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REPORT 

ON THE 

PRELIMINARY SOIL SURVEY OF THE .AREA TO BE COivJ,UNDED 
BY '!'HE HIRAKOD CANAL S!S'l'EM 

Dr. R~ ~: Hoon, M.Sc. Ph.D.* 
HIRAKUD RESEARCH STATION, HIRAKUD (ORISSA) 

1. INTRODUCTORY •. 

The Canal System taking off from th~ Hirakud 

Reservoir would confer benefits of perennial irrigation 

to the land in the Sambalpur district of Orissa. One ofc 

the series of preliminary investigations envisaged in 

connection with the Hirakud Dam Project related to 

carrying out a·soil survey of the area to be commanded by 

the proposed Canal System with a view to assess its agrir 

irrigational potentialities. A soil survey of a restricted 

scale was carried out earlier to locate suitable areas 

for the rehabilitation of population expected to be 

displaced from the re.servoir area and reported (1J. 

_ That preliminary soil survey of the area and, later, 

the laboratory examination of soil samples, collected during 

the field work in connection with that survey, were 

undertaken by the Soil Survey Section of the Hirakud 

Research Station unde~ the auspices of the Chief Engineer, 

Hirak.ud Dam Project. The present report describBs the 

salient soil and agronomic features of that area brought 

out as the result of the field and laboratory work. 

2. GEOGRAPHICAL AND GEOLOGICAL FEATURES. 

The area, covered by the present survey, lies 

rbughly between N. Latitudes 20°-50' and 21°~50' (i.e. from 

Barapahar in the north to the Ong river on the south) and 

E. Longitudes 83° and 84°-15'. The major portion of the 

area is l?cated on the right side of the Mahanadi river. 

The mean annual rainfall is about 54 inches, the major 

part of it coming during monsoon month~ i.e. mid-June to 
~~~~:~~g ~~sr:~X~f~~i K.N.Talwar,B.Sc.(AgriJ & Tarasingh Sidhu,M.So.(Agri) ' 

.... ., ·- ... ... ... ··~""" ,. . -



October. The winter is not severe while the summer is 

dry and hot. 
The geological formation dates paok to the 

Archean period. The rook formations comprise mainly of 

gneiss; granite, shale, etc. Quartz a.rld _feldspar are 

the main constituents of those rocks, feldspar causing 

. the variations in their colours.- Rock outcrops are met 

with here and there in the area. 

3. TOPOGRAPHY. 
The area has a .rolling land terrain. While the Jana 

at higher elevation is either covered with scrub jungle 

or trees of poor timber value or serves as grazing 

ground for cattle of nearby villages, the flatter land 

at the relatively lower elevation is terraced and 

cultivated for paddy mostly. The area is interspersed 

with surface drainage which merges to form small 

rivulets, nallahs, etc. which flow ultimately into 

the Mahanadi river. 

The prevalent mode of classification of 

agricultural land.in the Sambalpur district into'four 
. a 

main types, i.e. ~ ( high land ), Mal (land at/lower 

level than~), Berna (intermediate or along slope) 

and Bahal (low-lying valley land) is based mainly on its 

location with respect to watershed. The Berna and Bahal 

lands, situated as they are at a lower level,are enrichec 

by soil fines, humus, etc. flowing along the surface 

runoff from the land at higher level. 

4. FIELD VvORK. 

The area was roughly divided into 219 grid 

squares, each of about 3800 acres serving as a unit 

for field work. The peculiar rolling characteristic of 

land of the area had to be taken into account for 

carrying out its soil survey. Th~refore, to ensure 

that all or the predominant classes of land included in 
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any one grid square received representation in the course 

of soil sampling, three auger bores were made to apprepriate 

depths in each square at sites representative of At or 

M!1• Berna and Bahal lands. Soil samples were collected 

from each auger bore at every six-inch depth of the top 

foot and subsequently ~t each one foot depth to the 
. . ' 

full depth of the bore. Although soil sampling was a c" Jl"-P 

attempted to a depth ranging to a maximUm of about ten 

feet but, on the average, the depth sampled ranged to 

3-4 feet as penetration by auger to greater depth was 

interrupted due either to the presence of gravel, 

moorum, disintegrated rock stratum ar the subsoil water. 

In all about 2529 soil samples were collected from all 

those grid squares. 

Beiides collecting soil samples, field notes 

pertaining to land terrain, soil texture as determined 

in the field, presence or otherwise of organic matter, 

hard pan, etc., crops grown and types of natural 

or planted flora were recorded as far as possible. 

A .few samples of .subsoil water were also oolle cted 

.for laboratory analysis. 

5. LABORATORY TESTING OF SOIL SAMPLES. 

All the soil samples were analysed for their 

mechanical composition and,except for a .few,for total 

soluble salt content and pH. Sets of selected and 

representative soil samples were analysed for their 

respective contents of main exchangeable bases, base 

exchange capacity, calcium carbonate and manurial 

constituents. The samples of subsoil water ~ere analysed 

' for their main chemical constituents. The results of 

va~ious analysis of. soils and water samples are 

presented in il'M>les latbc5~ (Ta·u_.~ 1 to :1). 





6 • PREOOMINANT SOIL FEATURES OF THE AREA. 

The soil of the area is generally brownish or 
\ 

reddian as characterize semi-humid tract and is derived 

mainly from metamorphic gneiss or sohistic parent rock 

and at a few lacalities from decomposing shale. The 

soil profile, in general, comprises of the top soil 

overlying a stratum of compact gravelly outwash material 

(locally termed moorum), the latter overlying weathered 

rock stratum and finally parent ro1~k in that order with 
! 

depth. At some locations, the top ~oil overlies decomposing 
I 

shale, the latter stratum becoming less and less weathered 

with increasing depth. The main variations along the 

profile consist of differences in thickness of those 

strata and the extent and degree of weathering of 

parent rook ~tratum. 

The land situated at relatively lower level is 

normally enriched by soil fines, humus, etc. transported 

along with the surface runoff. during the rainy season 

from that at higher level. That naturally contributes 

a certain amount of dark-greyish colour and heaviness 

to the surface soil of land in the valley as compared 

to the soil of land at higher level. 

(a) Depth of top soil.- The.top soil stratum 

varies in thickness from a few inches to a few feet and, 

from the point of view or utilization for agricultural 

purposes, is the most important. A classification of the 

area surveyed, on the basis of the effective depth of 

the top soil or land at different elevations, has been 

. presented diagrammatically in Figs. 1, 2 and 3. A 

tentative classification of the At and Mal, Berna and --
Bahal.lands in the area on the basis of the depth of 

top soil is presented below : 
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Depth of top soil Division of area representea by ' 
sampling sites (percent) · 
At & Mal Berna Bahal 

0 to 1 ft. 
1 to 3 ft. 
more than 3 ft. 

--
14.2 

.52.5 
33.3 

13.9 
64.5 
21.6 

It is seen from the above that, firstly, only about 

10 ... 15 percent of each lana type has a top soil below 

one foot in thickness; seconaly, the lana along the 

slope {Berna) has a relatively shallower top soil than 

lana falling under any of the other three categories ana,' 

thiraly, a greater portion of the low-lying valley lana 

(Banal) has a aeeper soil crust. 

(b) Soil ~exture. e· The results of mechanical 

analysis of the soil samples are given in Table 1. It 

is seen from those results that the sana content, rangi:hg; 1 t: 

f:r.om..rS0.1to· 80tper..cerlt;~c0nst.itutes the:::.main fraction 

of soils of the area. Next in order is_ the clay fraftion 

. ranging from.10.to 35 pcro~nt, although there are sample~ 

with clay content as low as 5 percent and as high as 

45 percent. The silt constitutes the least prominent 

fraction in those soils ranging from 5 to 25 percent. 

An effort has been 'made to bring out the 

variation in soil texture of the top two feet of' the 

soil profile ana classify the land on that basis as 

shown below : 

Soil texture Classification of the area represented by sampling 
sites on textural basis of' top 2 feet. 
It & Mal Berna Bahal 

• ToF ?-12 12-24 To~ 6-12 12-24 . ToF · 6-12 
6-1nw 1n. in. 6-1n. in. in. 6-1n. in. 

Sand . 21.0 6.4 4.2 14.3 9.7 7.6 6.3 6.3 
Sandy loam 55.7 42.0 22.2 53.5 37.5 27.6 49.5 40.5 

12-24 
in. 
8.0 

32.4 
Loam & sandy · 

clay loam 15.5 38.8 49.2 24.4 34.2 37.8 26 4 30 0 32 5 
Clay loam sandy ~ • • • 
clay & clay 7.8 12.8 24.4 7.8 18.6 27.0 17.8 23.2 27.1 
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It is shown that : 
(i) the soil, particularly of the top few inches, 

is light. For instance,· the soil is sandy to sandy loam 

in the top six inches of about 77, 70 and 56 percent of 

each of. the At ~d Mal, . Berna and· Bahal types of land - ~ . 

respeo.tively. Bahal land. has comparatively heavier soil 

at the top thari other types of land. 

(ii) Soil tends to become heavier with depth 

along profile in all types. or land. ' 

The heaviness, or ot~rwise, of low.-lying land at 

any sampling site dppends, amongst other contributor~ 

factors, on the location, slope, etc. with r~spact to land 

at higher elevation. While a portion of soil fines, 

colloidal matter, .etc. carried along the runoff may get 

deposited on terraced land at lower level another portion 

may be carriea down along with percolating water and 

get deposited along th~ prof.~l.e. 

· · A classification of the area rep~esented by the 

sampling sites on the basis of the chan~~ in the heaviness 

of soil along the profile depth is given below : 

Textural variation 
of soil with depth 
along profile 

becomes heavier 
becomes lighter 
more or' less uniform 
irregular 

Classification of the area 
represented by sampling sites 
(percent) · 
At & Mal Berna Bahal 

65.7 
7.8 

17.8 
9.1 

56.6 
9.6 

24.4 
. 9.2 

28.8 
23.1 
29.8 
18.3 

The occurrance of soil profile getting heavier 

with depth in a major portion of the At, Mal and Berna --
types of land shows that only a few inches of soil at 

,the top is effected by erosion iue to surface runoff. 

The fact that low-lying land (Bahal) does not become 

heavy with depth to the same extent as land at higher level 

may ~e attributed to the fact that this process o£ 

transportation of soil fines and the accumulation of the 

latter on land at lower level have continued through ages. 

Ever since the low-lying land was put under cultivation 
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the soil erosion of that land had been reduced and · 

accumulation of soil fines had been on the increase. 

It s-tands to reason,therefore, that when the land at i 
, I 

higher level would be put under intensive cultivation 

the erosion from them would,likewise, be reduced 

considerably. 

Soils, lighter at the surface and heavi~r below, 

with good drainage conditions are in fact ideal for 

agriculture as they ensure good tilth and moisture holding 

capacity and low evapor~tion losses. The textural 

characteristics of soil o£ the Hirakud area combined 

with good drainabi li ty should prove very advantageous 

when the perennial irrigation facilities ar~ made 

available. 

Unweathered particles in the form of gravel and 

!''t'~I·~-a~e present in varying degrees in all types of 

soil of the area. It was considered of interest to 

determine the perc~ntage :prcport~ ... n of such .fraction 
._ ' • •I .; • 

in soil. An attempt ·to classify the area on the basis 

o£ the percentage cont~nt o£ gravel, etc. in the top 6 

inches or soil is presented below : 

Range of percent 
gravel content 

0-5 
5-10 

10-20 
above 20 

Classification o£ the area represented 
bt sampling sites (percent) 
A & Mal . Berna Balial 

75.0 47.4 57.2. 
9.4 28.4 20.9. 
9.9 16.6 15.9 
5.7 7.6 6.o 

It is seen .from the above table that the major 

portion o£ land has a gravel content o£ less than 10 

~ercent and a much smaller portion, in comparison, 

has gravel content of over 20 perc~nt. The gravel' 

fraction thus is not going to present any problem during 

future agricultural planning. 

(c) pH and Total Soluble Salt 6ontent of Soils. -

Next to soil texture, the pH and soluble salt content 

of soils are important from the point o£ view of soil 
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productivity. The results of those soil characteristics 

for the samples analysed are given in Table 1. It is seen 

that the pH value of soils ranges from about 6o5 to 

8.5 1 .e. the soils do not manifest any marked_ acid! ty 

or alkalinity. Likewise, the total soluble salt content 

of. soils is insignificant and tb.ere is no sample with 

salt content exceeding the safe limit of o.2 percent. 

As such, any chance of se.linisation and/or alkalilii.tion · 

of land as the result o£ moisture movement in soil 

with application of irrigation water as has been 

exppri~~in certain canal .irrigated areas in semi-arid 

parts of the country, seems ruled out. 

(d) Exchan~eable Bases and Base Exchange Capacitz 
of So1 So .,. The phenomenon of base exchange 

is a very important aspect .of soils and a knowledge o£ 

the exchangeable bases and base exchange capacity of 

soils is very necessary to assess the extent of amelioration 
. . . 

or det~rior.ati ~n. ·axpe~ted Of solls as the result Of 
.· ·.· . . 

agronomic, irrigational and manurial practices expe~ted 

during land development. On account of t~~ large number 

of soil samples and. the complicated and extensive tests 

required to obtain the necessary information regarding . 

base.exchange characteristics of soils, about 5 percent 

o.f ~elected samples representing all types o.f soils were 

tested .fo~ the exchangeable base content and base exchange 

capacity. The results of analyses are given in Table 20 

It is brought out that : 

(i) Calcium is the predominant base in the exchange 
complex, its content ranges .from 5 to 15 milli­
eg_uivalents and increases,generally with depth 
along the profile. 

(ii) 

(iii) 

The content of 1IlC!lovalent oases (Na+K) ranges 
generally from 1 to 4 milli-equivalents and that 
o£ magnesium is still lower. 
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(e) Calcium Carbonate Content of Soils. • About 

130 soil samples representing the various types were 

analysed for their calcium. carbonate content. Although 

in certain locations, particula~ly the soil overlying 

shaly substratum, the soil has a fair percentage of 

lime concretions, kankar nodules, eto.1 yft,on the 

whole,it is non-calcareous generally. 

(f) Manurial Status of Soils.- The agricultural 

development of land and the intensive cropping, 

expected with the advent of canal irrigation, shall 

necessarily involve maintenance of proper soil 

fertility level by frequent recoupment of manurial status 

of soil by administering some types of fertilizers, 

farmyard manure, green manure etc. It was, therefore, 

important to investigate the present manurial status 

of soil of the area. 

_!t .. ha.d .not been possible ~o examine all the soil 

samples for the purpose. Aboui 5 p~rccnt soil samples, 

representative of the condi tiona pertai~ng to the area, . 
. . .. . . ~ . ' 

have b3en analysed for their nitrogen, phosphorus and 

potash contents, the results of the NPK status of soils 

are presented in Table 2. It is shown that : 

(i) The soils are distinctly deficient in their 

nitrogen content; the latter ranges from 0.02 to o.oa 
percent as against a little over 0.2 percent in normal 

fertile soil. There is, however, a tendency for the 

nitrogen content to increase slightly from the land 

at high~r level to the low-lying Bahal land. ·That 

may be attributable to relatively better manuring -o£ the latter t.rpe o£ land to· impr-o-ve the yleld of the 

kharif crop. The nitrogen content also tends to decrease 

from surface downwards along the profile. 

(11) The soils a·re also deficient in their 

phosphorus content; the latter ranges from 0.02 to .0.07 l'"'' 
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percent as against 0.15 percent in the normal fertile soils. 

Although the phosphorus content also tends to decrease 

from surface downwards along the profile but, unlike 

nitrogen, it does not manifest any marked difference in 

its content in different types of land. 

(iii) Hnliktl phosphorus and nitrogen contents, the 

content of potassium of soils ranges between 0.25 and 

0.45 percent (average 0.3 percent} and compares well 

with 0.34 perc~nt in the case of normal fertile soils. 

Although, like phosphorus content, there is no 

appreciable difference between soils representing the 

various types of land but,unlike nitrogen and 

phosphorus,the potassium content of soils increases from 

surface downwards along the profile. 

The soils are deficient in their manurial status 

particularly with respect to nitrogen and phosphorus 

and need recoupment and maintenance at the proper level 

to ensure ··:maximum crop yield. At present farmyard manure 

and burnt ash are employed by the cultivators but their 

use is limited on account of restricted"supply. The use 

of £ertilizeFs shall have to be made and their proper 

dosage and time of application worked out by field 

man"!ll"ial experiments. Those shall hav'e to be supplemented 

with organic matter and green manuring shall have to be 

resorted to. It would the~efore be assential to include 

a green manure crop in the cropping pattern When controlled 

irrigation supplies become available. 

~ 7 • :£YPES' 'OF STORAGE TANKS. 

Tan~s. exist in largd number in the Sa.mbalpur 
, . are · 
d1strict. Those/a£ three types kn~~ ~s 'MunrtaJ'Kanta' 

. / 

and 'Band'h '·· The }Jundas are t?--n'Ks which require small 
/ 

arnou.."lt of di · ging, the rain water flows in from three 
' ) 

sides from 'At' land and'the water is held up on the 

fourth side by an earthen embankment. A sufficiently 

big-sized Munda is known as 'Kanta' and the former i0 --
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is situated genera~ly at relatively higher leiel than 

the latter. Tanks at low level dug up and with earth 

dumped on all four sides to raise the depth of water in 

them are known as Bandhs. They are usually dug up to the 

sub-soil water level. 
The 'Mundas' c'on tain a very small quantity of water 

which usually dries up by December or January. 'Kantas' 

generally dry up by April or May but there are some which 

store enough water to last even longer. 'Bandhs'seldom 

dry up during the year as the water in them is derived 

not only from rain in its catchment area but also from 

sub-soil water including water flowing in by seepage from 
I 

'Kantas' • Whereas the 'Mundas' are generally privately 

owned 'Kantas' may either be privately-owned or sponsored 

by Government • 

Limite~use of tanks for irrigation.- The water 

from 'Bandhs' is mostly used for domestic and potable 

purpose and seldom for irrigation and they are built 

mostly out of philanthropic motive and at places along 

the roadside or village to be convenient for use by people. 

The tanks which are used for limited irrigation purposes 

are 'Mundas' and 'Kantas '. The water from those tanks is 

used for irrigation of paddy in 'Bahal'lands lying below 

the level of those tanks when the crop is failing due 

to low or irregular distribution of rainfall and such 

area is generally entered as irrir;ated area with the 

civil patwaris. The cutting of the embankment.of a 

'Kanta t and irrigation of paddy in emergency requires the 

permission of the representative of the Revenue Department. 

!rrigation on a very limited scale is done from these. 

tanks for purposes or rabi cropping in 'Bahal'lands for 

the following reasons : 

(a) Water in 'Kantas' except for some big-sized ones 
generally dr~es up by.April or May. As' the water' 
is used by Vlllagers for domestic purposes, so 
if the quantitr of water depletes quickly, the 
Eopulatfon is forced to take dirty water and thus 

ecome liable to the attack of various diseases. 



(b) Ver1 little water can actually. be s~are~for 
irr~gation. during rabi. If, however,:'some\ ... land 
is actuallf alloca-reQfor any rabi c ltiv~tion 
and to be ~rrigated by a 'Kantar;-it has ~\ 
either to be protected by a mud wall or l ·, 
hedging built round the field from st~ar \·,,­
cattle. The provision of such a prote:et~on ·._ 
being generally expensive and trouble· me, \ · 
the villagers Who are generally poor p t \ . 
the minimum area under cropping durin' ~·\ 

(c) The agricultural practice at present fS \' 
mainly confined to the cultivation of/ pa1dy 1 
during kharif • i[ 

' /, 

An attempt Was made to .collect S?me data rrom 

the various villages in connection with the ext~t of 
I 

irrigation from such tanks. Some. of the figures lare 
. I 

reproduced below in tabular form : · r( 
'I 

Serial Name.of village. Location Bahal. Actual area~ 
No. · of tank land being irri-

Total 
cultivated 
area in 
the · 

with irrigable gated during. 
approxi- from tank rabi. 
mate . - (nrpprox. 
storage in acres) 
capac~ tv 
in cu.f't. 

village 
(approx. 
in acres) 

2 __ 1 ___________________ 3 _________ 4 ________ 5~----~--~6~-----
1 Gurdarpali 1.Nearer 60 3 acres of 1600 

· the village sugarcane b 

2 Pahandi 

3 Bijapur 

4 Rengali pali 

1974375* lift. 
1316250** 

2.Away from 200 
the village 
97500~ 
65QQQQH 

1.Nearer the 44 
village. 
1500UOO* 
900000** 

2.Away from 118 
the · vi l;l.age 
1734000Jt 
13872UOH 

1oNearer the 226 
· village 

126UUOUO* 
10U80UUOiH. 

2 •. Away from 20 
the village 
1.134000.. 
6804000it* 

nil 

1 acre und r 1203 
wheat and 
brinjals · 
by lift. 

nil 

25-30 acres 1490 
ot wheat, 

1 
sugarcane & 

vegetables by )lift. 
nil 

1.4384800. 100-120 1-2 acre 1500 
3654000** under sug 

by lift. 

(table o~ tim~ed •••••• 
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table contin~d from previous page •• 

2 3 4 ·5 6 

5 Silat 1. Nearer the 
villa a! 
17820 ', 

' ' 

106926H 5UU 2-3 acres under· 2250 
2. Nearer the sugarcane and 

village veretables by 33292 0* li t. 
2u8u8uo**: z 

* Approximate to,tal capacity or' t~e tank~ ' tA.O.l. 
** Indicates the approx1mate quantlty of water in the ~ 

in the first week of· February. ,! 

' 

It is illustrated from the above Table tha~ a 
i 

very insignificant portion of the total cultivable land 
. I 

is actually being benefited by irrigation from t~~ 
! 

tanks for rabi cropping in the Sambalpur district and 
• -- • ' - 1 

at present the district can be designated as a one-crop 

area, paddy being cropped during kharif. The cropping 

during~ is restricted to a few pitches in clbse - ; 

proximity to tanks normally storing rain-water ~or 
' ' i 

dome
1
stic and lim! ted irrigation purposes. Sugar9ane is 

grown at a spot convenient from the point of vi.~w of 
I 

water supply from close-by t'ank and represents /the 
• ! 

cooperative effort of the un1 t of habitation irl. that 
' ' 

locality. Although wheat is not b.eing ~rown o~ any 

extensive scale but trials by individual effor:t in 
I 

·I• 

some villages have afforded fairly encouraging .results 
! 

and more and more people are getting induced ~0 grow 
. . . I 

wheat on 'Mal' land after harvesting kharif paddy. Other 
- I ' 

i 
crops grown on limited scale are pulses, oils:eeds, etc. 

I 

The kharif paddy is entirely rain-fed. August/ and 

Septembe~ are considered as critical months dna a lack 
r · i · I . 

·O rSJ.n or ts,delay is liable to do great d~age, 

Besides paddy, other crops such as cereals, !sugarcane, 
' I 

cotton, tobacco, wheat, fodder crops, etc. Jlave great 
. ' I 

possibilities of being grown in the area wUen controlled 
irrigation supply becomes avai.Ja ble. 

\ 
\ 

\ 
r 

\ 

·\ 
\ 

\ 



a. SUB-SOIL WATER. 

(a) Quality.- The samples of water, collected 

from some of the wells in the area, were analysed for 

their diesolved solids contents and main chemical 

constituents to assess their quality. The results of 

analyses are given in Table 3. It is shown that all the watel 

samples have low dissolved solids, the predominant 

constituents are calcium, bicarbonates and chlorides; 

th~ sulphates and carbonates bding very low in comparison. 

It stands to reason, therefore, that the soil strata 

at lower depths are not salt bearing and further 

corroborates the, earlier conclusion that there is little 

possibility or increased sali,nisation or alkalisation 

of soil at a later stage as the result or fluctuation of 

. water-table and capillarity effect. 

(b) Fluctuation of Wat3r-table.- ~e majority of 

canal.and tube well irrigation projects in India have 

been confine~ in the past to its arid and semi-arid tracts 

mostly. The general rise of sub-soil water-table and/or 

the appearance of salts in the top soil and even at soil 

surface observed in those areas have been considered 

as inevitable results of the introduction,of irrigation. 

The rise of water-table and the salt efflorescence have 

moreover, been assumed to be associated phenomena, the 

for.mer being regarded as the cause of the latter. However, 

systematic investigations in those i~rigated areas have 

shown that factors such as the intensity of irrigation 

and rainfall and the presence of salts initialiy in the 

.soil crust and not the sub-soil water contributed 

essentially to the development of salinity in soil to a 

degree harmful for economic crop cultivation. 

The prevailing sub-soil water-table conditions in 

any area are effected by such factors as rainfall, nature 

of surface drainage and soil characteristics. Some of 



Table 3 

statelltlnt show.tn&~ the resul.ts o:t Chemical Ana.l:i]!is 

o:t well-water sa!!!Eles :trom Hiraku.d. 

~ 

Bore ~ · . l·pH I CondUc-1 · · - ·Parts ~100~00 I 
Villat;,e r No. I A I tivity A T.s. i ·Ca.O colA lico3 i Cl. S04 

la. .BAm BAND 7.70 210 ' 12.6 2.2 NU 13~2 1.8 .a 
4.5 SARANDA 7~90 440 32.4 ·. 5.9 n 23.18 ,5.8 ·3 

46 ATTABIRA a.oo .340 14.o ·•' 2.0 n 9.76 6.4 1.0 

82 BENGALI PALI 7.40 . 180. 1.5.6 .. 3 • .5 n 13.12 .6 .s 
So BARGARH 7 • .50 .. 120 9.4 ' 0.4 n 7.32 ,51.6 3.6 

88 SOHELA. 8.10 ' 200 13.6 . 2.0 n 10.98 1.0 1.0 

1.58 GllESS 7.80 '440 30.0 ' 6.1 n 26.2~ 4.0 1.9 

123 MALCHHIMUNDA 9.7.0 .. 240 25.2 ' 3.7 n 10.98 2.0 1.2 

86 NAOGA.ON a.oo ''· 300 ' 19 .. 2 ' 2.4 n 12.20 4.4. 3.6 

62 BIPALI 7.90 6oo 46.4 ' 3.7 n 12.20 11.8 4.6 
(:4 PATHRALA. 7.00 140 19.2 '1.6 n 9.76 1.2 ·1 
63 GOBINDPUR .6.80 7.50 54.2 7~3. n 18.30' 14.80 2.:t 

132 BARPALI 7.40 240 18-lt 1.4 n 13.12 2.4 .6 
182 DONGR.I PALI. 7.90 4So .34.6 $.3 n .34.16 2.0 s ,, 

THELmOLAI 6.90 490 31.4 2.8 n 12.20 4.3 2.1 

2.57 SASON 7.20 a so .56.0 10.0 a 36.60 11.3 4.6 
PARMANPUR 7.30 260 18.6 2.8 n 14.6o 1.4 .6 

228 LAPAN GA. 7.10 86o 67.8 7.6 " )0.,50 6 • .5 .s 
187 RENGALI 7e70 170 13.0 1.8 It 9.70 1.4 1.3 

BHA.'l'L\ 7.40 130 14.0 1.~ It 3.60 1.4 1.3 

'wD s 



the latter. factors are expected to change directly or 

indirectly with the development of the area following the 

~~t~~~u~ri~~rigation. That points to the importance of a 

proper understanding of the.water-table conditions 

prevailing in the area at the present stage in order to 
its trend subsequent to · · 

visualize/the advent of canal ir~igation. The study of the 

extent of fluctuation of water-table in the area was 

therefore made. For that purpose 39 wells lying along 

six arbitrB.fy lines in east-west direction, i.e., 

across the direction of the drainage channels were 

selected for observation of_ water-table once ea~h month 

and those observations were taken over a period of 

two years. The results of that work had been reported 

earlier~2) • The salient features of that study are 

recorded here. 

The depth of water-table below natural surface 

has been recorded in Table 4. fhe mean average depths 

of water-table along each of the six lines during the 

year ere plotted in.Fig. 4~ It ~s seen that : 

(iJ·The water-table fluctuates widely during the 

year i.e. it rises near to the natural surface during 

August-September in rainy season butrrzBii«ex recedes to 

lower depths in the ~ri~r part of the year standing lowest 
beg1nn1ng monsoon 

just before the fid.vcnt of thE-/rains. The range of water .. 

table fluctuation is qui~e wide varying from 10 to 25 

feet although figures as high as ~9 and as low as 7 have 

also_ been recorded.· 

(ii) The drop cf water-table in the ~ea during the 

. post-monsoon period is quicker during the period October 

to December due to undulating terrain, the location of 

observational wells which are confined to higher land, the 

efficiency of surface drainage etc. the water from land 

.at higher level and slope tends to drain out at a quicker 

rate and once an equilibrium is established with the 

water table Of low-lying land further drop takes place at 





Table 4 (Part B) 

_Showing the Depth of Sub-soil Water Table below N.s. in each of the Wells (1952- 53) 

Line 1 Sr.' 
No. 'No, 1 

I 

Name o:f the 'August • Sept. I Oct. & Nov. I Dec, e .Tan, 1 Feb. 1 )lar. 1 
Village • Ft In 1 Ft In 1Ft In r Ft In 1 Ft I 1 Ft I r Ft April 1 )lay 1 .Tune 1 

July • • • • • • • • • n, • n, .In,' Ft.In,' Ft.In.• Ft,In,'Ft,Dn. •Ft.In, 

I 

II 

1. Bhatli 

2. Kharmunda 

a. Silat 

4. Dumirpali 

5. Sohela 

6, Nuagaon 

7. Baipali 

8. Go blndp u:i' 

9, Pa11.li':'al.a 

10. :Bargarh 

11. Ilarhaguda 

12. Rengalipfl.].i 

13, Attabira 

14, Sarunda 

15, Gurbhaga 

16. Babuband 

III 17. Ghess 

18. Bi jipur 

19. Barpali 

ro. Bargaon 

2 3 

0 7 

0 7 

4 1 

2 7 

7 10 

8 B 

4 8 

5 3 

10 4 

2 4 

11 1 

1 2 

8 ll 

16 10 

Ul . 21. Mil.chhamunda · 2 4 

I -. 22. Dungripali 

23. Ra)llpur 

24. Binka -V. · 25. The1ko1ai 

VI, 

26, ,.Laps.nga 

27. Rengali 

28, Sason 

29. Parmanpur 

30. Sindarpank 

31, · Nukshapal.i 

32. Go1aban 

33, Sahaspur 

34. Dhama 

35. Larasana 

36, ·Uranda 

3.7. Naikpur 

38, Ing'-'ma 
39. .Tal.ua 

1 5 

.. 

.. 

3 10 7 0 

13 1 

2 10 12 8 

3 10 7 1 

1 4 3 4 

7 0 13 5 

4 2 7 3 

19 9 20 7 21 3 22 10 24 5 24 6 23 7 

16 4 18 4 20 2 21 10 23 0 24 9 . 25 0 

20 6 22 1 22 7 24 2 25 ~ 

... 

3 9 

22 11 28 0 31 4 31 9 34 10 39 4 39 7 17 5 

6 9 7 9 9 8 9 11 12 7 14 5 15 5 3 7 

16 9 17 3 17 7 '19 6 23 9, 23 . 10 

8 9 9 2 10 1 11 lO 12 5 13 10 14 3 

11 1 

6 3 

6 1 11 10 15 5 16 2 17 0 18 8 19 8 22 9 26 0 14 3 

7 6 14 5 

5 10 9 2 

. 4 2 10 1 

5 2 13 0 

2 10 5 1 

6 8 12 6 

3 11 11 4 

5 11 8 11 

22 6 23 10 24 1 27 2 27 9 30 2 30 5 28 2 

13 2 14 2 14 5 ) 16 4 17 7 18 10. 19 11 14 8 

18 1 20 8 21 10 23 9 26 4 28 0 28 11 23 7 

19 2 19 10 20 1 20 7 21 6 24 0 24 7 17 9 

6 1 6 10 7 6 8 6 9 10 13 8 17 10 9 3 

17 8 20 3 21 11 24 4 27 5 28 2 30 0 26 2 

14 11 16 1 17 1 18 4 19 11 21 9 25 0 14 6 

94101106151023102662210 

. 7 . 6 .12 1 12 9 13 8 14 . 10 16 6 17 4 21 1 

6 0 12 4 

2 7 9 4 

3 2 6 1 

7 - 2 

11 3 

5 7 8 3 

7 3 12 3 

3 5 

2 4 

6 7 

4 2 

4 3 10 9 

5 2 8 2 

2 9 lD 6 

5 11 10 8 

13 0 

14 3 

4 0 

16 7 17 1 18 11 19 1 20 5 22 10 23 5 

l.9 9 21 2 23 0 26 9 17 9 25 3 23 6 

9 4 11 1 12 0 13 8 16 0 

10 7 11 0 11 2 13 0 15 5 17 8 20 5 

15 5 16 8 18 0 19 5 20 6 21 8 22 6 

9 7 10 7 11 5 12 1 12 11 13 10 14 10 . 

14 9 17 6 19 7 20 9 21 10 . 25 4 26 11 

11 11 15 0 17 1 19 0 21 7 24 7 2€ 2 

6 8 9 8 11 7 13 11 16 9 19 1 21 1 

11 5 12 9 15. 10 16 4 18 0 20 8 29 10 

10 2 12 9 14 8 17 1 18 10 21 10 24 5 

12 1'. 1.4 8 1.7 4 18 2 23 4 24 l.l. 26 5 

12 7 14 a 15 10 17 s m 9 21 a 27 9 

16 3 19 6 22 6 25 8 29 5 83 7 35 9 

15 6 17 3 19 3 19 11 22 4 25 1 25 3 

6 2 8 11 10 0 13 2 15 11 l8 2 19 11 
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slower rate. There should .be little danger of water-loggJng : 

in the major portion of the area. 

Due to the absence of wells in the low-lying 

land (Bahal) it had not been possible to obtain 

precise water table data for that type of land. 

However, the observation has been that, where drainage 

is effective as it is over a greater part ot such land, 

the excessive runoff gets drained quickly leaving the 

top soil tree ot e~cessive moisture. As there exists a 
' 

general tendency among the cultivators at present 

to block artificially the natural drainage at places 

to.derive the maximum benefit from rain-water, thus 

accumulated,for paddy cultivation, it may be advisable to 

maintain tree natural drainage as tar as possible in 

the low-lying l.and! when a perennial supply or 

irrigation water becomes available. It may be ot 

interest to investigate further the trend of fluctuation 

ot water-table in that low-lying knd (Bahal) which is 
. " 

agriculturally most productive. That aspect could not 

be tully investigated as no wells were·located in the 

land of that category. 

9. QUALITY OF WATER OF TIIE- MAHANADI RIVER. 

As the water of the Mahanadi River is to be 

impounded in the Hirakud Reservoir and the canal system 

is to take ott from the latter it was considered of 

interest to study the quality of that water. Water 

samples from the Mab.anadi river were collected once 

.each month during the years 1951 ~d 1952 and analysed·· 

. from the point of view of its suitability, or otherwise, 

£or irrigation purposes. It is seen from the results 

of analyses presented in Table 5 that the total 

dissolved solids range from 8 to 26 parts per 100 

thousand parts of water• Moreover, out of the acidic 

io~s~ the bicarbonates are by far the most predominant, 



Table , 

Ql;emtca.l Ana,lys;ts or Mar.a,~ ltlyer Wa.t.er at 
Hiraknd Site ror 19$1 & 1952. 

19~ 

Janua.ry 210 19.20 12.00 . • 8o 1o79 1o.3l 1.~ 

Feb:rUary 200 18.80 ll.40 .8o 1o70 1.24 .96 

March 1SS 12.6o 7o80 .so .90 .eo .65 

April 190 14.60 10.20 .80 1.98 .82 Nil 

May 200 16.4 ll.S9 .30 2.1, .66 II 

June ll, 9.4 6.84 .25 1.24 .sa II 

July" 130 9oS 5.90 .30 1.59 .6o n 

Aug11st 90 8.3 S.(4 .30 1.00 .42 n 

September llS 1.3.1 8.16 .so 1.60 .68 n 

October 160 12.8 9.42 .6o 1.86 .65 n 

November 210 18.9 13.ll&. .so 2.28 1.12 n 

December 225 19.9 13.20 .86 1.84 1.20 " 
1952 

January 250 23.8 13.60 .94 2.ll&. 1.59 .62 

Februar;y 26o 24.7 ll&..6o .96 2.38 1.30 .(4 

14arch 270 26.4 15.60 1.00 2.(4 1o31 o72 

April 240 22.8 12.32 .96 2.03 1.24 .68 
I 

May 240 23.0 12.40 .92 1.98 1.16 .68 

June 2so 23.2 13.89 1o05 2.24 1.34. .72 

July llO 9,6 s.6o .70 1.05 .66 .42 

Aug11st 90 8.2 4.85 .48 .98 .44 .22 

September 90 6.4 5.30. .so ·97 .,!:4 .32 

October 170 16.27 10o3S .56 1.73 .84 .sa 
November 190 18.20 n.S9 .eo 1.90 .66 .(4 

December 200 19.40 ll.89 .60 1.86 .82 .47 

I iiDS• 

Nil 

u 

" 
II 

n 

n 

II 

n 

.31 

Traces 

.60 

.60 

.(4 

.72 

.84 

.96 

.96 

Nil 

n 

II 

" 
n 

n 

.24 
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sulphates and chlorides being less in comparison and 

calcium is the main basic ion. The irrigation water 

containing less than 60 parts dissolved solids per 1UO 

thousand parts of water is-normally considered safe 

for that purpose. Judged on that standard, the Mahanadi 

river water. seem safe for use for irrigation and little 

salinisation of land ic expected by the application of 

that water due to the preponderance of calcium salts. 

This fact receive's confirmation from the fact that the 

use of Mahanadi water ·far irrigation in the Delta Canal 

System for the past over 80 years has not cal sed any 

marked soif deterioration fn the area under command there. 

The high r-ainfall combined with good drainabili ty 

of soil would not perniit any harmtul effects due to 

. accumulation a·f s'alt s 'in the area. 

10 •. TYPES OF ·NATURAL AND PL.A..~Tl.m .FLORA IN THE AREA. 

The ·tap land {.!!) abounds ·in scrub j1lngle or trees 

yielding poor quality timber and also serves as grazing 

ground. Fruit trees are generally planted near habitation. 

Among the more common ·types of ~tural and planted flora 

met with in the area are Jaman, Mango, Mahua (Ba.ssia 

latifolia.), 1-'a.lsa (Batia frondosaJ, Tal {Palm), 'famarind, 

Kandu, (Dios pyres melanoxylon} Simal (Bombax ma.lb0rieum) 

Karla, Neem,Korea, Char (Buchanania latifolia), Sahaj 

(Terminilia tomentosa) Bamboo, Rengal, Babul, Amla, 
and 

Reyian, Sal, Teak, eto. Mahua, Sahaj,/Korea abound on 

yellow soil and Kendu on red soil generally. 

11. CROP PATTERN lUNDEB.: PERENmliT lRRI.G:ATf0NlUUNDITIONSo 

At present more or less, all the M!:!• Berna 

and Bahal types of land is put under paddy during kharif. 

A very small fraction of the area in olos e proximity 

of the water storage tanks and with assured facilities 

of irrigation suppliec from that source is put under 

sugarcane and jute. The high land (~) is cultivated 

at places for groundnuts, pulses, sesamum, etc. during 
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rainy season. There is hardly any crop worth the name 

during~· 

As is clear from the discussion of soil features 

or the area in Para 6 above, the area has potentially 

rich soil but is at present yielding one crop and for its 

water requirement is entirely dependent on the rainfall 

and thus subject to the vagaries of the latter. A 

provision of controlled supply of irrigation water will 

be r~plete with immens$ potentialities. 

It is difficult to give at the moment a definite 

picture of the intensity of cropping, time of sowing 

&ld harvesting, dosage and time of application of 

fertilizers etc. as those specific details require 

working out by farm experiments under local conditions. 

However, keeping in view the latter and the soil 

conditions a tentative broad~based crop pattern can be 

visualised~ The economicsof the various alternative 

rotations shall have to be investigated by proper 

trials by agronomists. 

The low-lying land (Bahal) would continue to be 

best suited for the cultivation of paddy. With t-he 

availability of water and_the practice of n~sery sowing 

finding favour wi. th the cultivators, reduetion in the growth 

period and seed rate, two crops of paddi would become 

possible. Presently nursery. sowing is not practised 

·because of lack of irrigation facilities during the months 

preceding the rainy season. The nursery plantation· 

of paddy would reltease the land for. a green manure crop 

dpring the months April to June. In view of' the various 

factors the following crop rotations may be possible on 
that type of land. 

1) Kharif' rice- Winter rice (such-as Dalua usually grown 
G · in the Mahanadi Delta Area) 

-, reen manure crop . . . ' 

2) Kharif rice - leguminous fodder crop (Derseem etc.) -
F. Y.M. or some 
fertiliz0rs applied 
to Berseem etc.) 

maize 
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The land above Bahal ( i.e. Berna and M!!) would 

show best results from canal irrigation and could be 

cultivated for crops like sugarcane, jute, cotton during 

kharif and wheat, oil seeds, fodders, etc. during ~· 

However, a comprehensive manurial scheme shall'have to be 

evolved for that land by farm exper~ments for recoupment 

of manurial status of soils. A leguminous crop shall 

have to be included in the crop rotations which may be 

the fallowing : 

1) Sugarcane (FYM) - Jute - Berseem - Cotton 

· 2) Wheat (FYM) - Cotton - Green manure - Jute 

3) Jute - Green manure - Sugarcane (FYM) - Cotton-
. . Maize - Rice . 

4) Maize - Rice - Oil seeds {FYM) - Cotton- Green manure~ 
The land located at the top (~) is not being 

utilized to any marked extent at present. Due to its 

having lighter soil and meagre waterholding capacity 

too frequent watering for Shallow-rooted crops is required. 

but with the availability of water that land would afford · 

cropping facilities similar to the land.at slightly 

lower level (!!!) and could then be put under deep rooted . 
crops. The following combinations of shallow and deep 

rooted crops in ~otation are recommendedo 

1) Cotton- Oil seeds - Green manure - Maize or Jawar 

2) Groundnut - Gram - FYM - Jawar and Guar - :@il seeds 

3) Maize - Gram - Green manure - Jawar t Guar 

4) Sugarcane - Green manure - Cotton 

.It is again stressed that the crop rotations 

suggested above for the different types of land. in the 

~rea under report are only tentative. Field trials shall 

have to be carried out to examine the superiority and 

economics ~f one ~otati~n over the other.~ev~/~~1~~ 
ou12~s'~A'I-4 ~ c.<Lu.v., ~ttVt-t.0J~Iw~/iv.. Qi>t. ctM.Jt.i<.~tVu/)Uda.M. i.?~~~· 

• lJMMARY AN u CONCLUSI6NS. ' 

A broad-based soil survey of about 8 lac acres of 

land has been carried out to assess the agri-irrigational 
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potentialities of tba·area expected to receive the benefits 

of canal irrigation from the Hirakud Dam. The entire area 

has been divided .into 219 grid squares each measuring 

about 3.8 thousand acres to· serve as a unit for purposes 

of carrying the field work _for that survey. 

On account of-the rolling terrain of the land 

and with a view to make the soil survey as representative 

as possible, soil sampling has been done from three 

sites in each grid square, to represent the high land 

(It and Mal) land along slope (Berna) and low-lying valley - -
land (Bahal). 2529 soil samples, thus collected from 

those grid squares have been examined in the laboratory 

fer their main physical and chemical characteristics. 

A tentative classification of the area has been done 

on the basis of the depth of the top soil overlying 

moorum or disi-ntegrated rock, and the. soil texture 

of the first foot of soil _profile. ~e main features 

of the soil of the area are briefly described below : · 

(a) The soil is not very deep and is invariably 

lighter at the surface becoming heavi'er generally with 
depth. 

(b) Soil pH ranges from 6.5 to 8.5 and the total 

dissolved solids content is low. 

(c) There is preponderance of calcium in the 

exchange complex of soils, the monovalent_alkali bases 

being low in comparison. 

(d) The calcium carvonate content of soils is 
quite low. 

(e) Soils are poor with regard to their nitrogen. 

and phosphorus contents and more or less normal with 

regard to their potash content. 

The soil o! the area is good. 1here is little 

danger of salinise.tion and/or alkalisation as the result 

of perennial irr-iga'tion. The dissolved solids in the 

sub-soil water and the water of the Mahanadi river, the 
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latter has to flow from the Hirakud Reservoir_ into the 

canal system, are of very low order and no soil deterioration 

can be expected as the result of either the fluctuation 

of the water-table or irrigation. 

The observations relating to the fluctuation of 

the water-table have brought out that the soil is well 

drained over a major p~rt of the area and there seems 

little chance of water-logging in the high land and that 
somewhat · 

along the slope. The ftmpeded drainage in the low-lying land 

can be rectified by opening up the surface drainage whicll 

at present has been blocked by the cultivators to derive 

the maximum benefit from the rainwater stored for 

cultivation of paddy. 

Although the crop pattern can only be indicated 

with.certainty after actual field experiments under 

local conditions but broad indications are that it should 

be possible to have two major crops and also to grow 

some suitable type of green manure crop, the latter to 

enrich the soil with respect to organic matter content 

and better utilisation of ar ,j_-:';_;;_;_;.._;_ fertilizers. 
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TABLE 1 : SHOWING THE HES.YLTS_ QE....pH....___1.9TAL SOLUBLE 
SALTS !\.N D lilECHA'iiCAL ANALYSIS. 
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TABLI~ 2 SHOWING T"tiE :12SULTS OF CHEIHCAL ANALYSIS 
OF' SOILS, i.e. EXCHAl! GEABLE BASES, BASE 
EXCHAHGE CAPACITY AND NPK. 
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