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INTRODUCTION 

The Government of India 'constituted an Indo-American team in 
1967 to assist in developing, under LC.A.R. leadership, 0) n pre hensive 
water management research programme for the Fourth Plan Period. The 
team consisted of three Indian members, viz. Dr. _R.C. Hoon, Director, 
Central Water & Power Commission (Retired), Dr. S.D. Nijhawan, 
Agricultural Chemist, Punjab (Retired) and Sh. C.S. Sridharan, Deputy 
Agriculturel Commissioner and three Americans viz. Dr. C.E. Evans, 
Mr. S.J. Mech of U,S. Department of Agriculture, Agricultural Research 
Service and Dr. P.R. Stout of the University of California, Davis. This 
team recommended establishment of a n~tional centre for research on 
salinity and alkalinity. 

The Government of India conside,ed these recommendations and 
decided to establish Central Soil Salinity Research Institute as a Fourth 
Plan project and the project was sanctioned vide LC.A.R. letter No. 
F. 20-4/66-AI. II! dated 13-3-1968. The Institute started functioning on 
1-3-1969 at Hissar (Haryana) when the Director of the Institute joined. 
Later, on the recommendations of a committee constituted by the Director 
General, LC.A.R .. the Institute was shifted from Hissar to Karnal in 
October, 1969. 

In February 1970, Ihe Central Saline Rice Research Station Canning, 
West Bengal which was formerly part of the Central Rice Research 
Institute, Cuttack was transferred to this Institute vide I.C,A.R. letter 
No, 16-21/66-A.I. (IO/F.e. (1) dated 3-2-1970. 

In June 1972, at the time of mid-term appraisal of the Fourth Five 
Year Plan the facilities at the Institute were strengthened. 19 additional 
posts of scientists were created and an additional amount of Rs. 28.00 
lakhs for buildings was also sanctioned. 

OBJECTIVES 

In India large areas of land are rendered uncultivable because of 
salinity, alkalinity and water-logging. A conservative estimate indicates 
that nearly 7 million hectares of otherwise productive land is lying barren 
due to alkalinity and salinity. 
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The objectives of the institute are broadly to carry out research on 
the reclamation and utilization of salt affected soils and to evolve tech
nology to arrest the further spread of such :ioils in the new areas comjng 
under canal irrigation, Specifically the objectives of the institute are: 

(i) to collect detailed information concerning the formation, distri
bution, extent and characteristics of salt-~lffected soils In different 
parts of the country: 

(ii) to conduct research on the methods of reclamation of 8alt
affected soils; 

(iii) to investigate the methodology and techniques of drainage of 
~uch soBs ~ 

(iv) to investigate the feasibility of utilizing poor quality waters for 
irrigation of various crops under different soil and climatic 
conditions; 

(v) to conduct research on the effect of irrigation under varying 
conditions of soil, topography and geological formations on 
water table, salinity development and crop growth with a view 
to evolve optimu m irrigation and water-use practices for arid 
and semi-arid areas; 

(vi) to evolve varieties of crop plants suitable for growing in salt
affected and water-logged areas; 

(vii) to investigate the physiological attributes responsible for salt 
tolerance in plants; 

(viii) to evolve suitable agro-techniques for grOWIng crops on salt 
affected soils; and 

(ix) to collaborate with Agricultural Universities and other Central 
and State Research Institutes in the organization and develop
ment of soil salinity and water management research, training 
and extension programmes. 

ORGANIZATION 

The research in the Institute is conducted in its three Divisions (i) 
DivisIOn of Engineering (ii) Division of Genetics and Plant Physiology 
and (iii) Division of Soils and Agronomy_ [n addition, the institute has 
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an extension unit, a library unit and farm unit. The Project Coordinator 
and the Coord ination Cell of the Projects on, "Water Management and 
Salinity" and on "Use of Saline Water in Agriculture" are also located 
at Karnal. For research work on salt affected soils of coastal areas, the 
Institute has a sub-station at Canning, West Bengal. One of the Centres 
of the Water Management and Salinity Project is also functioning at 
Canning. 

STAFF 

At the time of mid·term appraisal in June 1972, 19 additional 
scientific and 4 other posts were sanctioned by the I.C.A.R. vide their 
Jetter No. 3-15(71.·S & W dated 14.6.1972. For the extension work at 
the farmers' fields an Extension Unit was created but before the vacancies 
could be filled, recruitment was banned by the Council vide their letter 
No. 20-7j72-R.r. dated 7.10.1972. Dr. M.N. Sarin, who was the Head 
of the Division of Genetics and Plant Physiology, expired on 14.7.1972 
after a short illness of 2 days. The institute SUffered a great loss in his 
death. Dr. G.P. Bh'Hgava, Junior Soil Scientist, was selected as Soil 
Scientist and joined the new post on 13.3.1972. 

Shri S.K. Gupta, Senior Research Assistant was selected as Assistant 
Engineer (Drainage) and joined the new post on 1.4.1972. 

The following members joined the institute during the year under 
report: 

Division of G~netics 9nd Plant Physiology 

Dr. T.N. Singh (Plant Physiologist) 1.5.1972 

Division of SOils and Agronomy 

Dr. C.L. Acharya (Junior Soil Physicist) 3.2.1972. 

Shti Milap Chand, Senior ResearcJl Assistant in the Division of 
Soils and Agronomy resigned his post to join the Punjab Agricultural 
University as a Ph.D. Scholar. 

51>. R.K. Bhattacharya, Plant Breeder continued to work at the 
Sub-station at Canning and Dr. A.K. Bandyopadhya, Soil Physicist was 
transferred to that sub-station on 1.5.72. 

The staff position as on 31.12.72 is ,hown in appendix 1. 
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PHYSICAL FACILITIES 

Buildings 

The institute continues to be located in a hired building. Additional 
funds faT the construction of residantial and other buildings were 
sanctioned by the Indian Council of Agricultural Research and 33 houses 
(12 type T,4 type II, 4 type III, 4 type IV, 4 type Vand 5 type VI) are 
under construction. 

Library 

The library facilities were further developed during the year and as 
on 3I.l2.19n the lihrary had 4126 books and 1346 bound journals. 
The institute library contributes to 181 current journals (49 lr.dian ar.d 
132 foreign). 

Farm 

The institute has a farm of about 76 hectares, a large portion of 
which is affect"d by salinity and alkalinity and is subject to flooding 
during monsoon. The entire farm l\as naw been laid out ill fields, 100 
m x 25 m size. Farm operations are mechanised and no bullock is used 
at the farm. The 'irrigation is provided by 4 cavity tube,wells and one 
deep tube-well. About 40 hectares of the farm has an underground water
conveyance system. To stoTe excess run-off water three farm ponds with a 
storage capacity of 246 ha.cm. have been dug. The stored water is being 
used for irrigation during lean rainfall period in the monsoon season 
itself. Observation wells for continuo~s record. of ground water table 
fluctuations have been installed at 100 m grid. 

EDUCATIONAL PROGRAMMES 

(al U.N .D.P. Project on Post-graduate EdlLcation and Research 

The institute had a collaborative programme with Haryana Agricul
tural University, Hissar on Water Management under the above project. 
The main objective of this project is to train post graduate students. 
One of the Ph. D. students of Haryana Agricultural University, Hissar 
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in the above project will conduct his research work at this ir,stitute after 
completion 'of hjs course \'york. 

(bl Summer Institute 

A Summer Institute for College and University teach"rs .and 
research workers on Saline and Alkali Soils and their Management spon
sored by the Indian Council of Agricultural Research was conducted for 
the second year in sllccession. 20 teachers and research workers from 
different parts of the country participated. 

(e) Ph. D. Programme 

Under joint programme with Haryana Agricultural University 
and the Punjab Agricultural University three students (2 from Haryana 
Agricultural University and I from Punjab Agricultural University) 
worked in the institute on their research projects for Ph. D. 

(d) Conferences 

A meeting of the Senior Scientists engaged in research in the Use 
of Saline Water in the States of Punjab, Haryana,U.P. and Gujarat 
was convenedi from February 21 to February 22,1972. After thorough 
discllssions, criteria to be used for judging the suitability of water for 
irrigation were adopted. 

VISITS ABROAD 

(I) Dr. I.P. Abrol, Head, Division of Soil Science and Agronomy 
visited U.S.A. as an Andre Mayer Senior Fellow for a period 
of 8 months from April 1972 to December 1972. 

(2) Dr. K.S. Dargan, Agronomist visited V.S.S.R for one month 
(18.11.1972 to 18.12.1972) to study the work on saline soils 
in tha t country. 

(3) Dr. D.R. Bhumbla, Director, visited Iraq in October 1972 as 
a member of the Indian delegation to help Iraq in the develop· 
ment of their agriculture. 

(4) Dr. D.R. Bhumbla, Director and Dr. J.P. Abrol, Head, Divi
sion of Soil Science and Agronomy participated in the Inter
national Symposium on Salt Affected Soils held at Cairo, Egypt 
from 4.12.1972 to 9.12.1972. 
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(5) Dr. R .K . Rajput. Agronomist visited Laos for fI period of six 
weeks as an expert member of a team 10 study the feasibility 
of a lift irrigation project. 

:Foreign Experts 

Dr. J.W. Kijne who came as an Expert on Irrigation to HAU, 
H',ssar under U NDP project visjted tbe JnstHute. 

VISITORS 

The list of the important persons who V I iled the Instit ute is gIven 
in appendix U. 

Research work in Plant Physiology being e.y.p/ailled 10 Dr. M.R. SlI'a171illarhan, 

Director-General, I .C.A.R., Nell' Delhi 
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Shrj .V.A. Dais. Jiigh CommiJsioller (if Ceylon heing shOim rlre field 
experiments during his visit to the InSlilt,ae. 



During the year 1972 the in~li\u\e organised two FaTlners' Da) s 
one on 17.3 . J971 and the other on 29.9.1972 where mcm: than 1000 
farmers participated. 

Finance 

The expenditure llgures for the Ii n;U1 cia I 
below: 

Sr. J\"o . IJrod 

I. Srnll' 

2. Other charges 

3. Buildings 

year 

Tota1 : 

'Weather 

197 J -72 arc 

E:<pelltiifUre 
(Rs.) 

4,6~.206 

8.92,576 

3,47.033 

17.03.815 

uiven :;;; 

The mean monthly \ra lues (If weather clements recorded in Lhe ]n~ 

sUtute's Weather Station during the year 1972 arc slImm..lrizcd in Table 
]. The subnormu1 valu.es of mtlXllnUID tempewturc during Nfarch and 
April and of minrmum temrerature during April ,vere r,n our;\bfc fOf 

the growth of raM ('TOpS. particularly cereals and forages. The maxi
mum and minimunl temperatures during oLhr.:r months of the year under 
revie\'! were normal. The rel~ti, e humidity during Febrllary. March. 
April. November and December ",os morc than the normal ntlues 
whereas the months of May and June were compc.l1'Utivcly drier ano the 
evaporaLive dem~llld of tbe atmosphere was the highest. 

The data ou rainfall and evaporation reveal Ihat there was a net 
deficit of about 1500 rnm during the year under review. The nel deficit 
durlng April. May and June accounts for about llOO mm. The rainfall 
during January, Februurj and March. though !:'Hghtly su.bnormal, \\a:, 
\ cry helpful for tbe growth of l'itanding rabi crops and re:,ulLed in snving 
of irrigation water. Tho onsel of mOI1:,oon rainfall was timely and the 
sowing of kha,.ifcrops could be accompli!)hed on stored moisture. Not 
only the rainfall during Jut), and AugusL v. as \ ery mucb bighcr than the 
normal but the disldbu[ion was very erratic. The beavy dov,npour of 
If>6 n"lm al1u 101 mm re~ei"ed on 8th and 12th July n'specti" ely, and of 



Tl!dlJl(/lu.~y dt?I"l'/oped tit the Ius/illiTe! .Ill,. feC/allWlioll {lliti IffiliZtlliOfl 

{~r .'iU/' (I/J("I led slIils bt.'ing t!xplclilled 10 J~lI'lIl"rs 0/1 Farmer'" day. 
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74 mm and 20 mm received on 24th and 25th August respectively 
resulted in temporary waterlogging and considerable water was lost 
as run-off, The intense dry spell which prevailed between 13th July and 
8th August necessitated supplimental irrigation to save cr'ops from mois
ture deficiency, September was practically dry, The' rainfall during 
November resulted in delayed' sowing of wheat in rice-wheat rotation, 
particularly on salt affcctd soil by a bout 3 weeks, though 'it was benefi
cial to early,sown crops. 



DIVISION OF SOILS AND AGRONOMY 

S. A. 1. 1 .' Studies on optirnum combination of leaching practices for the 
rei/oval of salls from saline sodic soil. (/. P. Abrol and D. R. 
BhulIlbla). 

(a) An experiment was started in summer 1970 in a soil which had 
high exchangeable sodium percentage (50·80) to a depth of 180 em. 
The salt content was high only in the upper 45 em (Eee 6.20~10.34) 
Sodium was lhe prodominant cation and carbonate and bicarbonate the 
predominant anions. The tre.ltments consisted of combination of 3 
methods of water application (continuous ponding, alternate .ponding 
with 7.5 em standing water and alternate ponding with 15.0 em 
water) and two levels of gypsum application (0 and 14.5 t/ha). 
As reported earlier (Annual Report, 1970) continuous and alternate 
ponding of water did not show significant difference in salt removal 
which was attributed to the poor permeability of these soils resulting in 
unsaturated movement of soil water even under ponded conditions. But 
the application of gypsum greatly increased the efficiency of leaching. 

The experiment was continued without any leaching treatment. 
Rice and wheat were grown in rotation. The yields of paddy" and wheat 
are given in Table 2. 

TABLE 2. Yield of paddy and ",/teat as affected by gypsum applica-
tion (qjha) 

Treatment Paddy Wheat 

1971 1972 1971 1972 

No gypsum 45.1 54.8 21.4 33.4 

Gypsum @ 14.5 55.1 63.9 32.3 44.5 
tJha 

C. D. at 5% 4.00 5.25 4.79 7.37 

It would be observed tbat the yield of paddy increased in the 
second year in both gypsum treated and untreated plots. The increase 
may be attributed to the increased solubility of soil calcium carbonate 
and resultant decrease in exchangeable sodium. 

Soil samples were again taken to a depth of 180 em in November. 
1972 and analysed for pH, E.C. and exchangeable cations (NKCI 
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extractable). The data for pH and E.C. from representative plots are 
given in Fig. J (lnd l. 

It is apparent thaI in gypsum treated plots, as expected, the pH is 
lower in the surface layer by about 0.5 units but considerable improve
ment· in this respect has been' observed even in lower layer! (upto <a 
depth of 60 cm). . 

It is interesting to observe that with three years of cropping the 
peak salt concentration which was at the surface to begin with is now 
at a depth of 150-180 em in the case of gypsum untreated plots while 
in the case of gypsum treated plot, salts got leached beyond 180 cm. 
This indicates that with continuous cropping and rice 3S a crop in the 
rotation salts once leached to lower layers are not likely to move up
wards to the surface. 

S. A. 1. 11: Dynamics of calcitlm-Jodium exchange under unsaturated 
flow condition (I. P. Abrol and T. S. Dalziya). 

Leaching of soluble salts is one of the important aspects of the 
management of salt afTected soils. Several studies have shown that the 
efficiency of salt leaching can be considerably improved by controlling 
the degree of water saturation and flow rate of water through the soil. 
Tn addition to the leaching of salts, replacement of exchangeable sodium 
by more favourable calcilJm is attempted for the reclamation of saline 
sodic soils. In this case leaching is often accomplished after the applica
tion of an amendment to the soil. The purpose of this investigation was 
to see how water application rate and consequently the degree of water 
saturation influences the exchange of sod ium for calcium in saline sadie 
soils. For the purpose of this study a highly saline sadie soil collected 
from the farm of the Central Soil Salinity Research Institute, was leached 
with calcium containing water at different flow velocities and the result
ing moisture and exchangeable calcium distribution in the columns was 
studied. Results in Fig. 3 show that with decreasing degree of satura
tion obtained from controlled leaching. there was comparatively lesser 
exchange of sodium by calcium compared to conditions where flow rate 
was not restricted. From this similarity between experimental moisture 
and exchangeable calcium profiles, it would appear that effective exchange 
capacity decreased nearly proportionally with a decrease in degree of 
water saturation. Reasons for such decreased calcium exchange capacity 
under unsaturated flow conditions are under investigation. 

S. A. 1. 12 : Studies on the precipitation of soluble sodium carbollate in 
sodic soils (T. P. Abrol and I. S. Dahiya). 

Saline-sadie soils occurring in many parts of the world contain 
substaintial quantities of soluble sodium carbonate. When an amend
ment (soluble calcium salt) is added to the soil surface and soil leached, 
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exchange of sodium by calc;uln. 

a fraction of the added calcium salt reacts with soluble carbonates, 
forming relatively insoluble calcium carbonate. A laboratory experiinent 
was, therefore, conducted in columns by leaching a highlY saline-sadie 
soil (pH 10.0, ESP 100, soluble carbonates 7.8 meq/lOO g) with calcium 
containing water to study the effect of (oJ flow velocities and degree of 
water saturation and (b) calcium concentration in the leaching water on 
the extent of carbonate precipitation. 

The results showed that with increasing (a) flow velocity and degree 
of soil saturation (Fig. 4) and (b) the concentration of calcium in the 
leaching solution. there was an increased precipitation of soluble carbo
nates in the soil. It is suggested that by controlling the extent of carbo
nate precipitation, the quantity of calcium containing amendment nece
ssary for the reclamation of sodic soils rich in soluble carbonates could 
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Fig. 4. Effect offlOlV velocity and degree of soil .atllration and concelltra-
tion ofCalciUln in soil solution on precipitation of soluble Carbonates. 

be considerabley reduced. The results of this experiment have also revea
led that the usual method of determining the gypsum requirement of 
soils (Schoonover, 1952) tends to considerably overestimate the gypsum 
needs 0'[ these soils since a large portion of the soluble cmbonates gets 
leaclled unreacted with the added gypsum. 

S. A. 1. 13 " Effect oj mulches and gypsum on salts and moisture distribu
tion and crop growlh in a saline-sadie soil. (I. P. Abl'o/ and 
O. P. Dhankar). 

In salt affected soils experiencing monsoon type climate the salts get 
leached to lower soil depths in the rainy season and again move the 
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soil surface i!l tpe post monsoon season in response to atmospheric 
evaporative demand. A field experiment was undertaken to investigate 
the effect of surface applied mulch on the salt and moisture distribution 
following the leaching of salts in the rainy season. The treatments con
sisted of three depths of rice husk i.-e: 3, 5 and 8 em mulch and a control 
plot. In one set of plots gypsum was applied @ 12.5 tlha in' Jime 
1971. Periodic observations on the moisture and salt distribution in the 
soil profile were made. In July, 1972 rice was grown to see the effect of 
treatments on crop performance. The results of the experiments are 
summed below. 

(1) Monsoon leacbing resulted in reduced salt concentration in the 
surface 55 to 60 and 70-85 em soil depth in gypsum untreated 
and treated plots. Leaching to lower soil depths in gypsum 
treated plots occurred due to improved permeability and conse
qently greater amount of water infiltrated lin gypsum treated 
plots. 

(2) Upward rise of salts in the post monsoon season decreased with 
increase in mulch thickness and in 5 and 8 cm mulched treat
ments, there was practically no upward movement of salts. This 
was due to lower soil moisture gradients and moisture flux in 
mulched plots compared to 'unmulched plot. An upward flux 
of 7, 22 and 26 cm of water was calculated for 5, 3 and 0 cm 
deptb of mulch respectively during the period September 22 to 
May 15. 

(3) Leaching af soluble salts during monsoon resulted in reduction 
of soil pH due primarily to leaching of sodium carbonate and 
bicarbonate and tbe possible release of calcium from native 
calcium carbonate. 

(4) Data on crop yield shown in Fig. 5 for different treatments 
show that paddy yield increased with increasing depth of mulcb 
applied. Crop yield was found to be related to changes in soil 
pH and exchangeable calcium in the surface 30 em of soil. 

S.A. 1.2 : Effect o[waler table, rainfall and e.-aporalion on Ihe dislribution 
of salts in saline sallie soils (D.P. Dhankhar and I.P. Abrol). 

Moisture content and suction 'changes in a nprmal and a sodie soil 
under natural conditions were followed with a view to characterize the 
direction and rate of water movement in two soils during different periods 
of the year. Table 3 gives changes in moisture content during the 
the period 2.10.1971 to 12.5.1972 in a normal and a sodic soil. 
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Fig 5. Effeci of mulch thickness o:! the yie!d o/paddy. 

TABLE 3. ,Moisture c(w!ent changes jJl a }]ormal llnd a sod;'c soil 
(pCI' celli). 

Depth Normal soil Sodie soil 

(em) 2./0.71 12.5.72 2.10.7 ] 12.5.72 

0- 15 13.53 4.43 13.53 6.20 
15- 30 15.90 7.95 ] 7.08 13.75 
30- 45 1690 8.25 18.96 16.69 
45- 60 IS.08 9.0p 19.17 18.65 
60- 75 19.34 9,60 20.68 20,62 
.75- 90 19.92 11.22 21.62 21.10 
90-120 22,18 13.16 22,63 2] ,95 

120:] 50 23.40 14.28 22.75 22,28 
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These data show comparatively rapid loss due to evaporation from 
normal compared to the sodie soil and is due to the poor transmission 
characteristics of sodie soils at different moisture contents. Hydraulic 
conductivity of the two soils at different suctions was evaluated. The 
data.are given in Table 4. ~ 

TABLE 4. Hydraulic conductivity of a normal and a so die soil. 

iNormal soil Sodic soil 

Suction K (S) Suction K (S) 
(cm) (mm/day) (cm.) (mm/day) 

0 526.00 0 21.30 

90 21.48 140 4.60 

110 11.55 240 1.1lx10-1 

125 6.52 357 4.13 X 10-' 

130 5.96 400 3.50x 10-' 

160 2.98. 
'j, , ., 

Evaluation~of suction grad tents showed that water flux continued to 
be in the direction of water table till the latter was deeper than 130 em 
from the soil surface. .This·and the low transmission rate of sodic soils 
prompts to th •. conclusion that contribution from the ground water table 
in these areas mdY not be- n major factor jn the formation of these 
soils. 

...1 ~(' 

S.A. 1.3,' Studies on the improvement of permeability eharaeteds/ies of 
sodie soils. {C.L. Acharya and I.P. AbroT) 

f .!.~, - I' 

To improve the permeability of sodic soils addition of sand is a 
common practice with many farmers. Experi mental evidence of the 
efTect of such a~ditions on t~e IIhysical improvement of soils i~. lackmg . 
. A . study' was. t]jerefore, conducted in the laboratory to evaluate the 
effect of addition of varying quantities of sand on the permeability of a 
highly sodic soil (pH2= 10.21. Measurements of water flux through 
sand-soH mixtures was evaluated Jfl metallic cores 7.5 cm diameter 
and 11.2 em high maintaining constant water head. 

Data showed that in mixtures containing large fractions of sand, 
there \'/as a sharp <jecrease in water fiux with time. Further increase of 
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soil in the mixture did not show much difference in the water flux and 
wa, nearly constnnt at 0.1 cc/hour which was nea rly the same for the 
soil alone. Changes in water flux as a result of mixing sand were 
expected. to result from changes 10 pore size distribution and their conti
nuity ITable 5). 

TABLE 5. Percentage (If pores dr~linc(! at vari ,us suctions 

Mixture (Sand: Soil) Suction (barl 

composition 1/10 1/3 1/2 

7:1 35 37 38 

6:2 29 34 36 

4:4 26 33 34 

1 :7 12 19 26 

A high initial water flux and its sharp d~crease with time in mixture 
cont3.ining a large fraction Dr sand indicates thut the improvement in the 
hydraulic conductivity of the mixtur~ is lost rapidly. Since the soils 
have pre-dominantly non-expanding type of clays the mechanism of swell
ing of clay pJrticles does not seem to contribute much towards the major 
decrease in water flux. Becau-;e of thei r dispersed nature, it is likely 
that clay porticles get phsicaiIy displaced and block the pores created by 
the addition of snnd particles. Fig. 6 depicts the ratio of water flux 
obtained in the first 15 minutes to the nearly constant flux obtained over 
prolonged periods for different sand soil mixtures. It"is clear that the 
decrease in water flux is most rapid where the initial water flux is also 
high.' Since high initial water flux would favour greater displacement of 
clay p>rticles the reslilts tend to indicate that the Clay displacement is 
the chief caUse of reduced water flux in mixtures containing large 
amounts of sand. 

It would, therefore, appear from these preliminary studies that 
addition of sand in quantities usually practised in saline sodic soils is not 
likely to result in substantial improvement in their permeability characte

ristics. 

SA. 1.3/ : Effect of depth or mixing gypsum on soil properties and yield 
of crops. (B.K. Khosla and J.P. Abrol). 

As reported earlier (Annual Report 1971) a field experiment was 
conducted in a highly sadie soil to see the effect of mixing gypsum in diffe-
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Fig 6. Effect of sand-soil mixture all the ralio of initial/flaal water flux. 

rent soil depths on soil properties and crop growth. Treatment, of all 
combinations of three levels of gypsum (0, 13.5 and 27.0 t/ha) 
and three depths of mixing (10, 20 and 30 em). Yields of barley and 
paddy, reported earlier, indicated that mixing gypsum in soil depths 
greater than 20 cm resulted in lowering the crop yields. The experiment 
was continued during 1972 in the same plots with wheat and cotton. 
Yield data are given in Table 6 and changes in soil properties in Table 7. 
These data again show that deeper mixing of gypsum is not helpful 
because of the dilution of applied gypsum. 
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TABLE 6. Effect oJgypsum levels and depth oj mixing on the yield oj 
wlreat anti cotton. 

Depth of mixing Yield Iq/ha) Gypsm 

level (t/h.) (em) Wheat Cotton 

o 

13.5 

27.0 

C. D. at P=0.05 
S. Em ± 

10 

20 

30 
10 

20 

30 

10 

20 

30 

20.4 2.58 

17.7 0.85 

9.3 1.53 
32.8 4.62 

31.6 5.64 

20.0 3.64 

36.8 8.74 

36.8 6.39 

35.3 7.58 

4.1 1.66 
1.35 0.81 

TABLE 7. Some soil properties aJter wheat /971·72 

Treatment 

Gypsum 
(t/ha) 

Depth 0·10 
of mixing 

(em) 

o . 10 9.55 

20 9.67 

30 9.58 

13.5 10 9.02 

20 9.22 

30 9.47 

27.0 ]0 9.00 

20 9.07 

30 8.65 

pH, 

Soil Depth (em) 
10·20 20-30 

10.06 10.23 

10.20 10.30 

10.10 10.18 

9.58 9.90 

9.75 ]0.00 

9.88· 9.83 

9.72 10.10 

9.38 9.55 

9.08 9.4l 

EC, 

Soil Depthlem) 
0·10 10·20 20·30 

0.51 0.81 1.09 

0.64 0.94 1.16 

0.62 0.88 1.06 

0.34 0.60 0.77 

0.61 0.73 0.76 

0.43 0.80 1.39 

0.33 0.66 0.92 

0.40 0.51 0.55 

0.24 0.36 0.67 
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S.A. J.4: Effec't of different a;nenciments on physical and chemical 
properties of saline sodic soils and crop growth. (Milar Chand, 
J.P. Abrol and D.R. Bhumb!a). 

An experiment to study the effect of different amendments on soil 
properhes and crop growth was initiated in tabi 1970 with barley as 
the test crop. Changes in some soil properties and the yield' of subsequent 
paddy crop were reported earlier (Annual Report 1970). Yield of barley 
and subsequent crops grown in the same layout are given in Table 8. pH 
orO-IS cm soil samples taken after wheat 1971-72 is given in Table 9. 

In the first crop of burley control plots gave practically no yield 
(0.21 q/ha). Sulphuric acid, gypsum and aluminium sulphate treated 
plots a II gave high yield of barley and the yield was not signillcantly 
different from each other. Yield from pressmud (C) and F.Y.M. treated 
plots was the lowest. Application of pressm1d (S) at high dose gave a 
yield of j 1.7 qlh. of bJrley. High yield of subsequent paddy crop was 
obtained in all the treatment in:luding control plots which gave a yield 
of 42,4 q/ha. Yield data in respect of subsequent wheat and paddy 
crop3 showed that the difference~ in yield between control and treated 
plots further narrowed down. D,ta on pH of surface soil samples afler 
wheat 1971-72, however, shows tha t degree of soil improvement was much 
more in sulphuric acid, gyrsum. aluminium sulphate and ferrous sul
phate treated plots compared to those treated with the tWJ pressmuds 
and farm yard manure. The results show that when applied in equiva
lent quantities the effect of sulphuric acid, gypsum and aluminium sul
phate on soil properties and crop growth is likely to be comparable and 
thaL choice of particular amendm~nt will therefore depend on the pre
vailing cost of these amendments. 

SA. 2.1 : Optimum qualltity ~r gypsum for the j,llp"OI'Cmel/t ~r sodic 
soils. (0.11. Bhumbla and I.P. Ahro/) 

An experiment waS started in June, 1970 in a soil which had pH 
higher than 10.0 to a depth of about 150 cm. The soil was nearly 
saturated with sodium. Gypsum requirement as determined in the 
laboratory was 60 t/ha. Electrical conductivity of the saturation 
extract was 8-16 mmhos/cm in the upper 45 em with sodium carbonate 
as the predominant salt. Tature varied from sandy loam at the surface 
to clay loam in lower layers. 

Gypsum was applied at the rate of 7.5, 15.0, 22.5 and 30 t/'Ja. 
Paddy and wheat/barley were grown in rotation. Data for grain 
yield of rice (paddy) and wheat for the ftrst year were reported ill 
the last years' report. 
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The grain and straw yield of paddy and wheat for the second year 
are reported in Table 10. 

TABLE 10. Effect of gypsum opp/ication on yield of paddy and ,,"teat. 

Gypsum levels 
tfha 

o 
7.5 

15.0 
22.5 

30.0 

C.D. at 5% 

Wheat 1971-72 

31.7 

36.3 

40.2 

37.7 

38.7 

Paddy 1972 

69.9 

72.0 

n.8 
69.8 

71.9 

N.S. 

During the second year the effect of the application of gypsum on 
lhe yield of paddy was not significant though the highest yield was 
obtained in the treatment where gypsum at the rate of 15.0 tlha was 
applied. 

The increase in the yield of wheat even during the second year was 
more than 8 q/ha in the treatment where gypsum at the rate of 15.0 
tlha was applied. In barley the difference between levels of gypsum 
except 'the highest were non·significant. 

The changes in the pH, E.C. and ESP of the soil in 0-15 cm and 
(S-3a em are reported in raDies (f ana" fl. 

TABLE II. Effect of the application of gypsum on pH, E.e. and ESP 
of the soil 0-15 elll depth. 

Gypsum pH (1:2) E.C.(I :2)mmhos/cm ESP 
(t/ha) 11/70 11/71 11/72 11/7011/71 11/72 11/70 11/71 11/72 

0 10.2 9.6 9.1 0.88 0.77 0.53 72.3 42.2 24.2 

7.5 9.8 8.9 8.6 0.68 0.70 OM 43.6 27.3 17.8 

15.0 9.5 9.0 8.6 0.92 0.85 0.50 32.9 22.9 21.4 

22.5 9.2 8.6 8.6 0.65 0.83 0.54 21.2 18.8 9.8 

30.0 9.2 8.7 8.5 1.16 1.14 0,45 19.1 12.8 13.6 
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TAllLE 12. Effect oj Ihe application oj gypsum on pH, E.e. and ESP 

oj Ihe soil 15-30 ("111 depth. 

Gypsum pH (1:2) E.C. (1:2)mmhos/cm ESP 

(t/ha) 11/70 11/71 11/72 11/70 11/71 11/72 11/71 11/72 

0 10.4 10.0 10.0 1.12 0.71 0.74 74.3 66.8 

7.5 10.3 9.9 9.6 l.lf 0.60 0.62 63.2 57.1 

15.0 10.3 9.6 9.7 1.11 0.60 0.62 41.9 51.6 

22.5 10.2 9.2 9.2 0.98 0.51 0.41 37.7 30.9 

30.0 10.1 9.3 9.2 1.16 0.55 39.2 39.5 

The application of gypsum as expected resulted in considerable 
reduction in the pH and ESP of surface soil. Even in the lower layers 
there has been gradual improvement particularly in the gypsum treated 
plots. The data further indicate that rice can grow satisfactorily at an 
ESP value of 45 but for wheat the ESP should be lower than 30 (Fig. 7). 

S.A. 2.2 : Effect oj qualily oj irrigaticn waler un soil properlies and plant 
growlh (Daya Ram, R.C. Mondal alld I.P. A.bro/). 

In many arid and semi-arid regions of the country saline ground 
waters contain appreciable quantities of nitrates in addition to the usual 
salts. It is believe.i that nitrates might have some counteracting efTect 
of salinity of irrigation water on crops. A pot experiment with four 
levels of EC of irrigation water (2000, 5000, 10,000 and 15,000 
micromhos/cml and four nitrate levels (0, 1/24th, 1/12th, 1/6th part of 
total anions) was initiated in July, 1971 with Jowar fodder as test crop. 
Data for jowar fodder, was reported last year. Subsequently wheat and 
maize fodder, were grown in these pots. The yield data for wheat straw 
and grain and maize fodder presented in Tables 13 to 15. 

TABLE 13. Wheat slrall' yield (g/pol) 

EC Nitrate levels (Parts of total anions) Mean 

" mhos/cm 0 1/24th 1/12th 1/6th 

2000 60.3 66.3 69.2 74.4 67.5 

5000 62.8 75.8 72.0 73.9 71.1 
10000 58.7 66.2 68.7 7S.S 68.1 

15000 44.8 49.0 61.2 71.5 56.6 

Mean 56.6 64.3 67.S· 74.6 

CD at 5% for Nitrates or E. Conductivity 3.8; Interaction 7.5 



28 

42 

o 
~ 38 
tT 

"0 
Q) 
>. .. j 34 

• 
\ 

3oon-------~2~O------~40~----~60 
ESP 

Fig. 7. Relation bellVeen ESP and grain yield of wheat 

TABLE 14. Wheat grain yield (g/pot) 

EC Nitrate levels (Parts of total anions) Mean 

I'mllal/em a 1/24tll 1/12th 1j6tll 
-_---

2000 69.3 73.3 77.5 78.0 74.5 

5000 72.2 75.4 74.0 73.2 73.8 

10000 60.5 61.2 59.8 64.3 61.2 

15000 47.5 43.9 50.9 51.4 48.4 

Mean 62.4 63.4 65.2 66.7 

CD for Nitrates or E. C. 3.1 
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Lysimelric sel-up for experiments on lise of saline waleI' for irrigalion. 

TABLE 15. },[aize fodder yields (g /pol) 

EC Nitrate levels (Parts of total anions) Mean 

(mieromhosfcm) 0 1/ 241h I fl2th 1/6th 

2000 231 366 393 427 354 

5000 157 170 180 185 173 

The results indicate that nitrates signiflcantly increased the wheat 
straw yield. The yield values in the highest level of nitrate (i.e. 1/ 6th 
part) are not statistically different at various values of EC of irrigation 
water treatment. Thus at this level of nitrogen the otherwise deprcssing 
effect of EC is levelled off (Table 13). In case of grain such effect could 
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not be reflected, however treatments with 1/6th part of nitrate resulted 
in statistically higher yield over control. 

Poor reflection of the results of increased straw on grain yield could 
partly be due to the delayed maturity brought about by high nitrates and 
abrupt rise of temperature resulting in shrivelled grain formation, which 
was also a common feature in all the nitrate treatments. Grain yield dec
lined almost linearly beyond Ee 5000 (Fig. 8) 

The maize fodder crop was allowed to establish for 15 days with good 
quality water. After two irrigations of 3 em each with different quality 
waters the crop completely failed at Ee 10,000 and 15,000 micromhoslcm 
and there occurred 50% reduction in fodder yield at 500 compared with 
yield when water of Be 2000 was applied. Nitrates appeared 10 have 
promoting effect on fodder yield at both the levels of salinity of water. 
This effect was much pronounced at zero and slight at 5000 (Table 
15). An abrupt drop in yield at 5000 and complete failure of crop al 
10,000 and 15,000 Be of irrigation water is ascribed to salts build 
up in the pots. After the harvest, the soil attained Ee (I : 2) of the 
following order. 

ECi (fLllllws) 

2000 

50GO 

lCOOO 

15000 

EC, (1IIl11hos)cm 

0.95 

1.80 

3.14 

4.10 

SA. 2.3: Distribution of boron, lithium, fluorine, selenium and molyb
denum in salille-sadie soils and ,heir relalionship 10 plant growJ/z 
(I.C. Gupta). 

Saline-sadie soils sometimes contain lithium in amounts that may be 
mjurious to some crops. Vertical distribution of lithium was therefore, 
studied in some salt a!Tected soil profiles, collected from Mathura district 
in Uttar Pradesh. The highest content of lithium observed was 2.5 ppm. 
and saline-sodic soils, in general, contained lithium more than 0.5 ppm 
(Table 16) Lithium increased with increase in electrical conductivity 
and organic carbon. The coefficients of correlation between lithium 
and other characteristics of the soil are shown in Table 17. 
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TABLE 16. Distribution oj lithium in soil prfioles 

Soil depths pH, Bee ESP Li 
(em) (mmhos/cm) (ppm) 

Profile 1 Ustorthents 

0-18 8.9 0.84 4.6 0.4 

18-55 8.7 1.42 4.0 0.6 

55-79 8.8 0.90 4.5 0.4 

79-108 9.0 J.14 4.0 0.5 

108-170 9.6 0.50 2.6 0.4 

Profile 2 Ustortlrents 

0-16 8.3 38.20 91.9 2.5 

16-46 8.7 16.80 50.9 0.5 

46-88 8.9 14.70 45.1 0.5 

88-115 9.0 13.00 54:1 0.4 

115-170 9.4 6.88 46.6 0.4 

Profile 3 Ustijluvents 

0-12 8.3 1.16 10.9 0.5 

12-26 8,0 1.56 1\.7 0.5 

26-40 7.6 3.12 9.4 0.5 

40-59 7.7 3.72 6.3 0.4 

59-114 8.1 2.23 10.0 0.5 

114-180 7.7 2.83 10.9 0.5 

Profile 4 Ustijluvents 

0-9 8.8 19.37 11.4 2.0 

9-30 9.9 7.20 40.3 1.7 

30·65 9.6 9.23 28.5 0.5 

65-95 9.4 3.84 15.8 0.4 
7-95 9.3 3.72 7.5 1.8 
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TAllLE 17. Relationship of lithium with soil properties 

Relationship of lithium with 

ECe (mmhos/cm) 

pH, 

ESP 

Clay (percent) 

Free CaC03 (percent) 

Organic carbon (percent) 

Coefficient of correlation 
(~) 

0.76** 

0.08 N.S. 

0.25 N.S. 

0.25 N.S. 

0.22 N.S. 

0.59" 

S.A. 2.4: Use of saline water for' reclamation of alkali soils (R.C. 
Mondal and D.R. Rhumbla). 

Ground waters in many arid and semi arid fe-gions are highly saJine, 
and contain sodium as the dominant cation followed by magnesium and 
calcium. The soils in these regions invariably contain some calcium 
carbonate and illite is the predominant clay mineral in many of these 
soil,. In view of this the effect of some saline ground waters on a 
laboratory prepared Na-illite. clay in presence of native CaC03 was in
vestigated. The composition of the saline ground waters used for this 
study are given in Tahle 18. 50 ml of water was shaken with 3 g. Na
illite mechanically for 2 hrs in the presence and absence of native salt free 
CuCO, (l.5 g) passed through 60 mesh screen. After centrifugal 
separation of the extract its pH. Ca and Mg were estimated. Exchange
able Ca and Mg of the equilibrated clay "ere also estimated. The 
chemical composition of the native CaCO, samples that was collected 
from the C-horizon ofa soil profile at the Institute Research Farm. and 
used in this experiment is as follows: CaCO,-35.75%, MgC03 -6.03%; 
NaCI-0.79%; KCI-0.32 and insoluble residue (silica)- 50.30%. 

Na- illite at equilibrium with saline waters adsorbed Ca and 1\1g 
both in the presence and absence of CoC03 • In the presence of CaC03 

the amount of exchangeable Ca increased over that in the absence of 
CaC03 and there occurred a decrease of exchangeable Mg in most cases. 
These findings are in conformity with the earlier work which showed 
that chloride solution of high Mg/Ca ratio increases the exchangeable 
CafMg ratio of the clay in lhe presence of soil CaCO, due to the release 
of Ca from CaC03 • 
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Although exchangeable Mg generally decreased due to the presence 
of CaCO" there was a net gain in the exchangeable Ca+Mg with most 
of the waters, It was also found that CaCO, tends not to increase the~ 
exchangeable Ca + Mg at higherpH values of the waters because of the 
low adsorption of Mg. At pH values of about 8.7 and above the 
exchangeable Ca + Mg in the presence of CaCO, decreased from those 
observed in the absence of CaCO" possibly because the presence of 
CaCO, helped as a nucleus for the precipitation of Ca at higher pH 
values of the ground waters. It may be inferred that the increase of 
exchangeable divalent cations and exchangeable Ca/Mg ratio of the 
clay is an important contribution Of high Mg-saline ground waters 
when in associatiun with soil CaC03 -

Exchangeable sodium percentage of the clay increased with the 
increase of the pH of the ground waters. CaC03 however, helped to 
reduce the E S.P. to less than 10 only in the case of two waters although 
appreciable reduction of ESP ranging from 13.4 to 80.9% took place due 
to CaCO, in the case of9 out of 12 ground waters, The Ca/Mg ratio 
of the ground woters was correlated at I % level with exchangeable 
Ca/Mg ratio both in the presence of CaCO, (r = 0.77) and in its 
absence (r = 0.87). In the ab,ence of CaCO" the origin of the re
gression line was very nenr to zero. ':'Vhereas jn the presence of caeo;:! 
it intercepted the ordinate above the zero point (Fig 9). This shows that 
with only magnesium present in the ground water, Co was still adsorbed 
by the illite. The source of Ca obviously in CaCO, which releases Ca 
in solution under the influence of the saline ground waters of high 
Mg/Ca ratIO. 

SA 2.42: Effect ~r FYM on the solubflity oj CoSO, under alkaline 
condition (R C. Mond,!). 

Application of gypsum (CaSO,)~alongwith FYM has been found to 
increase crop yield over that of the application of gypsum alone. One 
possible reason for this is the increased solubility of CaSO, in the pre
sence of FYM. The solubility of CoSO, in water and in l'ia,COa and 
NaHCOa solutions of varying concentration was, therefore, determined 
in the presence and absence of FYM. Results are given in Table 19. 

Treatment 

TABLE 19. Effect of FYAI on the solubility oj CaSO, 

Dote of observation 
1.4.72 12.4.72 
pH Ca pH Co 

25.4.72 
pH Ca 

1.5.72 
pH Ca 

CaSO,+H,O 6.85 31.07 6.85 30.75 7.4 30.75 7.4 30.53 

CaSO,+H,O+FYM 7.05 30.967.0034.40 7.153655 7.3 39.13 
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o 40 80 120 160 
Co)Mg x 102 ( ground water) 

Fig: 9 Effect of Cal Mg ratio of ground water on adsorbed Cal Mg ratio 
in the presence of CaCo3 . 
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It was observed ihat solubility of CaSO, in water increased from 30.96 
to 39.13 mell after one month due to the presence of FYM which itself 
released about 3 mel I of Cn in .,vater indicating thereby that increased 
solubility of CaSO, might be a factor for increased crop yield. 

S.A. 3:1: Characterization and classification oj salt affecle<J. soil (G.P. 
Bhargava and S.K. Singhla). 

Uitar Pradesh: It is estimated that there are nearly 1.25 million 
hectares of salt affected soils in the state of Uttar Pradesh. In order to 
study their nature and charac:_teristics, profiles were exposed at eight 
places in the state. The location of the profile sites is shown in Fig. 10. 
Profile sites were chosen such that each site represented large areas of the 
salt affected soils in the district. The morphological features of the pro· 
files were described in the field and soil samples collected for detailed 
analysis in the laboratory. Morphological characters. in respect of one 
profile from Etah district are given below and analysicai data are presen· 
ted in ta hie 20. 

Profile I. 

Location: 

RelieJ 
Drainage: 

Erosion 
Slope 
,Ground water table 
depth: 
Present land use: 
Naturall'egetation: 

Date oj Colleclion: 
Horizon Depth (em) 

Ai 0·18 

A, 18·29 

About 4 km. N-E of Etah-Mainpuri road. 
0.5 km. 'W. of village Kurawali and 6.5 km. 
from Etah. 
Normal PW'enl Meterial Alluvium 
Well drained externally an moderately 
drained internally. 
Slight Sloniness: Nil 

I per cent north·east to south. 
Present at 3 metre depth. 

Barren 
Pew Acacia plants and patchy grass 
growth. 
18. II. 1971. 
Macromorphology 

Olive (5 Y 5/4 M); sandy loam; moderate, 
medium, angular blocky; hard, firm, 
slightly sticky and slightly plastic; concre
tion and mottles absent;. strong effenes· 
cence; few roots; moderate permeability; 
diffuse and smooth boundary; fe» s.nu 
pockets with micaceous particles present. 
Olive (5 Y 4/3 M); sandy loam; weak, 
medium, angular blocky; hard, firm, very 
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UTTAR PRADESH 
SOIL PROFILE SITES 

• profile sites 

o dlstflcH*XI quarler 
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o "_. 840 
prepeJ"liId otcartOQroPMic lob c.sUJ. kamal 

Fig. 10 Location of profile sites. 
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B, 

H2, 

B2, 

C,-ca 

C,-ca 

29-62 

62-80 

80-104 

104-122 

122-140 

slightly sticky and very slightly plastic; 
concretions and mottles absent; strong 
effervescence; Toots absent; moderate 
permeability; diffuse and smooth boundary 
few sand pockets with micaceous particles 
present; 

Olive gray (5 Y 5(3 M); sandy loam; 
moderate, medium, subangular blocky 
hard, firm, sticky and plastic; no concre
tions and mottles; strong effervescence 
roots absent; moderate permeability; 
diffuse and smooth boundary; 

Olive gray (5 Y 4(2 M); clay loam; strong, 
medium, subangular blocky; hard, firm, very 
sticky and very plastic; Fe-Mn concretions 
upto 4 mm in dia. present about 6 per cent 
by volume; mottles absent; violent elferves
cence; no roots; slow permeability; diffuse 
and smooth boundary; rew krotoninas 
present; 

Grayish brown (2.5 Y 5/2 M); clay loam; 
moderate, coarse, subangular blocky; hard, 
firm, very sticky and very plastic; Fe-Mn 
concretions upto 2 mm in dia. present 
about 5 percent by volume; no mottles; 
violent effervescence; no roots; slow per
meability; abrupt and smoolh boundary; 
Pale olive 5 Y 6(3 m); sandy loam; massive 
very hard, sticky and slightly plastic; 
CaCo, concretions upto 8 em in length 
and 2 em in dia. prese~t about 50 per cent 
by volume; violent effervescence; no roots; 
slow permeability; dear and smooth 
boundary_ 

Pale olive (5 Y 6.S/3M); sandy clay loam; 
moderate, medium, subangular blocky; 
hard, firm, very sticky and very plastic; 
CaCO, concretions upto S mm in dia. 
present about 5 per cent by volume, few; 
coarse, distinct olive yellow (2.5 6/6 m) 
mottles present; violent effervescence; no 
roots; slow permeability, 



41 

These and data from other profile of the State pen11it to draw the 
foilowing general conclusions regarding the characteristics of these soils. 

1. The soils have a high concentration of soluble .lalts, chiefly in 
the surface 0·60 cm. lECe up to 30 miilimhosjcm). Below this 
depth the concentration of salts decreases and is often less than 
4 millimhos/cm. 

2. Carbonates and bicarbonates of sodium constitute the major 
fraction of soluble solts in the soils except for profiles from Rae 
Bareli and Azamgarh where carbomtcs were absent in the 
saturation extract, chlorides and sulphates were present in 
varying amounts in all the profiles. 

3. Soluble calcium and magnesium were practically absent in all 
the profiles studie.d. 

4. ESP of the soils is high. often exceeding 80 in the surface layer 
which decreases slightly with depth and this high ESP persists 
throughout the profile. pH of 1:2 soil water suspension exceeded 
9.8 and was often in the range of 10.4 to 10.7 in the surface 
soil layers in most of the profiles. The pH of the soil decreased 
somewhat in lower soil depths. 

5. The clay content generally' increases with depth upto about I m. 
and the texture which is often sandy loam in the surface horizon 
changes to clay loam in the sub-surface layer (s). 

6. Soil material >2 mm contained calcium carbonate in all the 
profiles and in all the depths. The amount generally increased 
with depth. The content of calcium carbonate varied from 
1 to 6 per cent in the surface soil layers and from 6 to 26 
percent in the lower soil layers. 

7. In all the profiles the presence of a calcic horizon was con
spicuom. The depth of this layer varied from 75 cm to about 
1.5 meter from the soil surface. 

West Bengal: Detailed ,oil survey of the experimental farm at the 
Canning Town sub-station (West Bengal) was carried out and a soil 
map in the scale of 1:772 was prepared. The topographic variation 
coupled with macromorphological characteristics facilitated their 
demarcation and mapping into three categories viz; (i) Aquie Pellie 
Fluventie lfalaquepls. (ii) Ae,ie Pellie Fluventie Halaquepls, and (iii) 
Pello-Aerie F/ul'enlie Halaquepls. Morphological and 'physico-chemical 
characteristics of a typical deltaic alluvium experiencing serious salinity 
problem reveal that being of recent origin they seldom show any sign of 
genetic development. Being of alluvial origin their textural monotony is 
conspicuous throughout the profile. These soils have formed under humid 
and tropical climate which facilitates leaching, but as a result of shallow 
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water table, soils experiencing an aquic moisture regime and frequent 
inund~tions from the high salt back waters in the river give rise to 
excess accumulation of soluble salts throughout the profile. Chlorides 
and sulphates of sodium and magnesium are the dominant salts followed 
by calcium among the cations. Soluble carbonates are absent and so is 
calcium carbonate. The ESP in these soils is usually more than 15 but 
seldom higher than 35 (Table 21). Being in the deltaic region the soils 
are heavy in texture (clay) and are usually stratified. 

Profile If 

Location: 

Relief: 
Parell( material 
Drainage 
Sroniness: 

Ground waler table 
Present land u~e: 
Dare of collecrion 
Horizon Deprh (elll) 
Ap 0-12 

12-28 

39 metres in west along the NW corner of 
the meteorological observatory and 8 m 
in south in field No. 18 of experimental 
farm of C. S. s. R. T. Sub·station, Canning 
Town (W. B.) 
Normal 

Alluvium Deltaic aJluvium) 
Restricted. Erosion: Nil 
Nil Slope: Gentle to moderate NE 
to SW. -

FlucLUates between 0.2 to 2 rneter depth. 
Fallow aftcr paddy. 
22. 3. 72 
Macromorphology 
Light brownish gray (2.5 Y 6/2 d) to dark 
grayish (2.5 Y 4/2 m); silty clay loam; 
moderate, fine, angular blOCky breaking to 

granul ar; dry hard, moist firm, west very 
sticky and very plastic; rew fine, distinct 
yellowish brown (10 YR 5/6 m) mottles, 
concretions absent, very mild localised 
effervescence; many fine roots; very slow 
permeability; clear and smooth boundary; 
few fine sand pockets present with abun
dant micaceous particles. 

Light brownish gray (2.5 Y 6/2 d) to dark 
grayish brown (2.5 Y 4/2m) clay; moderate 
medium, angular blocky; dry hard, moist 
firm, wet very sticky and very pla,tic, 
many, medium, faint to distinct light olive 
brown ( 2.5 Y 5/6 rn) mottles, concretions 
absent. no effervescence, few, fine roots, 
very slow permeability, wavy and smooth 
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28-80 

80·105 

105·162 

162-184 

boundary, few sand pockets with micaceous 
particles. 

Light olive brown (2.5 Y 5/2 d) to gray 
(2.5 Y 5/10 m) clay, strong, medium 
angular blocky; firm, very sticky and very 
plastic, many, fine to medium. distinct very 
dark grayish brown to (lOY R 3/2 m) and 
yellowish brown (10 YR 5/6 m) mottles, 
concretions absent, no effervescence; few 
fine roots; very slow permeability. wavy 
and smooth boundary; many, fine sand 
pockets \"Hh micaceous parlicles. 

Light olive brown (2.5 Y 5-5/2 d) to gray 
(2.5Y 5/0 m) mottles; concretions absent; 
no effervescence; few fine roots; very slow 
permeability, diffuse and smooth boundary; 
many fine sand pocket with micaceous 
partIcles. 

Light olive brown (2.5 Y 5'.5/2 d) to gray 
(2.5 Y 5/0 m); clay; massive; firm; very 
sticky and very plastic; many distinct. fine 
to coarse dark brown, (7.5 YR 3/2 and 
4/4 M) mottles; concretious absent; no 
effervescence; few worm holes present; very 
few, fine roots; very slow permeability; 
many fine sand pockets present with 
micaceous particles; clear and wavy 
boundary; 

Light olive brown (2.5 Y 5/2 d) to dark 
gray (10 YR 4/1 m); clay; massive; firm; 
very sticky and very plastic; many distinct 
coarse dark brown (7.5 YR 3/2 m) mottles 
concretions absent; no effervescence; roots 
absent: very slow permea bili ty; no sand 
pockets and wrom holes. 

Haryallu: A map of Karnal district (including Kurukshetra and 
part of Jind) in the scale of 1:63360 and 1:126720 showing the distribu
tion of saline·sodie soils has been prepared after undertaking a general 
reconnaissance survey and using aerial photographs. The total area 
affected with salinity and alkalinity was found to be about 126624 
hectares (3,12,885 acres) with tehsilwise breakup as follows: 



Tehsil 

Tha~csar 
Gull';a 
Kaithal 
Panipat 
KarMal 

Area "jJected with ~alinitJ'lallfalillity ("ectal'es) 

13634 
18252 
22987 
25494 
46257 

Total 126624 
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S.A. 3.2; SUn'ey and characterization of ground water in problem area 
(R. C. Shanna). 

Two districts of Haryana viz. lind and Karnal were surveyed for the 
quality of ground water for irrigation purposes. 

Jind District 

The number of water samples collected and number of villages from 
each block arc given below ;-

Block No. oj viI/ages No. ojwater samples 

Saffidon 19 31 

linci 30 72 

Uchana 13 18 

Narwana 17 28 
Kalnyat 9 20 

The waters were alkaline in nnture. pH varying between 7.80 to 
8.95. The average B.C. was 2497, 2534, 30l2, 3267 and 4474 mmhos)cm 
for Saffidon, Narwana, lind, Kalayat and Uchana blocks respectively. 

The distribution of waters in different E.C. classes alongwith the 
relative concentration (percent) of different ions is given in Table 22. 

About 73, 14 and 13 percent of waters have E.C. less than 4, 4-6 
and more than 6 mmhos/cm respectively. In all the waiers magnesium 
content is more than calcium and magnesium to calcium ratio was J .9:1 
and 2.3:1 for waters having E.C. less than 4 and more than 4 mmhos 
respectively. The water with E.C. less than I mmhos have magnesium 
even more than sodium and constitute 41% of the total cations, whereas 
the water having E.C. more than j mmhos have the cations in the order 
sodium>magnesium>calciump>otassium. Sodium is the major cation 
and constitutes more than 50 percent of the total cations. 

Waters with E.C less than 2 mmhos generally contain soluble 
carbonates. High amount of residual sod·ium carbonate is responsible 
for the poor quality of some waters. The waters with E.C. between 2 and 
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4 mmhos have the anions in the order chloride:;>carbonateYsulphate> 
bicarbonate. whereas the chloride is followed by sulphate. bicarbonate 
and carbonate in the waters with E C. more than 4 mmhos. 

Due to considerable amount of magnesium present in these waters 
the sodium adsorption ratio is not-so high so as to make these waters
unfit for irrigation from sodium hazard point of view. But about 37 
percent waters have soJu,ble souium percentage more than 60 which is 
considered to be the upper limit for the good quality waler. Therefore, it 
appears that these waters have a mild to medium effect of sodium 
hazard. 

About 63 percent of the waters contain boron, the boron content 
varying bet",een 0.10 to 3.38 ppm. 

The average nitrate content for these'waters was 0.58 melt and in 
some waters its content was as high as 10.7 me/I. 

To conclude. tile waters having E.C. below 4 millimhos/cm have 
high RSC. Therefore, these waters can be made use of after treating with 
gypsum or by diluling the waters with good quality. About 27 percent 
waters have the problem of high 5alt content. These waters can also be 
used by paying a little attention towards SOIl drainage and selection of 
crops. Alternate irrigatioJl or mixing of canal water will also be helpful for 
utilizing the waters with higll snit content. 

Kamal Di5trict 

A total of 222 water samples from lOS villages were collected. The 
waters were alkaline in nature, pH varies from 8.1 to 9.4. 'The avernge 
electrical conductivity for the ground waters in the district was 1196 

f..L mhos. The water throughout the di.itrict have low salt content except 
In Ranjod block. 

Table 23 shows the d;stribution of number of samples in different 
E C. cJasses and the relative concentration (percentage) of different ions. 
About 90 percent waters have E.C. less than 2 mmhos and 7 percent 
and 3 percent between 2-4 and more than 4 mmhos/cm respectively. 
Therefore, salinity of ground water is not the problem in the district. 
The trend for cations is sodium>magnesium>calcium>potassium. 

The magnesium in all the waters \vas more than calcium and the 
magnesium to calcium ratio was 3.6:1 and 2.6:1 for waters having 
E.C. less than 4 and more than 4 mmhas respectively. 

Carbonates are the dominant anions in the waters with low salt 
content whereas chioride is the dominant anion in high salt content 
waters. 

The main problem in the western parts of the district is the high 
residual sodium carbonate. Almost all ground waters in Knithal, Pundri 
and Gulha have high RSC, but all tl,ese waters have low salt content. 
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S.A. 3.3: Studies on the g~nesis of saline'sodic soils oj Tnilo·gangetic 
ollu.·i,,,,'. (S.K. Singhla alld G.P.,Bhargm-a) .. 

The saline-sodie soils in the Indo-gangetic alluvial plain have 
developed under semi-arid climatic conditions having an aquic to para
aquic moisture regime. They are highly sodic and pose some problems 
in their logical classification following the principles laid down in "Soil 
Taxonomy" 1970. The difficulties experienced are mainly with respect 
to the cololJr of the matrix and the structural development in these 
soils. 

To be classified as Typic of Aquic calciorthids, Camborthids and 
Halpustalfs, as they generally are, a soil should have either aquic mois
ture regime or should be artificially drained, and characteristics associat
ed with wetness, with one of the following: 

(a) An argillic horizon that has chromas of 2 or less accompani<d 
by mottles within the peds. 

(b) If no mottles in the argillic horizon, chromas are I or less. 

Accounting for the dominant characteristics of these soils the follow
ing criteria has been found to hold good with reference to their colour 
requirements. 

"Have dominant chromas of 4 or less in hues of 2.5 Y or yellower 
in the matrix of the argillic horizon accompanied by mottles of higher 
chromas of Fe-Mn concretions or both". 

In order to classify them as Natrie in addition to the properties 
of the argillic horizon they should have either. 

1. (a) Prismatic or, more commonly columnar structure, or 
(b) Rarely a blocky structure with tongues of an eluvial horizon 

with uncoated silt or sand grains extending more than 2.5 
em into the horizon, and more than 15 per cent saturation 
with exchangeable sodium in some sub horizon within 40 cm 
of the upper boundary. 

Since these soils lack a prismatic or columnar structure and also the 
tongue of an albic horizon the structural requirements need to be modi
fied as : either Prismatic or, more commonly, columnar structure, or 
rarely, a blocky structure with or without to gues of eluvial horizon. 

Further to take into account the high amounts of salts present in 
these soils that interfere with normal crop growth but are insulTicient to 
qualify for a salic horizon a salic sub-ground is proposed with the 
following definition. 

-do not have an average minimum of I per cent salts (when asso
ciated with sodium) with minimum thickness of 15 em and the produc[ 
of the per cent salts and thickness is not 30 or more within 75 em of the 
surface. 
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In case of typic camborthids or typic calciorthids, and 
-do not have an average minimum 1 per cent salts (when asso

ciated with 15 per cent Dr more satu[(.ltion with sodium with a minimum 
thickness of 15 em and the product of the per cent salts and thickness 
is not 30 or more within 75 em of the surface. In case of Halaquepts, 
Natrustalfs, Natraqualfs, Natrargids, Natraq uoils, Natrustoils etc. 

The introduction of salie sub-groups in soils having high ESP carries 
much ,ignilicanee rDr the j)raelical land use. However Ihe limils I'to
posed above are purely tentative and need to be tested over a large 
numberof field observations and corresponding laboratory data. 

S.A. 4.1: Selectioll of effect;,'e strains of rhizobia j.Jr saline and sodic 
soils (K.K.R. Bhardwaj). 

Since rhizobia play an important role in the establishment and 
nitrogen nutrition of legumes, the growlh and development of the latter 
in saline and sodic soils will be greatly influenced by Ihe abundance and 
effectiveness of the indigenous rhizobia of these soils, Studies were 
made to assess the quantity and symbiotic qualities of the native rhizobial 
fiora or some legumes in saline-sodie soils SD that suitable legume ineeul. 

TABLE 24. Number a/rhizobia of serell legumes ill the 
sall-affected soil. 

No. of rhizobia/g soil Le !',um inous p lant _"..~_..,:..N.::o:.:d::.:u::.:l:.::a:.:ti~o",n:...."c-__ -",c=i-"':"':::=c.:..::.;.:;;..£...::o::":,, 
Before the After the 

crop 

,Indian clover ++ 
(Melilotus par.'if/ora) 
Dhaincha -1++ 

(Sesbania aculeata) 
Berseem 
(Trifolium alexandrinum) 
Guar 
(Cyamopsis le/ragallalaba) 
Cowpea 
(Vigna sillellsis) 
Lentil 
(Lens esculenta) 
Pea 
(Pisum ~alhu"l) 

++ 

+ 

' .. 
+++ good; ++ fair; + poor; ~-nil 

crop 

++ 

+.1-+ 

+++ 

+ 

Before the After the 
crop crop 

3.2xlO' 3.lxlO' 

2.8xI0' 3.6xlO' 

2.8xI0' 2. 7xl 0' 

2.8x1Ol 2.2xIO' 

0 0 

0 0 

0 0 
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ants for these soils could be selected. The effect of some soil amend
ments on the growth of Rhizobium species in a saline-sodic was also 
studied. The pH and ECc of t.he experimental soil were 10.3 and 22.5 
respectively. 

Though the soil has not been under cultivation of any leguminous 
crop for a very long period, it was found to have indigenous Rhizobium 
species of many legumes (Tabl" 2~). Fair nodulation was observed in 
rlhaincha and Indian clover, intermedi:.ile in berseem and poor in guar. 
The nodulation as well as the number of rhizobia of these crops increased 
after the original soil-was cultivated for one crop. No nodulation was 
observed in cowpea lentil and pea and their specific rhizobia were also 
found to be absent. 

Observations on the nodulation of various legumes made in the 
field revealed that the indigneous Rhi~obiwn sp. of some legumes were in 
abundance in the slline·sodic soil. The growth and nodulation of 
Indian clover and dhaincha were found to be fairly satis factory. 
Quantitatively berscem was also well nodulated but the pattern of nodu
lation did not seem to be much elfective. The growth of lentil was 
moderately good but the quantity of nodulation was very poor. The 
growth and nodulation of guar and co\"pea were also poor. No nodula· 
tion was observed in pca which in conformity with plant infection te,t 

TABLE 25. Nodulalion of liz. se'·en legumes under field conditions 

Legminous plant No. of plants No Nodulation Nitrogen 
examined nodulated % 

Indian clover 200 179 Fairly good 2.9 
(Melilolus pa,,·ijIora) 

Dhaincha 200 192 -do- 3.0 
(Sasbania aculeala) 

Berseem 250 202 Moderately 2.6 
good 

(Trifolium alexandrinum) 
Guar 100 32 Poor 1.7 
(Cyamopsis letragon%bia) 
Cowpea 80 18 V. poor 1.8 
(Vigna sinensis) 
Lantil 250 9 V. poor 2.3 
(Lel1J esculenta) 
Pea 40 0 No Nodulation 1.6 
(Pis"", salivum) 
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indicated that the specific rhizohia of pea were absent in the soil. 
Rhizobiulil species of cowpea and lentil were found to be absent in the 
soil by the plant infection test (Table 25). However, these legumes were 
found to be nodulated sparcely when grown under field condi' 
tions in the same soil. It seems that the pres~nce of rhizobia of these 
legumes could not be detected hy plant· infection test due to their very 
low numbers in the original soil. Under field conditions where the 
spectrum of infection was much wider the plant could be nodulated. 

Observations on the quantity and quality of nodulation of various 
legumes made in the field gave some evidence of the symbiotic ineffective· 

TABLE 26. Symbiotic effc!cliveness of SL'me inrligemrus Rhi=obial strains 

Host legume 

Indian clover 
(AIelilolUs pa'~'iflora) 

Dhaincha 
(Sesbania aculeata) 

Berseem 
(Trlfoliwn a_'exandJ'inul1l) 

Ouar 
(Cyamposis ietragonolohia) 

Cowpea 
(Vigna sinensis) 

Lentil 
(1.ens esculenla) 

No. of 
strains 
te,ted 

15 

IS 

15 

10 

10 

8 

No. of 
strains 
found 

effective 

7 

9 

4 

3 

0 

0 

Range of effectiveness 
(% increase in nitro· 
gen fixation over un
inoculated control) 

0-41 

lO·51 

5·30 

0·24 

0-18 

0-15 

ness of some of the indigenous rhizobial flora. However, it waS impera
tive to test adequately the efficiency of the strains. The isolations of 
spcclfic Rhioobium strains for this purpose were made when the plants 
were examined for their growth and nodulation. A certain TIU mber of 
the strains of each Rhioobiunz species were lested. It can be seen from 
Table 26 that maximum number of cITeclive strains and the highest 
eITectively were noted among the rhizobi:Ii strains of dhaincha and 
c/o,·er. Oni)' a smali number of the strains of tile berseem and guar 
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appeared effective and the ellicacy was also relatively low. Surprisingly, 
none of the. rhizobial strains of cowpea and lentil were found to be 
practically effective. Evidently, berseem, cowpea, lentil and pea would 
need effective inoculant strains of their specific rhizobia for their 
establishment and nitrogen nutrjtjon when grown in these 50;JS. 

Since in the cultivation of 'saline-alkali soils application oCsome' 
soil amendments such ~s gypsum, farmyard manu re etc. is essential to 
ensure optimum growth of crops, a study of the effect of such soil 
ameHorants on the grO\vth and multiplication of rhizobiaJ strains w~s 

made. The amendments considerably stimulated the growth alld m ult i
plication of the Rhi~obillm species (Table 27). Gypsum and farmyard 
manure proved to be more effective than dhaillcha hay and gypsum. This 
indicates that where solid amendments help the cropS directly, they also 
stimulate the growth of their rhizobial partner which in turn helps in 
giving better start to the crop. 

TABLE 27. EffecI of some soil amendments on Ihe growII! of rltizobia 
in saline-alkali soil 

Host legume No. of No. of rhizobia g/soil No. of 

strains Gypsum Gypsum rhizobia/ 
inoculated +Dhaincha +FYM g. unamen-

hay· ded soil 

Indian clover 5 2.7xIO· 3.5 x 10' 1.5 x 10' 
(Melilo/us par)" iflora) 

Dhaincha 5 2.6xIO' 2.8 X 10' 1.9 X 10' 
(Sesb{mia aCllleala) 

Berseem 5 1.4 X 10' 3.6 X 10' 1.8 X 10' 
(TrifoliulIl n!exnmirin1!m) 

Ouar 3 1.3 X,IO' 2.4 X Hi' 2.1 X 10' 
(Cyomopsis /e(ragol1ol~hia) 

Cowpea 3 1.3 X 10' 2.1 X 10' 2.3 X 10' 
(Vigna sinensis) 

Lentil 2 1.8 X 10' 2.9 X 10' 1.6xlO' 
(Lens eselilell/a) 

·powdered dhaincha straw 
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indicated that the specific rhizobia of pea were absent in the soil. 
Rhi=obi,m, species of cowpea and lentil were found to be absent in the 
soil by the plant infection test (Table 25). However, these legumes were 
found to be nodulated sparcely when grown under field condi
tions in the same soiL It seems that the presence of rh izobia of these 
legumes could not be detected by plant-infection test due to their very 
low numbers in the original soil. Under field conditions where the 
spectrum of infection was mueh wider the plant could be nodulated. 

Observations on the quantity and quality of nodulation of various 
legumes made in the field gave sOllle evidence of the symbiotic ineffective-

TADL'f. 26. SymbioNc cjfectireness of SL'i'ne im!:genous Rhi=obial strains 

Host legume 

Indian clover 
(Me/i/o/lis pa,viflora) 

Dhaineha 
(Sesbania aeuleata) 

Berseem 
(Trifolium a.'exandrinum) 

Quar 
(Cyamposis le/ragoll%bia) 

Cowpea 
(Vigna sinensis) 

Lentil 
(Lens escu/enla) 

No. of 
strains 
te,ted 

IS 

15 

15 

La 

10 

8 

No. of 
slrains 
found 

effective 

7 

9 

4 

3 

0 

0 

Range of effectiveness 
(% increase jn nitro
gen fixation over un
inoculated control) 

0·41 

10-5 1 

5-30 

0-24 

0-18 

0-15 

ness of some of the indigenous rhizobial flora. However, it was impera
tive to test adequately the efficiency of the strains. The isolations of 
specific Rhizobium strains for this' purpose were made when the plants 
were examined for their growth and nodulation. A certain number of 
the strains of each Rhizobium species were tested. It can be seen from 
Table 26 that maximum number of effective strains and the highest 
eJTectively were noted among the rhizobiJl strains of dhaincha and 
clover. Only a small number of the strains of the berseem and guar 
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appeened effeclive and the ellkacy was "Iso relatively low. Surprisingly, 
none of the rhizobial strains of cowpea and lentil were found to be 
practically e(fective. Evidently, berseem, cowpea, lenti I and pea would 
need effective inoculant strains of their specific rhizobia for their 
establishment and nitrogen nutrition when grown in these soqs. 

Since in the cultivation of saline-alkali soils application oLsome
soil amendments such as gypsum"farmyard manu re etc. is essential to 
ensure optimum growth of crops, a study of the elfect of such soil 
ameliorants on the growth and multiplication of rhizobial strains was 
made. The 'lmendments considerably stimulated the growth alld mulli
plication of the Rhi;:obiulII species (Table 27). Gypsum and farmyard 
manure proved to be more effective than dhaillcha hay and gypsum. This 
indicates that where solid amendments help the crops directly, they also 
stimulate the growth of their rhizobial partner which in turn helps in 
giving better start to the crop. 

TABLE 27. Effect of some soil amendmenls on Ihe growlh of rhi=obia 
in saline-alkali soi' 

Host legume 

Indian clover 
(Melilolus pan'iflora) 

Dhainclla 
(Sesbania (leu/cala) 

Berseem 

No. of 
strains 

inoculated 

5 

5 

5 
(Trifo/ium a/exandrillum) 

Guar 3 
(Cyollwpsis lelragono/cbia) 

Cowpea 3 
(Vigna sinensis) 

Lentil 2 
(Lens eseU/enta) 

·powdered dhaincha straw 

No. of rhizobia g/soil No. of 

Gypsum Gypsum rhizobia/ 
+Dhaincha +FYM g. unamen-
hay' ded soil 

2.7xI05 3.5 X 10' 1.5xl0' 

2.6 X 10' 2.8 X 10' 1.9 X 10' 

l.4xIO' 3.6 X 10' 1.8x10' 

1.3 X 10' 2.4 X Hi' 2.1 X 10' 

1.3 x 10' 2.1><10' 2.3x 10' 

1.8 X 10' 2.9><10' J.6x 10' 



SA. 4.2: Effect of algae all the recli/lIlation of salt affected soils. 
(K.K.R. Bhardwaj and I.C. Gupta). 

Experiments during the past two years showed that natural algal 
growth in saline sodic soils is not likely to be very effective in soil recla
mation. Improvements in soil obtained as a result of algal growth and 
standing water could be ascribed to the leaching effect of standing water 
rather than to algal gro\vth. Based on these observations further experi
ments have been discontinued. 

S.A. 5.1; Gypsum requirement of fodder species grown on salille-sodie 
soils (RX. eMillar and D.R. BflUmbla). 

In this experiment after the harvest of Kharif crops in 1971, the 
yield data for which were reported in the last annual report, Senj; 
(Meli/otus parl'ijlo,a) and berseem were grown in September, 197 I. All 
the plots received a uniform dose of 50 kg Nand 80 kg P,O, in the 
form of ammonium sulphate and superphosphate. The yield data along 
with the soil pH (0·15 em) are given in Table 28. 

TABLE 28. Effect of the application of gypsum all the yield of Senji 
and Herseem green fodder qlha. 

Gypsum' pH Senji Berseem 
(t/ha) 

0 9.8 8.26 13.04 
7.5 9.7 37.38 18.90 

15.0 9.5 150.65 144.32 
22.5 9.3 246.37 191.88 
30.0 9.2 278.82 450.68 
CD. at 5% 168.22 228.19 

"Gypsum was applied only at the start of the experiment in kharif 
1970. 

S.A. 5.3. Agronomic and cultural practices for different crops on saline 
sadie soil (K.S. Dargan, B.L. Gaul and I.P. Abrol) 

(al Effect of farmyard manure and gypsum on the yield of berseem 
and paddy. 

The experiment was started in rabi 1970-71 with berseem. Initial 
pH (I : 2) of the surface soil (0·15 em) was 10.5 and E.C. (1 ; 2) was 
2.4 mmhos/cm. The treatments consisted of three levels of farmyard 
man ure (0, 25 and 50 tlha and two levels of gypsum (0 and II t/ha). In 
kharif 1971 each plot was sub-divided to study the effect of application 
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of zinc (ZnSO! @ 45 5kg/ha). The yield data for berseem (1970-71) and 
paddy grain (Khal"ij 1972) were reported earlier. (Annual Report 1971) 
and have been given alongwith the yield data of other crops. 

Berseem: The crop was sown on 26.10.71. 50 kg N as ammonium 
sulphate and /CO kg P,O, as superphosphate per hectare were applied. 
The yield data given in Tables 29 and 30 show that even in the third 
crop application of gypsum resulted in increasing the yield by about 
160q/ha. 

TABLE 30. Effect of FYAI, gypsum ond =inc on Ille yield of berseem 
and paddy (q/ha), pH ant! E.C. 

Main factors 

FYM'lila 

Fo 

F 25 

F50 

C.D. at 5% 

Gypsum 11'10 

Go 

Ou 

ZIISO. 

a 
Zn 

c.n. at 5% 

Berseem 1971-72 

Residual Direct 
Zn Zn 

864 878 

977 917 

1037 1014 

156.7 82.9 

823 856 

1096 1016 

928 879 

991 944 

N.S. 49.6 

Paddy 

1972 

76.1 

75.8 

77.0 

N.S. 

76.0 

76.0 

76.3 

76.3 

N.S. 

After Paddy 1972 

pH E.C.(I :2) 
m.mhos/em 

8.7 0.467 

8.6 0.484 

8.5 0.476 

8.7 0.481 

8.5 0.470 

8.6 0.480 

8.6 0.472 

ZnSO, at 25 kg/ha for berseem and 45 kg/ha for paddy (Initial soil 
pH-IO.5, E.C. (/:2)-2.140 mmhos/cm) 

Residual effect of Zn applied to previous crop was not significant but 
additional application of Zn SO, at the rate of 25 kg ZnSO, per hectare 
resulted in inereasin~ the yield of berseem fodder by about 65 q/ha. 

Paddy." After the harvest of berseem, paddy (variety ITS-68) was 
transplanted and uniform dose 120 kg N/ha and 50 kg P,O,fha and 
50 kg K,O/ha as ammonium sulphate, superphosphate and muriate of 
potash ;espectively were applied. -
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The yield data given in Table 29 show that the yield dilference due 
to different treatments was not significant. 

(b) Effect of the application of gypsum and farmyard manure 
alone and in combination with each other on the yield of paddy 
and wheat. 

The experiment was started in kharif 1971 with rice as the (jrst 
crop. The initial pH (1:2) of the soii (0-15 cm) was 10.6 and E.C. (1:2) 
2.9 mmhos/cm. Gypsum was applied at the rate of 0,9 and 18 
t/ha and farmyard manure at the ra te of 0, 20 and 40 tonnes. 
Rice and wheat were grown in succession. The varieties were IR8-68 
and Kalyan Sana. The wheat received 120 kg N, 40 kg P,O, and 40 
kg I(,O/ha in the form of "mmonium sulphate, superphosphate and 
muriate of pota<h respectively and for rice 180 kg N, 50 kg P,O, and 50 
kg K,O/ha were applied. The yield data are reported in Tables 31 
and 32. 

The grain yield of wheat increased significantly with the application 
of gypsum to the previous crop of rice. But in the subsequent flce crop 
the differences in the paddy grain yield were non-significant. 

(c) Effect of the application of graded doses of gypsum over years. 

The experiment was started in kharif 1971. Yield data of paddy 
grain were reported in the last year'r report. Following rice, wheat 
(variety Kalyan Sana) was sown. After the harvest of wheat rice 
(variety IR8-68) was transplanted. The yield data for these crops are 
given in Table 33. 

TABLE 33. Effect o/g,aded doses o/gypswn on Ilze yield 

Gypsum Grain yield (q/ha) 

till a Wheat Paddy 1972 

1971-72 a h 

6.5 35.8 70.9 70.0 

13.0 40.5 68.0 71.6 

19.5 42.2 67.9 65.8 

26.0 45.2 65.8 69.1 

C.D. at 5% 4.3 N.S. 
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In kharif 1972 in some of the plots (b) additional application of 
gypsum 6.5 tlha Was made to see if such addition would be 
beneficial to the crop. The data given in the above table clearly indicate 
that whereas in caso of wheat the yield increased with increasing quantilY 
of gypsum in rice grown in the second year, the grain yield was not 
affected either due to initial or subsequent application of gypsum. 

(d) Effect of date of transplanting on the paddy grain yield of 
IR8-68 variety of rice. 

Rice is tbe most important khar:{ crop in alka Ii soils. To obtain 
information about the optimum date of transplanting 35 days old seedl
ings were transplanted <)1\ June 24, June 30, July 7, July 12 and July Ig. 
The yield data are given in Table 34. 

TABLE 34 Effect 0/ date o/transplantillg 011 the yield o/rice (lR8-68) 

Date of 
transplanting 

24th June 

30th June 

~tb July 

12th July 

,l8th July 

C.D·. at 5% 

Paddy grain yield 
(q/ha) 

63.6 

71.9 

57.7 

6&.9 

45.6 

7.1 

Da ta of harvesting 

19.10.1972 

25.10.1912 

2.11.1972 

6.11.1972 

10.11.1972 

Apart from low yield late transplanting has the disadvantage as 
the sowing of subsequent wheat crop is considerably delayed. 

Ce) ElTect of the age of seedling on the yield of rice. 

This was the first year of the experiment. Seedling of paddy variety 
IR8·68 of dilTerent ages viz. 24, 28, 32,36 and 40 days were transplanted 
on 12.7.1972. The highest yield of 56.5q/ha of paddy was obtained 
with 36 days old seedling and this was significantly higher than the yield 
obtained with 24 days old seedlings. 
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S.A. 5.4: Salt dynamics in soils a~ influenced hy irr'igation frequencies 
(B.L. Gaul, I. P. Abrol and K.S. Dargan). 

In order to confirm the findings of the previo;:s yeai the experiment 
was cominued during the rabi 1971-1972 also by using the wheat variety 
Kalyan Sana, with a slight modification in the irrigation treatments. 
Since there was a linear increase in the yield of wheat grain during the 
previous year even upto II irrigations, hence the range of irrigation 
treatments was further narrowed and the depth of water per irrigation was 
also reduced from 80 per cent to 60 per cent of cumulative pan evapor
ation reading fixed for the irrigation treatment concerned; because the 
elTective root zone found during 1970-71 was only 15 cm. 

The experiment was laid out in a (5 X 5) latinsquare design having 
the 7.6 X 3.8 m plot size. The irrigation treatments included application 
of water when cumulative evaporation from U.S. open pan evaporimeter 
amounted to 3D, 50, 70, 90 and 110 mm which were designated as E 30, 
E 50, E 70, E 90, E 110. The rainfall received during the crop period 
was 5.6 em and the total water applied during the season was 34 em 
whieh was nearly the same for ull treatments. The crop was sown on 
November 23, 1971 and harvested on April. 26, 1972. The irrigation 
treatments E 30, E 50, E 70, E 90, and E 110 received 14,9,7, 6 and 5 
irrigations respectively which a,'e inclusive of one (first) common 
irrigation given at crown root initiation stage, Some important physico. 
chemical properties of the experimental s;te are given in Table 35. 

TARLE 35. Some physico-chemical propedies of soil 

Depth pH, Ee, Field capacity Bulk density 
(em) (mmhosjcm) % gm/cc 

0-7.5 9.0 0.78 21.Q 1.55 

7.5-15 9.7 0.65 21.2 1.55 

15-30 10.1 0.76 21.1 I. 71 

30-45 !D. 1 0.90 20.0 1.70 

45-60 10.1 1.00 20.7 1.70 

60-75 10.2 1.05 21.5 1.60 

75-90 10.2 1.17 21.3 1.50 
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For salt distribution studies the EC and pH measurements were 
taken in I : 2 soil water suspension, the daia are presented in Table 36. 
The data reveal that the EC, and pH of the soil increased with depth but 
there was not much difference between the initial and final salinity status 
of the soil and so was amongst vadous irrigation treatments als~ 

Unlike the previous year (1970-71) of experiment -there was not 
much effect of intensity of irrigation on the salt distribution in the root 
zone, but the intensity of irrigation did ,how very marked efTect on the 
grain yield of wheat. 

The data on different biometric observations are presented in 
Table 37. 

TABLE 37. Effect of Irrigation on ~'arious growth and yield 
characlers oj wheat 

Treatments Irrigation Plant Ear lOGO Grain Water use 
No. height length grain yield efficiency 

(cm) (cm) weight (q/ha) (kg/cm/ 
(gm.) hal 

E 30 14 85.2 10.2 38.40 26.27 50.1 

E 50 9 88.3 10.2 38.57 25.70 52.0 

E 70 7 85.2 9.9 34.71 23.24 50.0 

E90 6 78.3 10.0 35.12 20.44 44.9 

E 110 5 73.1 9.9 34.14 14.64 36.9 

F Test Sig. Sig. 

C.D. at5% 4.2 '4.58 With missing 

3.8 4.17 Without 
missing 

In this experiment the crop in the E 30 treatment in 3rd row was 
exceptionally poor, hence the missing plot technique was applied to esti
mate the value of this plot. As it is evident from Table 36 that the 
yield increased with increase in irrigation frequency; but statistically 
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the treatments E 30, E 50 and E 70 were at par with each other. The 
higher frequency treatments (E 30 and E 50) having frequencies 14 and 9 
respectively were found to be significantly superior to the higher intensity 
treatments (E 90 and E 110). The E 70 and E 90 were at par with each 
other but gave significantly higher yield than the E I 10 treatment, which 
was having the highest intensity and lowest frequency in the range selected 
for investigation. Similar is the picture with other biometric characters. 
During the year 1970-71 the response to irrigation was linear nnd signi
fleant even upto I I irrigations but in the second year the crop showed 
the response upto 7 irrigations only though the numerical increase in the 
yield was noted upto 14 irrigations but statistically it was not significant. 
The main reason for this trend seems to be related to the transmission 
characteristics of the soil which was less sodic in the second year. 

The soil moisture determinations were made from the soil samples 
taken from surface down to tl,e depth of 90 cm at various intervals 
before and after each irrigation. 

(i) Consumpti.'e use of waler: The total consumptive use values 
for the season were 525, 494, 465, 455 and 397 mm for E 30, E 50, 
E 70, E 90 and E 110 treatments respectively. The rate of consumptive 
use per d oy was higher in the wetter moisture regimes. 

(ii) Soil moisture ex/raction paffern: The data pertainIng to the 
moisture extraction pattern are depicted in Fig. II. The data reveal that 
the soil moisture depletion decreased with depth in general. It may be 
seen that the rna ximum depletion of the order of 80 to 86 percent WaS 
from the top 30 em layer beyond which it decreased considerably. The 
moisture fr"m the lower layer was utilized more efficiently in comparati
vely drier moisture regimes. Keeping in view the previous years results 
as discllssed earlier it seems that there has been some improvement in the 
physical condition of soil by continuous cropping as it is revealed in the 
soil moisture extraction studies that the active foots in the second year 
went deeper in comparison to the previous year.. Thus the effective root 
zone for this year may be considered as 30 em instead of 15 em: hence it 
may be concluded that with the improvement in soil brought about by 
continuous cropping the irrigation practice may be modified accordingly. 

(iii) Response /0 wa/er use by the crop: The data presented in 
Table 36 indicate that response to per unit of water used by the crop was 
nearly equal for the E 30, E 50 and E 70 treatments as beyond 7 irriga' 
galions more frequent irrigations did not produce significantly higher 
grain yield but for other treatments the water use efficiency decreased 
with decrease in irrigation frequency while in the first year there was 
marked increase in water use efficiency with increase in irrigation fre
quene),. 
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S.A. 5.5: Efficiency oj diffe:ent Jerlili:ers on salt affected soils (H.C. 
Nitalll, K.S. Dargan a",/ I.P. Ab;·ol). 

Tran,ifonnalion of urea in saIt affected soils: 
A laboratory study was conducted to study the changes in NH., 

NO, and NO, forms of nitrogen at 0, 125, 250 and 500 ppm concent
ration of urea fertilizer for periods of 1,2,3,8,16,24,32 and 40 days. 
The "mples were incubated at 28'C± I and at 60 percent moisture of 
saturation percentage in normal, saline and saline-sadie soils. 

The data showed that the urea-nitro~en at all the concentration, was 
completely hydrolysed after one day in normal, three days in saline and 
four days in saline-sadie soil. The rate of hydrolysis increased with 
incre~sing concentration of urea. The amount of nitrnte increased with 
increasing time. Nitrite accumulation was maximum in saline sodie 
foJ1o'.\ed by saline and normal soil. It increased with increasing concent~ 
ration of urea nitrogen. It is evident from Fig. 12 that in normal soil 
the nitrite did not persist for more than five days. In saline soil NO, 
may persist upto about 2 weeks and in saline·sodic for more than 4. weeks 
particularly where high amounts of urea were applied. 

Effect oj different doses and .,nurees o/mirogen on Ihe grail! yi<!tl oj 
paddy and wheat: 

One pot and two field experiments were conducted taking whe"t 
and paddy as test crops to study the'effect of different doses and sources 
of nitrogen. 

A pot experiment was conducted to study the effect of three nitro
genous fertilizers viz. ammonium sulphate. c~lcium ammonium nitrate 
and urea, on germination, yield and nitrogen uptake of wheat in a saline 
sadie soil (ECe 11.77 mmhosjcm and pH of saturation paste 9.9). 

Oermination was quicker in presence of ammonium sulphate 
followed by calcium ammonium nitrate and urea'. Similar trend was 
observed i'n case of yields (grain and straw) and percentage nitrogen 
utilized. 

This is the second year of the field trial with five levels of nitrogen 
at 60, 90, 120, I SO and 180 kg N/h<l. and three sources of nitrogen viz. 
ammonium sulphate, calcium ammonium nitrate and urea as the treat
ments. The crops sown were paddy (JR8·68) and wheat (Kalyan Sona). 
Soil samples takell before the start of the experiment had pHs of 10.0 
and electrical conductivity (mmhosjem) of saturation extract as 11.23. 
Data presented in Table 38 sho," that the grain yield of wheat is maxi
mum with ammonium sulphate followed by calcium ammonium nitrate 
and urea, whereas the decreasing order for paddy yield was ammonium 
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sulphnte urea calcium ammonium nitrJ.te, which is in conformity of last 
year trial in the some field. 

N 
Kg/ha 

60 

90 

120 

15') 

180 

TABLE 38. Effect of the application of nitrogenousfedilize,·s 
on the paddy and wheal grain yieh!s (qlha.) 

A/S CAN Urea Mean 
Paddy Whe:lt P.lddy WI,eat Paddy Wheat Paddy Wheat 

37.83 17.31 29.38 15.20 32.65 11.54 33.27 14.68 

43.56 21.07 36.59 16.75 37.72 1590 35.46 17.87 

51.34 22.24 42.87 21.81 43.35 20.13 45.81 21.39 

60.24 30.54 55.14 26.88 49:54 21.96 55.17 26.46 

63.05 29.28 57.98 27.02 59,11 21.96 60,01 26.09 

C.D. at 5 % Sources 1.71 Levels 6.94 

Another field <>periment was conducted on padiJy of same variety 
but on a less' deteriorated soil. The soil pH (Sat. paste) and ECe 
mmhos/cm were 9.2 and 7.2 respectively. There were 15 combinations 
of 3 sources of nitrogen namely ammonium sulphate, calcium ammonium 
nitrate and urea, each at 5 levels viz. 0, 50, 100, 150 and 200 kg N/ha. 
It is observed frem Table 3~ that application of ammonium sulphate 
resulted in higher yield of paddy grain than other fertilizers. 

TABLE 39. Effect of the application of IR8-68 nitrogeneous fertilisers on 
paddy (qlha) 

N Kg/ha AIS CAN Urea 

0 45.44 41.04 43.98 

50 59.37 57.17 57.90 

100 68.16 63,03 65.90 

ISO 79.89 69,63 73.30 

200 80.63 72.56 74.76 

Among levels of nitrogen dose of 150 kg Nih. was better than 0, SO 
an:! lOG kg Nlha but at pH with 2')0 kg Nih •. 



69 

S.A. 5.6: Requirement o/nutrients of d1fe,~enl crops ilz saline sadie soils. 
(K.S. Dargan, R.K. Chhil/ar and D.R. Blzumblal. 

(aJ Effect of the application of the pllOsplwrus and zinc Ol! the yield of 
wheat and rire. 

The exporim~n! which wa; stlrted in kMrif 1971 WllS continued 
in 1972. 

In wheat only the residual effect of P and Zn' applied to the pre
vious crop was studied but in rice, grown in kharif, 1912, phosphorus 
and zinc were again applied to the respective plots. The yield data of 
wheat 1971-72 and rice kharif 1972 are given in Table 40. Neither the 
residllal nor direct application of these nutrients had any significant 
e/Teet on lhe grain yield of paddy and wIlen (. 

TABLE 40. Effect of phosphorus and zinc on the yield of paddy and wheaf. 

Treatment Grain yield (q!ha) ---
P20 ;, Zn SO, Wheat Paddy 

(kg/ha) (kg/ha) 1971-72 1972 

0 0 15.1 61.6 

40 15.S 63.9 

0 SO 15.S 65.0 

40 0 17.1 67.4 

40 40 20.3 65.3 

40 80 20.5 71 .. 7 

SO .0 15.9 64.1 

SO 40 22.2 65.6 

80 80 1 S.6 67.2 

12,) 0 19.9 65.7 

120 40 17.6 64.9 

120 80 22.5 66.0 

C.D. N.S. 
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(b) Effect offoliar and soil application of urea on tire yield ofwheai 
and rice. (K.S. Dargan, Harish Chandra and D.R. Bhulllbla). 

Experiments conducted on saline sadie soils indicated that in highly 
sodic soil, application of N in Ihe form of urea is not ~s effective as 
ammonium sulphate. One of Ihe reasons could be the high pH of the 
soil. An experiment WaS, therefore, conducted to see the relative effect of 
soil and foliar application of a part of nitrogen. All plots received 80 
kg N, 80 kg P,O, and 80 kg K,O per hectare in the form of urea, 
superphosphate and muriate of potash respectively and 40 kg/ha of zinc 
sulphate. The soil pH (I : 2) was 9.9 and E.C. (I : 2) was 1.5 mmhosl 
cm. The yield.data of wheat are given in Table 41. 

TABLE 41. Effect offoliar vIs soil application of urea 011 

wheat yield (qlha) 

Treatment Wheat yiel'd 

Cuntrol 19.5 

20 kg Nlha -soil 25.1 

40 kg N/ha - soil 36.5 

60 kg N/ha -soil 45.3 

20 kg N/ha-foliar 42.4 

40 kg Nlha - foliar 45.2 

C.D. at 5% 7.16 

S.A. 5.7: Cropping patterns for salille sodic soils (K.S. Dargan, R.K. 
Chil/ar and D.R. Bhumbla.) 

Realizing (he need for an proper cropping pattern for saline 
sadie soils an experiment has b,en laid out with the following treat
ments :-

I. Paddy-Wheat-fallow (without irrigation) 

2. PaddY-Wheat-fallow (with irrigation) 

3. Paddy-Wheat-Dhaincha (G.M) 

4. Paddy - Wheat-Cowpea fodder 
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5. Paddy- Wheat-Jowar fodder 

6. Paddy-Wheat-B~jra 

7. Paddy-Berseem 

8. Paddy-Sugarbeet 

Since paddy was the first crop, no treatment differences could be 
expected. 

S.A. 5.8: Studies on waler use efficiency with pitcher technique for 
irrigation (R.C. Monda!). 

Slow relea;e of water from earthen pitcher burried in the soil was 
made use for economising the water requirement of crop grown under 
conditions of high evapotranspiration. For the purpose of experiments 
eartlien pitcher 30 em dia were buri~d at distance of about 3 m from 
each other. Pumpkin and Cucumber were sown in the immediate viei
nlly of pots. Pots were daily filled with water. Preliminary observations 
showed that this might be a good method for reducing water require
ment of crops for growing selected crops unuer saline condition. The 
distribution of soil moisture arollnd the pitcher under experimental con
dition is given in Table 42. Further detailed studies are in progress. 

TABLE 42. J\{oisture distribution in soil (perrelli) around l/re 
earthen pirc/zer 

Soil depth Horizontal distance (cm) from the vertical 
(cm) axis of the pitcher 

15-15 25·35 35·45 45·55 

10 17.6 15.4 12.2 

15 18.7 17.6 14.4 9.4 

30 17.1 15.3 13.9 9.9 

45 16.3 15.1 13.9 8.5 

60 9.7 10.5 10.1 9.7 

70 9.6 



DIVISION OF GENETICS AND PLANT PHYSIOLOGY 

G _ P. I E .. olving crop varieties jor saUIle-sodic soil. 

G. P. 1.1 Wheat TriTicum aestivum (B. Mislzra and M. N. Sarin) 

A varietal trial with 17 popular high yielding and fertilizer responsive 
varieties was conducted in a soil with pH 9.1 and EC(I:2) 2.9 mmhos/cm. 
Fertilizers were added @150kg N as ammonium sulphate, 60 kg P,O, as 
superphosphate, 150 kg K,O as muriate of potash and 30 kg zinc sulphate 
per hectare. Varieties WG 357, Sonalika and Hira have ,shown good 
promise (Table 43). These varieties will again be tested next year. 

TABLE 43. Perfomumce ojwlzeal varieties ill partially reclaimed soil 

Variety Grain yield 
q/ha 

WG 357 58 

Sonalika 56 

Hlra 55 

WG377 53 

Sharbati Sonora 53 

Kalya!l Sana SI 

PV-18 51 

WL-812 51 

HD-1944 50 

C. D. at 5% 3.9 

Variety 

Safed Larma 

Chhoti Larma 

UP 301 

J-22 

K·818 

NV (I) 5643 

C-306 

C-273 

G.P. 1.2 Brassica CK.N. Singh and Y.<;:. Joshi) 

Grain yield 
q/ha 

50 

49 

49 

45 

44 

42 

38 

35 

Performance of 25 vaIieties of faramira was seen in a saline sadie 
5011. The yields ill respect of ten promising varieties arc given in table 44. 
These varieties did not differ among themselves. 
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TABLE 44. Performance cf laramira l'arieties in saline.' sodie sai/. 

Variety Yield Variety Yield 
(q/ha) (q/ha) 

T-62 7.2 T-129 6.0 
T-53 7.1 T-70 6.0· 
T-43 6.4 T-!3 6.0 
T-45 6.1 T-128 6.0 
T-ll3 6.1 T-17 5.9 

G. P. 1.1 Rice Orra saliva B. Mishra. M. N. Sarin and T. N. Singh 

A varietal trja~ was conquctea'to see the per[orm,7.flCe of 34 l'!1rieties 
of rice. Transplantingwas done on 8th July, 1972. Fertilisers were used 
at the rate 160 kg N, 50 kg, P,05 60 kg K,O per hectare in the form of 
ammonium sulphate, superphosphate and muriate of potash, respectively 
Zine SUlphate at the rate of 25 kgfha was added. Jaya gave the highest 
yield. This variety also yielded the highest in trial conducted in 
1971 (Table 45). 

TABLE 45. Perfonnance of rice l'arieiies in saline sodie soil. 

Variety Yield Variety Yield 
qfl1a q/ha 

Jaya 95.0 Pusa 2-21 71.0 
IET-1136 94.7 Vijaya 68.7 
IR-8-68 82.1 CR-44-35 67.0 
IR-8 80.6 Jhona·351 67.9 
Palman-579 78.8 Hamsa 61.2 
C-S79 78.! HM-484 61.2 
HM·474 77.3 Jagannath 60.6 
Saburmati 77.3 DR-36-!48 60.0 
IET-1991 75.7 Cauvery 55.8 
CR-441 74.9 Kusma 54.7 
lR-22 74.2 IET-849 52.7 
HM·452 73.2 IET-1D39 52.6 
Ratna 73.0 Suma 51.4 
Padma 73.0 Karuna 51.0 
HM-473 72.7 Pal-246 49.0 
Krishna 71.3 Basmnti-3 70 49.0 
TN-I 17.5 Jl1ona-20 49.0 

C.D. at 5% 7.1 
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Three more trials namely, uniform varietal trial-2A (U.V.T.-2A) 
with 12 varieties, Basmati derivatives trial (B.D.T.) with 15 varieties 
and.slender grain varietal trial S.O.V.T. with 49 'varieties were also 
conducted in cooperation with All India Coordinated Rice Improvement 
Project, Hyderabad. Variety Jaya yielded highest and was followed by 
IET-1991, IET-!45I, IET-2295, in U.V.T.-2A Trial. InB.D.T. trial,varie
ties Jaya, Improved Saborlllati, I ET-2850, IET-1991, performed better. 
The performance of varieties IET-2868, IET-2880, Ratna and Jaya check 
in S.O.V.T. was better. 

G.P. 1.4 Millets (KJv. Singh) 

(i) Bajra (Pennisetum typhoides) 

An experiment with 64 selected strains of h:Jjra from the last year's 
initial evaluation trial waS c"onducted. Sowing was done on 19th July, 
1972. Fertilizers were applied at the rate of 100 kg N, 40 kg P,O, and 
40 kg K,O in the form of ammonium sulphate, superphosphate and 

muriate of potash, respectively. The crop was harvested on 25th October. 
1972 and the yield data of promising varieties are given in table 46. 
Genetic diversity in relation to saline condition in bajra is being analysed. 

TABLE 46.- Perfomlance of Bajra varieties in saline sodie soU 

Variety Yield Variety Yield 
(qfha) (q/ha) 

J.P. 11 14.9 I.P. 342 11.0 
J.P. 2 14.9 23D,Ax440 10.9 
J.P. 50 12.1 I.P. 370 10.8 
J.P. 14 12.0 I.P. 87 10.6 
I.P. 327- 11.9 I.P. 68 10.2 

C.D. at 5% =4.6 

ii) Jowor (Sorgizum "ulgare) 

The trial was conducted on jowar varieties which had been tesled in 
the previous year for grain production. The growth was very much 
affected by saline sodic conditions and only few varieties could flower 
but they did not give any yield because of poor seed setting. 

G.P.2. 1 Sugarcane (Saccharum officinale) (B. Mishra alld K.S. Gill) 

·A varietal trial on fifteen promising varieties which had been 
selected from previous year' initial evaluation trial was carried out on 
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saline sodic soil. Fertilisers were added at the rate of 150 kg N, 60 kg 
p,o" 60 kg K,O and 25 kg ZnSO,jha, respectively. Variety CO 453 
ranked first followed by CO 1341, CO 6801 and CO 62329 gwmg 
average cane yield of 721, 709 690 and 689 qjha, respectively (Table 47), 
Variety CO 453 also yielded the highest in 1971 and thus appears!o be 
promising for cultivation under sodie condition. 

TABLE 47. Pefjormance of sugarcane mrielies in saline sodie soil 

Variety Cane yield Variety Cane yield 
(qjha) (qjha) 

CO 453 721 CO 975 576 

CO 1341 709 CO 6806 565 

CO 6909 690 CO 1158 559 

CO 62329 689 NCO 310 529 

CO IIII 652 CO 1335 482 

CO 62422 634 Mutant 997 385 

CO II48 606 MG-32 347 

B-37172 578 

C.D. at 5~~=lO2 

G.P. 2.4 SajflO11"er (Cartlzamus tinctorius) (K.N. Singh and T.N. Singh) 

During rabi season, 13 varieties of safflower were grown on saline 
sodic soil receiving a fertilizer dressing of 80 kg N, 30 kg P,O, and 30 kg 
K,O per hectare. The crop was given four irrigations during the growing 
season. The grain yield data revealed poor performance of all the varieties 
tried. Severe reduction in branching, size and number of capitula was 
the main reason of poor yield. Safllower is reported to be tolerant to 
salinity but in the present study, the high pH and the exchangeable 
sodium in the soil appear to have caused more adverse effect on grain 
yield. 

G.P. 2.5 Sunflower (Heliantlzus annUl) (KN. Singh an.d T.N. Singh) 

A preliminary trial with variety Sunrise (sown on 19th November, 
197 I and harvested on 28th April, 1972) showed that very much reduced 
growth in the early stages with poor seed setting resulted in poor yield 
of sunflower on salt-affected soil. 
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G.P. 2.7 Sugarbeel (Bela .. uIgaris) (III.N. Sarin, B. lIIishra and K.S. Gill) 

A varietal trial on five vudeties was carrieu out in soil having pH 9.3. 
Ammonium sulphate, superphosphate and ffillriate of potash were given 
in amounts so as to add ISO kg N, 100 kg P,O,. 120 kg K,O/ho, res
pectively. Zinc sulphate was also added @ 25 kg/ha. Though the variety 
Erotype-E ranked first in root yield but thc variety Maribo-Resistapoly 
produced the highest amount of sugar per hectore (Table 48). This w.as 
due, in part, to higher content of sucrose in roots of thi., variety. This 
trial will will be repeated next year. 

TABLE 48. Pelformance 0/ slIgGJ_"heel in saline sOllie soil 

Variety Root yield Sucrose Sugar yield 
(q/ha) (%) (q(ha) 

Maribo-Magnapoly 970 13.7 133 
K",~e-Gigapoly 952 16.4 156 
Erotype-E lOll 14.0 142 
Maribo-Resistapoly 888 17.6 156 
Ramonskaya 806 15.7· 127 

Distribution of Na and K in shoot and root of sugarbeet is given in 
table 49. It was interesting to note that under saline sodie conditions a 
large amount of Na was accumulated in shoot. It is probable (hat the 
callacity to transport much of absorbed Na from root to shoot and 
retain there is in some manner related to high degree of salt tolerance in 
this crop. 

TABLE 49. Distribution of iVa and K in sugarbeel mrielies 

Variet~ Ratio of cation in shoot to cation in root 

NOl7lzai Soil Sa7ine sodic soil 
Na K Na K 

Maribo·Magnapoly 2.7 2.8 15.0 2.3 
Kawe-Gigapoly 1:8 3.6 11.4 1.3 
Erotype-E 1.8 3.6 6.4 1.4 
Maribo- Resistapoly 2.5 3.7 16.6 3.0 
Ramonskaya 0.9 1.6 12.9 2.4 

G.P. 5 Physiological basis of salt resistallce ;'1 dhainclw (sesbania aculeata) 
(K.S. Gill and M.N. Sarin) 

'It i.s well known tha.t dfw.fndr.a i.s res.tslant to saline-sodlc s.oil envi[on
ment whereas cowpea is very sensitive to such type of edaphic environ-
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TADLE 50. EfJect oj ESP lel"els 011 grOll"th oj c01lpea and dlzaincha 

ESP Level COlq)C(1 Dlwinclza 

(Days after sowing) 

15 30 45 15 30 45" 

Plant "eight (em) 

11.0 10 19 25 II 35 90 

16.6 9 17 20 9 35 86 

22.2 9 14 17 9 30 82 

26.0 9 14 19 10 30 82 

33.3 7 9 29 74 

LeaJ number/plant 

11.0 2 15 28 6 16 31 

16.6 2 i 3 13 6 17 27 

22.2 2 II 13 7 17 26 

26.0 2 I,) 9 6 16 26 

33.3 2 7 16 24 

Fresh weight/plallt (g) 

11.0 3.3 24.0 39.4 2.1 22.4 89.3 

16.6 3.4 23.7 30.8 2.5 19.2 71.8 

22.2 3.8 13.7 37.7 2.2 17.6 55.7 

26.0 3.0 12.6 23.3 2.0 17.4 56.5 

33.3 2.5 2.1 17.1 49.0 

Dry weight/plant (g) 

11.0 0.3 3.8 13.4 0.2 2.9 19.1 

16.6 0.3 3.3 4.8 0.3 4.1 15.6 

22.2 0.4 2.1 5.9 0.3 3.9 12.9 

26.0 0.3 1.6 3.7 0.3 3.0 12.7 

33.3 0.2 0.2 3.1 10.5 

Branch number/plalll 

11.0 8 IO 

16.6 6 7 

22.2 6 6 

26.0 3 6 
33.3 
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G.P. 2.7 Sligarbeet (Beta w/garis) (M.N. Sarin, B. Mishra and K.S. Gill) 

A varietal trial on five varieties was carried out in soil having pH 9.3. 
Ammonium sulphate, superphosphate and ml1riate of potash were given 
in amounts so as to add 150 kg N. 100 kg P,O,. 120 kg K,O/hii, res
pectively. Zinc sulphate was also added @ 25 kg/ha. Though the variety 
Erotypo·E ranked first in root yield but the variety Maribo· Resistapoly 
produced the highest amount of sugar per hectare (Table 48). This w.aS 
due, in purt, to higher content of sucrose in roots of this variety. This 
trial will will be repealed next year. 

TABLE 48. Peifornumce of ~ugar~('et in satrne sadie soif 

Variety Root yield SlIcrose Sugar yield 
(q/ha) (%) (q/ha) 

Maribo-Magnapoly 970 13.7 133 
Kawe-Gignpoly 952 16.4 156 
Erotype-E 1011 14.0 142 
Maribo-Resistapoly 888 17.6 156 
Ramonskaya 806 15.7 127 

Distribution bf Na and K in shoot 'and root of sugarbeet is given 10 

table 49. It was interesting to nole that under saline sodie conditions a 
large amount of Na was accumulated in shoot. It is probable that the 
eagacity to transport much of absorbed Na from root to shoot and 
retain there is in some manner related to high degree of salt tolerance in 
this ero·p. 

TABLE 49. Distribution of Na and K in sugarbeet. \'Orieties 

Variet): Ratio of calion in shoot to calion in Toot 

Nonnal Soil Sa1ine .'wttie soil 
Na K Na K 

Maribo-Magn.poly 2.7 2.8 15.0 2.3 
Kawe-Gigapoly 1.8 3.6 11.4 1.3 
Erotype-E 1.8 3.6 6.4 1.4 
Maiibo-Resist. poly 2.5 3.7 16.6 3.0 
Ramonskaya 0.9 1.6 12.9 2.4 

G.P. 5 Physiological basis of salt resistance in dlwinclw (sesbanio aculcata) 
(K.S. Gill Glut M.N. Sarin) 

·It is well known that (lhaillcha is resistant to saline-sadie soil environ
ment whereas cowpea is very sensitive to such type of edaphk envjron-
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TADLE 50. Effect oj ESP ICl'els on growth oj cOllpea alld dhailleha 

ESP Level COIqJca Dho(lIc1w 

(Days after sowing) 

15 30 45 15 30 4Y 

Plant height (em) 

11.0 10 19 25 11 35 90 

166 9 17 20 9 35 86 

22.2 9 14 17 9 30 82 

26.0 9 14 19 10 30 82 

33.3 7 9 29 74 

LeaJ nWllber/plant 

11.0 2 15 28 6 16 31 

16.6 2 i 3 13 6 17 27 

22.2 2 11 13 7 17 26 

26.0 2 I·) 9 6 16 26 

33.3 2 7 16 24 

Fresh weight/plant (g) 

11.0 3.3 24.0 39.4 2.1 22.4 89.3 

16.6 3.4 23.7 30.8 2.5 19.2 71.8 

22.2 3.8 13.7 37.7 2.2 17.6 55.7 

26.0 3.0 12.6 23.3 2.0 17.4 56.5 

33.3 2.5 2.1 17.1 49.0 

Dry weight/plant (g) 

11.0 0.3 3.8 13.4 0.2 2.9 19.1 

16.6 0.3 3.3 4.8 0.3 4.1 15.6 

22.2 0.4 2.1 5.9 0.3 3:9 12.9 

26.0 0.3 1.6 3.7 0.3 3.0 12.7 
33.3 0.2 0.2 3.1 10.5 

Brancl, number/plant 

11.0 8 10 

16.6 6 7 
22.2 6 6 
26.0 3 6 
33.3 
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ment. To understand the physiological basis of salt resistance in dlzaincha 
and injury in cDwpea,an experiment was conducted in pots maintained at 
known levels of exchangeable sodium percentage (ESP). Different levels 
of ESP (ranging from I I to 33) were prepared artificially by alkaliniza
lion of normal soil using sodium bicarbonate. Twelve water soaked seeds 
were sown per pot which were later thinned to four plants in each pot 
maintaining ten such pots for each treatment. It was observed that the 
emergence of cowpea was delayed and reduced even at the lowest level 
of ESP whereas in caSe of dhaincha no such effect was noticed. Unde-r 
the ESP level of 33.3, the cowpea ,«dling died after IS day' of "'wing, 
The data on height, leaf number, fresh weight, dry weight and branch 
number reveal that in case of cowpea, the adverse effect of ESP was 
noticed at the 15th day of sowing; the effect being marked only at the 
higher levels of ESP (Table 50). On 30th day of sowing the reduction in 
these chor~cters W.lS prJnounced even at the ESP level of 16.6 
and was furlher magnified on 45th day of sowing. In case of dhainclza the 
adv""e e[fect of ESP w,s noticed only at higher levels on 30th day after 
sowing but was discernible from the ESP level of 16.6 onward at 45th 
day of sowing. The relative reduction in dhaincha was less than cowpea 
in all the growth characters. In grain and pod yields of cowpea, a reduc
tion of about 50% was noticed at ESP 16.6 whereas dhaincha yield was 
not signiftcantly reduced even at the highest level of ESP (table 51). 

Biochemical tests at successive growth stages of t"o crops revealed 
that the chlorophyll and protein contents were higher in dhaincha than 

,cowpea at all levels of ESP. The RNA and DNA components were less 
disturbed in dlzaillcha than in cowpea. These may be responsible for 
vigorous growth and tolerance of dhainclUl to sadie condition. 

ESP 

11.0 

16.6 

22.2 

26.0 

33.3 

TABLE 51 Effect of ,·a';ou.< ESP levels Oil yield compollents ill cowpea 
amt dhainclta. 

Cowpea Dlzaillcha 
Pod No! Pod Grain Pod No! Pod Grain 

pot weight! weight! weight! weight 
pot (g) pot (g) pot pot (g) pot (g) 

22 7.5 5.6 104 64 41.2 
,4 3.2 2.8 140 89 52.8 
15 4.4 3.0 134 86 55.4 
9 2.0 1.3 118 84 43.9 

122 81 42.2 

C.D. at 5~1. 2.6 1.6 1.4 NS NS NS 
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G.P. 6 Studies on nitrogen metabolism. ill plants grown under saline sadie 
conditions (T.N. Sing/z). 

There is evidence that under conditions of water stress there i:) accu
mulation of free proline in sQme plants. Prejjrninary studies,1herefore!-were 
undertaken to study the effect of soil salinity on the cO,oceotration and 
changes in the proline content in leaves of wheat and sugarbeet. Results 
showed a marked increase in the content of this metabolite with increas
ing salinity. The accumulation of this metabolite was traceable within 
five hours of salt stress. On the other hand, plants cultured on nutrient 
solution alone did not accumulate proline. it was further observed that 
two crops varied widely in capacity to accumulate proline with the 
advancing period of treatment (Table 52). Interestingly, the concentration 
of proline decreased when the stress was relieved by transferring plants 
from salt solution to nutrient solution. Attempts to measure other 
am"no acids are also being made. The capacity of different organs of 
plant to accumulate proline in response to snIt and water stress and its 
role in plant metabolism are being investigated. 

TABLE 52. Effect af saIl stJ,'ecs (In proline accumulation in wheal and 
sugarbeel. 

Crop mg/g dry weight 
-=------

Wheat 

Sugarbeet 

Control NaCI-stress 

245 

319 

2,305 

3,850 

G.P. 8 Physio/cl?J' of wain <ieve/opment in plants grOl\'ll undel' saline 
sodic conditions: Wlzeat (M.N. Sorh' and Y.C. Joshi) 

Anthesis and grain filling are the two developmental stages which 
are very sensitive to salt and water stress. Such stresses invariably 
decrease both the number and size of grains. Since photosynthesis and 
leaf area duration after anthesis are important for proper grain filling. 
it was of interest to investigate such aspects for further understanding 
of underlying causes of shrivelled grain formation, a process of common 
occurrence under saline·sadie condition. 

Experimental material consisted of the samples of developing grains 
of 16 wheat varieties as reported in Annual Report of 1971, harvested 
at different intervals after anthesis. Efficiency of grain filling 
per day was calculated from the linear part of the curve drawn from 
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the periodical increase in dry weight of grains after anthesis. Effective 
Filling Period Duration (EFPD) could be obtained by dividing the final 
matured grain weight by efficiency/day. Finally, two factors, i.e. 
efficiency per day and effective filling period duration were obtained for 
all the treatments. No correlation of yield to either of the two factors 
could be obtained. Further analysis revealed that yield was sigllificantly 
correlated with a factor of grain development which had both the 
components of EFPD as wcll as eifIciency per day. This factor has been 
tentatively called as grain filling potential (GFP) which is mathematically 
equal to grain weight. The correlations of GFP and yield were not 
altered jn pJants raised at varying 1evels of salinization; however, there 
was increase in the slope of regression line (Table 53 and Fig 13). 

3 

2 

• 
20 • 

30 

NORMAL SOIL 
Y:0·5 1-T 8.70 

40 4 
G·F.P 

2 

15 

20 

EC e:l2·5 mmhoslc 
y :.0·75~ -7·33· 

• 

2 

Qj 3 ECe=9·5mmhos/cm 
)0. Y 0·656'1.+ ·62 

2 

I 525 30 35 . 40 
GFP 

Fig. 13. Relation between grainjilling potential (GFP) 
and yield of wheat at varying salinity levels 
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TABLE 54. Effect of salinity on the slarch conlent alld ils yield ill Ihe 
del'eloping grai" oj differelll I'arielies oj wheal. 

Treatment Days after anthesis 

7 12 17 Mature 

HD 1949 Slarch Contelll (Percent) 

Control 23.7 38.0 52.3 68.7 
ECe x 10' 12.5 18.7 29.0 47.0 65.0 

UP 307 

Control 24.0 47.0 47.5 67.7 
ECe x 10' 12.5 20.0 42.5 42.5 67.5 

WG 357 

Control 24.0 40.0 47.5 65,0 
ECe x 10' 12.5 23.0 40.0 47.5 65.0 

Sared Larma 

Control 22.0 40.6 55.0 67.5 
ECex 10' 12.5 20.0 35.0 47.5 67.5 

C 306 

Control 24.0 45.0 50.0 67,5 
ECex 10' 12.5 20.0 42.5 47.5 68.7 

Starch Yield (mg/graill) 

HD 1949 
Control 2.3 6.0 13.4 26.9 
ECe x 10' 10.5 1.4 2.8 9.4 16.0 

UP 307 
Control 3.2 7.1 13.2 24.4 
ECe x ]0' 12.5 ].3 5.1 ] 0.3 21.7 

WG 357 

Control 2.0 7.0 13.4 26.1 
ECe x 10, 12.5 1.3 6.1 12.1 24.7 

Sared Lafma 

Control 1.7 7.3 16.1 26.1 
ECe x 10' 12.5 1.2 4.7 10.7 23.3 

C 306 

Control 1.4 7.5 12.4 27.5 
ECe x 10' 12.5 1.0 6.1 9.6 21.2 



TABLE 53. Effect of salinity on tlze slope of the regression line belween 
grain yield and grain filling potential. 

Treatment Regression equation 

Control y=O.500x+8.70 

ECe 9,5 y=0.656x+O.62 

ECe 12,5 y=O.750x-7.35 

y=Yield g/pot; x=G.F.P. 

The starch content in the wheat grain was lowered by salinity during 
early period of grain ,development in all varieties, but mature grains 
did not show any difference (Table 54). The starch yield was reduced 
by salinity at all stages of development and in all varieties but the 
reduction at maturity was relatively less in WG 357, 'UP 307 and Safed 
Lerma, suggesting their better adaptability in saline sodic media. 



DIVISION OF ENGINEERING 

E.l. Effect of open ditches and lile drains on th, salt and wa/~r 
balance in Ilze soil profile. (S.R. Jaiswal and R.N .. Pandey) 

In order to provide suitable criteria and specifications for the design 
of sub-surface drainage in the sajine and water-logged areas of the 
region, this experiment has been installed at the'research farm. By field 
investigations, the hydraulic conductivity, drainage coefficient and the 
depth of impermeable layer were determined. The drain spacing givtn 
below was computed by the various formulas developed from the 
theories of ground water movement after substituting the numerical 
values of the. above parameters : 

FornmJa 

Hooghout 

Kirkham 

Bureau of Reclamation 
Bureau of Reclamation 
With equaivalent depth 

Bureau of Reclamation 

(Moody's correction) 

Spacing (S) 
(m) 

18.4 

17.4 

28.6 

18.9 

19.5 

For drain size, a minimum diameter of 12.5 to 15 em is recom
mended to be used in flat lands and so the size of the drain was kept as 
15 cm. Similarly for the open drain a bottom width of 0.6 m, top width 
of 2.6 m and side slopes of 1.5 vertical to 1 horizontal have been 
adopted to provide stable side slopes, minimum working space for digg
ing and minimizing the loss of land under the drains. 

The design drain spacing is about 20 lll. In order to see the 
adequacy of the spacing two more widely differing spacings (J 0 m and 
30m) were chosen for comparison in the experiment. The experimental 
layout is shown in Fig. 14. 

The observations recorded during the monsoon (July-October), 
1972 revealed that the performance of open drains was not satisfactory 
because of slumping of the earth from sides due to poor stability. Sub
surface flow was noticed only through the 10m spaced open ditches. 
The water table remained within 150 em below ground level during the 
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Man hole 

GrOIlnd level 

SECT/ON AT B_ B' 

Ground I • ."tll 

unnyboq TTl 15 
lining 01, 'M ~i' m 

til. Jo/nl. ~ 
06m 

Fig 14. Layout Details of the Subsurface Dral'lOge Experiment on C.S.S.R.l. 
Research Farm. 
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last week of August and the whole of September (Fig. 15) and during 
this period the drains were dIscharging son~e runoff. The maJ(imulD 
discharge for each spacing corresponded to the maxim~r:l -wa ter table 
rise which occurred during the -1st week of September. The maximum 
water table recession rates corresponding to drain spacings of 10.20 and 
30 m were 0.6,0.4 and 0.1 cm/ day, respectively. The recession rates 
were greater in the plots (!rained by the tiles at 10 m spacing. The 
flow per unit area drained was greater in the case of drains spaced at 
10 m spacing (TaMe 55). The maximum discharge rate for each spacing 
occurred on 7.9.72 and corresponding to the highest water table le,e1 of 
105 cm. While the 30 m spaced drains functioned only for 18 days, 
the drains in the other two treatments functioned for· 33 days. 

The average electrical conductivity of the drainage water was 1.53 
mmhas/em, 

E. 2. DesaUni;wt;oll ,oj soil rrovhlea with tile drains or ditches under 
ponding and fluctuaing wafer table comlir;ons. (s. R. JaisH'af, 
V.v. DhrllJ'a Narayana, and A.K. Pasricha) 

In order to assess the desalinization of <oils (a) provided with tile 
draimnd ditches (b) under different 'methods of ponding and during difTe
rents seasons when the water table is above and below the drain level, a 
study was conducted in the sub~surface drainage experimental area. 

During the period under report, the flow did not take place through 
the tile drains even after ponding for 60 days. The study is continuing. 

E. 3, EffiCiency of rainwatei storage in sHrfacc pond us a me(lsure of stuface 
drainage. (S.K. Gupta. and V.V: Dh,,"'O Narayana). 

For providing surface drainage during the excess rninfall period nnd 
to COnserve good quality rainwater for subsequent use for irrigation, 
three rlug out ponds were constructed on the research farm with storage 
capacities of 22.2, 79.6 and 144.4 ha.cm. Surface drainage channels 
were provided in all the thr~e catchments to promptly convey the preci
pitation excess into the dug out ponds or into the field drains. More 
than half the storage capacity of the pond below the ground level is filled 
by the gravity flow of surface drainage water or excess runoff. The 
storage capacity of the pond above the ground level is fHled by pumping 
the surface drainage water into the pond. The functions of the dug out 
ponds as a drainage water collector as well as an irrigation water source 
is accompli&hed by the inlet·cum-outlet structure (Fig. 16.) 

During the intense rains that occurred in July, 1972 the hydrologic 
data collected for the three ponds (Table 36) ipdicate that 40 to 60% of th~ 
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Section at A_A. 

22.86cm. 
pipe 

GS .. Srountl surfcee 

48 C'm . 

. 52m. 
/.07m. 

Open chOMal. 

I!iiI 1.98m. deep. 

o 1.07m. deep. 

B Drolnaqe water collected 
by pumping a released by 
gravity for Irrigation. 

o Drainage water collected 
Section at B B. by qravily flow 8 pumped 

for irrigolion. 

·Note:- .1:11 dimensions are in metres unless otherwise ~peciFi9d 

Fig. 16 : Details oj the inlet·cum-oullet structurejur the dugout pond. 



89 

TABLE 56. Hydrologic data of dug out ponds, all the CSSRi Farm, 
KamalJar the period/i'om July 7 to July lJ, 197]. 

Dug Cateh- R'ain- Water' Volume Storage Storage Cost per 

out ment fall yield ratio of capacty eflicien- ha. em of 

Pond area (mm) (ha em) water (ha. em) cy ratio water 

No. lha) yield to of stor- stored 
rainfall age cap. in the 

and water filling. 
yield ( Rs.) 

30 283.8 229 0.2M [44 0.62 1C4 

2 6 283.8 49 0.296 22 0.45 169 

3 26 283.8 105 0.222 80 0.49 118 

total water yield was stored in each of the three dug out ponds. During 
the lean period which prevailed in later part of July, the stored water was 
effectively utilized for irrigation of paddy Crop. This is the .chief advan
tage of this set up. 

The cost of the dug out ponds including the inlet-cum-outlet struc
ture IVurked out to about Rs 104 to 169 per ha. cm. of storage cap~city 
of the pond. During this year's rainy season, the ponds were filled on 
two occassions. This conserved W[iter provided irrigation to khal'ij and 
the early part of reM crops on ,,-bout 4 hectares. 

The quality of runoff stored in the dug out ponds during the monsoon 
has been good. (Table 57). The electrical conductivity was in the range of 
139 to 727 micro mhos/em and the'pH was in [the range of 7.4 to 9.5. 
As most of the catchments have soils containing high concentrations of 
sodium carbonate, the runoff from these catchments. e\'en with lower 
amounts of total dissolved solids, may contain higher amounts of sodium 
carbonate. In such cases the runoff water from the first rains of the 
season could be allowed to drain out during the storm itself or later by 
pumping, whichever, is practicable. Alternatively, such water with high 
sodium carbonate content could be used for irrigations alongwith gyp
sum. However, with progressive reclamation of soils within the catch
ment, the waters will also improve. 

E.4. Perjonnanre of Shallow and deep tubewel/s /0)' l1ertica! ,{rainoge. 
(R.N. Pandey and A.K. Pasricha) 

There are four shallow cavity wells, a shallow strainer well and deep 
tubewell. Observation wells are located at 100 m interval on a nearly 
square grid. Pump tests wece conducted in three of them. The trans
missibility of the shallow aquifers in the vicinity of these wells is found 



90 

TABLE 57. Qualify of runoff ji-OI1l the Calchment 

Date Catchment·1 Catchment-II Catchment-Ill 
EC x 106 pH ECxlO_:'pH EC x 10' pH 

30.6.72 473 8.2 546 8.5 508 9.0 

5.7.72 717 8.5 579 8.7 655 8.9 

7.7.72 204 8.5 587 8.9 653 7.8 

10.7.72 143 7.6 391 9.2 204 8.7 

24.7.72 211 8.4 493 9.5 252 8.8 

16.8.72 320 9.2 563 9.2 430 8.8 

30.8.72 139 7.4 405 8.8 267 7.8 

15.9.72 215 8.2 404 9.2 285 8.6 

to be 191-417 m'/day/rn and the storage coefficient as 3%. In the case 
of tubewell No.2, water table levels continued to decline even after 8 
hours of pumping. The draw down values after 8 hours of pumping at 
distances of 32 m, 99 m, 134 m and 168 m were 41, 21, 14 and 5 em, 
respectively. 

The distance-draw down CUrve indicated that the radius of cone 
of influence is nearly 210m from the pumped well. 

E.5. Performance of shalloll' lile and gravelfilled drains for leaching of 
root =one in absence of 1rater table. (R.N. Pandey, AX. Pasricha. 
and S.R. Jaiswal.) 

, Five lines of tile and gravel filled drains each _of 5 m length and spaced 
at 2 m ~ere installed at a depth of 65 em below ground level. The 
initial moisture content and salt status at various depths were recorded. 
Leaching was done in the plots by ponding with water upto a depth of 
H)-lS em. 

It has been observed that /low through the sub-surface drains com
menced within two hours of ponding. The /low through drains, however, 
stopped after 5 hours in some plots although ponding waS continued. 
This may be due to the flow of ponded water through cracks directly 
into the drains and not due to flow through the soil. Where ponding is 
continued, these macropores or cracks got filled up, thus blocking further 
mavemont towards drain. The soil moisture observations indicated that 
top 1.5 m of soil was saturated. 
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In order to investigate the influence of the quality of ponded water 
on the intake rates during leaching, infiltration studies were made with 
the ring infiltrometers in thi: study area. Infiltration data with five types 
of waters indicate that infiltration rates decreased mainly because of the 
increase in sediment concentrations in the range of 100.0. to 30.0.0. ppm. 
(Table 58). Between 30.0.0. to 40.0.0. ppm, the decrease in infiltration rate 
was relati,ely small. 

TABLE 58. Quality parameters o/water used/or infiltration study. 

Water source EC X 10.' pH Sediment Infiltration 
concent- rate after 10.0. 

ration min. (em/hr.) 
(ppm) 

Shallow tubewell 421 7.9 840. 1.75 
water 

W.J.C. Water 190. 8.1 90.0. 1.79 

Flood Water I 251 8.8 2220. 1.23 

Flood Water II 222 8.4 2940. 0..87 

Flood Water III 518 9.5 40.00 0.82 

E. 6. Hydrological studies of the prolJlem aleas. (VY. Dlzrul'a Nara),ana, 
S.K. Gupta and Joginder Paul) 

In Haryana State, out of a total area of 440.28 Sq km, approximately 
23309 Sq km are subject to flooding annually while abollt 7770. Sq km 
[cmain ~l .. we,. m:~ter}ogged condUhm. 

TABLE 59. Intensify 0/ ra;n during monsoon or various gauging 
stations in Haryana. 

Name of the Place Date of 24 hr. val ue of 
Observation rain water (em) 

Yamuna Nagar 12.7.64 5.7 
29.7.64 10.2 

TUJewala 12.7.64 7.4 
Chandigarh 14.7.64 4.2 
Kaithal 30..7.64 8.0 
Sonepat 26.8.64 5.1 

28.8.64 5.1 
2.9.64 15.2 

Source: Drainage Dept!. Government of Haryana. 
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The runoff from intense storms (Tuble 59) is quite high even in ftat 
plains. The measured peak values in the small streams lind natural drain 
of Haryana state are as hi~h as 846 cumec. These intense floods caUse 
surface water stagnation in the flat lands for 7-10 days after the storms 
and damage the crops and or lands bocause of inadequate surface drain
age moasure al the farm level. Even the field drains provided by the 
state agencies ~t some places are inadequate to provide timely surface 
drainage of the agricultu"'tI lands. 

These storms are frequently sepamted by long dry spells, dUi ing 
which the crops suffer for lack of WOlter. The variation of monsoon 
rainfall (June-September) in the different regions of the state are presented 

in Table 60. 

TABLE 60 Variation of momoon rainfall ;n different tracts of [faryalla 

(mm). 

Tract High Average Low 

Ghaggar 749 474 267 

Yamuna 1550 1127 480 

Munak 1160 705 296 

Rohtak 609 510 269 

Source: Drainage Deptt., Gov!. of Haryana. 

Coefficient of 
variability 
(per cent) 

30 

26 

38 

27 

The average num ber of non-rainy days for Kamal in the months of 
June, July, August and September are 26, 21- 18, and 25 respectively. 
Even in the wet months of July and August the dry spells are longer 
than 30 days. Thus, even when the total monsoon rainfall is above 
average, its distribution during the season is often unfavourable for agri
cultural production. 

Data on water table levels were collected from various agencies in 
the state and were analyzed for study of tile water balance picture of 
the state. The water table conto'ur maps and some conclusions were 
presented in the annual report for 1971. The data on average rise in 
water table during the monsoon in different parts of the state (Table 61) 
reveol that it was relatively higher in Gurgaon canal and W.J.C. east 
circles. 

The hydrology of the CSSRI research farm is t>eing investigated in 



TABLE 62 J.Vater table rise during monsooll in d{{ferellt 
Iracts 0/ Haryana 

Name of lhe tract Year 
1966 1967 1968 1969 

W JC East Circle 

No. of wells obsvd. 231 227 221 219 
Average rise (em) 152 254 134 142 

WJC West Circle 

No. of wells obsvd. 113 108 102 113 
Average rise (em) 111 117 95 117 

Bhakra Canal Circle 

No. of wells obsvd. • 88 89 83 
Average rise (em) • 150 122 122 

Hissar Bhakra Canal Cire/e 

No. of wells obsvd. 87 85 71 57 
Average rise (em) 115 61 77 93 

Gurgaoll CalTal Circle 

No. of wells obsl'd. • 7 7 19 
A verag~ rise (em) • 180 130 176 

Source: Director of land Reclamation. Govt. of Haryana . 
• Dala nol available 
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1970 

212 
147 

98 
III 

87 
140 

• 
• 

7 
185 

some detail. Water table levels are being recorded at regular intervals 
from the 87 observation wells on the farm. The average monthly values 
of the water table lel'els are the deepest in the mnnlh of June and rises 
near to the ground surface in the month of September (Tab.'e 62). From 
the observed water table fluctuations On the research farm, the aquifer 
properties have been determined. 

In unconfined aquifers, generally satisfying Dupuit's assumptions 
of predominantly lateral flow, the ground water level like river !lows, 
can be assumed to be governed by tbe tallowing eX]Jression similar to 

equation. 

(hl-hm)=(hQ-hm) e-"' (I) 
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TABLE 62. A.'erage value of the depth of lValer table (em) below 
ground le .. eI on the C.S.S.R I. research far",. 

Months Depth of water table (em) 
1970 1971 1972 

January 224.0 183.4 

February 248.0 200.9 

March 251.0 259.0 

April 327.0 300.8 

May 346.0 337.4 

June 345.0 343.0 366.9 

July 317.5 295.0 253.1 

August 234.6 114.2 172.1 

September 109.4 71.5 116.8 

October 147.0 110.5 215.6 

November 168.7 136.5 261.2 

December 197,2 157.6 258.7 

Where, 
h,=water level in the observation well at any time 't' 

hm=Water level for 1~'=0, or where the rate of recession IS nil. 

ho=initial water level in the observation well at the beginning of the 
recession. 
k=tecession constant. 

By studying the hydrographs of water tablo levels, the recession 
rates (mean daily fall of water table calulated over continuous periods) 
were computed and plotted on a linear graph (Fig. 17) against the cOrres
ponding reduced level of water table. The recession curves in most 
cases are linear and the slope (K) of the recession curves varies from a 
low value of 0.012 to a high of 0.877 with an average of 0.029. The 
observed and computed hydrographs (Fig. 18) of the various observation 
wells are in close agreement. 

The coefficient of storage or the .pecific yield in the case of an 
unconfined aquifer represents amount of percolation required to cau,e a 
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Fig. 17 : Recession Curve for the Observation Wells. 

unit rise in ground water leVel assuming no ground water flow has 
occurred. The main difficulty in determining this coefficient is that the 
ground water conditions are not static and that the lateral flow of ground 
water takes place even whi Ie the water table levels are rising. The 
allowance for lateral ground water flow is made by colfecting the change 
in the observed ground water levels for the recession as given by 
equation (I). The specific yield's' is given by the expression: 

Effective rainfall- Evaporation 
Change inGround +Ground water 
water level recession. 

(2) 

Typical values of the stornge coefficients of the underlying aquifer 
in the vicinity of eight observation wells are presented in Table 62. The 
avarage value of the specific yield for Ille farm area was 9.08 per cent 
The coefficient of transmissibility may be defined as the quantity of 
water flowing through an aquifer of I m width and the full thickness of 
the saturated aquifer under a unit hydraUlic gradient. The continuity 
equation for such a situation can be expressed as : 
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ah di! 
TABLE 63. Values of erallc & for co",puting transmissibility. 

8h dh Storage Coefficient of trans-

8t dl c<?cflkient missibility 'T' * 

(em/day (x10-') s (%) (m'/day{m) 

0.54 57 13.38 201 
1.10 41 5.79 335 
1.00 34 2.81 250 
1.00 62 13.38 315 
1.10 35 2.81 273 
2.20 14 2.81 30~ 

0.80 61 13.38 261 
0.23 40 10.62 144 

, and b=9 m. 
ilh ( :n • T=Sb iit 



t K \7'(h')=S8~ -W 

where K=hydraulic,condu(.tivity, 

,8' 8' h' I d' d') 'V = 8x% + ay2 lX~"Y· are OTlzonta Istance coor tnate~. 

S= storage coefficient 

W=net rate of recharge to water table per unit horizontal area. 
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(3) 

If, during the period of observations, there is an interval with no 
recharge, 

W=O and K 

ilh 
2S;t 

\i' (h2) 

The transmissibility 'T' of 
is given by 

T= 2Sb eh/ot 
\7' (h') 

the aquifer of saturated thickness 'b' 

(4) 

These expressions were used to derive the values of 'T' for the aquifers of 
the research farm. Two numerical procedures were adopted to evaluate 
\7'(h') from the water table fluctuation data. 

In the first method, thi: values of V"(h') were computed from the 
woter table contour maps of the farm area (Fig. 19) with the following 
approximation. 

\7'(h') =! (~~ )' (5) 

Where, ~~ is the water table gradient in the direction of ground water 

. I f 8h dh d 'T' d' h' d movement. TypIcal va ues 0 Tt'di an compute III t IS stu y, 

are given in table 63. 

In the second method, when there is a symmetrical arrangment of 
four observation wells at radius 'a' and another four at radius 'b' from 
the central referl!TIce point. 

( 2:ho'-2:hb' (6) 
,,' h') = 
V (a'-b') 

oh 
The graph iii Vs\7'(h2) (Table 64) according to equation (6) is a 

straight line (Fig. 20) and the slope of this line is equal to the value of 

fs. The transmissibility value, thus, computed was 238 m3/day/m. 
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8h 
TABLE 64. Value of 8t and"l' (II') for calculating Transmissibility. 

Date 

14.10.71 
2UO.71 
28.10.71 
1l.11.71 
25.11.71 
9.12.71 

->-
-8 
....... 
E 
E -

40 

30 

20 
J:I_ 
't) '0 10 

o 

oh/at (cm/day) 

5.70 
2.70 
0.78 
0.86 
0.57 

R I · B ch Fig 20 e atlOn etweenat Vs 'V 2(1,') 

V"(h') x (10.- 4
) 

5.27 
1.30 
1.80 
6.75 
1.85 
1.67 

In order to verify the aqu ifer constants, determined in the analysis, 
pump tests were conducted for four cavity wells located on Ihe research 
farm. Draw down observations were made in the near by obsenalion 
wells. From the established procedure of Theis, the transm issibililY and 
the storage coeffiicients were determined and the results of these pro
cedures are summarised in Table 65. 
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TABLE 65. Compa.·ative mlues oj aquifer properties dete,mined by 
rariolls procedures. 

Aquifer property Method I' Method II" Pump Test 

Storage coefficient 0.99 

Transmissibility (m'/day/m) 144-335 238 

0.03 

191-417 

Sb oh!8t •• T' d . d b I . • T -(dh)/dl), IS elermme y p otttng 

~ Vs 1:h.'-L' hb' K 
et (a'- b') and slope of the regression'=2S' 

This study indicated that the analysis of water table level yields 
the transmissibility and storage coeffic:ient values in the same range as 
those obtained from pump test procedures. 

£.7. Border INigatio>J studies iII salif e sodie soils 

(Joginder Palll aud S.K. Gupta) 

In order to determine the size of the unit sIream for the borders 
and provide specifications for their design. an experiment with the follow-

ing details was initiated:-

Length of the border 
Width of the border 
Slope of the border 
Size of unit stream 

Replications 

95 m 
10m 
0.05%.0.10%. 0.15% 
1.0. 1.5. 2.0. I/see/m 
width of the border. 
Three 

The basic intake rate of the experimental area was found to be 0.24 
.cm/hr. Seven irrigations were given 10 the wheat crop and the data 
collected during irrigation are persented in Table 66. 

TABLE 66. Irrigation data Jrem borders under different slopes. 

Discharge Cut off Cut off time Depth of irriga- Velocity of flow in 
(Ips) distance (min.) tion (em) borders (m/min.) 

(m) 0.050.100.15 0.05 0.10 0.15 0.05 0.10 0.15 

10 75 104.0 99.5 95.0 6.7 6.4 6.1. 0.72: 0.76 0.79 

15 70 62.5 57.5 52.5 6.0 5.6 5.1 1.12 1.22 1.33 

20 63 36.0 36.0 35.7 4.7 4.7 4.6 1.75 1.75 1.77 
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The data in Table 65 indicate that at high discharge rates (66 to 20 
IPS) the depth of application of water is relatively low due to higher velo
cities and less 0PP9rtunity time. This results in under irrigation at head 
and stagnation at the tail end of the border. The data further indicate 
that with 10 Ips, it is possible to apply the normally required depth of 
water for wheat in each slope group. This is being. verified" with the soil 
moisture data collected before and after irrigation. 

£.8. Design and performance vf undergl ound and surface 
methods of 1I'ater COnl"eyallce on the far", 

(V. V. Dlzruva Na .. ayana, Joginder Palll and R.N. Pandey) 

Studies in the Punjab and else-where indicated that as much as 30 
per cent of the water pumped from the tubewell is lost in the conventional 
surface field channels. To avoid this loss an underground pipe conve
yance system 2050 m long has been designed and laid out on the research 
farm covering an area of 40 ha. It is a representative operational size of 
the farm for tubewell irrigated areas. The two specific aspects of this 
conveyance system are; i) Leak proof jointing of pipes which was 

accomplished by stumng the annular space between pipes with bitumen 
impregnated jute fibre and then sealing the annular space between pipes 
and concrete coller with cement mortar, ii) construction of three types 
of junction boxes (open, semi-closed and closed types) each one of them 
with definite objectives in water regulation and 'maintenance of the 
system. The cost of installation of the underground system was Rs. 18/
per meter running length and Rs. 675/- per hectare. 



WA'fER MANAGEMENT AND SA.LlNHY-COORDlNATED PROJECT 

C.I: Effect 0/ different soil treatments on Ihe per/orl1l(Jnce 0/ 
forest species all a saline' sodic soil (J,S.P. Yadav, D,R. 

Bhumhla and a,p. Sharma) 

The experiment on the performance of five forest species, namely 
Acacia arabica, Albizzia lebbek, Eucalyptus hybrid, Prosopis juilijlora and 
Terminalia arjuna, on a saline sodic soil with five soil treatments initiated 
during 1970, was continued during 1972, The details of the initial soil 
properties and the operations regarding planting, fertilization etc. have 
been given in the Annual Report of 1971. During the period under 
review fertilizer application was given, as per treatment, twice-once in 
Marco and the other in September, (Ammonium Sulphate @200g/pit 
and Superphosphate @ 700g/pit) Irrigation was also given after the 
fertilizer applications. 

The data on height increment of dilTerent forest species under 
different soil treatments during the period Sept. 1971 to Sept. 1972 
revealed that the species varied considerably in their growth performance 
(Table 67.) In almost all cases the performance in the height increment 
Was maximum in (h~ treatment wherein the original soil was replaced by 
~ood soil in the planting pit. In case of E. hybrid and P. ftilijlora the 
height inc,!,ment in the treatment of gYP,um + F. Y. M" application 
was more or less the same as in the treatment of soil replacement. In case 
o~ A. arabica, gypsUm app'licatiDn in the ,oil with ann without r. '{. hi" 
height increment was more or less equal but was less than the treatment 
of soil replacement. The performance of A" arabico in original soil as well 
as in F. Y. M. treated soil was also much better as compared to the other 
species, This behaviaur of A. arabicq is due llartly to its relative tolerance 
to soil alklilinity and ,partly to variation in soil alkalinity conditions in 
the area of one replication. The trend in height increment due to diJfe
rent soil treatments was most pronounced in case of E. hybrid in which 
the height increment was in the order of, original<F.Y.M, <Gypsum 
<Gypsum+F.Y.M.<Normal soiL The trend in height increment under 
different soil treatments in case of A. lebbek Was somewhat erratic mainly 
due to heterogenous nature of soil. T. arjuna, on the whole, showed 
almost similar trend under dilTerent soil treatments jn height increment as 
E. hybrid but its growth was slow. The two types of seedlings did not 
show a definite trend and therefore, choice of the type of seedling 
depends mainly on the economics. 

The application of fertilizers boosted the growth of all the species, 
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TAgLE 67. HNght increment (em) 0/ different/orest species on a saline 
sodic soil/rom September 1971 to September 1972. 

Type of Fertilizer Soil treatments 
Species seedling treatment 0 F G GF N 

A. arabi{'o 

Tall Fr 130 157 160 148 179 
U 107 127 123 146 171 

Small Fr 157 135 90 114 193 
U 105 J72 141 120 146 

A. lebbek 

Tall Fr 57 89 82 99 136 
U 27 116 34 98 100 

Small Fr J82 J04 J35 Nil 93 
U 94 103 ISS 116 151 

E. hybrid 

Tall Fr 92 127 179 172 226 
U 22 92 III 169 118 

Small Fr 29 l'\il J81 218 212 
U 12 110 157 158 167 

P. julif[ora 

Tall Fr 75 146 82 176 174 
U 55 104 86 132 121 

Small Fr 94 120 106 140 261 
U 27 110 I 19 123 124 

T. arjuna 

Tall Fr J6 78 109 51 96 
U Nii 51 65 50 78 

Small Fr 60 73 106 109 124 
U 29 55 61 92 J 14 

O=Original soil; F=Addition of F.Y.M @ 25 Kg/pit; G=Addition 
of Gypsum @ 50% of GR (3.5kg!pit) GF=Addition of Gypsum 
@ 50% of GR+F.Y.M.; N=Replacemt of original soil by normal 
soil; Fr=Fertilized U = Unfertilized 
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the difference being more marked in the treatment where soil was import
ed as compared to those where no treatment was given to the original 
soil. The difference in height increment between fertilized and un-fertilized 
treatments were very much pronounced in case of E. hybrid and P. juliflora 
and of a smaller magnitude in case of A. arabica, A. lebbek and T. arjuna. 

The response in diameter increment of' different~ species under 
different soil treatments showed more or less the same trend as in case 
of height increment (Tahle 68). 

C.2 : Effect of irrigation methods 0/1 salt and water dislributionl 
(I. K. Girdhat & J. S. P. Ya<ial') 

An experiment was conducted on a highly saline sadie soil to 
evaluate the comparative effect of sprinkler and surface methods of 
irrigation on salt distribution pattern in soil and water use efficiency of 
turnip and lady's finger. The data on salt distribution indicate that, in 
general, there was appreciable reduction in the salt content in the top 
soil in case of sprinkler irrigation while there had been an increrrse in 
the salt content at equivalent depth in the surface method of irrigation. 
Almost a reverse trend was observed in the lower layers. The decrease 
in salt content in the top soil under sprinkler is more in the flat method 
of planting than in the ridge method whereas accumulation of salts 
under these two surface methods of irrigation is more in the ridge 
planting than the flat planting. Although total quantity of irrigation 
water used in sprinkler and surface methods was the same but the water 
use efficiency was found to be greater in case of sprinkler method. 

C. 3: Effect of moisture regimes on the aMi/ability of phosphorus to 
important pulse crops. (B. M. Sharma and J. S. P. Yadav) 

Study of the root environment of pulse crops with respect to the 
effect of moisture and available phosphorus is of immense significance 
for proper understanding of response of crop in a given situation. A 
field experiment was initiated in rabi 1972 with gram (Cicer arietinum) 
var. C-235 using three levels of irrigation, (No irrigation, 5 em irriga
tion after 300 mm cl1mul~tive pan evaporation value and 5 cm irrigation 
after 150 mm comulative pan evaporation value) and four levels of phos
phorus (0, 40, 80 and 120 Kg P.O,/ha). The treatments are being com
pared in a randomized block design. The ~xperi01ent is in progress. 

C 4. 1.1 : Effect of moisture stress and depth of Irrigation on consumptive 
use and yield of wheat 
(R.K. Rnjput, G.P. Sharma and J.S.P. Yada,.) 

In order to evaluate the effect of four moisture stress levels and three 
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TABLE 68 Diameter increment (em) of ,lifferent forest species on a saline 
sodic soil from September, 1971 to September, 1972 

Species Type of Fertilizer Soil treatments 
seedling treatment 0 F 0 OF N' 

A; arabica 

Tall Fc 1.44 2.74 2.35 2.21 2.17 

U 0.51 1.79 2.10 1.93 2.45 

Small Ft 2.26 2.54 1.64 1.38 3.87 

U 1.00 2.42 1.51 1.29 2.06 

A. lebl>ek 
Tall Fr 1.18 2.03 2.03 1.86 3.27 

U 1.48 1.65 1.90 1.97 2.85 
Small Fc 2.68 2.63 Nil Nil 4.13 

U 1.71 1.90 2.63 2.75 3.40 

E. hybrid 

Tall F\ 0.04 3.71 4.19 2.93 6.78 

U 0.01 2.22 3.10 3.60 3.87 
Small Fr 1.38 Nil 6.17 4.92 5.82 

U 1.14 3.42 2.94 2.77 3.96 

P.juliflora 

Tall Fr 2.32 2.80 4.15 5.21 4.83 

U 1.84 1.57 2.96 4.30 5.06 

Small Fr 2.98 2.'>7 4.29 4.73 4.20 

U 0.31 2.56 3.50 3.96 3.91 

T. arjuna 

Tall Fr 0.87 3.06 3.39 3.85 3.90 

U Nil 1.00 1.50 1.44 3.26 
Small Fr 0.60 1.79 3.62 2.72 4.36 

U Nil 1.23 0.90 2.29 3.83 

0= Original soil; F=Addition of F.Y.M. @25 kg/pit; G=Addi. 
tion of Gypsum @ 50% of GR (3.5kg/pit); GF=Addition of Gypsum 
@50%ofGR+F.Y.M.; N = Replacement of original soil by normal 
soil; Fr·~ Fertilized, U = Unfertilized 
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depths of irrigation application (6, 8 and 10 em on water productive 
efliciency of wheat, (1 field expriment was conducted on silily loam soil. 
The moisture stress levels based on the ratio bel ween the Quantity of 
irrigation water (IW) and the cumulative open pan evaporation value 
(CPE) were differentiated after a common irrigation of 6 cm given at 
crown root initiation stage. The total winter rainfall during the growing 
seaso'n of wheat was 58.7 rom. The treatments were compared in a 
randomized block design with four replications. The c~op was sown on 
6 November 1971 and was harvested on 10th April, 1972. It was 
fertilized with 150 Kg N, 80 Kg P,O., 60 kg K,O and 25 Kg. Zinc 
sulphate per hectare. 

The results summansed in Tab/e-69 reveal that under 10 cm depth 
of irrigation, the grain yield increased with increase in IWjCPE ratio from 
0.60 to 1.05 but under 6 cm and 8 cm depths, the increase in yield was 
up!il IWjCPE ratio of 0.90 and thereafter the grain yield decreased sub
stantially at lWjCPE ratio of (1.05) The overall effect of depth of irriga
tion was statistically non-significant. The water productive efficiency i. e. 
grain yield per unit area per unit of applied irrigation water increased with 
decrease in the IW jePE ratio. 

TABLE 69. Effect 0/ moisture stress and depth 0/ irl'igation on the 
yield 0/ "heat (q/ha.) 

I W JCPE ratio I Depth of irrigation (em) Mean 
6 8 10 

0.60 52.3 50.9 44.7 49.3 
0.75 53.4 52.5 48.9 51.6 
0.90 55.3 56.7 50.6 54.2 
1.05 47.1 50.0 55.5 50.9 
Mean 52.0 52.5 49.9 

C. 4. 1.2: Response o/wheat to irrigation at different growth stages under 
receding water table conditions. (R.K. Rajput, J.S.P. Yadav 
and a.p. Sharma.) 

A study was undertaken to evaluate the effect of missing irrigation 
at one or mare growth stages on yield and water .. productive efficiency of 
wheat (Var. Kalyan Sona) on silty loam soil with receding water table 
condition (water table depth 120 cm in early November and 300 cm in 
mid Apri!). In all, 16 treatments of missing irrigation at one or more 
growth stages (Late tillering, boot, flowering and early dough) were 
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compared in a randomized block design. After "'. presowing irrigation 
the crop was sown in lines 23 em apart on 13th Nov. 1971. It received 
a fertliser dressing of 100 Kg N, 80 Kg P,O, and 50 Kg K,O per 
hectare at the time of sowing, the second dose of 50 Kg Nlha was top 
dressed prior to the first common irrigation which was applied at crown 
root initiation stage. 

The statistical analysis of the grain yield data revealed that the 
over all effect of the treatments was non-significant but on· partitioning 
the variance it was observed that missing irrigation at flowering 
resulted in signifioant reduction in grain yield of wheat (Table 70) 
Missing one irrigation at any stage (treatments 2 to 5) resulted in 
yield reduction ranging from 4 to 12 percent, maximum reduction 
being in case of Irrigation missed at ftowering. The 
reduction in grain yield by missing irrigation at two or three 
stages (treatments 6 to 15) range from 6 to 14 per cent but the 
magnitude of redllction was,in general, higher in the treaments wherein 
one of the growth stages of missing irrigation was !lowering_ The reduct
ion in yield, when four irrigations were missed at late tiJlering boot. flowe
ring and early dough stages, was of the order of 17 percent. The total 
winter rainfall during the grqwing season of wheat was 58.7 mm, of which 
23.5 mm was received 12 ,days before the boot stage irrigation. The 
water productive effIciency increased with decrease in the frequency of irri
gation. From these results it may be inferred tentatively that under Kamal 
conditions it is possible to obtain an average grain yield of abolJ! 53 q/ha 
with only two post sowing irrigations, one at crown root initiation stage 
and one at ftowering stage and of about 47 q/ha with only one post 
sowing irrigation at crown root initiation stage. 

C 4.2: Effect ojmoisture stress alld phosphate levels on water uSe efficiency 
alld yield oj berseem (R. K. Rajpuf, .l.S. P_ Yadav and S.N. Singh) 

Berseem is an important winter season fodder of high nutritive value 
for the health and milk production of cattle. Being a legume of succu
lent nature it responds to application of irrigation water and phosphate. 
A field experiment comprising three moisture stresses (based on the ratio
IW/CPE of quantity of irrigation water to the cumulative pan evapora
tion values from a standard open pan viz. 1.0, 0.8 and 0.6) and four 
levels of phosphate (0, 50, 100 and ISO kg P,O,/ha) Was conducted 
during rabi season 1971-72 on silt loam soil. The crop was sown on 
16th October 1971 and Was finally harvested on 4.5.1972. The crop 
received a common fertilizer application of 40 Kg N, 60 kg K20 and 
25 kg Zinc sulphate per hectare prior to sowing_ The depth of irriga
tion was 5 em uptil February and 6 cm thereafter. The rainfall of 
62.2 mm was received during the crop season on 10 rainy days_ 
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In all, five cuts of green fodder were taken. The green fodder yield 
in successive cuttings as well as in aggregate increased ;ignificantly as the 
lW jCPEratio was increas,d from 0.6 to 1.0 except in the second cut
ting when the difference remained slightly below the level of significance 
(Tab!e 7/). The response of berseern in aggregate green foc~e[ yield to 
moisture stress levels was quadratic, the increase in yield" bejng propor
tionally higher when the IWjCPE ratio was increased from 0.6 to 0.8 
than when it was raised from 0.8 to 1.0 (Fig. 21). The favourable effect 
of increasing IWjCPE ratios on dry matter production waS significant 

r
III 

1200 

.£ IICO 
o v 

~ 
>,000 
ffi 
8 o 
LJ. 900 z 
'" w 
t5 

800 

150 

';; 140 
or 

~ o 
~ 130 
>
a: 
~ 
It 120-
::!: 
iii o 

no 

Y"'_267'30·3X -0.164 x2 

X=' TOTAL IRRIGATICI'I(cm ") 

0.(:) O·!) '·0 

2 Y,,137+2·91 X-OOI72 ~ 
X= TOTALlPRIGATIOt'll(C,..,) 

06 0·8 I· 0 
1 W IC PE RATIOS 

Y= 833"'4.03X-0.0122X2 

X = DOSE OF PHOSP.(Kg' 

100 

Y=112 .... 0.44X-0.OOI4Sx2 
X. DOSE OF PI-!OSP.( 1(8) 

o 50 roo ISO 
PHOSPHATE LEVElS- K9 P;? Q,jl-ofJ 

Fig: 21 Response oj berseem to moisture stress Olu/phosphate lereis in green 
and dry mailer yields. 
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only in the first cutting. In other cuttings and in aggregate an increas
ing trend was noted with increase in thc'IWjCPE ratio from 0.6 to 1.0. 
The green and dry matter yields per unit of water applied increased w!th 
decrease in the IW/CPE ratio; the increase being more between the 
IWjCPE ratio of 0.8 and 0.6 than between 0.8 and 1.0 (Table-.zj). 

The effect of phosphate was significant in botti, green and dry 
matter yields in all cuttings as well as in the aggregate. The response to 
phosphate application 'was quadratic in nature, (Tuble 72 and Fig, 21.) The 
interaction between moisture stress and phosphate was non-significant. 

TABLE 72 : Fffect of pho.lphate on Ilze yield of berseem-qJlw 

Phosphate 
levels 

(kg P,O,jhu) 

o 
50 

100 
150 

C.D. at 5% 

o 
50 

100 
150 

CD. at 5% 

Yield at successive cuttings Aggregate 
yield 

First 
(55) 

102 
I I I 
115 
122 
9.2 

11.0 
11.8 
12.6 
13.0 
0.98 

Second 
(54) 

Third 
(40) 

Green matter 

161 202 
227 264 
246 279 
280 305 

20.7 23.4 

D:y matler 

18.3 26.5 
23.3 33.0 
25.3 35.8 
27.8 37.7 
2.25 3.67 

Fourth Fifth 
(22) (29) (200) 

204 
257 
259 
265 

22.7 

27.9 
33.8 
33.1 
33.9 
2.87 

153 822 
179 1038 
181 1080 
202 1174 
19.3 62.4 

27.7 11 J. 7 
31.6 133.6 
32.1 138.9 
34.3 146.7 
3.47 8.55 

Figures in ( ) indicate the age of crop prior to cutting. 

C 4.3: Effect of m:dches on irrigati01 requirement of sarSOIl 
(B.K Khosla aud B.M. Sharma). 

The water table records at the experimental farm show that the water 
table rises during the rainy season to a depth within the rooting zone of 
crops and then recedes gradually. The resulting moisture profile may 
supply appreciable amounts of water for crop use and moy reduce re-
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quircment for supplemental irrigation. A field experiment to study the 
effect of mulches and supplemental irrigation on the yield of Sarson 
(Brassica compestris) was conducted on a loam soil. 

The treatments consisted of all combinations of three mulches viz. 
rice straw @ 5 tonnes/ha, polyethylene sheet, 66% cove'age and no 
mulch and two irrigation treatments i.e Irrigation at 75% depletion of 
available soil moisture from 0-30 cm depth and no irrigation. Rando
mized block design was followed with f )ur replications, Brown sarson 
Variety Haryana-I was sown on 9.10.71 in lines 45 em apart. The plot 
size was 6x3.6m and plant to plant distance was kept at IS cm. The 
crop re~eived the fertilizer application of 60, 40 and 30 kg of N, P,O, 
and K,O per hectare, respectively. 

The results revealed that the application of rice straw and polyethy· 
lene resulted in an increase in the yield under both irrigated and un· 
irrigated conditions, (Tah!e·73). Rice straw and polyethylene treatments 
were equally effective when no irrigation (except 4.17 em rainfall during 
February) was applied, but when three irrigltions were applied at 75 per 
cent depletion of available soil moisture, the yield was slightly higher 
in the case of polyethylene. Application of mulches resulted in consi· 
derable Saving of water as is evident from the loss of water from the 
profile. The lo"es were, in general, higher in the treatment which 
received irrigation. 

TADLE 73. Craill yield of~arson and loss oj water from the profile 

Mulch 
treatment 

No muleh 
Rice straw 
Polyetheylene 

Grain yield (q/ha) 

No. irriga Irriga· 
tion tion at 

11.64 
14.51 
14.51 

75% 
depl. 

12.98 
14.50 
16.53 

Loss of water from 0-120 em 
depth (em) 

No. irriga· 
tion 

26.2 
23.7 
23.2 

Irrigation at 
75% depl. 

41.7 
36.0 
34.9 

C 4.5.1: Effect ofnwisture stress, mulches and nitrogen levels on irriga
tion requirement and yield of sugarcane. (B.ll-f. Sharma and 
J.S.P. Yadav) 

Apart from the use of water for crop production, .mproving its 
utilization to maximise the production per unit quantity applied, is essen· 
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tial. This Can be achieved by developing some sui,table techniqnes as 
as to minimise the soil moisture losses, With this object in view a field 
experiment was conducted comprising all combinations of three mulches 
(No mulches, sugarcane trash mulch @ 6 tonne/ha ,and polythene mulch 
@ 66 percent coveragel, three moisture stress levels (irrigation application 
at 25, 50 and 75 percent depletion of available soil mojsture)' and three 
nitrogen levels (100,200 and 300 kg Nih.\. The treatments were com
pared in a 3"-partial confounding design with two replications. Sugar
cane variety Co-I 148 was planted in rows in the last week of March 
1972. Before the differentiation of moisture stress and mulching treat
ments, two common irrigations of 6 em each wele applied for germina· 
tion and establishment of the crop. Nitrogen was applied in four 
equal splits. Phc;>sphate @ 80 Kg P,O,/ha, potassium @ 60 K,O/ha 
and Zinc sulphate @ 20 Kg/ha and one fourth dose of nitrogen were 
aplied prior to sowing. Although the crop was harvested in the second 
week of January 1973, and the data were available prior to the prepra· 
tion of this. report, they fife present here. Since none of the interactions 
were significant statistically, only the main effects of the three factors 
have been described. 

The data in Tab/e-74 reveal that irrigation application at 50 percent 
depletion of available soil moisture from 0-30 em soil depth produced 
significantly higher cane yield 'than the treatment of 75 percent depletion 
of available soil moisture. The treatment of irrigation at 25 percent de· 
pletion was statistically at par with that of 50 percent depletion. This 
trend in cane yield is partly explainable from the data on tiller number. 
The water use cfliciency increased with increasing moisture sires> prior 
to irrigation, The Juice quality was not affected by moisture regime 
treatments. Mulches re,uhed in economising the irrigation water but 
in the case of polythene mulch it was at the cost of cane yield. Appli
cation of nitrogen @ 300 Kg N/ha increased the cane yield signi
ficantly over 100 Kg Nlha level; the levels of 100 Kg and 200 Kg 
N/ha being statistically at par. The difference in yield between 200 Kg 
and 300N/ha levels slightly fell short of ULe level of statistical significance. 
The juice quality was not altered by nitrogen levels. 

C.4. 5.2 : Phasic Water lIeeds of sugarcane (B,Af. Slwrma alld 
R.K. RajpUl). 

Sugarcane is a long duration crop and requires large volume of 
water for its growth. During its growing period, the crop experiences 
the extremes of climate; the hottest and practically dry weather in the 
formative phase; warm and humid monsoonal climate in the grand 
growth phase and severe winter during ripening phase. In order to 
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quanllfy the soil moisture stress levels during the above growth phases of 
sugarcane with the object to produce higher cane yield of better juice 
quality with minimum irrigation water," a field experiment was conducted 
on a silt loam soil with variable moisture stress levels du'ring the three 
growth phases. During the formative and ripening phases, irrigation 
was scheduled on the basis of the ratio between the quantity of irrigation 
water (IWJ to the cumulative pan evaporation (CPE) value and during 
the grand growth phase on the basis of' the depletion of available soil 
moisture from 0-30 em soil layer prior to irrigation. The treatments 
comprised all possible combinations of: 

Fornlali~'e phase Grand groh'th phase Ripel1ing phase 

(IW/CPE Ratios) (Moisture depletion) (IW JCPE ratio) 

r 0.4 I r 25 per cent"1 r 0.6 I 
I I I I I I 
I 0.6 I I 50 per cent I I 0.8 I 
~ ~ X ~ ~ X ~ ~ 
I 0.8 I I 75 per cent I I 1.0 I 
I l I I I I 
L!W~~6 cm J l J L!W=6 em J 

The treatment, were compared in 33-partial confounnding design 
with two replications. 

Three budded sets of sugarcane Var. Co-1148 was planted in 
trenches 75 em apart in the month of March. Phosphate @ 80 Kg 
P,O,/ha and potash @ 60 Kg K, O/ha, Zinc sulphate @ 25 Kg/ha and 
B"H.C. @ 15 Kg/ha were applied at the time of planting. Nitrogen @ 
240 Kg Nlha was applied in four equal doses. 

The results show that during the formative phase in the premonsoon 
period when evaporative demand is the highest, differential irrigation at 
IWJCPE ratio of 0.8 and 0.6 produced slightly more yield and longer 
tillers than the treatment ofIWJCPE ratio of 0.4, there being 110 difference 
in the former two treatments (Table 75). The differences were clearly 
discernible in the early stages but later, rainfall and common irrigations 
narrowed down the difference. Accordingly, the cane yield was not 
significantly affected by differential irrigations during the formative phase. 
The effect of moisture stress during this phase on juice qualities was also 
absent. Irrigation at IW JCPE ration of OA, however, saved 12 em and 
24 cm water over the IW JCPE ratios of 0.6 and 0.8, respectively. 
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TABLE 75. Effect of moisture stress during different growth phases on 
growth, }'ield and qualily of sugarcane. 

Main eifects Hight Tillers Cane Depth of Cane Juice quality 
(em) No/hill yield water yield Suc- Brix 

(g/ha) applied (g/ha/ rose value 
(tm) em of per-

water) cent) 

A. Fo,-'malive phase 

IW/CPE-O.4 221 2.6 900 74 12.2 13.2 18.1 
IW/CPE-0.6 119 3.1 925 86 10.8 13.0 18.3 
IW/CPE-0.8 232 3.1 893 98 9.1 13.2 18.3 

F-test N.S. N.S. N.S. 

B. Grand GI'oH'tlz Phase 

75% depl. 218 2.9 833 80 lOA 12.9 17.8 

50~~ depl. 219 3.0 936 86 10.9 13.5 18.3 

25% depl. 244 2.9 950 91 10.3 13.0 18.2 

C.D. at 5% 18 N.S. 83 

C. Ripening phase 

1W/CPE-0.6 224 3.0 909 84 10.8 12.8 18.4 

IW/CPE-0.8 233 3.1 901 84 10.7 12.9 17.7 

lW/CPE-1.0 224 2.9 909 90 10.1 13.6 18.3 

F-test N.S. N.S. N.S. 

During the stalk elongation phase, the cane growth is severely 
'affected by soil moisture stress. Although und_er north Indian conditions, 
this phase coincides with the rainy season but it becomes necessary to 
irrigate the crop during the lean periods to maintain the soil moisture 
stress at low level·, At Kamal, during 1972 a lean period of27 days 
between 13th July to 8th August and then practically dry conditions 
during the month of September resulted in more than 75 percent deple
tion of available soil moisture from 0-30 em depth and, therefore, 
necessitated irrigation to maintain the soil moisture at 25, 50 and 75 per
cent depletions. Maintenance of a moisture regime between 100-25 per
cent depletion of available soil moisture during grand growth phase 
resulted in taller canes and higher cane yield than the drier regimes of 
50 and 75 percent depletions. The differen:e in cane yields between the 
trealments of 25 per cent and 50 per cent depletions was not statistically 
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significant. The juice quality was not affected by the moisture stress 
levels during this phase also (Table 75). 

During the ripening phase, the growth ·of cane in terms of hight, 
tiller number and total ton;'age was not affected by differential irriga
tions ai lWjCPE ratios of 1.0 to 0.6, but the sucrose content increased 
with frequent irrigations at higher lWjCPE ratio of 1.0 ·oyer IW/CPE 
ratios of 0.6 and 0.8. 

C.4. 7: Moislure lise efficiency vf coltoll as influenced by Hloislw·e .slress 
alld depfr, of ,,"effillg. (B.K. Khosla and S. N. Singh) 

A field experiment was conducted on a loam soil to study the 
moisture use efficiency of cotton as influenced by moisture stress and 
depth of wetting of root zone. The field moisture capacity of the soil 
varied from 21.7. to 18.5 per cent on oven dry basis in different layers. 
The bulk density ranged between 1.43 glcm' in surface layer to 1.62g/cm 3 

in the sub surface layers. Cotton variety J-34 lVas sown on 30th April 
in rows 60 cm apart and plant to plant distanc·e was kept at 45 cm. The 
irrigation schedule was based on the cumulative pan evaporation values. 
When the desired cumulative pan evaporation was reached, the soil was 
recharged to a certain depth. There lVere nine treatments which were 
combinations of cumulative pan evaporation values and the soil depth in 
which depletion was made up. Cumulative pan evaporation values were 
100, 150 and 200 mm. The soil depths to which depletion was made up 
were. kept as 60, 90 and 120 cm. Treatments were replicated four times 
in a randomized block design. 

The yield of seed cotton and the amount of water applied under 
various treatments are given in Table 76. 

TABLE 76. Yield of seed collon alld Ihe amount of suppfemental 
irrigation (em) unde,' various treatrllents. 

Treatments Depth of soil to whieh depletion was made up 

60 em 90 em 120 em 

CUnlu/atil'e pan yield water yield water vield water 
eraporation (q/ha) applied ( qjha) applied (qjha) applied 

(mm) (cm\ (em) (em) 

lCO 17.4 28.2 18.1 39.6 19.7 45.2 

150 19.8 25.7 19.0 36.2 17.8 39.9 

200 18.0 13.8 18.2 20.3 19.3 24.3 
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The ditference in yield due to various treatments was statistically nOIl
significant, although the amount of water applied varied from 14 to 45 em, 
It appeared that the effect of treatments was masked due to the receipt of 
significant amount of rainfa!l during tI,e crop growth period. A total of 
74 em rain was received during this period. The monthly rainfall distri
bution during the crop period was as follows: 

Month Rainfali (mm) 

June 45.8 
July 315.1 

August 320.0 

September 4.4 

October 28.4 

November 28.7 

C.5: Irrigation requirement of maize udner fluctuating high water table 
conditions. U.K. Girdhar. J.S.P. Yariav and RK. Rajput) . 

The general trend of ground water table in the Indo-Gangetic plain 
is that it is the deepest prior to the onset of _monsoon, rises often within 
one meter depth during rainy season and then recedes gradually after the 
cessatLon of rainfall. During rainy season also, there is considerable 
fluctuation of ground water table within shallow depth depending upon 
the distribution pattern of rainfall, subsoil water flow and such other rela 
ted factors. This determines the frequency, time and quantity of supple
mental irrigation to a crop depending on its rooting habit. Maize is an 
important kha"i/ crop in the Indo-Gangetic plain and is sensitive to both 
delicieo.c.¥ ami P~'i'i of ,oiL 1J1Ili.'itJlJ:e CQorliJ.mOJi. lo_ order tn collect 
quantitative data On the requirement of supplemental irrigation for maize 
under such fluctuating water table conditions in rainy season, a field 
investigation was conducted on a silty loam soil. 

For scheduling irrigatio~, the treatments were based on water 
table condition as per details below and also on the depletion of avilabJ. 
soil moisture to 50 per cent level from 0-30 em depth prior to irri
gation. 

T1--No irrigation through out the crop growth 
T,- Irrigation application when water table was 
Ts-- H " 

T,-
T,-
T,-
'T,
T,- , , 

deeper than 

, 

3m 
2.55m 
2.10m 
1.65m 
I.20m 
0.75m 
0.30m 
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The treatments were compared in a randomized block design. 
Depending on the rainfall pattern and the fluctuation of waler table, 
only four treatments Viz. Th T2 Ts and T6 were differentiated. Accord· 
ingly suitab!e adjustment was mlde in the statistical analysis of the data. 

Hybrid maize Ganga·5 was planted in the tirst weekof.July·in lines 
50 em aport and maintaining a plant to plant.spacing of 20 cm. The 
crop was fertilised with 100 Kg N/ha.applied in two splits, 60 Kg 
P,Oo/ha and 60 Kg K,O/ha. 

The results revealed that supplemental irrigations to maize crop 
improved the grain yield over the control (rainfed). The treatment T, 
which received two supplemental irrigations-one in vegetative phase and 
the oth"r during grain filling stage when water table was deeper than 
1.65 m produced 8.6 q!h 1 more grain yield than control (Table 77). 

TABLE 77. Efiect of treatments on yield and attribules of mai~e. 

Treatments Grain 
yield 
(q/ha) 

T,-No irrigalion through· 
out the crop groth 38.0 

T2-Irrigalion when water 
table was deeper than 
3.00 m 37.4 

T,-Irrigalion when wutf'r 
table was deeper than 
1.65 m 46.6 

Tu-lraigation when water 
table was deeper I han 
1.20 m 46.7 

C.D. at 5% 

T, and T, 5.2 

T, and T, 3.0 

T, and T" T, and T, 
4.3 

T2 and T" T, and T, 

Stover 
yield 
(q/ha) 

87.0 

95.0 

[21.0 

[27.0 

18.1 

IDA 

15.3 

No. of 
cobsl 
plant 

1.00 

1.00 

1.04 

1.07 

N.S. 

N.S. 

N.S. 

Grain wt. 
per cob 

(g) 

70.2 

93.0 

[ [8.8 

[ \3.0 

19.4 

1U 

[5.9 

1000 
grain 

wt.(g) 

~Ol 

2[6 

250 

245 

31 

18 

25 
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Treatment T, in which irrigaiion was applied when water table was 
deeper than 1.2 ro, received four ,upplemenlal irrigation, but the 
additional irrigations over treatment To did not improve the grain yield. 
The treatmenl T, which re<:eived only one irrigation during vegetative 
phase when water table was deeper than 3.0m was at par with the control 
in respect of grain yield. Almost similar trend of treatment efTeet was 
recorded in stover yield, grain weight per cob and 1000 grain weight. 
The number of cobs per plant was not significantly affected by the irriga· 
tion treatments. 



SUB STATION, CANNING TOWN (WEST BENGAL) 

Canning is situated in West Bengal and is connected by rail and 
road with Calcutta. The river Marla run on the eastern side and a 
canal connecting with the -river is situated on the western side of 
the Research Station. The river is protected by earthen dike. 
The average annual precipitation is approx. 1740 mm. The soils are 
generally, heavy clay. The ECe vary from very low to as high as 40 
mm hos/cm particularly in rabi season. The pH is round about 7.0 
The depth of ground water varies from 0.30 to 1.5 m at dilferent periods 
of the year. The ground water is enriched primarily with the chlorides 
of sodium, calcium and magnesium. Rice is the main crop and is 
grown as a rainfed crop in kharif. Irrigation facilities are meagre. 
In a small area rice and other crops are taken for experimental 
purposes in rabi and the fields are irrigated from pond and tubewell 
water. 

Breeding of high yieldlrlg saIL resistant rice-Hybridisatioll 
(R.K. Bhattacharya). 

SR 26B, a tall indica rice variety of 150 days duration, was consi· 
dered as a salt tolerant variety. Field experiments under saline soil 
(Average ECe 12 mm has/em) at the station showed that Getu, Domodar, 
and Dasa/ were superior to SR 26B not only in tolerance but aslo in 
grain yield, duration and height. They were also found superior to 
high yielding varieties like IR,8 and Jaya in grain yield. High yielding 
varieties although gave lesser grain yield than Geru. Damodar and Dasal, 
yet because of their high yielding potentiality, wide adaptibility and 
high nitrogen assimilation capacity, they were selected as parent for 
crossing with Getu, Damodar and Dasal. 

Damoc!al' x IR-8 cross: 

The cross was made in 1971 (Dec. '70 to April' 71). The F, plant 
(grown in normal soil of klwrif 1971) was like DamodGi parent. 14,763 
F, plants were grown in saline soil during robi 1972. The plant popu
lation'segregated for tall and dwarf. Based on field observations (e.g. 
height, tiller and vigour) only 252 plants were selected and harvested. 

The 252 selected Fa seeds were sown on a saline soil (ECe - J 8.04 
mmhos/cm) in kharif, 1972. The germination of the seeds was good 
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but after three weeks of sowing, the seedlings showed sign of mortality. 
On the basis of seedling mortality, the cultures were classified into 
three groups-Resistant (Less than 30% affected), susceptible (50% or 
more affected) a nd moder~tely resistant between the above two classes. 

244 cultures involving nil the three classes of seedlings with a total 
plant population of 67,890 were transplanted in the first week of August 
1972 ina soillJaving ECe of 7.91 mmhos/cm. Fertilizer was applied @ 
J 50 Kg N, 80 kg P,O., 60 kg K,O and 20 ~g ZnSO./ha. Each culture 
was transplanted with one seedling per hill a t a distance of 15 em apart 
on both sides. Each culture was inspected in the field at ripening ~nd 
on the basis of field observations 99 cultures were selected. 5 plants 
were selected from each of these 99 cultures for single plant grain yield 
which were compared with that of the .parents and thus finally 34 
cultures were selected for study in F •. 

The data indicated that only two cultures (65 and 81) gave higher 
yield than any of the parents. However, it is interesting to note that 
some of the cultures (42, 154, 157 and 221) although classified as 
susceptible at seedling stage were found to give nearly the same grain 
yield as either of the parents. 

Dasal x JaJu, Jaya x Gelll and IR-8 x Dasal " 

The crosses were made in khaJ'if, 1971. F, plants of the crosses were 
grown in rabi, 1972 There were high mortality of the hybrid seedlings 
.at F 1 stage, F 2 progenies of these crosses were grown in klzariJ, 
1972. Fi~ld selections were made (26 singal plants of Dasal x Jaya. 
10 single plants of Jaya x Oasal, I plant of Jaya x Oetu and 31 plants 
of IR·8 x Dasal) and DIl the selected plants the data Df height, E.n.T. 
and panicle length were recorded. Plants segregated into tall and.dwarf 
types. 

Dasal x T.N. I., Getu x T.N. J, Getll x lR-8; Danlodar X Ha11lsa 
and Dasal X Hamsa. 

Rice variety Hamsa was taken for its finer grain quality. The crosses 
were made in rabi 1972. The F, plants were grown in kharij 1972. F, 
plants were all tall. F, seeds obtained from F, plants will be grown in 
rabi, 1973. 

Bleeding of high yielding "all l'e;iSlJnl rice-Mlitation (T.S. Sinha) 

Chemical mutagens and X-ray were tried to see whether dwarfness. 
high yield and earliness could be introduced in the existing salt tolerant 
variety Damodar and salt tolerant capacity in IR-8. To achieve this aim, 
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studies on induced mutation on rice was taken up. Two chemicals 
(Dimethyl ,ulphoxidc 0.5% and Triethanol amine' 0.5%). and X-ray 
(12 kr and 20 kr.) were used for the purpose. Distilled water was used 
as control. The seeds of'IR-8 and Damodar were treated singly and in 
combination with others. .Further, there were Pre~and Post treatments 
of seeds. 

Hundred seeds of the selected plants of M- I generation were sown 
in Khal'if. The germination percentage and the type of chlorophyll 
were recorded in the M-2 generation. The plant in M·l generation "ere 
selected on the basis of 1000 gain weight, single plant yield and heading 
duration. Apart from that, the morphological varient were also 
scored. 

Performance of iliglt yielding rice mrie(ies in saline soil : (T.S. Sinha and 
R.K. Bhaffacharya). 

The experiment was taken to see the performance of the high) ield
ing rice varieties in coastal saline soil, The varieties (iJ IR 22, (iij Jaya, 
(iii) lET 1991, (iv) Vijoya, (v) I.R.20 (vi) lET 1039 and (vii) CR-10·5071 
were tried against Getu, Dasal and Damodar as control. Thirty days old 
seedlings were transplanted .in a saline soil (E.Ce. 5.5 mmhos/cm at 
transplanting and 11.80 mmhos/cm at flowering) at a spacing of IS cm x 
IS ern. 180 kg of nitrogen, 80 kg pbosphnte and 60 kg of potash per 
hectare were applied. The full doses of phosphate and potash were applied 
at the time 0f puddling, whereas nitrogen was applied in three doses-
1/4th at sowing, 1/2 at tillering and remaining 1/41h at flo\\ering. In 
addition, ZnSO, was also given @ 20 kg/ha. 

The variet,,] differences in yield were statistically significant at 5~1. 

level. However, none of the high yielding varieties could out yield the salt 
tolerant varieties Gelu (36.6 q[ha.), DamOi!ar (38.2 qjha) and Dasal 
(38.2 qjha). CR. 10-5071 was the lowest yielder amongst all the varieties. 

Effeci of Zn on Ihe yield of paddy (S.K. Dalla) 

Response of rice variety Dasal to application of zinc was studied in 
unreplicated micro plot experiment. The soil had an electrical conducti
vityof 8.28 mmhos/cm in saturation extract. Three doses of Zn-2.5, 
5.0 and W.O ppm were tried as zinc sulphate. 

The results indicnted that addition of zinc increased the grain yield 
over control. Application of zinc @ ID ppm reduced the grain yield as 
compared to 5 ppm level. 

The experiment was repeated during kharif season wilh variety 
IR-8-68. The results indicated that there was no response in grain yield 
to application of zinc. 
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New Delhi (13.10.1972) 
40. Sh. Amir Singh Ghaudhari, Head, Division of Seed Technology, 

IARI, New Delhi (19.10.1972) 
41. Dr. M.S. Swaminathlln, Director Generel, leAR, New Delhi (16.10 

1972) 
42. Sh. R.S. Maroug, Director General of Field Crops, Baghdad, Iraq 

(24.10.1972) 
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43. Dr. T.S. Buleria, Joint Director (iNP) Ministry of Agriculture 
(24.10. 1972) 

44. Dr. Pvot Kamal Eldin Fouad, Dean, Faculty of Veterinary Medicine 
Cairo, Egypt (24.10.1972) 

45. Sh. K.P. Siogh:Secretary, lCAR, New Delhi. (23.10.19721 
46. Sh. R. Prasad, District Agricultural EngIneering officer, Gaya 

(Bihar) (7.11.1972) 
47. Sh. V.S. Srinivasan. Assistant Agricultural Engineer, Governmen t 

Tractor Workshop, Vellore. North Areat, Tamil Nadu State 
(7.11.1972) 

48. Visit of Directors of I.C.A.R. Institutes (20.11.1972) 
49. Sh. N.R. Kaura. Joint Director of Agriculture, Punjab (1.12.1972) 
50. Capt. Rattan Singh, Minister of Agricultnre, Punjab (31.12.1972) 




