of the area irrigated during kharif and the 
average depth of water used for irrigating crops on all the branches 
of t~c Lov:er Chenab Canal where thur is on the increase. Taking 
particular mstance of the Rakh Branch. the data obtained are shown 
in the form of curves in Figure 6. At the bottom of Figure 6 is 
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Figure 6.-Curves showing the intensity of irrigation during Kharif, 
the delta used during Kharif and the number of fields gone out 
of cultivation (Rakh Branch, Lyallpur Division) 

shown the percentage area irrigated during kharif on the same 
water supply for the ·period 1907 to 1936. In the second curve is 
shown the average depth of water in feet per acre used for irrigat­
ing the kharif crops. In the top curve is shown the area under 
banjar (area gone out of cultivation) in village 266, Rakh Branch, 
the s9il profiles of which have been described already. The record 
for the area that has gone out of cultivation is available for 12 years 
.only. · · 

An eiamination of the three curves in Figure 6 shows that the 
intensity of irrigation during kharif has increased from 26 per cent. 
in 1907 to 44 per cent. in 1936 which means approximately 70 per 
cent. more irrigation is being done now than previously on the same 
water supply. This increase in irrigation is reflected in the curve 
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for the depth of water used. The depth of water used for irrigat­
ing kharif crops has decreased from 4.6 feet in 1907 to 2.5 feet per 
acre in 1936. These figures show that a much smaller quantity of 
water is being used now for maturing crops than formerly. Soil 
surveys have shown that, during summer, salts are not so prominent 
at the soil surface as in winter. It may be that during summer the 
salts are either stationary or else there is a downward movement ; 
an upward movement being confined to the rabi season. With the 
high delta of former years the tendency would be for the movement 
of salts to be downwards. With the decrease in the delta the 
tendency for the movement of salts downwards will have been con­
siderably reduced. The subsequent movement of salts upwards in 
the rabi is likely to be, therefore, a much easier process than for­
merly. Since thur is appearing it must be concluded that under the 
present ·delta the balance of the salt movement is in· .an upward 
direction. :J.'his probably means that the soil is less moist at the 
present time than it was some years ago when the delta was higher. 
If, as is the case in Pit No. 2, Figure 4, salts are present in excessive 
quantities in the soil crust, the upward movement results in the 
zone of accumulation of salts approaching the surface. As soon as 
this upper limit of the zone of accumulation approaches such a 
depth from the surface that the concentration of salts can occur due 
to evaporation then the land becomes thur. The top-most curve in 
Figure 6 sPows that with the progressive increase in kharif irriga­
tion and the decrease in the amount of water .used per acre the area 
that has gone out of cultivation has consistently increased. 

. . 

The monsoon is probably' also a· factor determining the position 
of the zone of accumulation of salts in the soil profile~ If the 
monsoon is good then the zone of accumulation will be depressed to 
a much greater depth than, if the monsoon is poor. 

I 

To summarise the discussion in·the preceding paragraphs it may 
be stated that, before the commencement of irrigation, salt is distri­
buted thr.:>ughout' the depth of the soil .crust and in the absence of 
irrigation no movement takes place .. With the introduction of 
irrigation the salts accumulate in the form of a solution at some depth 
below the surface forming a zone of accumulation. The subsequent 
position of this zone of accumulation in the soil ·crust depends on 
the intensity of irrigation and the agriculture, which means the use 
made of irrigation water. If the agriculture is of such a type that the 
amount of water used for irrigation is sufficient to counter-balance 
that lost by transpiration and evaporation, then the zone of accumu­
lation will tend to remain stationary or to move to a greater depth. 
If, however, the quantity of irrigation water used is insufficient to 
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balance the losses due to transpiration and evaporation and the zone 
of accwnulation is within· 10 feet of the surface then the tendency 
will be for the zon~ of accumulation to move upwards . 

. Experiments were started- to examine the effect of the introduc­
tion of irrigation on the salt content of the soil profile. An area of 15 
-acres of government waste land which had never been irrigated was 
acquired near J aranwala. Plots were laid to study . the effect of 
different intensities of irrigation and different systems of cropping on 
the distribution of salt in the soil profile. The lay-out of the plots 

T 
•o ..... 

f 
c 
8 

R 
5 0 ~~1\ R=Rice 

S = SenJI 

C =Cotton r\ 
W.C. :' W=Wheat 

R 1-- Hll-j I\ O=fellow 

B C g j \ {C=Cotton 
4 T 7 ~'r. ·.f. in Kharif 

\~.... s S=senji · 
~- ' In Rabl 

r-~~--~g~¥~.c~_,__,·-~-r~r--:77~~~~ 

' 

l B ll ""' 

R C 0 0 TooT w.c. 
lrrZ~ 0 

...,. W.C. lr~St--;;. B W 

..... 00..&.0 .• .,. 

t 
o T 0 T 9 12 0 

lrrU ~ 
lrris 

0 0 R R 0 0 0 ~ C 0 0 0 W,C. ' J 
. 0 .0 • -0 _ T w o T o o o T w - 143 1 

· rr.:t.c 
·o r-rr lrd_S I 0 +-::-t-.,.R-t-1-1 w C 20 -

C.B.I. 

~ 0 0 C C 0 C R ~ - R C 0 

l w o o T 0 T T 
0 ~ T T o \,'\. :\ 

lrrN-1 · ~ 0 . ~ 

Figure 7 



THE FORMATION OF SALT (thur) LANDS 17 

is shown in Figure 7. It enabled the following to be examined:­

(a) the effect of· perennial irrigation when ·such crops as 
· cotton, rice, wheat and senji (melilotus parviflora) are 

included ,in the rotation ;· 

(b) the effect of kharif irrigation only, when crops such as 
rice and cotton are grown ; 

(c) the effect of rabi irrigation only when crops such as wheat 
and senji (melilotus parviflora) are sown . 

. The water-table in. the Jaranwala area is situated at· a depth 
of 16 feet from the natural surface and the soil crust has a thic~ess 
of 10-11 feet. Figure 8 shows the distribution of salts ,in the soil 
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Figure B.-Showing the distribution of salts before and after a cotton 

crop at Jaranwala-Maharanwala Experiment Station ... 
profile before and after one cotton crop matured on canal irrigation. 
It will be seen that, before the commencement of irrigation, salts 
were distributed throughout the depth of the soil crust. With the 
irrigation applied to cotton, salts have been removed from the 
surface and have formed a zone of accumulation at a depth of 6-7 
feet. Figure 9 shows the distribution of salts in the profile before 
and after the growth of one rice crop. The depth of water used for 
Ll-lCBI 
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rice is approximately three times that used for cotton. From 
Figure 9 it will be seen that with the heavy irrigation given to rice 
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Figure 9.-Plots-Maharanwala Experimental Station 
-

the salts have· been almost completely removed from the soil crust 
and there is no zone of accumulation. 

The differences in these profiles after irrigation have important 
applications. ·They indicate that unless salt is present in the soil 
crust, there is little danger of deterioration of the soil due to salt 
movement with a rising water-table. In the case of the profile under 
cotton. since the salts have not been removed from the soil crust, it 
would appear that there will be a tendency for the salts to again 
rise to the surface when conditions become suitable for this move­
ment. In the case of the profile under rice, since the salts have been 
removed completely from the soil crust, deterioration in future is 
unlikely to take place. 

The work at the Jaranwala Farm has indicated lines on which 
development of new project areas should be taken up and also the 
methods to be followed in the 'reclamation of salt affected lands. In 
an undeveloped area, if the soil has a salt bearing layer in the soil 
crust within 10 feet from the surface then it would be advisable to 

' introduce a rice crop at the beginning of irrigation to remove the 
possibility of soil deterioration in the future. ln land reclamation 
it seems necessary to wash the salts to the sand layer to avoid the 
possibility of the return of the salts to the surface. 
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In the North-West portion of the Proyince instances have come 
to notice where, under well irrigation, salts have not appeared at 
the soil surface. The question naturally arises that in. the case of 
well irrigation, if there is a salt bearing layer in the soil crust below 
the natural surface, why is it that deterioration due to thur forma­
tion does not take place? In order to examine soil conditions under 
well irrigation pits were dug in recently irrigated fields under bajra 
(Pennisetum typhoideum) and cotton. In the case of bajra, it was 
lound that the maximum depth of penetration of the irrigation water 

- was 6.5 inches, Figu_re ·10. Between this moist surface soil-and the 
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-Figure 10.-Penetration of irrigation in a bajra field in the Thal area 

salt bearing layer 2.5 feet of completely dry soil existed. In the case 
·of cotton, Figure 11, the depth of the penetration of irrigation wa5 

C.BJ. 

0 

Figure H.-Penetration of irrigation in a cotton field in the Thal area 
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about' 20 inches since cott6-n receives twice the amount of water 
given to bajra. The moist soil under cotton was again separated 
from the salt bearing stratum by completely dry earth. The exami­
nation of these profiles has shown that under well irrigation no 
contact of the salt layer with the surface soil is established and~ 
therefore, no ril)e of salts under well irrigation can take place. 

If howeyei', the salt bearing layer is situated within the depths 
to which well irrigation penetrates upward movement of salt is bound 
to occur and cause the land to become thur. 

Under canal irrigation much larger quantities of wate~ are used 
which establish the connection between the surface soil and the salt 

. bearing layer in the soil crust' and help in the movements up and 
down of the moisture and salts in the soil crust ; hence the necessity 
for taking more precautions to_ avoid deterioration of land under 
canal irrigation than ·under well irrigation:. · 



CHAPTER 3 

Soil AlkaU 
It is now universally recognised that the presence of excessive 

·quantities of salts is a characteristic of soils of semi-arid regions. 
The Punjab alluvium, therefore, in common with lands of this type, 
suffers from the trouble of salts. The salts usually present are 
sodium sulphate, sodium chloride and sodium carbonate. The 
presence of large quantities of such salts changes the entire physical 
and chemical condition· of the soil. Chemical reactions take place 
between the salt and the clay in the soiL The clay in a normal soil 
is mainly present in the form of calcium clay (Ca-clay). A soil con­
taining calcium clay is permeable to water and air, the conditions in 
it are aerobic and the methods to be adopted for the cultivation of 
such a soil are known to farmers. When a relatively concentrated 
solution of sodium sulphate, sodium chloride or sodium carbonate is 
brought in contact with a calcium clay soil, base exchange takes 
place, the sodium replacing the calcium in the clay, resulting in the 
formation of a sodium clay. The reaction is shown in the following 
equation:-

N a1So,+Oa-cla.y=N a1-clay (alkaline)+OaSo, 
It will be seen that there are two stages in soil deterioration, the 

first stage is the accumulation of salts which is relatively less 
harmful ; the second stage is the base exchange reaction given by 
the above equation, which renders the soil conditions much ~ore 
difficult to ameliorate. The development of alkalinity is a gradual 
process and it· follows that, after the first stage of thur appearance 
has been reached, the longer the land is left before reclamation, the 
greater will be the approach to the second stage of alkalinity. Even, 
if the soluble salts are completely removed by leaching, the soil will 
usually contain exchangeable sodium much in excess of that found 
in normal soil; it would, therefore. be correctly termed • Alkali 
soil'. Such a soil is more difficult to reclaim than that which is 
highly alkaline but which contains at the same time, an excess of 
soluble salts. · · 

It has already been stated that in the Punjab the main salts 
present are sodium sulphate, sodium chloride and sodium carbon~te. 
Owing to the alternate wet and dry periods, and the consequent 
movements of moisture and salts in the soil profile, the reaction 
between sodium salts and calcium clay has taken place repeatedly. 
The result is that the Punjab plain soils tend to be sodium clay& 
and are alkaline. 

On the physical side, by the continued action of the salts, the 
structure or the tilth of the soil is affected, colloidal substances 
are altered and changes in moisture relationships occur. In a very 
alkaline soil the clay becomes deflocculated and the soil is imperme­
able to water. This soil presents difficulties in leaching and is un­
suitable for the growth of normal crops. Some of these properties 

21 
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are well known to Punjab farmers. They know that the cultivation 
of alkali lands is exceedingly difficult on account of the fact that they 
are too hard when they are dry and too sticky when they are wet. 
Besides, the. surface layer does not survive rain or light irrigation 
but becomes a paste; and when it dries, it either becomes a hard 
surface pan or cracks into hexagonal shaped clods (Figure 12). -

Extensive observations were made at the Chakanwali Reclama­
tion Farm (Punjab) to study the root systems of rice plants, grown 
in fields having varying degree of alkalisation. Mter the rice was 
harvested, roots of representative plants were exposed and washed. 
These were later photographed. Typical photographs are reproduced 
in Figure 13. The yield of rice for the field is also given in the 
photograph. Although it was possible to correlate the yield of rice 
with the alkalinity of the .soil ~ represented by pH values, it was 
not possible to find an explanation of the toxic effect that the high· 
pH values produce. Jenney and Overstreet (5) hold that Ca ions, 
derived from the seed by the barley•seedlings, are exchanged for Na 
ions of the soil, the result of which is that seedlings lose some at 

· least of this Ca. Thus the seedlings are able neither to 
obtain Ca from the soil, nor to retain that inherited from the seed. 
This probably gives a satisfactory explanation for the coarse and 
stubby appearance of roots and also the inadequate lengths they 
attain in a highly alkaline soil. 

The conversion of a saline soil into an alkali soil is sometimes 
accompanied by the formation of a hard pan which is situated at 
depths varying from a foot to ten feet in the profile. The exact pro­
cesses of the development of the~e hard paris in the Punjab plains 
are still the subject of study. 

In the newer canal colonies they are of rare occurrence and are 
only found in the head reaches of canal systems where ple~ty of 
irrigation water- is available for sowing rice. In ~hese tracts the 
watel"-table is relatively high and the rainfall greater than in the 
lower reaches. 

In older canal systems like the Upper Bari Doab Canal and the 
Western- Yamuna Canal hard-pans in sub-soil layers are of more 
frequent occurrence. · 

_ In Chakanwali for example, a mole steam plough got badly bent 
when it passed through the middle of a field which contained an 
impervious sub-stratum. Attempts made to establish crops on this 
land were unsuccessful. · 

In the course of the soil survey of culturable, waste of Karnal 
district it was noticed that the pan was so hard that even a pick axe 
was unable to break it. It is suspected that the pans in Karnal 
district are more calcareous than in canal colonies like the Lower 
Chenab, Lower Jhelum or the Lower Bari Doab. 
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Figure 13 



CHAPTER 4 

SoU Standards 

It is now established that, in the semi-arid portion of: the 
Punjab plains, besides water, two other limiting factors in crop-pro­
duction are the salt content of the soil and its akalinity. It is, there­
fore, not only necess-ary to make arrangements for artificial irrigation 
over and above what local rain can provide but also to know the 

' I 

limits of both the salt content and alkalinity in the soil at 'Which 
yielcls of crops begin to decline, the limits at which crop growth 
becomes impossible and also the limits when amelioration of .land 
cannot economics lly be carried out. To this end three types of in­
vestigations wer£! carried out. 

A large number o'f soil samples from wheat growing tracts were 
collected and examined in the laboratory. McKenzie Taylor, Puri 
and Asghar (') have shown that, provided the salt content is low, 
the yield of wheat is not greatly affected until the pH value rises 
above 8.5. · · · 

Field experiments carried out at Chakanwali. Reclamation Farm 
indicated that rice can stand a relatively higher quantity of salt in 
the soil and a higher degree of alkalisation than most other crops. 
It was ·also noticed that when the yield of rice had mounted to 20 
maunds per acre a normal rotation of crops on normal water supply 
_could be introduced. · · 

A soil survey of th~ rice areas of the Upper Chenab Canal was 
carried out in 1933, with the co-operation of the Executive Engineers 
in charge of divisions. The Executive Engineers placed the services 
of the revenue staff at the disposal of the survey parties. The 
revenue staff had an intimate knowledge of the yields of rice. A 
very large number of soil samples were taken from fields giving 
varying yields of rice. Estimates for yields were verified a second 
time in 1934. All soil samples were examined for salt content and 
pH values. These results and the yields of rice, in maunds per acre, 
have beeri shown in the form of a solid curve Figure 14. From an 
examination of the solid model the following standard-s were laid 
down. (Subsequent surveys and the investigations carried out at 
different Experimental Reclamation Stations in the Province have 
confirmed these standards) • 
Ll4CDI 25 
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Type (I)-Good' land capable of carrying normal crops on 
normal water supply and likely to give normal yie~ds. Such soils are 
characterised by a total soluble salt content of 0.2 per cent. or below 
.and a pH value not higher than 8.5. . · . ; ' 

Type (ii)-Soils which have some limiting factor, such as salts 
<>r alkalinity or both, which will tend to reduce the yields of crops 
below the nqrmal. The main characteristic of. this type of soil is a 
variable salt content, which may be higher or,lower t.han 0.2 per cent. 
The pH value, however, lies between· 8.5 and 9.0. Such 
soils should always carry a crop· of rice followed by a legumi­
nous .crop like berseem or senji (melilotus parvifl.ora). After the first 
year, rice can be eliminated from the rotation.· Experience~ has 
-shown that rice is successful even in, the first year. In soil surveys 
.of waste lands for determining advisability of new irrigation projects, 
therefore, the limit .of pH value is laid at 9.0, i.e .. , if a piece of land 
is suitable· otherwise but has a. pH value ranging betwe~n 8.5 and 
.9.0 it is considered to be land. capable of cultivation· directly irriga~ 
~ion water becomes available.i · · · · · 

Type (lli)-Soils in which the. influence of some limiting factor 
is very marked so that they are only suited for a limited,tY.Pe of 
'Cropping in the initial sfages of irrigation. ~ · · · · 

The salt content ot thi~ type is almost always above ·o.2 pe~. 
cent. and the pH. value lies between 9.0 and 9.5: Soils of this type 
are unfit for general .cropping and need reclamation. Two crops.of 
rice in two summer. seasons followed by a leguminous crop each ' 
winter are generally sufficient to reduce . the high· salt 'content to' 
the normal and also reduce the pH values to enable intro<Juction of 
.a normal rotation of crops. 

Type (iv)-Salt-soils that are easy and economical to reclaim. 
In soils of this type the salt content is above 0.2 per cent. while the 
pH value is below 8.5. Soils of this type are locally known as 
' Thur' soils. Usually one rice ~rop is sufficient for the reclamation 
of this type of land. After the first rice crop it is possible to sow 
gram, berseem and senji during. winter and sugarcane or cotton 
during the following summer. If, however, the salt content is ex­
tremely high throughout the depth of the soil profile, more than one 
rice crop is needed to remove the whole of the salt from the root 
zone of the crops. 

Type (v)-Saline and alkaline soils that are difficult and at the 
same time expensive to reclaim. These soils may or may 
not have a high salt' content but their pH value is 
always higher than 9.5. These soils are locally known as 'Rakkar' 
soils. The reclamation of this type takes a much longer period than 
is the case with types (iii) and (iv). With the present prices of 
agricultural produce the reclamation of the ' Rakkar' type is bene­
ficial. When prices of agricultural produce become low, then re­
clamation of this type is not a commercial proposition. It is ad­
visable thatj:his type of land should be reclaimed when prices &re 
high so that, during depression, this land is available for increased 
production. 
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Factors that cause complications in this classification are :­
The Physical Texture of The Soil.-Sandy soils even though 

they are alkaline, are more easy to reclaim than those in ·which the 
clay content is relatively high. On the contrary, on account of the 
buffer action, some clay soils are harmless so far as their capacity 
to produce crops is concerned, even though their pH values may be 
high, provided the excessive amount of salt has been removed. 
With continued cropping and manuring the tendency for the pH 
values, however, is to decrease. With good management and care­
ful cropping such soils ultimately become first class and continue 
to give increased yields. - · 

The Type of CLay.-The second factor that causes some com­
plication in the standards laid down is the type of clay in the soil. 
Some idea of the variation that can be caused on this account is 
obtained from work carried out in America and elsewhere. 
Kelley (7) for example has demonstrated that soils which contain 
Montmorillonitic clay are generally relatively high in exchange 
capacity; those in which hydrous mica is the chief type of clay, 
are intermediate, while Kaolinitic soils are usually low in exchange 
capacity. 

Humus Content.:_The humus content of a soil is another factor 
which influences the exchange capacity of clay in a soil. 

Composition of the .Salt.-The composition of the salt causing 
salinity is also a factor to be taken into consideration. Sodium car­
bonate, for example, is more harmful even in small amounts than 
relatively higher amounts of sodium chloride or sodium sulphate. 



CHAPTER 5 

SoU Surveys 

Four types of soil surveys have been in progress in the Punjab 
The first type is based.on the indigenous natural vegetation that the 
land carries in ;ungle condition before cultivation or irrigation. Hoon 
and Mehta (') and Hoon and Dhawan (1 

), as a result of a detailed 
study of the waste lands of the Province iii the field and examination 
of soil samples in the laboratory, established the· following relation­
ships:-

(a) 'Jand' (Prosopis Specigera) indicates that constitutionally 
the land is fit for growing all irrigated crops. It usually 
carries a thick undergrowth of grass. The lowet: horizons 
of the profile are. compact ; the predominent conslituents 
being silt" and fine silt. Both the salt content and the 
pH values are low. In areas where land deterioration 
has been in progress the soil" profile exhibits a zone of 
salt accumulation and high pH vaiues. Wheat, sugar­
cane, cotton and rice give good yields on this type of 
land. · 

(b) 'Wan' (Salvadora Oleoides). The soils representative of 
this type of vegetation are characterised by a pH value 
of about 8.5. Calcium is the exchangeable base in 
almost all the horizons .. When the salt content is 
high, such soils are developed best with leaching and 
rice in the first year. American cotton is pa~ticularly 
successful in this type of land. 

(c) 'Okan' (Tamarix articulata) has a great tolerance for salt. 
Examination of a large number of soil profiles has shown 
that, even if the- salt content of the' profile is high 
throughout its depth, 'Okan' makes normal growth and 
attains normal height. As land of this type is not suit­
able for any other purpose without irrigation this tree 
finds this the most suitable opportunity to establish 
itself and form thick colonies. 

In the top layers of the soil the presence of .exchangeable 
potassium is also a characteristic of these soils. This 

29 
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may be due to the high potassium content of 'Okan • 
leaves. 

(d) 'Kami' (Capperis aphylla). The pH value of. the top 
soil is generally on the high side. The salt content of 
the lower horizons is also high. Experience shows that 
'Karai' soils when brought under cultivation do not give 
high yields. -

.(e) • Harmal '· (Peganum harmala). This is not a very widely 
spread plant in the un-irrigated tracts, ·but, in the 
zemindars' opinion wherever it exists it indicates fair 
land. The presence of 'Harmal' is a positive indication 
of accumulation of potassium nitrate in the soil. 

(f) c Ak' (Calotropis procera). 'Ak' is abundant in the arid 
plains of the Punjab and is considered to reach· its best 
development on soil having a sandy substratum within . 
about four feet from the natural surface. 

(g) • Sarkanoo' (Sachharum munja). Sarkanda grows in low 
sandy areas along canals and riv~rs subject to inunda­
tion. !n these--tracts it forms the' chief difficulty of the 
agriculturists as it rapidly encroaches on the cultiva­
tion. The· presence of· 'Sar1oo.nda' indicates a }tigh 
water-table either continuous or occasional. In addi­
tion to a high water-table the plant may also indicate 

· soil deterioration. · 

(h) 'Lani ·' (Sueda fruticosa). 'Lani '· usually grows in soils 
having· a high content of salts and high alkalinity. Its 
presence indicates that .the land is in a late stage of 
deterioration consequent ~n salt actiori. 

(i) 'Dhak' (Butea frondosa). Dhak, Ilke 'Lani ', is indicative 
of an advanced stage of deterioration. The salt content 
and the pH values are high throughout. It thrives best 
on heavy clay .soils. 

(j) 'Bui' (Kochia indica). This plant grows best on exces­
sively sandy soils. The plant is not much affected by 
drought. · 

(k) Land devoid of v~getation belongs to· the ' Rakkar' type. 
It is usually hard, intractable and more or less imper-

• ·vious to water.. These lands ·are representative- of the 
-:-· ;firial stage of deterioration. · · · · · 

Typical ·analyses are reproduced iri Figure 15. 
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Scientific soil surveys based on examination of representative 
soil samples in the laboratory were not carried out for the earlier 
irrigation projects. Special revenue staff attached to the Civil 
Department were deputed to make reconnaissances on the basis of 
native vegetation. Soil conditionS\ for the pre-irrigation period of 
such areas can, therefore, be_ surmised from these records. The 
practical farmer, even,now, use~ these standards for assessing values 
for purchasing, selling and leasing land. 

There is no gain saying the fact that natural vegetation is often 
an excellent guide to soil fertility. Particularly is this so where one 
species is used to compare different areas. But the method must be 
used with caution. Many a time one is deceived by supposing that 
a relatively dense forest growth of a certain species indicates a very 
fertile soil. Instances are available where such forests exist on poor 
or deteriorated soils. This happens by virtue of a closed cycle in 
which fertility is maintained by the decay of their own litter; thus 
when the forests are cleared the fertility is rapidly dissipated. 

The- second type of soil survey is carried out by the village 
revenue official (patwari). The standard adopted by the patwari is 
the yield of crop in each individual field. These surveys are 
primarily meant either for assessment of land revenue and charges 
for irrigation or recording the extent-of damage to land on account 
of waterlogging, salts and alkalinity. 

For assessing charges for water the ' patwari ' is constantly -
touring in the area under his charge and maintains a record of all 
areas irrigated, crops sown, areas matured and areas failed. The 
charges for irrigation are assessed accord~pg to the crops sown, the 
rates for which have been previously fixed by government. All fields 
that _have been irrigated are assessed. If the farmer considers that 
his crop has failed; he can apply for the remission of the water-rate 
to the Divisional Canal Officer. A crop is considered a failure when 
the field is less than 25 per cent. of the normal for the district. 

When, however, damage to land on account of 'waterlogging, 
salts and alkalinity is to be recorded, the patwari, although he uses 
the same yard stick, that is more than 75, per cent. damage, has to 
specifically mention that' the damage is due to these causes. Till 
1945 these surveys formed the official statistics and were the basis 
for discussions in waterlogging board meetings and waterlogging 
conferences. 

The surveys carried out from the year 1928 to 1944 showed that 
the land damaged on account of waterlogging was not large. It was 
more or less insignificant compared to that damaged by salts. 

It is not proposed to deal here at length with surveys dealing 
with waterlogging. _ The extent of the damage is given in Chapter 8. 

It must however, be remembered that long- before damage to 
crops on ac~ount of waterlogging is caused, salts appear at the soil 
surface on account of which land is classed as 'thur '. 
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The drawbacks in fhese surveys were:-
(a) The survey was confined to selected villages and selected 

estates and not extended over _whole districts. 
(b) No notice was taken of land deterioration until damage 

to land exceeded . 75 per cent. 
(c) Figures for damage were available by villages and not by 

canal systems. -
In 1944 the definition for the classification of damage to land was 

changed and the work of the survey was transferred to the Irriga­
tion Branch of the Revenue Ministry. The new .classification is :- · 

(i) Uncultivated thur .. 
(ii) Ex-cultivated thur. 
(iii) Cultivated thur. 
(iv) Bara or Rakkar areas. . 
(v) Thur areas under ·reclamation. 
(vi) Thur areas reclaimed . 

. These classifications require defining and the adoption of .. the 
following definitions was accepted._. · . 

(a) Thur.-Soil which is affected b~ salt efflorescence at the sur­
face, whether the surface be white-ash coloured, black or brown, or 
not discoloured but presenting an oily appearance. 

All areas locally known as Kallar, Shor, Reh, will be classed as 
thur. 

·The best months for judging whether soil is thur or not are 
December, January and February; and consequently the.Visual thur 
test is carried out during these months, and classification of land as 
thur is then made. · 

(b) Uncultivated thur : thur affected areas which ·have remain-
ed uncultivated since the advent of canal irrigation. ·. 

(c) E:x;-cultivated thur :. areas which have been under cultiva­
tion since the advent of canal irrigation, but have gone out of culti­
vation on account of (thur) salt efflorescence. 

(d) Cultivated thur : thur affected fields which are under culti­
vation. 

(e) Bara and Rakkar: areas which are known by the terms 
Bara, Bari, Rakkar, Rappar, Kappar. 

(f) Thur area under reclamation: thur affected land on which 
reclamation operations are proceeding. 

(g) Thur area reclaimed : an area declared reclaimed after 
having been included in the type define!:~ under (f) above. 

Note :-(1) in the case of (b), (c), (d) and (e), the whole of the 
field which is visibly affected (as found by the visual test girdawari 
during the cold weather) by thur to the extent of ~0 per cent. or 
more will be recorded as thur. If the field is affected to a lesser 
extent than 20 per cent the area will not be recorded as thur. 
LltCBI 
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For the purpose of discussion all types of thur are taken together. 

From the surveys carried out in accordance with the new classi­
fication it was found that the extent of damage to land varied from 
10 per cent upwards. 

3. As a result of checks made, it was known that, in some cases. 
the patwaris' figures were not reliable and cent per cent check by 
higher revenue officers was not possible. It was considered that_ a 
more accurate method of recording 'thur' should be devised. 

As an alternative, Bigsby (Chief Engineer, Punjab}- suggested 
that aerial photographs might be of use and arranged for a test of 

:three different areas on the Upper Chenab Canal. With the help of 
' these photographs (Figures 16, and 17), a check was made in the field 
in tracts representing the following :-

1. A tract in which the intensity of cropping is high. 
2. A tract in which the area is predominantly thur. 

· 3. A tract in which the main crop during kharif is rice. 

As a result of the observations in the field it was shown that :-

(i) The cropped area stands out well in the photograph. The 
intensity of the green colour of the crop is shown by 
the intensity c;>f the dark shade in the photograph. It is 
possible to distinguish by the difference in shading 
between wheat and gram during the rabi season. 

(ii) The areas occupied by ponds are also well defined. These 
are usually very irregular in shape. 

(iii) All fallow fields appear white in the photograph and the 
bunds in these fields are well defined showing that they 
are maintained. 

(iv) Fields that have become 'thur' appear white in the photo­
graph but the bunds are not clearly defined showing that 
they are not maintained and therefore, the fields are not 
under cultivation. The remains of these bunds persist 
for a considerable period and, therefore, it is possible 
by means of the photograph to distinguish between 
thur land that has been cultivated and original thur 
land which has never been broken. In the Thui areas 
small black dots of irregular occurrences may be seen. 
These small black dots represent bushes of Lani CSueda 
fruticosa) and karai, (Capperis aphylla) or other wild 
vegetation which is colonising the Thur area. 

(v) Kallar patches in cultivated areas can be readily distin­
guished. 

On the basis of the inf<:>rmation collected in the field, an inter­
pretation of one complete village was made in the Institute from the 
aerial photograph. In order to compare the results obtained from 
the photograph with the actual, a party was sent out in the field to 
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~'igure 16 
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Figure 17. 
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make a survey of the same village without the help of the photo­
graph. All these maps were given for checking to still another 
party -yvho were not connected with any of ~hese s~eys c;ither in 
the field or in the Institute. The results obtamed are g1ven m Table 
III. In this table, the number of fields examined is divided into 
three classes, viz., Thur, Thur-patches and good land. An examina­
tion of Table III shows close agreement between the survey done in 
the field and that done on the photograph. 

TABLE III 

s 
' Units 7'AuF' Units patches of Tlw#' Units Good 

heet 
No. Field Photograph Field Photograph Field - Phot.<'graph 

-
1 .. . . .. .. .. .. -
! 1 l .. ' .. . .. .. -
3 98 9' 20 - 14 .. . 10 

' 233 233 81 51 10 40 
' li 68 59 64 63 10 3& -

6 141 146 182 . 148 - 43 72 -- -
'J 129 168 , 'no 97 72 106 . 
8 26 37 150 49 '114 20, 

D 137 133 . D6 88 19 31 

10 172 150 125 110 22 5 
~ 

11 116 130 63 39 8 18 . 
' • 1-' 12 10 10 .. 

~ 
.. .. ,. 

13 .. .. .. .. . .. 
Total 1,131 1,161 961 298 57 C) 

. 

No effort has so far been made to calculate the actual areas under 
Thur, Thur-patches and good land for the two surveys mentioned 
above, but for purposes of comparison a portion of the area surveyed 
has been reproduced in Figures 18, 19 and 20. Figure 18 is a copy of 
the aerial photograph of this area. Figure 19 shows the classification 
made from the photograph in the Institute. Figure 20 gives the soil 
survey of the same area carried out in the field without the help of 
the photograph. It will be seen that Figures 19 and 20 agree closely. 

From the work described above it is evident that the aerial 
photographs offer a method of obtaining a. permanent record of the 
following:- . 

(1) The area still in cultivation. 
(2) ' Thur' areas that have been in cultivation in the pasl 
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Figure 19 

(3) The areas that have never been cultivated. 
( 4) The extent of ' Thur' in cultivated fields. 

39 

c.u 

(5) The types of crops and the total area under crops in any 
one season. 

(6) Record of habitations, roads and railway tracks, also irri­
gation channels and other topographical features which 
may be of importance in connection with investigations. 
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. Good----~~-1 I I J 
Thurln patches-- -f,~~;;~"'2;':j • · 
Tllul'--- -- --J?%0?0,4 

Figure 20 
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A very important use of the aerial photographs is in connection 
with the development of new projects. So far soil surveys carried 
<>ut for such areas have been done on a grid system. In the Haveli 
Project Area, for example, the grid consisted of 400 acre units. Grid 
.sampling, although it may give sufficient information with respect 
to the advisability of a project, does not give complete information 
:for purposes of colonisation. If the ordinary sampling of soils is 
-extended to· individual fields the amount of labour. .and_ expense in., 
volved is tremendous and is not justified. Combined with the grid 
5ystem, an aerial survey offers the possibility of obtaining a fairly 
accurate record of the condition of individual fields before the com­
mencement of irrigation. As has been mentioned already, a com­
plete record of the initial condition of virgin soil is essential for 
tracing the changes that take place after the introduction of canal 
irrigation .. It will give early information regarding the progress of 
5oil deterioration and enable measures to be taken to control it. 

Economy in labour, space and the materials tequired is also a 
consideration in the preservation of records. In an aerial photo­
graph maximum information is contained in the minimum amount of 
space. 

The study of the aerial photographs of the Upper Chenab Canal 
areas has raised several other problems which require investigation. 
In Figure 17 for example, • Thur' has appeared in the form of swirls. 
Careful observations were made to find the cause of the appearance 
<>f " Thur' in this shape. The area is situated along the Deg, N allah 
and has been subject to floods before the construction of the canal 

Soil samples from- alternate strips of ' thur' and unaffected soil 
were taken and examined in the laboratory. The results. are given 
in Table IV. · 

TABLE Iv. 
Appearance of " Thur " in_ swirls 

Description or IIOU Depth pH value Salt con •. Clay per ! 
tent per eent. I 

oent . . 
Soil 81i.mples from Chak No. 21 0-6· 9·40 0·59 26·62 

Tkur patch 
a•-1•.s• 9·84 0·64 29·56 

.. 
1'-a·-2•.s• 9·96 0·52 32·68 

2'·6·-3'·6· 10·00 0·47 33·86 

3'-6.-4'-6. 10·00 0·31 22·40 

4'·6·--s·-6· 9·90 0·16 8·36 

' s·-6·~·-a• 0·08 0·11 1.92 

6'·6·..:..7'-6. 9'0() 
0·071 2·96 -

7' .a• --s• .a• '1·':0 0·03 2·24 
I 

Ll4CBI 
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TABLE IV-contd.· 

Appearance of "Thur " in swirls-contd. 
-

Description of soil Depth pH value Salt con- Clay per 
tent per cent. 

cent. -Soil samples from Chak No. 21, 0'-6' 7·90 0·14 19·56 
normal patcll 

6'-1'-6' 8·24 0·14 14·90 

1'-6'-2'-6' 7·84 0·18 8·02 

2'-6'-3-'6' 7·94 0·13 7·74 

- 3' -6' -4' -6' '7.64 0·11 3·82 

4' -6' -5' -6' 8·24 - 0·07 4·62 -5'-6'-6'-6' - 8·24 0·07 5·70 

6'-6'-71-6' 7·76 0·03 3·40 

7'-6'-8'-6' 7·76 0·01 3·62 

It will be seen that the clay content of the thur soil. profile is 
high to a depth of 4 feet 6 inches whereas in the unaffected strip 
the clay content is low and the sand high. . 

The mechanical composition of the soil, therefore, is a determin­
ing factor in the peculiar shape of the appearance of 'thur'. If the 
water-table in this area continues to rise and comes vecy near the 
natural surface portions which are growing crops now may also 
develop "thur '. 

4. The fourth type of survey involves soil sampling in the field 
and the examination of soil samples in the laboratory. 

In anticipation of construction of canal systems the area pro­
posed _for irrigation is surveyed by the Survey Department of th_e 
Government of India. One of the functions of the survey is to 

_ divide the area in rectangles-the four earners of each rectangle 
being marked at site by pitching a stone or a brick. Soil samples are 
taken by the Irrigation Branch soil survey staff on a grid basis-the 
size of the grid varying from 400 to 1,000 acres, depending on the 
object that is in view. If the· purpose of the survey is to determine 
the advisability of proceeding with a project, and the area to be 
irrigated is large, then soil sampling on a grid of even 1,000 acres 
each gives sufficient information to form an opinion. If however, 
the object of the survey is to determine soil characteristics which 
would yield information on the effects of canal irrigation on the 
sub-soil water-table, the probable quantities of water required for 
maturing crops and the possible methods by which irrigation water 
can be conserved and soil fertility maintained. then a more closer 
sampling is needed; the grid is reduced to 400 or even 100 acres 
each. 
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Soil' samples are examined in the laboratory for total soluble 
matter, pH values, clay content, kankar percentage and soil moisture. 
In particular samples complete analyses, both chemical and mechani­
cal of the soil and the clay fraction are made. 

Very recently an area of approximately 180,000 acres of waste 
land in Karnal district has been surveyed. The results of analysis 
show that a good deal of the land is of a type of which the salt content 
or alkalinity is high and which, therefore, is unfit for. cultivation 
without reclamation. 

From the results of the patwaris survey, which is confined to the 
areas within the irrigation. boundaries of canal systems, and the 
scientific soil surveys of some of the project .areas likely to come 
under irrigation, it is possible to ·make an estimate of the extent of 
damage to land and the work involved in reclaiming and bringing 
these lands back to normal fertility. 

&A -



CHAPTER 6 

Movement of Moisture and Salts in the Soil Profile 

. A characteristic Punjab alluvium consists of a ·soil crust of vary-
ing thickness overlying sand. _ - · 

For a proper conception of the mechanism of moisture . move­
ments in the soil profile, let us first start with a picture of the distri­
bution of moisture in deep soil profiles, both in the irrigated and the 
adjoining unirrigated tracts of land. Wilsdon and · Mehta ( 10) • 
. (Figure 21), took soil -samples from a series of bores made in un-
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irrigated tracts and the adjoining irrigated fields near Lyallpur and 
found: that, even though the tract was situated far away from any 
canal, the irrigated profile was consistently _wetter than the adjoin­
ing unirrigated profile. As_ the moisture percentage was never near 
saturation in. a:r;1y portion of the profile it was concluded that thl!! 
additional moisture in the irrigated profile was a contribution from 
surface irrigation. - This was a direct evidence of the downward 
movement of water in the unsaturated phase. · · · · 

. . . . . . I 

The same authors _!11) performed experiments with the object 
of determining the distribution of water in the sub-soil under a 
water-.coui'se. ·To -ensure that· the water -distt.ibution in the soil 
below had attained a steady state the water-course was kept full 
of water long enough. In order to reduce the experimental error of 
a single vertical boring and to obtain simultaneous values for mois­
ture concentrations at various depths soil samples were taken from 
borings made radially in an unlined well dug at a distance of eight 
feet from the water-course (Figures 22 and 23). Figure 22 shows 
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the results of moisture estimations plotted and _diagram 23 is a 
contour diagram obtained by interpolation' on Figure 22. It . will be 
seen that the motion of water in soil column below the bed of a 
water-course also is in the unsaturated phase and all movements are 
more or less vertical there being very little horizontal movement. 

McKenzie Taylor and Mehta repeated these experiments in 1937 
.and 1938. Their results for one set of profiles in the Samundri area 
.of Lyallpur District are reproduced in Table V. 



MOVEMENT or MOISTURE AND SALTS IN THE SOIL PROFILE 47 

TABLEV 

Showing distribution of moisture in a whole soil profile. Chak 
468 G.B. Samundri, district l4Jallpur , 

Per cent. moisture on dry soil 

Depth from N.S. at which soil 8&mpJe Field which ha.s · Field which ha.e 
wa.s taken. never been irrigated. been under irriga-

tion and cultivation 
eince 190.2. 

let foot .. ~·4 1·6 

2nd , .. 3·2 5·8 

3rd .. 2·7 , 6·9 

4th , 2·2 9·6 

6th .. .. . . 1·9 U·2 

6th , 2·8 1.2·3 

'lth •• 1·3 13·6 

8th .. .. 1·0 16·7 

9th .. 0·8 14·6 

lOth .. 1·0 8·2 

11th .. . .. 1·1 '1·2 

12th .. .. .. 1·0 5·2 

13th .. 0·7 3•4 

14th .. 0·7 3•6 
15th .. 0·8 4·2 
16tll •• 0·9 4•5 
17th· .. •• 0·7 5•2 

18th .. .. 0·9 3·2 
19th .. 0·6 3·0 
20th .. 0·7 3·7 • 
21st •• 0·6 2·8 .. 
22nd .. 1·1 ,., 
23rd .. 3·2 2·7 
24th .. 9·0 3·3 
2lith •• 8·7 3·1i 
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TABLE V~ontd. 

Showing distribution of moisture in a whole soil profile. Chak 
468. G.B. Samundri, district Lyall pur 

Depth from N.S. at which soil sample-
- was taken. 

. 
26th 

" 
27th .. 
28th .. 
29th 

30th 

Per cent. moisture on dry soil 

Field which has 
never been ~ated. 

3·6 

4·2 

6·0 . 
11·3 

30·0 

Field which has 
. been under irriga· 
tion and cultivation 

since 1902 . 

2·8 

3·6 

2·1 

14·0 

30·0 

From an examination of Figure 21 and Table V it is concluded 
that, on account of continued cultivation and irrigation over a period 
of years, the soil profile has developed three distinct zones of mois­
ture contents. 

The Pellicular Stage Zone.-This zone extends from the natural 
surface to a depth varying between 6 and 10 feet. The moisture 
distribution in this zone depends on the date when the field was last 
irrigated. If irrigation had been recent the moisture percentage in 
this zone will be high. If. however, evaporation at the soil surface 
had taken place. for sometime after irrigation, the moisture contents 
would be relatively low. 

Below the " Pellicular zone" is a zone at "Field Moisture Capa­
city". "Field Moisture Capacity" can, therefore, be defined as tlie 
amounf of water retained by a soil column against gravity in actual 
field conditions. 

Below the "Field Moisture Capacity Zone" is the "Capillary 
Zone", the "Capillary Zone" is influenced by the water-table. As 
almost always the water-table is in the sand layer the capillary ~one 
is of small depth. 

Under irrigation conditions, water applied to the soil surface 
establishes a moisture gradient, the surface soil havin_g ·the greatest 
pertentage of moisture. If the amount of water applied is more 
than is required to bring the " Pellicular Zone " to " Field Moisture 
Capacity", the excess water enters the "Field Moisture Capacity 
Zone" and gradually travels downwards till it gets added into the 
"Capillary Zone", there~y raising the water-table. In .ac~ua~ pra~­
tice however, evaporation commences soon after 1rngatwn IS 

apphed. The "Pellicular Zone", which ~ay have attained fiel~ 
moisture capacity soon begins to lose mOisture-the surface sOil 
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quickly coming back to the pellicular stage. As evaporation pro­
ceeds, the depth of the pellicular stage zone gradually increases untll 
a certain maximum depth of development is reached. During the 
development of the pellicular stage zone the soil above the shallow 
capillary zone will still be at field capacity. 

-
The field observations described above were supplemented by 

experiments in the laboratory. In the first pperiment, glass tubes 
were fitted with wire gauzes at one of the open ends. One-glass 
tube was filled with dry sand and a second with sand saturated with 
water. The saturated sand column was allowed to drain, so that the 
column came to field capacity. The two columns of sand were then 
placed vertically in a trough of coloured water (representing salt 
water) and the movement of water in the sand columns observed. 
It was found that a rapid rise occurred in the dry sand column but 
that there was no tendency for the. coloured water to enter the sand 
column at field capacity. Evaporation was allowed to take place 
from the field capacity sand column but even after 15 days no water 
had risen from the water-table into this tube, though there was a 
small amount of diffusion of the dye into the base of the sand 
column. From this the indication is that, during the development 
of the pellicular stage zone the water being evaporated at the sand 
surface is not replaced by water drawn from the water-table. 

In order to obtain further information on the effect of the field 
capacity zone on evaporation and the water-table, a series of sand 
columns of varying depths and at field capacity were set up in troughs 
of coloured water. 'It was noted that no water. entered the sand 
columns at the commencement of the experiment. In order to 
rapidly establish pellicular stage zones, dry sand was added to the 
top of the field capacity zones and the time taken before coloured 
water entered the tubes was noted. It was observed that water 
rapidly passed from the top of the field capacity zones into the dry 
sand forming pellicular stage zones. The results are· shown in 
Table VI, and Figure 24. 

TABLE VI 

Time taken before water passes into columns of sand at field capacity 
after the establishment of a surface pellicular stage zone 

, Original depth or field capacity ~rone in inches 

6 

t 

12 

27 

L14CBI 

Time in minutes 

6 

60 

'120 

No rise in J5 daya 
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Figure 24 
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The results in the above table clearly show thaf, as the depth 
<>f the field capacity stage zone is increased, the time taken for the 
effect of the establishment of the pellicular stage .zone to be felt on 
the water-table also increases. It was noticed that the movement 
<>f the coloured water into the sand columns only occurred after the 
complete conversion of the field capacity zone into a pellicular stage 
zone. The conditions in this experiment. are extreme, since . under 
field conditions it is impossible to have an air dry zone directly in 
contact with a field capacity stage zone. 

These experiments lead to some important conclusions and appli­
c~tions :-

1. Field irrigation is responsible for raising, the moisture 
content of the soil right down to the water-table which 
may be as much ~s _ 68 feet below the natural su~ace. 

2. That this movement of water into the soil column takes place 
in an unsaturated phase. 

3. Under profuse irrigation such as is required for leaching 
salt land or for growing rice the " Pellicular Stage 
Zone" is raised to even above field capacity thus 

' enabling moisture and salts to move down to the water­
table. 

4. So long as the ... Field Capacity Stage Zone" exists between 
a pellicular stage zone and the water-table, evaporation 
at the soil surface can have no effect upon the water­
table and, therefore, the control of the water-table level . 
cannot be established by evaporation. 

' 
5. During land reclamation, salts are washed into the subsoil. 

Under irrigated conditions an examination of soil pro­
files has shown that, a zone of permanent field moisture 
capacity exists. If the salts are washed into the zone 
of permanent field capacity, it follows from the proper­
ties of this zone that they cannot return to the surface. 
Under these conditions reclamation must be permanent. 

6. Since under irrigation, the presence of a field moisture 
capacity zone between the water-table and the surface 
has been demonstrated, it follows that salt having been 
washed to the water-table cannot again return to the 
surface in an adjoining area. The reclamation of one 
area will, therefore, not endang~r other areas in its 
neighbourhood. 
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7. If it were possible to establish a zone of field moisture 
capacity in the soils of low rainfall areas, a reserve of 
water could be accumulated in the soil from which crops 
could draw: The development of a zone of field capa­
city under low rainfall conditions depends upon the 
concentration of the total rainfall on a given area upon 
a smaller area and below its surface. This can be 
achieved by trenching, as illustrated in Figure 25. The 
soil dug from the trenches will be placed between them 
so as to form ridges. The· water falling on the ridges 
will flow into the trenches and get absorbed by the soil. 
By this means rain can all be conserved in the soil 
profile, and in this manner it may be sufficient to pro­
duce a crop on a smaller area. 

C.B.I. 
I 

-
. -

. 
I 

·:J :tJ :J . ':!:!I ~I ~· Trench u:, Trench u:, Trench u:J 
Plan 

Figure 25.-Showing the arrangement of trenches and ridges to 
accumulate Tainfall in inches. 

It has been noticed that gram after rice is very successful and 
gives higher yields as compared with that grown under ordinary 
irrigation or without irrigation. 



CHAPTER.'J 

Rise of the Water-table -
A series of lines of wells distributed over the whole of the irriga­

tion· system in the Punjab have been under observation since 1870 
to obtain a record of the variations in the water-table levels. These 
observations have shown that the introduction of canal irrigation is 
almost invariably followed by a rise of the water-table which may 
under certain conditions lead to waterlogging. · 

- According to standard practice. observations of the water-levels 
in the wells are made twice a year, in June and in October. In June, 
following a long dry P-eriod, the water-table is at its greatest depth 
from the SJll'face. The variations in June to June readings of the 
water-level therefore, give a measure of the permanent additions to 
the water-table. The readings of the well levels in October are 
made when the water-table is at its minimum depth from the surface 
following the monsoon period. Additions to the water:-table made by 
the monsoon are obtained by comparing the June and October­
records of the well l~vels. 

Wilsdon and Bose(12) carried out a geodetic survey of certain 
portions of the Punjab plains .and have shown that a subterranean 
rock ridge is present. This _ ridge is composed of rhylite and it 
divides the Punjab into two . areas, so far as its underground 
characteristics are concerned. . It has been suggested that the pre­
sence of the underground ridge has ,resulted in the heading up of 
the sub-soil str~am and that the rise of the water-table in the lower 
portions of the doah is now taking place due to the underground 
water flowing over the crest. _ _ 

A large number of rain gauge stations have been established by 
the Irrigation Department in the areas commanded by the canals. 
Discharge measurements at control points in canal systems are avail­
able and river gauges are recorded daily. With the data available 
from measurement of . well levels, rainfalls, and canal and river 
water supplies, it has been possible to examine the rise of the water­
table with reference to the factors that,may be operating. 

Wilsdon and Sarathy(11J made a systematic study of the available · 
data. They came to the conclusion that both the rainfall and irriga­
tion contributed to the rise in water-table. As a result of their 
work they recommended canal closures in. order to reduce the see­
page component of the irrigation load. 

The well observations, rainfall and canal discharge data for the • 
Upper Chenab Canal area were examined by McKenzie Taylor, 
Malhotra and Mehta (14).. The conclusions they reached confirmed 
those of Wilsdon and Sarathy regarding the importance of the mon­
soon rainfall as a factor in the rise of the water-table. 

As a result of the study of the Upper CJ:lenab Canal Area they 
suggested a drainage system to reduce the ramfall component of the 
total load of water on the land. 
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An investigation of the rise of the water-table in the lower 
portion of the Rechna Doab has been carried out by Malhotra c 10). 

He concluded that either the same factors were operating upstream 
and downstream of the rock ridge or that the water-table upstream 
of the rock-ridge was influencing th!lt downstream. 

In 1945 Malhotra(i6
) made an investigation of the rise of water­

table in a low rainfall area irrigated by a distributary of the 
Haveli Lined Canal. He came to the conclusion that, in this tract 
there was a consistent rise of 0.10 foot a month since the canal 

. opened, and there was no fall of the water-table in the winter 
months. The conclusion reached was that the lining of the main 
canal alone was not sufficient to prevent a r~se of the water-table in 
this area. 

The canal water supply load may be divided into two parts with 
reference to ad.ditions to the water-table. A certain amount of water 
is lost by seepage from canals and added to the water-table. Of 
the water used for the irrigation of crops a certain amount passes 
from the " Pellicular zone " into · the " Field Moisture Capacity 
Zone " and ultimately to the " Capillary Zone" thereby raising the 
water-table. 

Using entirely different methods for the measurement of absorp-. 
tion losses from canal channels Crump, Malhotra, Vaidhianathan and 
Blench have more or less agreed that the average absorption loss is 
eight cusec per million square feet of wetted perimeter. From this, 
the conclusion is that canals may make considerable additions to the 
water-table by means of absorption losses. This means that, if 
absorption could be prevented, the water-table would be stabilized. 
Superficially this may seem a reasonable conclusion. . . 
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A detailed examination of the general rise of water-table in a 
doab made by Mehta (17) has shown that it is ·so uniform over the 
whole area of the doab that it seems unlikely that the additions to 
the water-table on a series of isolated lines can · be an important 
factor in the general rise. Figures 26 and 27 show the uniformity of 
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Figure 27.-Longitudinal secton showing subsoil water levels at 
various periods in the Rechna Doab 

the rise at five year intervals on a cross-section and longitudinal 
section of the doab. · These sections are typical of the whole area. 
This investigation and that of Malhotra indicate that it is unlikely 
that lining of canals will prove an effective anti-waterlogging mea­
sure. Calculations also show that over the whole of the doab the 
total irrigation and rainfall load is more or less uniform. It appears. 
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therefore, that absorption losses from field irrigation are an import· 
ant factor in the rise of water-table. This leads to the conclusion 
that, no matter what is done in the way of lining or opening of 
surface drainage, water-table rise is inevitable. 

A contribution of some magnitude to the water-table of a doab 
is the flooding of the area lying on both sides of rivers. . When rivers 
are in flood they overspill their banks and allow considerable quanti­
ties of their waters to enter the interior. For months after the flood 
the country remains under water. 

A phenomenon which is a common · occurrence in the irrigated 
tracts of the Punjab is worthy of notice. In making a vertical bore 
with the help of a sledger and a boring pipe, it has been noticed 
that, at times, a water-table of a very shallow depth-is met more or 
less near the soil surface. When this is punctured the earth lower 
down is not saturated with water. Water-table is met further down 
when boring_ is carried to the sand layer. An example is quoted. 

At the Maharanwala Experimental Farm near Jaranwala Dis­
trict, Lyallpur, during soil sampling in berseem fields it was noticed, 
that a false water-table was created at a depth of about 5 feet from 
the natural surface. This was lying on a thick clay stratum. Below 
this clay layer was the real water-table lying at a depth of 14 feet 
from the natural surface. Fig. 28 shows that there is a heavy clay 
layer frorn the 11th to the 15th foot of the soil profile. This is what 
is responsible for a perched water-table. It also prevents the rising 
water-table to pierce through it. 

That the- two water-tables one above the clay ·sub-stratum and 
the other immediately below it are different and not interconnected 
is shown from figures for conductivity shown in ~able VII. 

TABLE VII 

- , 
Conductivity 

--
Field No. Plot No. 

' 
False Water-table Real Water-table . 

1. 4 ' 590 750 

10 8 650 3,200 

10 - 8 -450 1,850 -
11 4 650 . 1,300 

. 
The conductivity (which is a measure of salt-content) of water 

in the false water-table is lower than that of water of the real water­
table. This is due to the fact that the soil had been reclaimed and 
that the percolating water under berseem had not the chance to pick 
up any more salt from the soil profile. · 

Caution should, therefore, be exercised in making measurements 
of water-table particularly in high water-table areas when the same 
are observed with the help of observation pipes fitted with strainers 

' -
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at their bottom ends. Care should be taken that such observation 
pipes are installed in the real water-table and not left at the false 
water-table. 

Observations showed that the false water-table in berseem fields 
disappeared during the summer, sometime after the last cutting of 
berseem was taken and the field ploughed. 

A second phenomenon that has a bearing on sub-soil water levels 
is the extraordinary sudden rise of water level in wells on account 
of rain. Observations made by Mehta 111 showed that in an area 
near Sialkot, in a well 41 feet deep from the natural surface, the 
rain on the 15th and 16th of July had caused the water-table to rise 
by 3.0 feet (Figure 29). The water-table became steady at this level 
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until the 23rd when a further sudden rise took place after a heavy 
rain. Rainfall after this date affected the water-table to a small 
extent only and not suddenly. Vaidhianathan(18

) carried out a series 
of elaborate experiments in the laboratory. He came to the con.: 
elusion that with rain the concave menisci formed in the interstices, 
on account of evaporation during the previous dry period, become 
flattened, resulting in the release of the negative pressure. The 
negative pressure havin;g been released, the water-table shows a 
sudden rise. The rise, however, does not represent actual additions 
to the water-table. 

In making estimates of the rise of water-table in a given area 
·care should be taken to reject. all rises which may be the result of 
the release of negative pressure either due to a recent rainfall or 

. field irrigation. 



CHAPTER 8 

Waterlogging 

Considerable difference of opinion exists in defining water­
logging ·and deciding what classes of land should1 be considered as 
waterlogged. In Webster's dictionary the term 'water-log' is 
defined as follows :- · 

1. To render unmanageable by flooding or leakage of water; 
as a boat ; . : .. . . 

2. to deprive of buoyance by saturation with water, as floating 
·timber; . 

3. to saturate with water; as, to waterlog soil by allowing 
. stagnant water to stand on it. Waterlogged i.e. render­

ed soggy and untillable by water in excess of soil ; 
4. to cause to deteriorate or render helpless or unserviceable 

by or as if by saturation with excess of water ; as, to 
waterlog vegetation, a mine, a business venture ; a 
waterlogging of the lungs. · 

In 191 'i, when the Drainage Board was first constituted in the 
Punjab, the definition a~opted was that land should be considered 
as ' waterlogged ' if it has water-table within 18 inches of the natural 
surface. The arbitrary depth of 18 inches was probably borrowed 
from Clayton's book on "Land Drainage". 

In 1925, the definition was again changed. It was -laid down 
" that land should be considered to be waterlogged which, having 
been thrown permanently out of cultivation owing to a rise in the 
sub-soil water, has been entered as banjar in the Revenue Records 
and beneath which the sub-soil water is at or within 4 feet of the 
surfac~ in the month of June. Areas in which salts were present, 
were, however. to· be definitely excluded. This definition d!d not 
prove satisfactory. 

• In 1927-28, it was decided· that regular surveys should be carried 
out by the civil revenue officials, both when summer' and winter 
crops are standing, to determine the extent of waterlogged lands. 
The criterion laid down was ~ "Cultivated area will be classed as 
'Sem • (water-logged) if owing to sub-soil moisture, it has become 
unfit for cultivation or is so badly affected that it does not produce 
more than a four anna crop (25 per cent of the normal yield). The 
damaged portion of a field should be considered by itself, irrespective 
of the average crop of the whole field". 

NoTE l.-5ub-soil moisture may have begun to affect a field, and it 
may be certain that the field will, in a short time, cease to produce more 
than a four anna crop. Nevertheless it will not be classed as 'Sem '. 
unless the crop actually growing on it is less than a four anna crop. If 
the field is fallow and actually bears no crop it will not be classed as 
'Sem ', even if it has been ploughed for sowing. 

NoTE 2.-Fields containing damaged patches which spoil the whole of 
it will be returned as wholly damaged. · · 
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According to these surveys- the total water-logged area recorded 
for the whole of the prepartitioned Punjab amounts to 50,527 acres, 
the distribution of which is given below : ~ -

Total area. 
Name of District waterlogged in 

acres (1945) 

1 Shah pur 17,498 

2 Gujrat 8,497 

3 Lyall pur 1,521 

4 Sheikhupura •• 3,133 

5 Kamal 3,965 

6 Jbang 2,492 

7 Ludhiana 995 

8 Ambala 2,568 

9 Gujranwala .. 4,783 

10 Sialkot 1,265 

11 Lahore 708 

12 Montgomery •• 68 

13 Hoshiarpur .. }58 

14 Muzaffar garb 27 

15 Gurdaspur 2,849 

50,527 

It has already been stated that long before damage to crops on 
account of waterlogging is caused, salts appear at the soil surface 
on account of which land is classed as ' Thur •. If water-table depth 
alone were the consideration area damaged on account of high water­
table should, therefore, be much in excess of the figure 50,527 acres. 
As the accumulation of salts at the soil surface is superimposed on 
a high water-table the germination of the seed is adversely affected 
and the area is recorded 'Thur •. 

From the recorded depths of water-table referred to in Chapter 
7 depth maps of doabs (area lying in between two rivers) are pre­
pared and printed every year. In these depth maps, areas in which 
the water-table is situated between zero and five feet from the 
natural surface is considered as waterlogged. That in which the 
water-table is between 5 and 10 is danger area which requires 
drainage. 
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Near the ·river the water-table is always_ high. This is largely 
because, during summer, the supplies in the river are high. They 
over-spill their banks and of the volume of water spilled a large part 
never comes back. It remains standing in depressions and low lying _ 
areas near the· rivers. 

r 

Waterlogging is apparent near the main canals and branches in 
reaches which are more leaky i.e. in which a stratum of sand exists 
on or near the bed of a ·canal and it is continuous on either side. 
Water-logging, therefore, extends as_far as this s9rndy stratum e~ts. 
An illustration is given in Figure 30. -. · 

Figure 30 

In Chapter 9, it has been shown that moisture movements in 
soil columns are all vertical It has also been shown, Chapter 7 that 
the rise of the water-table is more or less uniform over the whole of 
the doab. From a reference to Figure 31 it would be seen that the 
land surface of the doab is roughly divided into a series of irregular­
ly shaped basins, the edges or watershed lines of which are formed 
by the crests and the hollows of which form the catchment areas. 
Usually, each catchment area has, at some point, a gap or opening 
through which the excess of water of the area can pass into the other 
catchment and then ultimately into the river. But, on account of 
the construction of canals, railways, roads, embankments and field 
bunds for cultivation, most of these openings are not now working. 
The rising water-table naturally fills these depressions first. They 
form lakes and present difficulties in reclamation. Pumping is the.· 
only remedy. Depressions in Renala Estate, Lower Bari Doab 
Canal, Chaks 625 and 626 G.B., Lower Chenab Canal and the Bazida 
Jatan area in the Western~Jumna Canal area are notable examples. 



Figure 31 



CHAPTER 9 

Reclamation of Salt and Alkali Lands in Deep Water-table Areas 

W~ are now convinced that land reclamation involves-

(a) a soil survey ; taking soil samples to a depth of ten feet at 
least, to determine the salt content and alkalinity, as also 
the nature of the salts ; 

(b) reduction of salt content to· the limit of 0.2 per cent. in a 
depth of 10 feet ; 

(c) reduction of alkalinity to the limit where_it does not exceed 
a pH value of 8.5. • 

Reduction of Salt Content 

Only those fields are included for land reclamation which in the 
official survey have been classed as damaged from salts. As, in the 
definition of damaged land, even such fields as,· are affected to the 
extent of 20 per cent. are also included. the majority of the fields 
selected for reclamation are either under cultivation or are only 
recently abandoned. Not much levelling is therefore, required. But 
the lay-out is changed so that each individual· plot is not more than 
one-fourt\1 of an acre and it can be irrigated independently from the 
water-course. The arrangement of plots is shown in Fig. 32. Leach­
ing is started as soon as the reclamation water-supply becomes avail­
able in the beginning of the summer. Leaching becomes more and 
more effective as the monsoon approaches. This is partly because, 
with the advance of season, increased water supplies .become avail­
able and partly, because of excessive humidity, evaporation from the 
soil is considerably reduced. 

Leaching is continued till the sowing of rice. During this period 
there is a natural grow~h of grasses which indicates improvement in 
the condition of land. At this stage rice is sown and leaching is 
continued under rice. Rice is the only crop which can stand a high 
salt content and also alkalinity and can grow while leaching is in 
progress. 

Precautions 

(i) All plots shQuld be level so that water stands uniformly over 
the surface; this makes leaching more effective. 

(ii) Each individual plot should receive irrigation direct from the 
water-course. In no case should water be allowed to pass from one 
field to another. · 

(iii) The natural growth of grasses and other vegetation, during 
the preliminary period of leaching, should not be disturbed. The 
carbon dioxide generated by the roots of these grasses helps in break· 
ing up soil alkalinity. · · · 
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Sub 
plot 

iii) water course 

' ' \ 

[ I II I' 1- ~ I } ,. 1 l 1 I' I' I I I 
Figure 32 

(iv) Before transplanting rice, irrigation should be stopped ; 
fields pl9ughed and levelled if necessary and watered again. In no 
case should fields be ploughed under water. Puddling (ploughing 
under water) is a harmful practice. In the presence of salt this 
completes the reaction between the clay component of the soil and 
the sodium salts thus converting the whole of the clay into sodium 
clay, causing impermeability and retarding the downward movement 
o0f water and salts. -

When rice is harvested soil samples are taken a second time and 
examined in the laboratory. The results of analysis indicate the 
effect of leaching and the depth to which the salts have been washed. 
Examples are given in Table VIII. ' 
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TABLE VIII 
Data showing the effect of leaching on the movement of salts, at 

Bahlewala Experimental .Reclamation Station 
I 

Tona of Tona per Increase ~~ula.tiva Per cent Percent 
T.S. T.S. B&lte acre of or dec- mcreaseor 

Site Depth before after present per sa.lte left ret\88 decteaee iu 
lea.ching lea.ching acre before after one in tons tons per 

for one lea.ching sea.sona's acre 
sea.son Ellea.ching 

1 .2 - 3 ' 6 I 7 8 

' 55/1 1st foot .. 1·7.2 0·39 30·16 6·8.2 -23·34 

2nd foot .. 1•8.2 0·70 31·76 1.2·20 .-19·56 

3rd foot .. 1·8.2 0·71 31•76 1.2·40 -19·36 

4th foot .. '1•6.2 1·29 . 28·35 2.2·57 -5·78 

5th foot .. 1·63 0·60 28·53 10·50 -18·03 -86·07 

6th foot .. 1·75 0·9.2 30·6.2 16 .. 10 -14·5.2 
I 

7th foot .. 1·4.2 2•20 24·85 38·50 13·65 
< 

8th foot .. 1·3.2 2·80 23·10 49·00 25·90 
' 

9th foot .. 1·35 .2·20 23·6.2 38·50 14·88 +30·26 

lOth foot .. 1·00 0·951 26·25 16·60 .-9·651 

·- ' - j -
T~ .. .279·00 223·19 -55.·811 . 

65/3 ht foot .. .2·00 1·06 35·00 18·00 .-16·50 

2nd foot .. 1·68 .0·28 29·40 .4·90 -24·50 . 
3rd foot .. 1·88 .2·61 3.2·90 45·00 1.2·60 

4th foot .. 3·10 .2·00 M·25 35·00 -19·25 

oth foot .. .2·70 1·79 47·25 31·32 --.15·93 -63·58 

6th. foot .. 0·66 1·09 11·75 19·07 7·3.2 

7th foot .. 1•20 0•70 .21·00 12·.25 --8·75 

8th foot .. 2·08 0·65 ,.36·40 11·38 -25·02 . 
9th foot 1·70 0·70 29·75 1lt-l!5 -17·00 .. 

JOth foot .. .2·75 1·64 48·10 '28·70 -19·40 -63·35 

Total .. 346·80 .218·87 -126·93 
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TABLE VIII-contd. 
Data showing the effect of leaching on the movement of salts, at 

Bahlewala Experimental Reclamation Station. 

' I 
!Cumulative Percent 1 Per cent Tons of Tons per Increase 

T.S. T.S. salts acre of or dec- increase or 
Site Depth before after present salts left rease in decrease 

leaching, leaching per acre after one tons in tons per 
for one before season's acre 
season leaching. leaching 

1 I 2 3 4 5 6 7 8 

f:5/4 I 1st foot 1·80 I 0·28 31·50 4·90 -26·60 I 

I 
2nd foot .. I 1·90 0·32 33·25 5·60 -27·65 

I 
I I 

3rd foot .. 1·80 0·55 31·50 I 9·62 -21·88 
I 

4th fOot •• f 1·80 1·44 31·50 25·20 -6·30 

5th foot .. 2·90 1·22 50·75 21·35 -29·40 -111•83 

6th foot .. 1·70 1•12 I 29·75 19·60 -10·15 

7th foot .. 1·60 1·05 28·00 18·37 -9·63 

8th foot .. 1·90 1·30 33·25 22·75 -10·50 

9th foot .. 2·10 1·90 36·75 33·25 i -3·50 

lOth foot .. 2·15 1·80 37·62 31·50 
-6·12·1 

--39•90 
, 

.. 
Total .. 343·87 192·14 -151·73 

---
li " 5/5 1st foot .. 1·40 0·24 24·81 4·20 -20·61 

2nd foot .. 2·35 0·47 41·12 ~-73 -33·39 

3rd footj •• .. 2·65 1·42 45·37 25·60 -19·77 

4th foot .. 2·50 1·33 43·75 23·30 -20·45 

5th foot .. 1·72 1·24 30·10 21·70 -8·40 -102•62 

6th foot .. 1·45 1·21 25·37 21·17 -4·20 

7th foot .. 3·05 2·90 53·03 50·75 -2·28 

8th foot .. 3•60 1·30 44·78 22·75 -22·03 

9th foot .. 1•30 1·72 22·37 30·90 8·53 

lOth foot .. 1·18 3·40 ·20·65 59·50 38·85 +18•87 
- : 

-
Total .. . .I 351·35 267·60 -83·75 
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From this table it will be seen that- in the same area the effect 
of one season's leaching is different in different ·fields. Whereas in 
field 55/1 55.81 tons of salts have been removed to depths below 
10 feet, in field No. 55/5 salt removed is 83.75 tons, in field 55/3 126.93 
tons and in field 55/4 the r~duction is of the order of 151.73 tons. All 
these fields require another season's leaching and a crop of rice. 

Reduction .of alkalinity 

The leaching of salts from the soil is only the first. stage in land 
reclamation. During leaching, when the concentration of the sodium 
salt solution falls below the critical point, the sodium clay is no 
longer stable but begins to break down as the result of hydrolysis 
according to the equation :-

Na1-Clay+2H0=2NaOH+H1-Clay 

The result of this reaction is that the clay is now in the presence 
of a solution of sodium hydroxide which is alkaline. In this solution 
the clay becomes deflocculated and the soil is· more or less imper­
meable to water. At this stage the soil is unsuitable for crops, with 
the exception of sugarcane and rice. Sugarcane cannot be sown at 
this stage because that is not its sowing season. Rice is the only crop 
left. 

The excess of salts having been removed the next difficulty is to 
overcome the effects of hydrolysis produced by leaching. The follow­
ing are the known methods to reduce the alkalinity in the soil :-

1. The conversion of the sodium clay into another type of clay 
by base exchange. The salts that are normally utilised 
are calcium sulphate (gypsum) and calcium chloride and 
sometimes magnesium sulphate an.d ferrous sulphate. 

Calcium. sulphate is very slightly soluble in water and "its solutio!\ 
in the soil is never concentrated enough to produce base exchange to 
any appreciable degree. As soon as the quantity of calcium sulphate 

, solution is reduced below the amount necessary for flocculation the 
land does not respond to cultivation and cropping until further dress­
ings of calcium sulphate are given. 

Some important points to remember~ in the use of gypsum. are :­
(1) it must be finely powdered; 
(2) it must be properly incorporated with the sail ; 
(3) it ·must . be thoroughly leached through the mass of soil, 

· that is. the gypsum must be dissolved in the soil solution 
and this solution must come in contact with all the soil 
particles. 

If the land has been left long enough after deterioration due to 
salt action, the alkalinity of the soil as indicated by pH values is so 
high that its reduction by the addition of sufficient quantities of 
calcium sulphate becomes expensive and beyond the means of the 
ordinary farmer. -
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Calcium chloride is, no doubt, more soluble than calcium sulphate 
and, therefore, more efficacious but, owing to the large amount of 
sodium t9 be replaced in a soil, its cost makes its use prohibitive. 

Magnesium sulphate is also expensive. At th~ same time the 
·resulting magnesium clay does not permit the soil to obtain as good 
a texture as in the case of calcium clay. 

Ferrous sulphate has been used successfully. The clay produced 
in this case is ferrous clay. The treatment, however, is too expensive 
for ordinary farming. · 

(2) The method that has found general application in the Punjab 
and which proved efficacious and successful is the growing of rice at 
a stage when preliminary leaching is finished and the excess of salts 
has been removed from the first one or two feet of the soil. The 
roots of the rice crop appear to generate carbon-dioxide in the soil 
which converts the sodium hydroxide successfully into sodium carbo­
nate and sodium bicarbonate. The soil in the presence of sodium 
bicarbonate is again permeable. Leaching can, therefore, be continued, 
and the decomposition of sodium clay as the result of the hydrolysis 
also becomes a continuous process. 

With continued cultivation, cropping, breaking of the ·sodium 
clay c on d it ions arise so that calcium which went into an 
insoluble form during the process of salinisation and alkali formation 
becomes soluble again ; it thus gets a chance of converting the sodium 
clay into calcium clay. 

Farmer's Standard of Judging Soil Alkalinity 
In the field, farmers judge the reduction' of alkalinity in the soil 

from the yields of rice. From this they decide the system of cropping 
that should be applied to any particular field under reclamation. 

·With tJle object of confirming these st~ndards a study of the root 
system of rice plants grown in fields giving varying yields of rice 
was made at the Chakanwali Reclamation Farm. After the rice was 
harvested, roots of individual plants were exposed and washed. These 
were later photographed. Some of these photographs are produced in 
Figure 13. From the da:ta collected the following conclusions have 
been drawn :-

1. A yield of rice of 10 maunds per acre and below appears to 
indicate soil alkalinity represented by a pH of 9.5 to 10.0. 

2. Above 10 · maunds of rice per acre the alkalinity is much 
lower ; the pH value of the soil usuq.lly being between 
9.0 and 9.5. 

3. As the alkalinity decreases pH 9.5, the root system increases 
rapidly in size. 

The reader not acquainted with conditions of farming in the 
Punjab may feel some· difficulty in realising why rapid methods of 
base exchange by the addition of calcium salts are expensive and not 
workable and why the relatively show process of reclamation through 
a system of cropping is preferable. To make this. cle~r it. is necessary 
to realise that the most prevalent form of cultivation IS through a 
system of tenancy. The tenants usually employed in canal colony 
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areas are tenants at will. Their period of tenancy is renewed from 
year to year. Instances are available when tenants are shifted from 
one block of land to another each year. According to pracuce a 
tenant has to employ his own bullocks and implements ; he has to 
provide seed at his own expense and when the crop is ready for divi­
sion at the threshing floor he has to share it with the landlord at fifty­
fifty basis. Charges for canal irrigation are also borne half and half. 
The landlord, however, pays the whole of the Government land 
J"evenue. From this it is easy to realise that the tenant does not 
want to invest much money for permanent reclamation or improve­
ment on account of the insecurity of his tenure and also the fact that 
half the recurring profit goes to the landlord. The landlord does not 
want to invest more money in land as he thinks half the profit on 
account of that investment will go to the tenant. 

Instances are available when the meagre produce of three maunds 
of rice per acre in the first year of reclamation has been divided half 
and half between the landlord and the tenant. 

Physico-Chemical Changes Resulting from Land Reclamation 
· In land reclamation carried out under Government agency it is 

· now a standard practice to examine soil samples for salt content and 
pH values to a depth of ten feet after every crop of rice. More 
detailed examination of soil samples from reclamation areas has been 
made by Hoon and Dewan (20). They have arrived at the following 
conclusions :-

(i) There is a decrease in the calcium carbonate content which 
contributes appreciably to an increase in the calcium 
status of soil and decrease in the cementing effect of 
calcium carbonate.' The increase in calcium status and 
decrease in the cementing effect are • helpful to soil in 
obtaining better tilth. 

fii) The calcium content in the exchange complex of soils 
increases after the first year's reclamation ; but, after the 
second reclamation cycle, it shows a tendency towards 
decrease, either throughout the depth of the profile or at 
least in a column of soil near the surface. In the latter 
case, there is a corresponding increase in the lower 
portion of the profile. This, in the opinion of the authors, 
is attributable to the utilisation of calcium by crops or 
tts removal from the surface to the lower depths of the 
profile. 

(iii) The tendency for the available phosphate is to increase 
throughout the depth of the soil profile, more especially 
in the top portion, after one reclamation cycle, and to 
decrease in the top portion with an accumulation lower 
down after the second cycle of reclamation operations. 
The increased availability of phosphates as the result of 
reclamation operations is a desirable feature and indicates 
improvement. 

(iv) There is a conspicuous decrease in the manganese content 
of soil. This may be attributed to the general reduction 
of soil alkalinity. _This is again a desirable change. 
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_ (v) The monovalent bases (Na, K) in the exchange complex of 
soils either decrease throughout the soil profile or at least 
in its top portion after one reclamation cycle. After a 
second year's treatment monovalent bases have a 
tendency to increase in the top portion of the profile and 
decrease lower down. It might be expected that gypsum, 
which has been found to be present in soils, contributes 
its share of calcium towards soil amelioration. 

Permanency of Reclamation 
• The question naturally arises that, if the excess of salts is removed 

to a depth of 10 feet and the alkalinity is also reduced to the limit, is 
reclamation permanent. In other words, after reclamation is 
completed, land will not begin to deteriorate again when reclamation 
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Figure 34. Cotton/Fallow 
yields of cotton per acre 

mds. 
1937-19.9 
1938-18•6 
1939-13•3 
1940- 6•4 

The yields of cotton show 
a distinct decline. 

In the photograph are seen 
patches of salt. These pat• 
ches are increasing. 

Figure 35. CottonfSenji 
yields. 

Cotton Senji 
1937-14•2 Good 
1938-13•5 Fair 
1939-13•5 Fair 
1940- 6•4 Poor 

Cotton is a light irrigation 
crop; so is Senji. Inspiteof 
the faot that Kharif and rabi 
crops are grown in this field 
thur patches have sharted 
appearing. The fields of cropa 
are declining. 

Figure 36. Fallowfwheat 
yields per acre 

1937-32•6 
1938-25•6 
1939-22•0 

In the photograph thur 
pa.tchPs are wry prominent 
when one thur starts in a 
wheat fieldsubllt'quent dete­
riore.tion is very rapid. 
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Figure 34. Fallow/Senji 
1937--Good 
1938-Good 
1939-Fair 
1940--Poor 

Patches of thur are visible 
in the photograph. 

Fig11re · 38. Rice Berseem. 
PrioJ of berse em. per acre 

This land has improved 
consid3rably. The price of 
beraeem realised is incre:~.sing· 
In a. portion of this field ' 
cotton was sown after two 
rice crops. The yield of 
American cotton was 17 
ma unds per aero . 

.water supply is withdrawn, rice cultivation is stopped and a normal 
·water allowance and a normal rotation of crops are restored. 

In the Chapter dealing with the formation of salt lands it has been 
stated that, under Punjab conditions, water which reaches a depth of 
more · than 10 feet cannot return to the surface by evapora­
tion. If the whole of the excess of salt has also been removed to that 
depth then it is Unlikely that any salt can come up to the surface on 
account of upward movement. In this connection it is necessary to 
refer once again to the experiments carried out at th~ Maharanwala 
Experimental Station. After threl! years' cropping, the. results of the 
various cropping ·systems had become apparent. A soil survey was 
-carried out and patches of salts noticed at the soil surface were 

. measured and marked on the map. A copy of this is reproduced in 
Figure 33. Photographs taken after three ye~rs' working of the farm 
are given in Figs. 34, 35, · 36, 37 and 38. 

From a study of the map (Figure 33) and the photographs, it 
would be realised that with the present duty of water the growth of 
-crops like cotton, wheat and senji must lead to salt movement to­
wards the surface. 
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The growth of rice during the summer or berseem during the 
winter, with the normal amount of water now supplied for these 
crops, either depresses the zone of salt accumulation or checks its rise 
towards the surface. -

Providing rice is grown in the initial stage of development to 
depress the zone of salt accumulation then cotton, wheat and senji 
can follow rice without causing the upward movement of salts. 

With the low supplies of water in the rivers during the winter 
season, the growth of berseem on a large scale is not feasible. The 
only practical method for the control of salt movement, therefore, is 
leaching and the growth of rice during the summer. 

Absence of salt in plots which were leached and which had 
carried rice situated adjacent to other small fields in which salts 
had appeared showed that all movements were vertical and that there 
was very little salt movement horizontally. . 

Fields 4 and 5 after reclamation were put under a normal rotation 
of crops on normal water supply. Observations showed that no 
deterioration on account of salt movement had taken place till 1947, 
i.e., a period of seven years. 

Under the direction of Dr. McKenzie Taylor, Mr. Jesson, Superin­
tending Engineer, Lower Jhelum Canal, started a reclamation experi­
ment in 1931. The whole of this land was reclaimed in 1933 and the 
special water supply was withdrawn. The land was given to tenants 
on lease with its normal supply of water supply from the zamindari 
water-course. Since 1935 rice has not been sown. 

From yields of crops and the analyses of soil samples ·it is 
concluded that there is no decline in yields of crops nor is there any 
tendency for salts to appear at the soil surface at least for a period 
of 12 years after reclamation. A photograph of cotton sown in 
reclaimed land is shown in Figure 39. 

The reclaimed land is situated in an area where the water-table is 
consistently on the rise. In 1947, the water-table had reached a 
height which was 8 feet below the natural surface. The fact that no 
deterioration had taken place and no upward movement of salt was 
noticed indicates that even in a high water-table area where the salt 
content of the water is hi~h there is little likelihood of salts rising to 
the soil surface under normal cultivation and normal irrigation. 

Other illustrations of crops sown in reclaimed land are shown in 
Figures 40 and 41. 
. Nitrogen Deficiency 

On account of continuous leaching and the growth of rice during 
the reclamation period the available nitrogen in the soil is reduced 
considerably. In order to set right the nitrogen balance of the soil 
a leguminous crop is invariably sown after rice. If winter water 
s~pply is available in sufficient quantity then the best crop to follow 
nee is berseem (Trifolium Alexandrinum). If, however, the water 
available during the winter is insufficient for maturing a berseem 
crop senji (Melilotus parviflora) can be sown. In case winter water­
supply cannot be arranged, then gram is sown after rice. This 
matures on water stored in the soil profile, during leaching and the 
growth of rice, and almost alwaylli gives a good yield. The introdut'­
tion of a leguminous crop after rice each reclamation season helps in 
keeping up the yields of crops in a normal rotation on normal water 
supply following reclamation. 
L14CBI 
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Figure 40. 



Figure 41. 



CHAPTER 10 

Reclamation of Salt and Alkali Land In IDgh Water-table areas 

The first requisite in dealing with a high water-table area is 
drainage. -

The method of reclamation is essentially the same as described 
in Chapter 9, viz., leaching, growth of rice and a leguminous crop 
following rice. The difference is that, in the case of a high water­
table area, a smaller depth of soil is to be leached and consequently 
the period of leaching is reduced. 

The number and the intensity of draizis required for the 
de-watering of a high water-table area depends upon the type of soil 
and the monsoon rainfall. For the average Punjab alluvial soil the 
most suitable system is shown in Figures 42 and 43. 'l'he distance 
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between successive field drains is varied according to the soil type 
If the soil is light then field drains are constructed approximately 
200 feet apart (acre lines); if however, soil is relatively heavy then 
they should be placed at 110 to 120 feet distances. 
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Cross sections C.BJ. 
field drain Leading drain 

Longitudinal section 
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Figure 43.--Chakanwali Reclamation Farm-typical sections of 
drains 

The main water course runs across the field in the centre. From 
the main water-course, small channels are taken along the length of 
each sub-plot so that each- individual field is. provided with water 
direct from the water-course. The field drains are located perpendi­
cular to the main water course and run along the plots. These empty 
themselves into the leading or the collecting drain which ultimately 
joins the main drain. . 

The drainage system proposed does not help in lowering the water­
table to any appreciable extent except when the water is right at the 
surface. This is not even expected, considering that the depth of 
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field drains does not exceed three feet. What it does is that the sub­
soil water is kept in motion. That way plant roots are able to get all 
the oxygen they need. In a stagnant water-table, however, there is 
accumulation of carbon-dioxide and other gases and the plant either 
dies or gives reduced yield. · 

For Teclamation of large -tracts the standards laid by the Land 
Reclamation Board are :-

(i) Areas in which free water exists should be drained when 
. these lands would pass into class (ii) below ; 

(ii) Areas where the water-table is within six feet of the surface 
should be provided with seepage drains or tube wells, 
after which reclamation might proceed; 

(iii) In areas where the water-table is between 6 and 10 feet 
- land reclamation should proceed, but the water to be 

used for reclamation in such areas should be restricted : 
(iv) No restriction should be placed regarding reclamation of 

thur areas in which the water-table is more than 10 feet 
. from the natural surface. 

' The experimental work carried out at Chakanwali Reclamation 
Farm gave conclusive evidence that, in a high water-table area, if the 
drainage system is maintained then there is no difficulty in raising 
crops like rice, sugarcane, cotton and wheat. The yields obtained are 
above normal. Amongst fruit trees guavas, phalsa, grapes and 
mangoes are particularly successful. Vegetables were almost all 
successful. · -

_ The second important conclusion reached was that, if the 
standard of irrigation-agriculture is to be maintained then for canal 
colonies areas two alternatives are possible:-

(a) On account of the consistent rise in water-table a stage 
would be reached when the water-table in whole doabs 
would be' near the surface ; an extensive drainage system 
like that designed at Chakanwali would be required and 
the country and the farmer should be trained in the art 
of cultivation of high water-table areas and the mainte­
nance of the drainage system. That this is a practical 
proposition is shown by the fact, that, at Chakanwali, a 
large area was worked through a system of tenancy ; the 
tenants being responsible for maintaining the field and 
the collector drains. The branch and the main drains are 
maintained by Government 

Costing accounts have been maintained. These show that if 
labour is employed on wages the construction of the field 
and collector drains costs a farmer Rs. 6 per acre and 
their maintenance not more than Rs. 2 _at pre-war rates. 
When wages are high the costs are Rs. 17 and Rs. 4 
respectively. It must be remembered that the Punjab 
farmer seldom employs labour on payment. The labour 
provided by the family is sufficient to do the whole of the 
earthwork involved in the digging of drains and also their 
maintenance. 
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(b) That means should be adopted not only to prevent a further 
rise of water-table but also to lower it to a depth below 
the pellicular zone. A special Sub-Committee appointed -
by the Waterlogging Conference considered this question 
in detail and estimated that for a particular area of 5.7 
million acres, 3,600 cusec of water should be pumped from 
the sub-soil if the water-table is to be stabilized. If, how­
ever, it is to be lowered to a depth below the pellicular 
zone, extra pumping would be required. They worked 
out that the pumping of such enormous quantities would 
cost Rs. 315 lakh capital and Rs. 75.5 lakh running 
expenditure ; which distributed over the area amounts 
to Rs. 5.14, capital, and Rs. 1.23 running expenses per 
acre. 

Fears have been expressed that, in high water-table areas, the 
liberal allowances of water for land reclamation would tend to further 
raise the water-table and thus bring about waterlogging and accelerate 
the formation of thur. It was, however, in such areas that thur 
formation was at its worsj; and reclamation was badly needed. 

In order to obtain data on this important subject two reclamation 
areas were kept under cbservation. At Renala Estate, district Mont­
gomery, observation pipes were installed both in high land and the 
depression area. A third pipe was installed at the deepest point in the 
trough. The results obtained showed that, both in high land and the 
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Figure 44.-Showing depths of sub-soil water levels in plots under 
reclamation at Renala. 
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depression where reclamation was in progress, a local rise in the water 
level took place during leaching and the growth of rice. When irriga­
tion was stopped and the rice harvested the wa~er level fell to its 
original level. The permanent rise that took place was equivalent to 
the annual rise in the whole of the tract. The fluctuations in the levels 
of .the depression area are shown in Fig. 44. 

Observations of the third pipe in ~he lowest part of the -trough 
showed that the water-level in the pipe was not affected by leaching 
the neighbouring thur land or the land on the high leveL 

Sarup Singh, Superintending Engineer, Ferozepur_ Canal Circle, 
initiated careful observations of well levels in the area under 
reclamation, the adjoining area carrying normal crops on normal ' 
water-supply and the un-irrigated and un-cultivated area further 
away. He found that, after rice was harvested, the net rise in the 
water-table was the same in all the three areas. This was equivalent 
to the general rise of the water-:table of the entire tract. 

Haigh (notes in office files) examined this question-exhaustively. 
He estimated the effect of a rise in level of the water-table on thur 
formation and compared it with ·the rate of reclamation. According 
to his calculations the maximum increase in thur formation due to the 
additional rise in water-table on account of land reclamation in the 
Rechna Doab should not exceed 5 per cent. of the area going out of 
cultivation at present. This is equivalent to 660 acres only. Against 
this, the amount of water available for land reclamation brings back 
to cultivation a very much larger area. The balance of advantage, 
therefore, lies strongly in favour of continuing reclam_ation in high 
water-table areas. 

~ermanency of reclamation 

The question of the permanency of reclamation from salt and 
alkali, rises once agam. To answer this question, reference must once 
more be made to the experiments narrated in Chapter 6 dealing with 
the movement of moisture and salts in the soil profile. The particular 
experiment that needs to be studied in greater detail with reference 
to reclamation in high water-table areas is the one carried out in a 
glass tube filled with sand saturated with water and allowed to drain, 
so that the column came to field capacity. The conclusion reached is 
that a rapid rise of the coloured water occurred in the dry sand column 
but there was no tendency for the coloured water to enter the 
sand column at field capacity though there was a small amount of 
diffusion of the dye into the base of the sand column in this tube. If 
the tube with a column of sand at field capacity, in which some red 
L14CBI 
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dye (i.e., salt) has risen at its base on account of diffusion, is raised, 
and a drop of water .is· added at the top: of the tube a drop of red 
liquid will almost instantaneously ,fall from its. bottom, From this 
the conclusion is that, if after reclamatio~. land. on a high water­
leveUs kept .under cultivation and.irrigatfon, then every bit of rain­
fall or irrigation will depress the salt zone back again to the ·water-
~~ . . . 

Summarising, if· a zone of soil at field m·oistun!· capacity exists 
between the surface ·of the soil and' the water-table, then there is no 
tendency for the 'water from the water-table to rise into the soil 
column and. every time there is rainfall or. irrigation . any little salt 
water that may have entered the soil column will be depressed back 
almost instantaneously. These conclusions go to show that, under 
careful management, land reclamation on . a high water-table is also 
permanent. 

An example of permanency of reclamation is afforded by the 
ChakanvGali Reclamation Farm (Figure .45). Plots A/1, G/1, H/1, Q 
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Figure 45.-Chakanwali Reclamation Farm . . 
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and S are representative of salt and alkali land. These plots were 
reclaimed in 1931-32. Between 1932 and 1935 they carried crops of 
sugarcane, cotton, wheat , senji, berseem and chillies. The yields of 
these crops during this period indicated that the reclaimed land might 
be considered first class. In 1935, the farm was handed over to a 
lessee. At the time of handing over, the drains were maintained and, 
as a result, even when the canal was running full supply, the water­
table · was situated at a depth of 1! to three feet below the soil 

.•. 
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5urface. In 1938, when the farm· was still w~th the lessee a soil 
survey was undertaken. The results of analyses are given in Table 
IX. ' 

TABLE IX 

·Name of village-Chakanwali Reclamation Farm 

Total soluble 
Description of sample Depth sute Deoem- · pH Deoembar 

ber,1938 1938 

-
A/1 Sub-plot 19, Field: No. 3 .. .. o•-1• 0·10 8·2(.\ 

Do .. .. . . 7•-u,• 0·08 8·01 

Do. •• .. .. 14'-29. . 0·06 7·86 
-

Do. .. .. 
' 

.. 29'--36 • 0·07 7·69 

A/1 Sub plot 27, Field No. l .. .. 0'--li' 0·29 8·78 

' 8·49 Do. .. .. s•-15• O·U 

Do. .. .. 15'~24· 0:09 '7·67 
I 

Do. , .. , .. .. 24'-30' . 0·04 ' 7·38 
I . 

G/1 Sub.plot 10, Field No. 1 .. .. q•-7• l 0·05 7•93 

Do. ... •.. 7•-16• 0·04 6·18 

Do. .. .. 16'-22 • 0·05 8-0~ 

Do. .. .• . 22'--331 • 0·02 8·11 

H/1 Su plot 19, Field No. l .. . . 0'--D· 0·09 7·16 

: Do.' ' . .. .. 6'-10' O•ll 7•75 

• Do. 10'-21. 0·14 8·02 .. .. 
Do, . .. .. 21'-29'· 0·14 8·46 

' Do. .. .. 29•-35• 0·15 8·55 

H/1 Sub-plo' It, Field No, 4 .. .. o·-D· 0·16 8·21 
'' 

Do. - 5•-o• 0·18 8·78 .. .. .. 
Do. .. .. 9'-Js• 0·19 8·73 . 

. Do. 
. 

' .. .. 15•-31• . 0·19 8·5S 

B. Sub-plot l .. .. .. .. o·~· 0·10 7·11 

Do. .. .. .. e·-u· 
I 

0·10 7·05 

Do. .. .. . . u·-u· 0·09 7•39 

Q. Sub-plot 9, Field No. 1 .. .. o·-•· 0·08 7·71 

-
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' 
TABLE IX-contd. 

Name of village-Chakanwali Reclamation Farm 

Total soluble 
Description of sample Depth salts Decem· pH December 

her, 1938 1938 

Q. Snb-pl<lt 9, Field No. 1 4 .. -8 .. 0·12 7·88 

Do. 8'-17'. 0·09 7•63 

Do. 17 .. -25' 0·07 7·18 

L. Snb·plot 10, Field No. 1 0'--4' 0·07 7·30 

Do. 4'-9' 0·10 7·30 

Do •. •.• 9'-17' 0·11 7·26 

Do. 17'-21' 0·11 7·10 

The analyses show that no deterioration had taken place and, if 
the drainage system were maintained, the reclaimed land was in a 
condition to produce excellent crops. · 

The waters of all drains that have been constructed for the de­
w~tering and reclamation of high wat~r-table areas have been 
continuously examined. The results of analyses show that :-:-

1. In the Rechna Doab the salt conient of waters of the gravity 
drains is less than 60 parts per 100,000. 

2. In the Chaj Doab all gravity drains in southern portion of 
the doab carry waters whose salt content is less than 60 

. parts per 100,000. While in the northern half of the doab 
of which notable examples are the 'Mona Drain', the 
'Bhek Drain' and the 'Lower Rani wah Drain' the salt 
content is always higher than 60 parts per 100,000. In the 
' Bhek' and the 'Lower Rani wah systems ' the salt content 
has risen from 240 to 350 parts per 100,000. 

In the Rechna Doab and the lower portion of the Chaj Doab there 
is little likelihood of salt being added to the ground surface from the 
water-table. Under these conditions no deterioration can be expected 
during or after reclamation. In the case of the northern portion of 
the Chaj Doab the salt contents of the sub-soil waters are very high 
and to keep land permanently reclaimed the management should be 
more careful and efficient. Reclaimed land on a high water-table 
should, as a rule, be given very little rest. What is required is inten­
sive cropping, intensive irrigation, intensive manuring . and a very 
efficient supervision. 



CHAPTER 11 

Execution and Financing of Land Reclamation 

B.efore we begin to consider ways and mearis of executing land 
reclamation in the field it is necessary to realise two aspects of irriga­
tion-farming. The first aspect is that a measured quantity of canal. 
water supply proportional to the culturable commanded area of a 
chak is delivered at the outlet head. This water is then distributed 
over the area by means of a system of turns called ' Warabandi ', 

. which is decided upon by the shareholders of water in that outlet and 
which is sanctioned by the Divisional Engineer. The addition of 
extra water for fields under reclamation Jlecessitates the framing of 
new.' Warabandis' and as thur areas are never in proportion to the 
holdings of individual shareholders difficulties are encountered in 
framing such warabandis and enforcing them in the field. 

From the normal discharge of the outlet and the area of the hold­
ings on that outlet the amount of water that each individual field 
receives is calculated. Similarly, with the increased discharge on 
account of the addition of the reclamation supply, the tin;le required 
to give normal irrigation to undeteriorated fields can again be 
calculated. To this is added the time, required for irrigating fields 
under reclamation in each holding. Wari for each holding is thus 
fixed by adding the time for normal irrigation and that for fields 
selected for reclamation. · 

In most canal colonies 'Warabandi' is of 10-15 days duration. To 
make leaching more effective and to facilitate growth of rice the wari 
is reduced to a seven day or preferably a 5-day period. This does 
involve a little more management of the • Warabandi' and some extra 
labour for each individual farmer or a tenant but, if this is not done, 
irrigation applied to thur fields is not sufficient to continue the down­
ward movement of the salt in the soil profile nor does it enable a rice 
crop to be matured, thus defeating the very object of reclamation. 

An easy method of calculating reclamation warabandis as devised 
by Dr. Malhotra is given below:-

Let the number of days in the Wari be 
Let Culturable Commanded Area (C.C.A.) be 
Let 'l'Aur Area selected for reolamatioD be 

Them the Wari for C.C.A., Wt. 

Therefore the W11-i for tAur WI 

N (here 5) 
A a.cres with full !IUpply &.otorJ 
'l' acres with full supply fa.ctor I 

1,'-'0N 
... minutes per a.cre 

A (J/t)'l' 
l,'-'0 N 

. . = minutes per a.cre 
'l'(tlf)A 

A sample Warabandi is reproduced below:-
Reclamation Warabandi of outlet at R.D. 18154-L Munak Distributary, 

Kamal Division, Western Jumna Canal. 
Culturable Command. Normal full supply Normal DiiiClharge 0·71 Normal Wan 12•05 

ed Area 247 &ores. faotor 350 &ores. c111-. ltlinutes per aare. 
Reclamation area &5 Reola.mation full Reolam&tioD Disoharge '1'11111' 93·72 minutes per 

&ores. 1upply fActor 45 1· 0 cuseo. W ari -., 
a.cres. 
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Village Sataundi,' Tehsil· and District Karnal 

I Th~ra.r~a. 
··' .. 

Name of share holder C.C.A. Normal Thur wari 
iii acres in acres wari -

.. 
.• .. 

Hrs. M. Hrs. M. 

La.khi sjo. Net Ram .. 36·95 7•20 ' 7 25 11 15 

Shanker sfo Kunda.n .. 18·00 '3·00 3 37 4 41 

Ganga. sjo Kulu .. 2·22 l·05 0"29 I 38 

La.khi sfo Ka.rta .. 5·87 1·22 Ill . I 54 

Singh Ra.m sfo Niha.la .. 50·40 8·87 10 7 13 51 

Mst. Mukhta.ri sfo Risa.la 17·88 3·20 3 35 5 0 

Sewa Singh sfo Chuha.rya. 2·61 0:57 0 31 0 53 

:Ma.Dl Ra.j sfo Parta.pa. .. 8·64 1·75 1 44 244 

Sundra. sfo Matu . .. . 42·15 I 7·37 8 28 IL31 I 
1 

Singh Ra.m sfo Sada. Ra.m 42·00 1 6·98 8 261 10 54 

Sadhu sjo Sher Singh 
I 

1~92 .3 0 ... 9·24 1 I 51 

Asa Ra.m sfo Phool Singh 4·561. 0·89 0 55 I 23 
~ 

Ra.mji La.l sfo Phoo1 Singh - 4·40! 1·02 0 53 I 36 

Rohla. sjo Makhan .. 
I 

2·31 .. 0 28 .. 
• 

Total for the outlet .. I 247·23 45·04 49 40 70 20 1 
I 
I 

To~a.lwari 

Hrs. M. 

18 40 

8 18 

2 7 

3 5 
'. 

23 58 

8 35 

I 24 

·.4 28 

19 59 

19 20 

4 51 

2 18 

2 29 

0 28 

120. 0 

Where land reclamation is first introduced and zamindars are new 
to this technique, there is a general tendency on behalf of zamindars 
and tenants to utilise the reclamation water-supply in improving the 
yields of their normal crops in their adjoining apparently 
undeteriorated fields. 

To ensure success, special land reClamation staff have to be 
employed to select thur areas as far as possible in proportion to the 
total of holdings, frame reclamation warabandis, sanction such 
warabandis and record each irrigation so that the extra water 
allotted for land reclamation is utilised in fields selected for th~ 
purpose. Water meant for reclamation and not used for this object 
is classed ' Misuse ' and is punishable under the Canal Act. The staff 
also guide and help the zamindars in procuring the right type of rice 
seed, raising rice nurseries, leaching, preparation of fields for rice 
and the sowing of a leguminous crop after rice. They take sampl<:>s 
from fields under reclamation for examination in the laboratory. This 

_,.helps in assessing the stage of reclamation and framing programmes 
for the following year. 
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The second aspect is that. a majority of the land-owners in West 
Punjab employ· tenants at will for the cultivation of their lands. 
These tenants are engaged on a yearly basis ;· the tenancy to be 
renewed each year. Instead of a cash rent the produce is divided on 
a share basis with the tenants ; the usual terms of division of produre 
being l landlord and l tenant. Land revenue is paid by the land­
lord; charges for .canal water are shared half and half between th{' 
tenant and the landlord. From this it is apparent the tenant would 
more welcome a good piece of land than an inferior· type-much less 
salt affected~ · 

). 

It has been ·experienced that landlords, having agreed to under­
take land reclamation, have been allotted reclamation water-supplies. 
At the time of actual working, however, the fields selected for· 
reclamation are divided amongst a large number of tenants who 
naturally take tQ this under compulsion because they think their 
labour· is not going to be rewarded in full. Instances are available 
where, on extremely deteriorated land, yield of rice in the first year 
has been much below normal and yet the landlord divided the produce 
half and half just as if it was cultivation of normal land. 

In such cases, the absentee landlord leaves the land reclamation 
staff in the hands of a large number of tenants who are not anxious 
to put in their best in the work. More difficulties are thus created in 
accomplishing land reclamation. This is a further reason for employ­
ing adequate land reclamation staff to deal with tenants and all 
matters that arise during reclamation. 

From several years' experience a schedule of staff required has 
been prepared. This schedule and the duties assigned to each 
member of the staff are given in Appendix I. · 

The best reclamation is almost always done by big landlords who 
obtain reclamation water supplies on a contract basis. In such cases, 
it is always possible to select compact blocks of thur land for 
reclamation. Thus there is no interference between reclamation 
water-supply and that allotted for normal cropping. Besides rates for 
contract water supply are much higher than those levied on crop 
basis. As such zamindars have no tendency to use· more expensive 
water for irrigating their normal crops which are also separately 
_assessed to water rates. . 

From what has been described, land reclamation involves a thur 
and sem girdawari, a soil survey to assess the stage of deterioration. 
selection of fields for land reclamation, provision of extra water for 
land reclamation from head to tail of the canal system, raising of 
banks and construction of other engineering works, remodelling of 
outlets, installation of extra shoots and possibly digging of new water­
courses, framing of new warabandis and also their working in the 
field, recording of field irrigation, --prevention of misuse of water and 
finally assessing the stage of reclamation by examination of soil 
samples in the laboratory. All this is a long process and can success­
fully be accomplished if it is planned well. The following time-table 
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has been prescribed. This time-table relates to the scheme of reclama­
tion which has to be under operation in the year 1953 :-

January 1951 
Submit to the Chief Engineer, reclamation programme for the 

Circle, stating supplies to be utilised each year. 
August 1951 

Sanction by the Government to the supplies to be used for 
reclamation. 

September 1951 
Hydraulic survey of channels. 

December 1951 i Checking of Thur Girdawari on cent. per 
January 1952 }: cent. basis and analysis of soil samples 
February 1952 ~ of new areas. 

March 1952 1 Preparation of a tentative rem~delling cum-
1 reclamation scheme and obtaining Super-

April 1952 } intending Engineer's approval subject to 

J
- modification on the result of reclamation 

in Kharif 1952 and of soil sampling. 

May 1952 
(a) Announce to the zamindars tentative proposals and invite 

applications and ask them to prepare fields before the end 
of Kharif. 

(b) Prepare estimate for earthwork. 

June 1952 
Discuss in canal advisory committee meeting and obtain views 

of the Deputy Commissioners. 
Note.-In the event of disagreement between Executive Engineer and 

Deputy Commissioner or Canal Advisory Committee the case should be 
dealt with· by Superintending Engineer during his monsoon tour in 
August. 

August 1952 
Submit budget for reclamation. 

September 1952 
Get water line in the last years hydraulic survey checked. 

October 1952 and November 1952 
Executive Engineer and Land Reclamation Officer to get ready 

the final scheme and submit the same to Superintending 
. Engineer. Sanction of the scheme by Superintending 
Engineer. 

December 1952 and January 1953 
Estimates to be got ready and sanctioned. 

February and March 1953 
(a) Collection of materials. 
(b) Preparation and sanctioning of warabandis. 

April 1953 . 
(a) Outlets and masonry works to be remodelled. 
(b) Pipes te be fixed. ,.._ .. 
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Financing 

For all land reclamation schemes which have been in operation 
from 1940 to 1945 careful costing accounts have been maintained far 
all types of estates, viz. :-

(a) when reclamation is undertaken by land owners who are 
· - also the tillers of soil and the land has recently 

deteriorated. 
(b) when land as in (a) is put under reclamation with the help 

, of tenants at will. 
(c) when land is reclaimed by a landlord in a compact block 

on a contract supply of water. 
These accounts show that reclamation under conditions (a), (b) 

and (c) leaves a profit even in the first year to tenants, landlords and 
also to Government. The government provides the extra water which 
brings revenue in the form of water-rate, and land revenue ; other­
wise this extra water is never let into the canal. It goes into the sea. 

From 1941-42 to 1947, all land reclamation budgets were prepared 
as self-paying propositions. All expenditure on establishments, 
construction of special engineering works and installation of extra 
shoots was balanced against income on account of water-rate and 
land revenue from fields under. reclamation. 

. When, however, reclamatio~ of the extremely deteriorated types, 
e.g .• Bara lands of Lower Bari Doab Canal, • Chitdain' areas of Mailsi 
Canal and the Rakkar areas of Haveli and Rangpur Canals and also 
the extremely deteriorated type in the head reaches of the Upper 
Chenab and Lower Chenab Canals . was undertaken, it certainly 
required a certain amount of capital to be invested in the first 
instance. Full income is not expected in the first year.· On that 
account, for the development of this type of land in the newer canal 
colonies, the government introduced ·a system of leases. . The condi­
tions on which leases were sanctioned are given in Appendix n. 



CHAPTER 12 

Land Reclamation Legislation 
I 

A careful study of the Chapter dealing with the formation of salt 
lands indicates that, left to their own talent and resources the rural 
·community has been unable to protect the soil against natural forces 
which tend to deteriorate land. In the search for higher immediate 
returns the zamindars have been cultivating larger areas on the same 
water supply. If this continues unabated the entire tract will be 
abandoned to future sterility. 

Therefore, for the protection of the soil and bringing it in condi­
tion for higher forms of farming, government help is essential. To be 
effective, this help from government is to be carried out under a co­
ordinated plan of activities. 

The details of engineering works to be executedin connection with 
land reclamation, the number of operations that have to be carried out 
strictly according to time-table and the fact that some_ lazy and 
obstinate shareholders can impede reclamation measures necessitate 
some sort of legislation. 

In 1946, the Waterlogging Conference appointed a sub-committee 
to consider what sort of legislation was required. The draft legisla­
tion suggested by this sub-committee is given below. It seemed to the 
sub-committee that a separate legislative measure dealing with control 
of land reclamation would appear clumsy. They recommended that 
the clauses· of such a measure should be incorporated in the Canal 
Act. Land reclamation is an irrigation subject and, if a separate act 
were enacted, various provisions of the Canal and Drainage Act would 
have to be ·repeated ;in the new act. The suggested clauses of the draft 
legislation are :-

A. W.henever it appears expedient to the Provincial Govern­
ment that general land reclamatiot:J, is necessary to be 
carried out in a certain area; it may, by a notification 
published in the official gazette declare that such area is 
under a land reclamation scheme. 

B. The Provincial Government shall decide the process under 
which land reclamation of the area is to be carried out 
and frame rules for carrying out the said process of land 
reclamation. Such rules may provide for the Provincial 
Government or Canal Officer, duly authorised to order :-

(i) improvement, alteration, extension or curtailment of any 
water course. 

(ii) amalgamation or separation of any irrigation chak. 

(iii) transfer of any area from one source of irrigation to ·an­
other. 

90 
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(iv) temporary increase or decrease of water allowance to 
any area or total curtailment of water supply. 

{v) alteration, amendment or cancellation of any order 
- already in force regarding the distribution of water on 

any watercourse or the issue of a fresh order supersed­
ing any existing order or mutual arrangements. 

(vi) prohibition of the 'growing of any crops cr laying down 
any specific crop rotation~ . -

(vii) application of any type and quantity of manure, whethez 
green, artificial or farm-yard. 

(viii) construction of any field drainage works. 
C. On the publication of such rules and the sanctioned process 

of land reclamation the Divisional Canal Officer/Land 
Reclamation Officer shall issue notice to the owners of 

·land of the villages affected fixing a date not earlier than 
15 days from the date thereof, and place, when and where, 
he proposes to take a land reclamation scheme agree­
ment for that village. 

D. On the date so fixed, the Divisional Canal Officer /Land 
Reclamation Officer shall explain the rules and the 
process of land reclamation to the land owners in that 
village .. If the majority of the land owners give their 
consent to the conditions as set forth and the proposal be 
accepted by the Provincial Government or a Canal Officer_ 
specially authorised on this behalf· by the Provincial 
Government, the agreement shall be considered binding 
on all the owners of land of that village. . 

E. On the acceptance of the agreement. the Divisional Canal 
Officer /Land Reclamation Officer shall prepare a detailed 
scheme for the reclamation of the area in the village and 
publish the scheme for general information of the land 
owners concerned. 

F. Within 30 days trom ~he publication of the notice under 
Section E, any person interested· in the land or water­
course to which the notice refers, may apply to the 
D.C.O./L.R.O. by petition, stating his objection to the 
scheme or any part thereof: 

G. The D.C.O./L.R.O. may proceed to enquire into the validity 
of the objection, personally or through a Canal Officer 
subordinate to him, giving previous notice to the appli­
cant and the persons interested of the place and time at 
which such enquiry will be held. The D.C.O./L.R.O. 
shall record in writing all orders passed by him. undet 
this Section and the grounds thereof. 

H.· Any land owner or persons interested may appeal within 
thirty days, against the order passed by the D.C.O./L.R.O. 
under Section G above, to the Superintending Canal 
Officer. The Superintending Canal Officer may order a 

.... ,. --
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fresh enquiry to be made or may pass any order that he 
deems fit; The order passed by the Superintending Canal 
Officer shall be. deemed to be final and the scheme as 
approved by him shall then come into operation. 

I. (i) All land owners or persons interested will be bound to 
carry out, within reasonable time, the orders issued, from. 
time to time, by D.C.O./L.R.O. which are in accordance 
with the details of the scheme as approved vide Section 
H above. Any irrigation carried out or crops raised in 
contravention of the orders . as issued will be deemed to 
be unauthorised irrigation. 

(ii) In cases of persistent default, the Provincial Government 
may order the Collector to take temporary possession of. 
the area to carry out the process of reclamation through 
Government agency. When reclamation is completed, the 
land shall revert to the original owners and the Provin­
cial Government may levy an acreage rate to recover the 
cost to it of the reclamation. Such rate,-if not paid on 
due date, shall be recoverable as arrears of land revenue. 



CHAPTER13 
Role of Jantar in Land Reclamation 

Jantar (Sesbania Aculeata) also known as Dhaincha is a small 
soft wooded plant of rapid growth. It belongs to the leguminosae 
family, plants of which are known to fix nitrogen from the atmos­
phere into the soil. Previously the plant has been used for providing 
temporary hedges in newly-built houses. Its use as green manure is 
only recent and the important part it plays in land reclamation is 
worthy of notice. 

J antar is introduced in the process of_ reclamation at two distinct 
~tages : ...... 

(a) Mter a successful crop of rice, to reduce the residual 
alkalinity which develops in the soil as a result of the 
action of sodium salts and the clay during leaching and 
growth of rice. 

(b) As a first crop in land under reclamation where rice is not 
likely to give successful yields. 

If J antar is to be sown as a first crop in deteriorated land, a 
preliminary leaching before sowing is always helpful. When ;antar 
is sown in the second year of reclamation the seed is broad-cast at the 
rate of 30 seers per acre. The only preparatory tillage required is 
one ploughing with a country plough. Jantar can stand a certain 
amount of salt and a fairly high degree of alkalinity in the soil The 
seed germinates within a week and when the plants are three to four 
inches high first watering should be given. Subsequent water­
ings can be as few as can be spared or a!! frequent as desired to 
depress the salt zone in the soil. J antar can stand drought and 
heavy waterings. When .the plants have attained the height of 41 
feet, a cutting ·should be taken and cut plants utilised for green 
manuring in an adjoining field. If reasonable care is taken of the 
crop it should be possible to take a second cutting of ;antar. This 
can be similarly utilised for green manuring a second adjoining plot. 
After second cutting the crop is left to mature and form seed. 
Jantar thus gives a yield of 8 maunds per acre of grain and 
approximately 200 maunds of ;antar sticks. Dried sticks are allowed 
to .soak in water for a few days when it becomes possible to peel off 
fibre from the stick. This fibre is used for making ropes, sacks, 
carpets etc. The residual sticks are used either in making chhappars 
or as fuel. At Chakanwali Reclamation Farm it is noticed, that, 
after the harvesting of ;antar, considerable quantities of cow-dung 
are released by tenants to be added to the manure heap. · 

A series of experiments have been in progress both in the field 
and the laboratory to investigate the changes that take place during 
the disintegration of ;antar stalks and leaves when used as green 
manure. Observations indicate that :-

(a) Considerable quantities of J!ases are evolved. Of these 
carbon dioxide is one. This helps in reducing soi! 
alkalinity. 

VI 
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(b) Under certain conditions evidence of generation. of. 
sulphuretted hydrogen (Il S) is obtained. Sulphuretted 
hydrogen is a strong agent for developing an acid 
medium which again is helpful in bringing the alkaline 
soil to more congenial conditions for plant growth. 

(c) Water extracts of jantar leaves taken after varying periods 
of disintegration have. indicated an acid solution of the 
strength of as much as N/50. This gives an assurance 
of restoring the pH values of the soil to that considered 
normal. 

When the experiments now being conducted have progressed 
further it is considered it will be..:possible to place the process of land ' 
reclamation on a sounder footing than hitherto. 

- In terms of money, cultivation of jantar can be depicted in the 
following manner :-

I 

S.No. Portion of the crop Value Remarks - ·~ 

Rs. 
1 Two hundred maund8 of green crop as 25 lIn the Thai it finds a ready sale for 

I a first cutting to be used as green goats and sheep to graze. It has 

I manure. been possible to sell green crop at 

2 Two hundred maund8 of green crop as 25 
j Rs .. 50 per acre per cutt~g. 

a second cutting to be used as green 
manure .. 

3 Eight maund8 of Jantar seed at Rs. 10 80 Jantar seed is at present in great 
permaund. · demand. 

4 Fifteen maund8 of J antar fibre at say ' 150 Jantar fibre makes very gcod ropes, 
Rs. 10 per maund. sacks and carpets which find a - ready sale in the market. 

5 Two hundred'maund8 fuel at say annas 50 
four a maund in the village. --

Total value of an acre ofjantar crop .. 330 -
·~--

The search for substitute fibres to replace jute has been inten­
sively pursued in many countries. With the partition of India and 
the allotment of that part of the Ganges-Brahmaputra delta area 
suitable for jute production to Pakistan, the necessity for this search 
has increased considerably. There are large tracts of water;_logged 
land which, after drainage is provided, would present that combina­
tion of factors which make jute cultivation successful. It is worth 
while trying cultivation of jute in these areas. But considering that 
jantar, -

{a) grows in all types of soil, sandy, clayey~ salt and alkali 
lands; 

(b) can stand drought as well as waterlogging, 
(c) grows to almost the same height as jute; 
(d) gives fibre which, if handled the same way as jute, would 

be as good for making ropes, bags, sacks, carpets. 
linoleum, webbing etc ; 

(e) can be produced cheap; 
the possibility of its extensive cultivation and manufacturing jantar 

_commodities should be investigated at an early date. 
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The basic- source of all plant nutrients is humus, the imme­
diately usable supply of which is concentrated in the 18-inch surface 
crust of the earth and in the more favoured and very limited areas 
of the globe. In the better soils the quantity of humus diminishes 
almost to vanishing point at a depth of 36 inches. In the semi-arid 
tracts of the Punjab even winter temperatures are high enough to 
burn or , destroy the little humus that is formed as a result of dis­
integration of all vegetation, infact, all life. It must also be 
remembered that the majority of the fields selected for reclamation 
remain out of cultivation for sometime. Thus they are devoid of 
even the little humus that is likely to be contained in a cultivated 
field. Partly, on account of the absence of initial humus and partly 
because of the residual alkalinity that persists after the excess of 
salts have been washed down, reclaimed fields stand in need of 
greater quantities of humus as compared with adjoining undeterio­
rated land. 

Experiments were started in 1944-45 to investigate the effect of 
a modified method of green manuring. Quantities of green jantar 
were placed in reclaimed fields at a depth of about 18 inches from 
the natural surface. The earth removed from the field was placed 
back. Subsequent to the burying in of green jantar land was given 
all preparatory tillage for sowing of wheat. These experiments 
were repeated in different parts of the Province. The results 
obtained showed that the yield of wheat in plots thus treated was 
almost twice that obtained where green manuring was done in the 
normal manner and three times that where no green manure was 
added. This increase in yield was maintained in the second year 
in cotton and the following crop of wheat. Observations also showed 
that the majority of the green jantar was intact at the lower depths 
whereas that ploughed in and buried in the top soil ,had almost 
vanished. It was considered that the increased benefit resulting 
from this operation would last a number of years~ 

On account of the increased volume of carbon dioxide generated 
during the decomposition of the green manure the reduction in soil 
alkalinity was proceeding at a more rapid rate. 

One other plant which is likely to play an equally important 
part in land reclamation is 'Panwar' (Cassia Tora). This is a 
leguminous weed very common all over the area in Karnal district, 
by road sides and in waste ground, along watercourses and other 
irrigation channels. It starts growing during the rains and flower~ 
within a period of six to eight weeks. It is an annual usually reach­
ing a height of three to four feet. If domesticated and cultivated 
under care, it is likely to attain a greater height. 

The leaves, seeds and roots are used medicinally ; the tender 
leaves are boiled and used as a port-herb. 

A very distinguishing feature is that the plant, through its' roots, 
is able to fix nitrogen in soils whose pH value is as high as 10.0 and· 
where free Sodium Carbonate is present in salt-efflorescence. 

Experiments' are now in progress to determine the efficacy of 
this plant in reducing alkalinity and increasing the humus content 
of the soil. 



CHAPTER 14 

'J'he Problem of Tirak 
' Tirak ' is thE: bad opening of bolls in American cotton. 
This disease appears off and on in canal colony areas and in its 

worst form in low rainfall years. The remedies suggested are the 
application of nitrogenous manures and the late sowing of cotton. 

During Kharif 1940, there was a severe attack of tirak in the 
Lower Bari and the Nili Bar colonies and in one sub-tehsil ( Chicha­
watni), alone Government had to sanction a remission of Rs. 45,000 
in land revenue. The description given. by the district officers, who 
made the survey, showed a state of affairs comparable to the picture 
of a salt zone in the soil profile. This observation harmonised with 
the fact that, in the Renala Estate, cotton was not attacked by tirak 
in fields which had been reclaimed whereas tirak was present· in 
cotton in adjoining undeteriorated land. It was decided that the 
removal of the salt-zone from the soil profile for the prevention of 
the tirak attack on American cotton should be further investigated. 

For the investigation proposed, Government sanctioned an anti­
tirak centre to be established in the Montgomery district. A survey 
of cotton fields in the Chichawatni area was carried out by the 
Executive Engineers and the local Civil Officers. Approximately 
2,000 acres belonging to 600 zamindars were selected for treatment. 
A soil survey was undertaken by the Land Reclamation Department, 
and from the results of analyses it was known that, in all fields, the 
salt content was high at some depth of the profile within six feet of 
the natural surface. 

Extra water on the basis of one cusec. for 50 acres was given and 
added to the existing water-courses and the warabandis reduced to 
five-day waris. As the experiment did not relate to reclamation of 
deteriorated land, but only to the depression of the salt zone in the 
soil profile, leaching was not started till Mav 15, when more water 
was available in the river. Rice was transplanted in the month <'f 
June. Gram followed rice. In kharif 1942, cotton was sown which 
was not attacked by' tirak. Observations were continued in the 
following years and it was noticed that in the fields treated in 1941 
tirak attack was particularly absent. , 

In a, normal soil profile, where the salt content and alkalinity 
are normal to a depth of 10 feet. a zone of salt accumulation wac; 
placed at a depth within six feet. American cotton grown in this 
patch was attacked by tirak whereas cotton in the adjoining patch 
was free from this attack. 

In experimental plots in reclaimed land tirak to American 
cotton was caused by the application of salt water. 

These observations confirm the conclusion that tirak on Americau 
cotton and salt in the soil profile are closely associated. The 
explanation for this phenomenon is found in the simple process of 
osmosis. Cotton roots when they reach the salt bearing layer of 
c;oil, instead of drawing water and nutrient solution frol'!l the soil, 
have to part with some cell-sap which in return considerably reduces 
the vitality of the plant; hence the bad opening of bolls. 

96 



CHAPTER IS 
Land Reclamation and Grow more Food . .. . ' 

Does 4,000,000,000 acres seem like a lot- of land ? That is the 
world's farming area. It is only 11 per cent. of the land on the face 
of the earth. On this land must depend more than 2,000,000,000 
people for their food and clothing. Millions of these people have 
never had enough to eat. -

Considering Punjab as a whole, although the proportion of land 
to population is not much differel\t, the thing to be remembered is 
that approximately three million acres are salt affected and the rate 
of deterioration is on the increase. Every acre reclaimed in the 
Punjab, therefore, is a distinct move towards ' Grow More Food '. 
If, for the sake of argument, it is supposed that all the three million 
acres are reclaimed, it means an addition of three crore maunds of 
food to the country annually. 

It has been demonstrated that the presence of a zone of salt 
accumulation at some depth within the first ten feet of the profile 
can be responsible for depressing the yields of crops. At a very 
conservative estimate, if this decrease in yield is assessed at 10 per 
cent. of the normal yield, then the removal of this zone of accumula­
tion from an area of 120 lakhs of acres would mean another increase 
of 120 lakhs maunds of produce. 

In ' GrQw More Food Campaigns' extra irrigation supplies are 
given during kharif to increase production. In the more developed 
canal colony areas, where intensity of irrigation has already reached 
the cent. per cent. limit, such supplies do not yield maximum benefit 
for increased water supply can only be utilised in giving more water 
to the existing crops. The increased yield obtained thus is only a 
fraction of what can be achieved, if this extra supply is utilised in 
bringing the adjoining thur area under reclamation. · 

In a normal rotation of crops a cusec. of water in kharif is hardly· 
able to grow more than 60 to 70 acres of maize, bajra (Pennisetum 
typhoideum) _or jawar (sorghum). _Under a reclamation regime it 
becomes poss1ble to mature approXImately 45 acres of rice and 45 
acres of gram on residual moisture after rice. Both rice and gram 
are staple food crops. 
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CHAPTER 16 

Land Reclamation in Rural and Urban Economy 

In canal colony areas receiving perennial irrigatiop, there are 
two main harvest seasons when the majority ot the crop is taken 
to the market for sale. Amongst the kharif crops, the cash crop is 
cotton and from amongst the·rabi, wheat. Even on the non-perennial 
canals of the Sutlej valley or other newer projects these two crops 
afford the maximum marketable produce. 

It is stated in Chapter 2 that for cotton and other kharif crops, 
much smaller quantities of water are being used now than formerly 
and that this is a cause of the upward movement of the salt zone in 
the profile. It. has also been shown that the presence of the salt 
zone within the root-zone of crops diminishes their yields. It is an 
admitted fact that the zamindars in some of the Canal Colony areas 
are not getting the same yields of crops as they used to do before or 
as they should. The main causes of this are :- · · 

(a) use of less irrigation water than previously, 
(b) presence of excess of salt in the root-zone of crops, 
(c) slow deterioration on account of· the action of the sodium 

salt on the clay portion of the soil, 
Instances have been quoted in Chapter 5 where some tracts have 

deteriorated to an extent varying from 10 per cent. upwards. This 
is, an index of the decrease in the wealth of the rural people that 
has taken place on account of land deterioration. In other words 
less produce goes to the market which in turn affects the economy of 
the town and, therefore, the country as a whole. 

In market towns there are two busy seasons-the cotton season 
after the harvest of the kharif crops and the wheat season after the 
harvest of the rabi crops. The ' Cotton ': season lasts from October 
to February and the ' Wheat ' season from end of May to end of 
July. Labour of all-types is busy in these two seasons. During the 
slack period, a portion of the population move back to rural areas 
where also they do not find much employment. 

With the introduction of land reclamation a third harvest i.e. 
rice was introduced and the rabi harvest was supplemented by the 
crop of gram which follows rice. 

Careful accounts were maintained of a large number of holdings 
in which reclamation was proceeding. These accounts showed that 
not only were the zamindars' profits restored to the pre-deterioration 
period but in almost all cases they exceeded that level. This is not 
difficult to believe when it is considered that six to eight per cent. of 
each holding is brought under reclamation each year and that one 
acre under reclamation yields a normal crop of rice plus a normal 
cz:op of gram which thrives on the .residual moisture after rice. This 
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is all additional income, as the zamindar still uses his normal water 
supply in his undeteriorated land. It is never difficult to notice if 
the zamindars or village as a whole are getting increased income. 
Better houses, better bullocks, increased expenses on marriages and 
paying arrears of land revenue are items which easily catch the eye ... 
But instances are not uncommon when increased income led to 
increased use of liquor or even litigation. 

Rice starts coming in the market in the beginning of September 
and continues till the month of February. Rice factories start work­
ing in the month of October and continue till the end of May. As 
the hulling of rice requires considerable handling, in spreading it 
daily for drying and collecting it in the evening and also for weigh­
ing, filling and carrying it from drying floor to the factory and the 
factory to the godown and to the retail shops and also to railway 
stations for export, the whole of the market labour gets continued 
employment instead of breaking off for the slack period.. It has been 
noticed that one type of labour who did the drying, the spreading 
and the carting of rice in the market shifted back to the adjoining 
rural area to do the transplanting and the harvesting of rice in the 
field. Their condition had improved considerably. Quite a large 
number of them had settled in rural areas, had bought their own 
milch cattle and had also built houses. 

Capitalists had invested money in putting up rice factories and 
- handling rice products. These were a new feature, as rice was not 

a commodity received and dealt with in these towns before reclama­
tion. 

Instances were noticed. when a portion of this extra wealth 
gained· by the cultivators was employed in purchasing such lands as 
were to be sold. of which a great part was naturally uncultivated. 
This had a tendency to raise prices of land and the standard of 
living in the villages. . -

Looking at this aspect of-land reclamation from another angle it 
must be mentioned that, in the absence of a reclamation programme 
all attempts at colonisation of government waste areas of the Mailsi 
and the Rangpur Canals and portions of the Sutlej Valley had failed. 
A large number of lessees who had taken land on temporary lease had 
to incur considerable loss apart from the meagre income that came 
to the share of the tenants. The water supplies in these canals were 
neyer fully utilised. 

Land reclamation was started in these areas in 1943-44. Since 
then, progressive increase in cultivation and irrigation had resulted. 
In 1946, the Government decided that land reclamation should be of 
an integral character. This involved not only amelioration of land 
but also development of all other aspects which go to improve rural 
life. 



CHAPTER17 

Prevention Versus Reclamation 

Salt accumulation and structural deterioration of soil due to the 
action of the sodium salts are the two main factors to be controlled 
, in irrigation agriculture in semi-arid zones. Preventive measures 
must be different for different tracts of land :- _ 

1. TRACTS WHICH HAVE NEVER BEEN BROKEN BY THE 
PLOUGH 

It is now an established practice in the Punjab to do a scientific 
soil survey of all areas for which new irrigation projects are 
proposed. Areas in which there is danger of deterioration, due to 
salt accumulation should be developed on reclamation lines from 
the very start when irrigation water is not all allocated and leaching 
and growth of rice are feasible. If this is done it would ensure the 
elimination o~ troubles due to the appearance of salts and the 
progressive increase in the degree of alkalisation of soil. 

2. TRACTS IN WHICH CANAL IRRIGATION HAS DEVELOPED 
AND· ALL WATER SUPPLIES HAVE ALREADY BEEN 
ALLOTTED AND ARE .BEING FULLY UTILISED. 
Damage in these tracts is of two types. Firstly salts may have 

accumulated at the soil surface or formed a zone of accumulation at 
some depth near the surface due to faulty agricultural practice or 
the nearness of the water-table, which may be salt. In a case like 
this, such water as can be spared from farming of undeteriorated 
land or any extra water that can be made available during the kharif 
season should be used for leaching and growing rice. · 

For high water-table areas drainage is an immediate necessity 
and, if feasible, measures for lowering the water-table must also 
be considered. All possible means of preventing the rise of water­
table above the 10 feet depth must be explored and put into practice. 

In areas already under existing canal ·irrigation, long before the 
land goes out of cultivation or any significant decrease in crop yields 
occurs, a very gradual un-noticeable decline in yields is taking place 
because of the action of the sodium salts on the calcium-clay result­
ing in progressive increase in the degree of alkalisation. In fact, 
such is this unnoticeable gradual process that even in matters of 
standardisation, or crop assessments the soil fertility is stabilized at -
a comparatively lower level. This is evident from the fact that, even 

·for standardising, the whole range 7.0 to 8.5 pH values has been 
given the status of a good normal soil. The word 'stabilized' of 
course does not mean that no improvement in soil fertility is possible. 
What it actually means is that the Punjab farmer is contented, if he 
gets yields in accordance with this fertility. There .is no gain_ sayin% 
the fact that a soil with a pH valu~. 8.5 or even 8.0 1s an alkalme soli 
and is, therefore, capable of being amep.ded further. 
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It must be remembered that an acre of land in the Punjab or even 
in India is the same amount of land as an acre in any other country 
and yet the yields of crops. in. this. country are proverbially low. 
The reason is not far to seek. . Poor soil structure ·has developed from 
handling an alkaline soil over a period of centuries and also from 
failure to use any correctives. 

It is unfortunate that injuries of the above nature are not mani­
fested until the soils reach the stage when costly reclamation is 
needed. Careful checks on soil properties and crop production have 
shown that crop losses develop gradually. That is, there is no 
critical point at which .crop losses drop off sharply. The los~ is 
gradual and increases with increase in alkalinity or severity of 
structural deterioration. Another reason why this gradual decline 
in fertility remains unnoticed is that no regular records of yields of 
crops are kept and during the process of deterioration, the land 
passes through so many· hands from generation to generation. 

Until the farming community rises to the occasion and they take 
to scientific examination of soils as a regular part of good agriculture, 
it remains the duty of the State to- initiate scientific soil surveys of 
all tracts, to be repeated at regular intervals. A survey along with 
settlement operations in each district would be at a most appropriate 
period. · . -

If signs of declining fertility are noticed from detailed soil 
analyses then it would be relatively easy to suggest or adopt soil 
corrective measures at an earlier stage of deterioration than when 
the damage has exceeded the limit. These correctives can be in the 
form of the use of gypsum or sulphur or even a change in agricul­
tural practice or rotation of crops. Light annual applications of 
chemicals or slight change in cropping systems will contribute much 
io maintaining the soil in a good productive state and avoid the cost 
and loss of crops.involved in reclamation. 

It is now recognised that, under arid conditions with moderate 
rainfall, calcium sulphate gets leached to sub-soil layers and calcium 
carbonate that is leached or formed during the process of leaching 
gets deposited in large aggregates either immediately below the soil 
surface or a little lower down. Methods for reversing these processes 
to bring gypsum to the soil surface are under investigation. When 
this is accomplished reduction of alkalinity of the surface soil would 
become relatively easy and cheap. 

A matter of importance in connection with this subject is the 
quality of canal and well water. In domestic and industrial fields it 
is the common practice to divide waters into two classes, namely soft 
waters and hard waters. In irrigation there has not been a great 
deal of practice in water classification as attention in this field has 
been largely confined to interest in the total amount of salt in a 
water. We have become so accustomed to the value of soft water 
for industrial and domestic use that hard water has been looked 
upon as the black sheep in the family of waters. This is, however. 
not true for irrigated-agriculture. In other words, hard water is 
best for irrigation and the harder· it is the better, for "hard water 
makes soft land and soft water makes hard land". 
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The reason for this is. simple. All irrigation waters contain 
salts in solution. Salts react chemically with the soil minerals and 
the clay. If so,dium salts predominate in the water it is known agri­
culturally as a soft water. If calcium salts predominate it is known 
as a hard water. Sodium salts produce tight soils that are sticky 
when wet and hard when dry. Calcium salts form soils that are 
soft and friable. when either wet or dry. 

A second responsibility of the State, therefore, is to carry. out a 
regular sub-soil water survey of all areas and wherever hard waters 
are available every endeavour should be made to use them to supple­
ment canal irrigation. This will not only help in saving of canal 
water but will also accomplish reclamation without the use of 
gypsum or other correctives which may be inconvenient or expensive. 

In Kamal district, for example, quite a large number of open 
wells and even tube wells contain a fairly large percentage of 
calcium salts. 

"An ounce of prevention is truly worth a pound of cure". 



APPENDIX I 
Organisation ~or Land Reclamation Staff 

1. Land Reclamation Officer 

2. Deputy Collector Reclama­
tion 

~. Asstt. Land Reel Officers 

4. Zilladars Reclamation 

5. Reclamation Supervisors 

6. Reclamation patwaris 

1 for each canal system where 
reclamation water-supply 
exceeds 300 cusec. 

1 with each Land Reclamation 
Officer 

1 for every 200 cusec of reel 
water-supply 

1 for every 50 cusec of reclama­
tion water-supply . 

1 for every· 100 cusec. 
1 extra for recording results 

and preparation of schemes 
in L.R.O.'s-·t>ffice. 

1' for every 8 cusec on· pert-n-
nial canals, on non-
perennial ·canals where 
reel. water-supply is avail­
able late, 1 for every 10 
cusec. 

1. Research Assistants 
analyticf:ll. work 

for 1 for every · 200 · cusec. of reeL 

8. Laboratory:· Attendants 

9. Asstt. Lab. attendants 

10. Peons 

11. Khala~is · 

12. Sweepers 
13. Chowkidars 
14. Sweeper-cum..Chowkidar 
15. Office Establishment 

16. Asstt. Land Reel. Officer 

17. Guard Establishment 
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water-supply 
1 for -evert 200 cusec of reel 

water-supply 
2 for every 200 cusec nf reel. 

supply_ 
1 for each Gazetted Officer. 
2 L.R.Os. Office 
1 for L.R.O 
1 for A.L.R.O.'s office 
1 for each Gazetted Officer 
1 for L.R.O.'s office 
1 for L.R.O.'s office 
1 for each A.L.R.O.'s office 
1 Head Clerk 
1 Accountant 
2 Accounts Clerks 
5 Assistant Clerks 

Detail 
1 Record Keeper 
1 Despatcher 

· 1 Camp Clerk 
2 Assistants in accouuts 

branch 
1 Sub Divisional Clerk in each 

Sub-division 
1 Daffadar and 3 Barkandazes 

for the whole of the division 
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Duties of Land Reclamation Staff 

After approval of the Land Reclamation Board, in the month of 
August each year, orders are issued by the Chief Engineer regarding the 
total water supplies that are to be utilised for reclamation of thur land 
in the following kharif on each canal system. · Instructions regarding land 
reclamation technique and ·the distribution of water-supplies are also 
_issued by the Chief Engineer from time to time. · 

Out of· the total water-supply allotted for ·reclamation by the Chief 
Engineer, the Superintending Engineer will allot to each canal division 
the water-supply that can be utilised in that division. The allotment 
made by the Superintending Engineer will be made known to the Land 
Reclamation Officer for the circle and also the Executive . Engineers 
concerned. 

In no case will the Superintending Engineer allow any change in 
the land reclamation technique or the method of distribution of water 
laid down by the Chief Engineer without the Chief Engineer's consent. 

From the results of the Thur Girdawari that would be available with 
the Executive Engineer and the results of land reclamation operations 
carried out previously and, also on the basis of the local conditions, the 
Executive Engineer and the. Land Reclamation Officer will prepare 
schemes for the distribution of the supplies allotted to the division to the 
distributaries selected for reclamation by them. They will also indicate 
reaches of distributaries where they want to utilise the entire water 
supplies for the year and also submit programmes of land reclamation 
of the whole of the thur area on each distributary. Programmes thus 
prepared will be sent to the Superintending Engineer by the Executive 
Engineer for approval. Copies of approved programmes will be sent to 
the Land Reclamation Officer by the Superintending Engineer. The Land 
Reclamation Officer will then proceed to work in close collaboration with 
the Executive Engineer and work out the water supplies that are to be -
utilised for land reclamation on each outlet. Knowing the supply in each 
outlet, he will proceed to select with the help of his own staff fields for 
land reclamation. In this he will be guided by the orders issued by the 
Chief Engineer and the Superintending Engineer. When lists of areas are 
all ready, detailed proposals for areas selected for reclamation and the 
extra water supplies that are to be given to the outlets selected on each 
distributary will be submitted to the Superintending Engineer under the 
joint signatures of . the Land Reclamation Officer and the Executive 
Engineer. The Superintending Engineer will then sanction the proposals 
and ask=~ 

(i) the Executive Engineer to prepare estimates for remodelling and 
installation of additional shoots. 

(ii) the Land Reclamation Officer to make preparations for the 
commencement of reclamation during the following kharif. 

Any alterations in the water courses and the chakbandis and pro­
posals for new water courses which are considered necessary by the Land 
.Reclamation Officer for purposes of reclamation will be carried out with 
the previous approval of the Executive Engineer. 

At the end of each kharif season. the Land Reclamation Officer will 
supply the Executive Engineer lists of fields that he considers have been 
completely reclaimed. 

The Land Reclamation staff, viz. the Deputy Collector Reclamation. 
the Assistant Land Reclamation Officer, the Reclamation Zilladars. the 
Research Assistants and the Reclamation Patwaris will, both for adminis· 
tration and technical supervision, be under . the complete control of the 

' , .. · . 
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Land Reclamation Officer. They will work under his orders. The Land 
Reclamation Officer will write their qualification reports. 

The Land Reclamation Officer under the Superintending Engineer 
will also have the general control of land reclamation in the circle. He 
will be responsible for supplying the Superintending Engineer all 
information regarding progress of land reclamation, prepare annual 
reports of reclamation operations and also proforma accounts for the 
circle. He will obtain from the Executive Engineers the works expendi­
ture on remodelling and provision of extra shoots for land reclamation. 

The Land Reclamation Officer will be invested with the powers of a 
Divisional Canal Officer under the Canal Act for the areas under reclama­
tion and those of an Executive Engineer regarding matters of establish­
ment, sanctioning of contingent expenditure etc. He will· check at least 
5 per cent. of the area Under reclamation in the circle. 

The organisation of the staff working under the Land Reclamation 
Office~; will be a~ follows :- · 

L.R.O. 

I I 
A.L.R.O. D.C.R. 

I I 
Research Assistant Recla.m.&tion Zilla.da.r 

I 
Reclam.&tion PalvltJri 

Assistant Land Reclamation OOicer.-He will have the same status as 
that of a Sub-Divisional Officer in an irrigation Sub-division. He will be 
incharge of land reclamation of the area allotted to him. He will super­
vise the work of the Research Assistants, Reclamation Zilladars and 
Reclamation Patwaris. In the supervision of the work of the Reclama­
tion Zilladars and Reclamation Patwaris he will work in close co­
operation with the Deputy Collector Reclamation as regards revenue 
matters. He will check at least 30 per cent. of the area under reclamation 
in his charge and all fields for which remission is recommended by the 
zilladars. 

Deputy Collector Reclamation.-He will supervise and check the work 
of the Reclamation Zilladars and Patwaris in respect of revenue matters. 
He will see that the instructions issued for the guidance of the reclamation 
staff are properly carried out by them. . 

He will get special warabandis prepared through the reclamation staff 
and verify them at site before submission. 

He will get indents of khasras and other relevant forms prepared in 
time. 

He will go round reclamation areas and also check working of 
reclamation warabandis. 

He will be responsible for compilation of remission statements. 
He will check at least 10 per cent. of the area under reclamation in 

the circle. 
Reclamation Zilladar.-He will prepare a map showing the chakbandi 

of outlets and the area to be reclaimed in each square. 
Lwmt 
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He will supervise the registration of irrigation for reclamation done 
<>n each outlet which will be recorded by the Reclamation Patwari in the 
shudkar khasra. 

He will verify the names of the_ cultivators and crops. 
He will maintain records of weekly and monthly progress of land 

reclamation by each outlet and submit the same to the Assistant Land 
Reclamation Officer who will submit to the Land Reclamation Officer. 

He will prepare warabandi of each outlet according to instructions and 
submit them for sanction to the Land Reclamation Officer through the 
Deputy Collector Reclamation. _ - . · 

He will report to the Assistant Land . Reclamation Officer names of 
zamindars who are found using reclamation water in the area not selected 
for reclamation. 

He will induce· the .share-holders to make their water-courses straight 
and line them to reduce seepage_ losses. 

He will report to the Assistant Land Reclamation. Officer on the . 
condition of crops and any calamities that may occur. 

He will go round the reclamation area as often as possible and see 
that, during the period of leaching and the growth of rice, each field 
receives irrigation on dates mentioned in the modified warabandi . . , 

He will see that the zamindars on each outlet have laid their fields 
in quarter acre plots with a water course in the middJe and report to the 
Assistant Land Reclamation Officer the names of those who are defaulters 
in this respect. 

He will work out the quantity of rice seed reG,uired by each cultivator 
and distribute the same to them from the pure seed supplied to him by 
the Lan.d Reclamtion Officer and maintain the taccavi . forms. He will 
also be responsible for the realisation of the taccavi ·amounts so advanced. 
All taccavi accounts will be maintained by him. 

He will record observations of areas reclaimed, crops grown in 
reclaimed fields and the yields obtained. 

Any wilful negligence on the part of zamindars in the matter of land 
reclamation operations in the field and the weeding or manuring of crops 
(when manures are sanctioned against taccavi) will be reported by the 
Reclamation Zilladar· to the Assistant Land Reclamation Officer who will 
report the same to the Land Reclamation Officer. The Land Reclamation 
Officer will take steps to warn the cultivators that, if they do not work 
according to their instructions, they are not likely· to be given kharaba 
or extra water for land reclamation during the following year. 

It will also be his duty to see that all land reclamation operations, 
viz. laying of fields and water courses, leaching, sowing of rice nurseries, 
transplanting and harvesting of rice during kharif and sowing of 
leguminous crops during the rabi are carried out on dates specified by the 
Land Reclamation Officer. 

He will check all fields under reclamation and record his appraise­
ment in the khasra against each field. 

Reclamation Patwari.-He will prepare a sketch on the first page ·of 
the khasra &nd show the area selected f9r reclamation on each outlet. 

He will book all irrigation done in the reclamation area. 
He will be responsible for keeping entries in Khasra Shudkar up-to­

date and total entries of each day of his round in the reclamation area. 
He will keep the jinswar of the crop on each page. 
He will make correct entries in the khasra in respect of name of 

<lwner, cultivator,· crop, area sown etc. 
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He will help the Zilladar reclamation in the preparation of warabandi 
.lists. 

He will have to go round his area once every 5 days. 
He will see that water is rightly distributed ac".ording to the sane· 

tioned warabandi. · 
He will report any wastage of water or unauthorised irrigation. 
He will report any wide-spread calamity or any disease on crops in 

. the locality. ' 
He will supervise all reclamation operations under the. guidance of 

his officers. 

Research Assistants. 
1. From January 1st to March 31st, the Research Assistant will be 

fully busy with the soil sampling of fields selected for reclamation during 
the following kharif. Soil sampling will be done with the help of a boring 
tool supplied by the department but in areas representative of typical 
soils, he will have soil profiles dug, examine them, take detailed profile 
notes and also take soil samples. In examining the soil profile he should 
note:- · 

(a) The thickness of the soil crust. 
(b) The structure of the soil· crust.· 
(c) The zone of accumulation of salt. 
(d) The kanker bed and the thickness of the kanker nodules, their 

shape and their probable composition; also if they .are small 
size pea-1canker or big nodules of calcium carbonate or calcium 
sulphate. The mechanical texture .of the· soils below and 
above the kanker zone must be carefully observed and 
recorded. The depth of the ·sub-soil water should be noted. 
This is always helpful in interpreting the formation and 
growth of the kanker bed. 

The degree of the wetness of the soil above the kanker bed ; the 
kanker bed itself and the soil below the kanker bed and also the degree 
of plasticity of all these layers must be carefully determined. With the 
help of· a pH testing set the Research Assistant should determine, as far 
possible, the pH values of the soils of the three zones, viz. above the 
kanker bed, the kanker bed and below the kanker bed. 

(e) From the point of view of moisture gradients, viz. the ' pelli. 
cular zone' the 'Field Moisture capacity zone • and the ' Capil· 

. lary zone ' the Research Assis~ant can make extremely useful 
observations which will be helpful in the practice of land 
reclamation. He should record the relative depths of these -
zones and indicate the depth of the soil crust which is affected 
by evaporation and which therefore, should be included in 
the ' Pellicular zone r. If this differs in different areas, he 
should bring this to the notice of the Land Reclamation Officer 
who will modify the land reclamation technique for that area. 

(fJ In fields, where deterioration has recently started and where 
some crops had been grown before land reclamation was 
proposed, it will be useful if he, during the course of his 
observations records the depths to which the roots of crops 
have penetrated. In fields which have been abandoned for 
years flora typical of deteriorated lands must have grown, the 
depths to which their roots penetrate should also be recorded. 
It will be necessary to record the names of plants that grow 
on such lands. · 
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(g) The colour of the horizons in the freshly exposed profile if 
recorded, _always leads to useful indications in the pr~per 
handling of .,.soils and the study of other soil problems. 

2. From April 1st to September 30th, the Research Assistant will 
begin to get results of analysis from the laboratory. He has been supplied 
printed ledgers together with binders for recording results of analysis of 
tields proposed for reclamation and under reclamation. He should record 
these results and study the behaviour of· these fields during leaching and 
the growth of rice. This work he should do in the Headquarters office of 
the Land Reclamation Officer. 

3. An import~nt observation which he can make during leaching and 
reciamation is the time taken for the water in the fields to disappear. If 
during the course of observations he finds that in a certain field water 
stands at the S()il surface for a considerable period and does not percolate 
through, he should bring this to the notice of the Land Reclamation 
Officer and himself make a detailed study of the field to -devise ways and 
means by which percolation can be improved. In no case should the 
zamindars be ,allowed to do puddling before transplanting rice. This 
process of puddling brings about impermeability which prevents the 

· movement of the salts from the soil surface to the lower layers. 
The Research Assistant should tour the area throughout the reclama­

tion period ~nd should bring to the notice ·of the Reclamation Zilladar 
instances of ploughing under water. 

4. From the type of vegetation and the intensity of its growth during 
leaching, the Research Assistant should be able to form an idea of the 
amount of carbon dioxide generated by such vegetation and the degree 
to which the alkalinity will be reduced during the leaching period. If 
careful notes are taken by the Research Assistant, he will find them useful 
in interpreting his results of analysis after rice and the yields of rice 
with respect to the stage of reclamation reached. 

5. At the timEc- of the harvesting of rice, the Research Assistant should 
bring to the notice of the Land Reclamation Officer, factors which have 
made reclamation successful. 

6. From October 1st to the end of December, the Research Assistant 
will be busy again in soil sampling and in taking notes on soil profiles. 
He should repeat all observations on soil profiles which he made before 
startmg land reclamation to study the changes that have taken place as 
a result of leaching and the growth of rice. . 

7. Instances where small patches of unreclaimed land in whole fields 
are left after reclamation will come to the notice of the Research 
Assistant. If the patches are insignificant then they can be left and 
reclamation shifted to other areas. But certainly it is' the duty of the 
Research Assistant to make a thorough study of the un-reclaimed patches 
and submit reports to the Land Reclamation Officer or the Assistant Land 
Reclamation Officer who will give the required advi£e to the zamindars. -

8. It is a matter of common ooservation that in fields having a high 
clay cont~nt the residual alkalinity after leaching is high. If it is due to 
buffer action it may not affect the yields of normal crops on zamindari 
supply ; otherwise the yields are bound to be low. During his tours the 
Research Assistant should keep an eye on fields declared reclaimed and 
take soil samples for examination whenever he finds he is likely to get 
useful results. 

9. If reclamation has- been undertaken in high water-table areas with 
the help of field and subsidiary drains, the Research Assistant should take, 
as frequently as he can, samples of water from the drains to determine 
conductivity, salt content and rH valu€s. 



APPENDIXD 
Conditions of leases for Reclamation of Govl. waste Land 

(1) The tenancy shall be for a period of 12 harvests. 
(2) ·The area given on lease will be allotted the normal water allow· 

ance both for kharif and rabi. In addition extra water for reclamation 
will be given only in ·kharif on the basis of one cusec for every 45 acres. 
either in a separate water-course or by an additional pipe in the existing 
water-course and an increased wari. 

(3) For the first four kharif seasons the reclamation water-supply will 
be charged at half the divisional rates, thereafter full divisional rates 
will be levied. In rabi water-rate will be charged at normal rates. Land 
that is declared reclaimed by the Land Reclamation Officer will be 
cultivated on the normal water-supply. 

(4) No land revenue or malikana \\rill be charged for the first four 
harvests. Thereafter Rs. 1/8/- land revenue and Re. -/12/- malikana 
will be levied. If after the termination of the lease, the tenant elects 
to purchase half the area the land revenue on that area will be deter­
mined under Section 59 of the Land Revenue Act. 

(5) At the expiry of the period of lease, if the tenant has worked 
according to the satisfaction of the Land Reclamation Officer, the area 
of the block will be divided at the discretion of Government into two 
equal halves, one of which will be resumed by the Government and for 
the other the tenant will be given the option to obtain proprietary rights 
at the rate of Rs. 150 per acre. The total p1ice of the land thus fixed 
will be recovered from the tenant, in twenty equal half yearly instal­
ments, in ten years. 

For non-perennial areas in the Sutlej Valley and also on the Rangpur 
Canal the rate will be Rs. 75 per acre. 

(6) The lessee is required to have the land cultivated by employing 
labour. In no case will he be permitted to employ tenants on batai till 
the land is completely reclaimed. Portions of land which are declared 
reclaimed by the department can be given on batai to tenants. 

(7) The lessee shall have to reside permanently in the estate in which 
the said land is situated within one month of the date on which the 
Collector passes an allotment order and within three months of the same 
date he shall construct temporary buildings residential and non­
residential to the satisfaction of the Land Reclamation Officer on a site 
allotted and according to the plan approved by the Land Reclamation 
Officer. 

(8) The lessee will be required to arrange for accommodation for a 
Reclamation Patwari paid and appointed by Government for the supervi, 
sion of reclamation. . 

. (9) The lessee shall have to ca~ out all operations regarding culti· 
vatlon, layout of fields, construction of bunds, excavation ·of water­
~ourses •. leaching, and sowing of. crops strictly in accordance with the 
mstructlons of the Land Reclamation Officer, both in land under reclama­
tion and that declared reclaimed. 

(10) The lessee shall have to reclaim land according to instructions 
issued from time to time by the Director, Land Reclamation and to 
comply with all such instructions and carry out all such orders without 
any objection or compensation. 
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Banjar 
Bar 

Bara 
Batai 
Ch.ak 
Chhappar 
Chit Dain 
Crore 
Doab 

Girdawari 

Kankar 
Kharif 

Lakh 
Malikana 
Maund 
Nallah 
Papri 
Patwari 
Rabi 

Rakkar 
Sem 

Shor, Reh 
Tehsil 
Thur 
Warabandi 

Wart· 

APPENDIX IV 

Glossary of Vernacular terms 

Area not cultivated 
uncultivated tract carrying wild 

tree growth 
hard intractable piece of land 
division 
area within irrigation boundary 
thatch 
infertile land devoid of vegetation 
ten · million 
tract situated in between two 

rivers 
survey including measurement of 

irrigation and crops 
stone nodules 
summer (April to September) 

crop harvested in Autumn . . 
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one hundred thousand 
cess 
a weight measure equal to 82 lbs. 
a small rivulet 

"'\ .... 
thin cake 
village revenue official 
winter (October to March) crops 

harvested in Spring ... 
land highly alkaline··:: · · 

Water-logged land' or water-
logging 

salts 
a part of district 
salt affected land 
schedule of turns or time shares 

in water-supply from a water­
course 

a turn or time share of water­
supply from a water-course 
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