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. FOREWORD 

. _ . ' .. " J .. ~\ r)···~:·'_~'·[·ir". ":-~~\' ",- {.', :.,' 
Since the introduction .of canal irrigation,. ther.e, has( ,al.~ays" beel1 an..' aF~empt:.to_ 

evolve methods for judicious and timely application of water to" the various crops 
for its optimum utilisation for ensuing best yield. With the growing population, the 
present day activity in the field of irrigated agriculture has increased manifold. With 
widely differing soils and climatic conditions, the water requirements of crops also 
vary from region to region. There are, thus, three basic questions related to problems 
of irrigated agriculture, viz. (i) HQw to irrigate? (ii) When to irrigate? (iii) How 
much to irrigate? 

Considerabl~ l~boratory and field experimental work on water requirement's Q( 
crops has been done in the country 'over the past two decades both by the Irrigation 
and Agriculture.Engineers. Yet, diverse approaches and techniques have been adopt
ed for the application of water to various crops, resulting in widely varying yields. 
There is need for standardising the techniques on an all~India basis. Simultaneously, 
dissemination of the knowledge, gained through researches, to the cultivator is of 
urgent necessity. 

The Central Board of Irrigation and Power organised a Symposium on 'Optimum 
Requirements an~ Utilisation of Water for Irrigated Crops' at the time of its Annual 
Meeting held at New Delhi in- November 1963, with a view to provide a forum ,to 
both Irrigation and Agriculture Engineers and Scientists to discuss the subject in 
detail, and to pool the progress made on the subject for the benefit of both. Twenty
eight research papers covering aspects of (i) water requirements of crops, (ii) crop
pin~ patterns, (iii) relationship between water requirements, evaporation and rainfall, 
(iv) soil and soil moisture studies ... and (v) 'optimum water use, were presented. The 
Symposium was largely attended by State Irrigation Chief Engineers, Directors of 
State Irrigation Research Stations, Experts and Scientists of Agriculture Research 
Stations, and other engineers. 

Under the first aspect, namely, 'Water requirements of crops' the s~dies 
reported pertained to rice, wheat, sugar-cane, gram, potato and cotton. The large 
variation in the water requirements of some of these crops in various regions of the 
country was brought out. The soil moisture deficit and climatological approaches were 
proposed for evaluating water requirements of various crops. It was suggested that 
economics of water utilisation should also be taken into consideration in these studies. 
Under the 'Cropping patterns', it was felt that the combination of rice followed 
by maize was worth trying. During discussion on the 'Relationship between water 
requirements, evaporation and rainfall', it was noted that no large scale experimental 
work had been carried out in India on the subject. It was felt that more climatolo
gical data were needed for planning irrigation and agriculture on a scientific basis. 
A resolution urging the Govt. of India to fill up the lacunae in the exi&ting network 
of self recording raingauges and evaporation measuring stations was adopted. , The 
need for conducting extensive soil and soil moisture studies was empha~ised and i't was 
~u&ges~ed tha.t pre-irrigation soil surveys should necessarily be carried out in all 
lrrlgatlOn proJects. 

(i) 



(ii) 

This publication contaim papers, general report and discussions held at the 
Sympo3ium: The Central Board of Irrigation and Power is grateful to the authors 
of the papers, and participants who largely contributed to the success of the Sympo
sium. Special mention is made of Dr. Mukhtar Singh, Indian Agricultural Research 
Institute, New Delhi who prepared the General Report and initiated the discussions. 
It is hoped that the publication' will be' of great utility to' the profession. 

NEW DBLHI 

March Ig6g 

S. N. GUPTA 

Stcretary 
Central. Board of Irrigation and Power 
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GENERAL REPORT* 

The papers discussed at the symposium 
were classified as follows ;-

(i) Water requirements of crops. 

(ii) Water utilisation-cropping patterns. 

(iii) Water requirements and weather 
factors-(Evaporation and Rainfall). 

(iv) Soil and soil moisture studies. 

(v) Optimum water use. 

(I) Water Requirements of Crops 

Factors influencing water requirements of 
crops have been discussed by Doddiah (25)*"". 
Estimates of water requirements of most of 
the crops based on results of experiments con
duc~ed at I.A.R.I., Delhi, have been given by 
Dastane and Mahendra Singh (23). Generalis
ed estimates of irrigation requirements have 
been stated by Raheja (22), but from the data 
given it appears that the rainbll is included in 
the estimates. Walter (13) has indicated the 
water duty of important crops in Madras and 
concluded that mean· duty of dry irrigation 
crops worked out to 175 and that of rice to 60. 
Mehta and Shekhawat (10) have given tenta
tive water requirements exclusive of rainfall 
in Chambal commanded areas of different 
irrigability classes. Apart from the genera
lised estimates referred to above, some papers 
deal with irrigation water requirements of 
individual crops as summarised below. 

<i) RICE 

Gupta and Bhattacharya (1) have reported 
the results of an experiment conducted at 
Dhanauri (U.P.) with six irrigation depths 
0, 7.6, 10.2, 12.7, 15.2, 19.05 and 22.9 cm. 
(0, 3, 4.5, 6, 7.5 and 9 in.) applied at three 
intervals (21 2.5 and 3 week~) in combi
nation with nitrogen levels. They have con
cluded that maximum yield was obtained 
with four irrigations of 19.05 cm. (7.5 in.) each 
applied at 2.5 week intervals. Thus the total 
water requirements including 86.11 cm. (33.9 

in.) rain was 162.31 cm. (63.9 in.). Contrary 
to these results, the finding of Pandey (8) 
emanating from the experiment on light irri
gation on Aman paddy carried out over 5 
years at Bikramganj, Bihar, clearly shows that 
rainfall of 76.2 cm; (30 in.) from sowing in 
the nursery to maturity appeared to be ade
quate (exclusive of the amount needed for 
puddling) and irrigations were without effect. 
In the experiment reported by Chowdhury 
and M. Singh (2) also, no response to supple
mental irrigations after plant establishment in 
the case of transplanted paddy was recorded 
at Delhi. Although high water-table (30 cm.-
60 cm.) may partly account for the absence of 
response to irrigation jn the experiment at 
Delhi, yet Pandey's experiments show 
that irrigation was without effect under 
conditions of low water-table 1.83 m. to 
4.88 m. (6 ft. to 16 ft.) because of well
distributed rainfall. In view of these 
results, it would be of interest to discuss the 
factors which may have led to the response to 
7.5 cm. deep irrigations in the experiment by 
Gupta and Bhattacharya (1). Banerjee (24) 
has referred to the results of an experiment 
on time and frequency of irrigation on A us 
paddy at Kalyani (West Bengal) indicating 
that the best and optimum results were ob
tained by 41.91 cm. (161 in.) of water in doses 
of 10.2, 10.2, 6.35, 6.35, 2.54, 2.54 1.27, 1.27 
and 1.27 cm. (4, 4, 2t, 2t, 1, 1, t, t and tin.) 
in successive irrigations. However, one would 
noramlly expect that ·deeper irrigations will be 
required in period of high water demand 
which generally synchronises with maximum 
vegetative growth. In fact, Dutta and Sen 
(26) have mentioned that rate of transpira
tion was maximum during peak tillering and 
pre-flowering and again during anthesis. 
Chaudhry and R. S. Singh (4) in their review 
of water requirements of rice have also cited 
a summarised statement of Rao that water 
requireme..nt just prior to, flowering was about 
2-3 times the quantity required about 10-15 
days before flowering or the quant,ity required 

-By Dr. Mukhtar Singh, Indian Agrkultural Research Institute, New Delhi. 
--The number given in parenthesis, follow inc authors' names, refers to tile serial number of the papers for disCllSSioR. 
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2 OPTIMUM REQUIREMENTS AND UTILISATION OF WATER FOR IRRIGATED CROPS 

after flowering. This review also refers. to 
varying results obtained by different workers 
regarding the need for submergence in ric~ 

. and the depth of submergence.! Much of the 
evidence in favour of submergence seems to be 
from countries in temperate regions (Japan 
and Italy). Chowdhury and M. Singh (2) 
have suggested on the basis of the results of 
a preliminary' experiment that if weeds are 
controlled and the problem of low tempera
t1:Ire, as is met within temperate regions, does 
. not exist, irrigation at or near field capacity 
-may be all that is necessary. They have advo
cated a thorough investigation of the problem 
by proper techniques which may be discussed 
at this symposium. 

The effect of manuring with farmyard 
manure, sulphate of ammonia, super-phos
phate on transpiration ratio has been report
'ed by Chaudhry and Mahapatra (3). In gene
ral, manuring had little effect on transpiration 
ratio of rice, contrary to the results generally 
obtained in the case of crops other than rice, 
(Mariakulandai; 21). 

(li) WHEAT 

Two irrigations, one at flowering and 
the other at milk stage, were generally found 
to be adequate to mature wheat in,l U.P. 
(Mehrotra and his associates-5, 6 and 7). 
In some cases as in the central and western 
parts of the State the need for a third irriga
tion was indicated. In Gujarat, the number 
of irrigations needed varied with . places 
(Gopani, 27). Optimum number of irriga
tions seem to be 3 at Dobhoi (Baroda), 5 at 
Kholwad (Surat) and at Thasra (Kaira), and 
as many as 9 at Jamnagar, Halwad (Suren
dernagar), Kukda (Surendernagar), Pilwai 
(Mehsana), and Junagadh. From observa
tions on the utilisation of water in Gujarat, 
Talati (16) h~s record~d that 5-6 irrigations 
are commonly given to wheat undet· tube
well irrigation. More frequent irrigation to 
wheat in Gujarat as compared with northern 
India may be partly ascribed to high evapora
tion and milder winter in Gujarat. But the 
difference seems to -be too large to be account
ed for by these factors alone, particularly 
because the soil in many parts of Gu;arat is 
heavy and the growing season, is relatively 
short. The causes of varying irrigation 
requirements within Gujarat also need to be 
explained. 

.Th~ depth of irrigation and delta have not 
been given for the experiments conducted in 
Gujarat. It is possible that the individual 
irrigations are very light and there may be 
scope for reducing the irrigation frequency 
by increasing the depth of individual irFiga
tion. At Delhi, Dastane and Mohinder Singh 
(23) have given water requirements of wheat 
as 360 nun. inclusive of rainfall. 

In the experiments conducted in u.p . 
(Mehrotra and Singh, 6) and in Gujarat 
(Gopani, 27), optimum irrigation frequency 
was found to be conducive to higher response 
to nitrogen as compared with infrequent 
irrigations. 

(iii) SUGAR·CANE 

Kulkarni and Gokhale (15) ha'le reviewed 
the water requirements of sugar-cane as 
worked out by different methods, viz., (i) pot 
culture for the period 1928-34, (ii) field scale 
experiments at Hadapsar and Padegaon, 
(iii) quantity of water used in relation to 
yield on soils of varying types in sugar-cane 
factory areas in Western Maharashtra, and 
(iv) water used under well irrigation as 
recorded during soil survey work. In pots, it 
was estimated that 0..9 m. (36 in.) water was 
used by transpiration, the same. amount by 
evaporation 'and about half as much could 
be reckoned as lost in drainage, for a normal 
115.2 tonnes/ha. (45 tons/acre) crop. In 
field experiments, the optimum was .241.3-
254.0 cm. (95 -100 in.). In the studies on 
water utilisation, 287.02 cm. (129 in.) of water, 
as measured at distributary head, was used. 
Under well irrigation, the average water used 
was 327'66 cm. (113 in.). If 15 per cent water, 
estimated as lost in transit, is added to ihis, 
the. water requirements agree well with the 
estimates obtained by other methods. It may 
well be considered at. this symposium as to 
how data of annual yield in acre-inches ,as 
given in paper were computed. 

(lv) GRAM 

In Gtijarat, three irrigations applied on 
35, 50, and 65 days after sowing increased 
the yield of gram after paddy particularly in 
combination with 13.61 kg. (30 lb.) p,o. per 
acre (Talati, 16 and Gopani, 27). This is 
interesting because, in north India, gram 
hardly needs one irrigation after sowing. 
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(v) POTATO 

Ptishkarnath and Swaminathan (17) have 
concluded that: (i) 8-9 days irrigatiqn inter
val was optimum for potatoes in nElrth India, 
(ii) 2569.75 cu. m. (25 acre-in.) delta gave 
better performance than lower and higher 
irrigation delta, (iii) three irrigations in 
growth phase, four during tuberisation and 
two during maturity were required irrespec
tive of the duration of varieties. The interac
tion between irrigations and nutrients was 
rather complex. Moolani and Hukkeri (18) 
have reported the .results of an experiment 
conducted on the basis of water regime concept 
on lateritic soil at Kharagpur. They found 
that 44.45 cm. (17.5 in.) of irrigation water 
or 45.21 cm. (17.80 in.) total water were re
quired for obtaining the best yield from the 
low moisture tension treatment. 

(vi) COTTON 

Experiments on Deviraj cotton at 7 centres 
in Gujarat show that two irrigations 
gave as good performance as more irrigations 
at Jamnagar, Pilwai, Kim and Thasra, but 
three irrigations at Kukda and four at Juna
gadh appeared to be the best (Gopani, 27). 
Arboreum cotton at Umerala and Herbaceum 
cotton' at Kholwad also profited from supple
mental irrigation. . At some centres, i.e., 
Bardoli and Kim, the response of Herbaceum 
cotton to irrigation was' inappreciable. In 
general, irrigation requirements of the crop in 
Gujarat varied between 15.24 and 25.40 cm. 
(6 and 10 in.) (Talati, 16). The low irriga
tion requirements of the crop may be ascrib
ed to high rainfall received' in the monsoon 
season and good moisture storage capacity of 
the soil. If rainfall is included the water 
requirements would be comparable to that in 
Delhi, which is stated to be 980 mm. by 
Dastane and Mohinder Singh (23). 

The inter-dependence of irrigation and 
fertilizers for maximising production of cotton 
has been brought out by the experiment con
ducted at Siriguppa (Mariakulandai, 21). 

(II) Cropping Patterns 

Mehta and Shekhawat (10) have referred to 
the distribution of crops under different 
water allowances in Chambal commanded 
area. It is stated that cropping patterns are 
based on water allowance capacity factor, 
water requirement of crops, kharif/rabi 
ratio, etc. It would be useful if a detailed 
2-4 em & 1'/69 

procedure as to how different factors have 
been taken into account is given and it is indi
cated how the proposed cropping patterns 
make for· better utilisation of water than other 
alternatives. 

Patil (9) has analysed the data on current 
utilisation of water in relation to yield in red 
soil of Bangalore District (Mysore) :;tnd 
worked out input-output relationship in case 
of different crops. He has concluded that 
it is highly profitable to grow cabbage, potato 
and garlic and among cereals it is better to 
grow ragi rather than paddy. The levels of 
irrigation adopted by farmers are· indicated 
for different crops and it was noted that water 
is extravagantly used in paddy. It needs to 
be clarified: (i) how measurement of irri
gation water was undertaken in the survey, 
and (ii) whether optimum use of water was 
consistent with optimum allocation of other 
resources as well. 

(III) Water Requirements, Evaporation 
and Rainfall 

Dastane and Mohinder Singh (23) have 
suggested the use of climatological approach 
to evalu~e water requirements~ They have 
given monthly values of potential evapo
transpiration at Delhi calculated by Thornth
waite's formula and corresponding rainfall to 
indicate the periods of water surplus and water 
deficit. It may, however, be mentioned that 
these estimates should be relat\!d to, consump
tive use, to be more precise. Ayyar and 
Padmanabhamurthy (11) have reported the 
relationship between water losses from wheat 
fields and pan evaporation. Strangely enough, 
A.E.T./pan evaporation was higher in germi
nation and tillering stages than in -elongation 
(growth stage). Normally the ratio would 
be expected to be higher during peak period 
of vegetative growth. . 

Malik (19) has discussed the variability of 
rainfall in space and time in India. He has 
suggested that duration of wet season as given 
in Table IV of his paper together with water, 
needs of crops should provide a scientific 
basis for determining irrigation' needs of- diffe
rent areas. This would need to be elucidated. 
It would also be useful to discuss at the 
symposium the procedure for evaluating 
effective rainfall. 
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(IV) Soil and. Soil Moisture Studies 

Raychaudhury (20) has suggested that 
classification of soils should be such as to 
serve the needs of the irrigation engineer and 
the agronomist alike. It would be useful to 
list the minimum soil physical constants 
which should be adopted to evaluate land for 
irrigation and which may also help in formu
lating . irrigation practices. Mo~g~l (12) 
while giving the moisture characten~tlc cu~~es 
of three soils has indicated the practIcal utlhty 
of such curves in planning irrigation experi
ments. These curves can eliminate use of 
moisture and tension measuring devices as 
suggested by him. It may, however, be 
mentioned that such devices will still be use
ful in conveniently following up moisture 
tension. for scheduling irrigation in 
experiments. 

(V) OptiInum Water Use 

Kumra (14) has given a detailed account of 
the methods of economising water use by 

careful attention to the principles of reduction 
of water losses in conveyance, distribution 
and application in the field. He has also 
stressed the importance of coordination of 
irrigation requirements vis-a-vis rostering 
of channels. He has also referred to the 
existing programmes of research, trai~ing and 
demonstration in water use. Doddlah (25) 
has also emphasised the need for 'field 

. control' for controlling and regulating supply 
of water according to CJ::OP 'needs. Walter 
(13) has reported that better results can be 
obtained by delivering water at intervals in 
large volumes than by delivering a constant 
flow for a definite period by the adoption of 
a rotational system. The scope and limita
tions of the suggestions may be considered 
at the symposium. 

Based on the discussion of papers it may be 
considered whether (a) programmes for 
studies on water requirement of crops and 
water utilisation should be augmented and 
(b) if so, in what directions. 



WATER REQUIREMENTS OF RICE 
by 

S. N. Gupta* and A. P. Bhattacharyat 

SYNOPSIS 

Experfments were ~ond.ucted for the second year in succession during 1962 on 
water reqU!reme~ts of nce in a l' 62 h~cta~es (4 ac~es) experimental field in the 
Gove~nm~nt Agriculture F,ar'!l' phanaur~ With the ob)fCt. of finding out the best 
combination of depth of tTrzgatlon· and interval between tTrigation treatments along 
with the level of nitrogen for obtaining the maximum yield. 19.1 em. (7.5 in.) 
of irrigation at an interval of 2.5 weeks with 18.14 kg. (40 lb.) of nitrogen 
gave the best yield. Water requirements were fqund to be 162.21 em. (63.90 in.) 
irrigation requirements being 76.2 cm. (30 in.). . 

Net duty of water was calculated with the aid of a formula' advocated by 
the Iowa Institute of Efrdrau~ic Research. The resemblance of the calculated figure 
of 140.5 cm. (59.25 in.) with the observed figure of 162.3 cm. (63.90 in.) was 
closed. 

Further experimental !Jlork has been planned for irrigation treatments with continUtd 
sub'Tle;genc~ or submerpnc! with draina.ge a~ various stages of the plant growth and 
on fOIl mOIsture defiCit .upp,rOllch . . ThiS Will be further supplemented by climato-

. logical and evapotranspiration studies. . 

Introduction 

The water requirements for the rice crop 
for the design of channels in Uttar Pradesh 
are worked out by (i) taking average depth 
of watering as 19.1 cm. (7.5 in.) at the outlet 
head and (ii) maximum period for one 
watering as 2.5 weeks. This .gives the area 
that can be irrigated per cusee week as 8.90 
hectares (22 acres). The intensity of rainfall 
varies in the State from 63.5 to 127 cm. (25 to 
50 in.) or more. Also, the soil types vary 
from region to region. These consist of 
ML-CL (silt-clay mixture) in Tarai region, 
SM-Sc (sandy loam) in central region, CI 
(clay) in eastern region .and 'mar' soil of 
high plasticity in Bundelkhand region. It, 
therefore, :J.ppears that the above criteria for 
the assessment of water requirements need to 
be modified suitably in the present context of 
our objective to utilise every cusec of water 
usefully. This indicates the necessity of 
launching experimental studies for various 
regions of Uttar Pradesh. 

The experiments on water' requirements of 
rice were initiated in a 1.62 hectare (4 acres) 
field at the Government Agriculture Farm, 

*Dircotor, U. P. Irrigation Research Institute, Roorkee. 

Dhanauri in 1961 and the work detailed here
after pertains to 1962. This is situated 
nearly 14.48 km. (9 miles) from Roorkee on 
Roorkee-Hardwar Road. The tract is gene
rally even and the soil is ML-CI (silt-clay 
mixture) type having a pH value of 7.0. The 
normal rainfall is 104.1 cm. (41 in.) with 
winter rainfall varying from 10.2 to 17.8 cm. 
(4 to 7 in.). . 

Experimental Details 

As in the previous year, the method ·of lay- . 
out was based on randomized block system, 
the layout plan being as per Figure 1. The 
experimental field,· measuring . 1.62 ha. 
(4 acres) consisted of 108 subplots 175.3 cm.X 
41.9 cm. (69 in.X16.5 in.) corresponding to 
two replications in two blocks, each block 
comprising 54 sub-plots representing six 
depths, three intervals and three levels of 
nitrogen. The details of the treatments are 
given below. 

The treatment combinations consisted of six 
depths of irrigation, viz., 0, 7.6, 11.5, 15.2, 19.1 
and 22.9 cm. (0, 3, 4.5, 6, 7.5 anp. 9 in.) three 

tRcscarch Officer, Basic Research Division, Irrigation Research Institute, Roorkce. 
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intervals of 2, 2.5 and 3 weeks and three 
levels of nitrogen 0, 22.4 and 44.8 kg. per 

ha. (0,20 and 40 lb. per acre). The yield data 
is tabulated in Table I and ploted in Figure 2. 
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FIGURE 1 : Water requirements-Rice crop-Experimental layout plan, 1962. 
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FIGURE 2 : Water requireDlents-Rice crop-Yield with various irrigation treatDlents, 1962. 

As regards cultural practices, the plots were 
ploughed with victory plough initially follow
ed by 'des;' plough as standardised by the 
Depattment of Agriculture, Uttar Pradesh. 
Experience has shown that ploughings 
should be done' as much before transplanting 
of rice as possible with a view to keep inci
dence of pests and diseases to minimum and 
thereby increase crop yield. In the. present 
series of experiments ploughing was done six 
weeks before transplanting and number of 
ploughings adopted was from five to six. 

Sowing of nursery was done on 22-June 
1962. The type of seed was N-12 (Medium). 
Seed rate was at 275 kg. per ha. (3 
maunds per acre). Transplanting was done 

from 28 July to 4 August 1962. Harvesting 
operations were completed from 11 to 21 
November. 1962. Details of experimental data 
may be seen in Table II. 

The source of water for irrigation was the 
Farm tube-well wherefrom water was 
measured over a '90° V-notch and taken to 
the sub-plots through a main gul and branch 
gul. A particular sub-plot was supplied water 
for irrigation with the help of 10.2 cm. (4 in.) 
diameter, 1.2 m.. (4 ft.) . long outlet pipe 
inserted by making a cut in the levee parti
tioning the subplots and closed by a wooden 
cork after the irrigation treatment was com
pleted corresponding to a particular depth of 
watering. 
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TABLE I 

Showing yield data for rice (N-12) at the Government Agriculture Farm, Dhanaurifor the year 1962 --_. 
Treatment combination Yield of rice (Paddy) subplot- Average Average 

wise yield per yield in 
81. Interval Subplot sub-plot 100 kg. 
No. in weeks number Levels Depth <;If Irrigation Block I Block II Total of 0·01952 per 

of Nit- . kg. kg. kg. acre in kg • hectare 
rogen in in in. in em. 
lb./acre 

2 3 4 5 6 7 8 9 10 11 

1. 2 1 0 0·0 0·00 13·8 12·3 26·1 13·05 16·52 
2. 

" 2 " 
3·0. 7·62 17·2 17·8 35·0 17·50 22·15 

3. 3 4·5 11·43 18·2 17·2 35·4 17·70 22·48 
4. 

" 4 6·0 15·24 16·5 22·0 38·5 19·25 24·37 
5. 

" 
5 7·5 19·05 24·7 19·8 44·5 22·25 28·17 

6. 
" 

6 9·0 22·86 20·6 18·5 39·1 19·55 24·75 
7. 7 20 0·0 0·00 10·6 24·3 34·9 17·45 22·09 
8. . " 8 ,; 3·0 7·62 17·0 22·5 39·5 19·75 25·00 
9. 

" 
9' 4·5 11·43 23·2 24·8 48·0 24·00 30·38 

10. " 
10 6·0 15·24 22·0 22·3 44·3 22 ·15 28·04 

11. " 11 " 
7·5 19·05 25·0 26·5 51·5 25·75 32·60 

12. " 
12 

" 9·0 22·86 17·2 24·8 42·0 21·00 26·58 
13. " 

13 : 40 '0·0 0·00 14·5 20·0 34·5 17·25 21·84 
14. " 

14 3·0 7·62 25·7 20·0 45·7 22·85 28·93 
15. " 

15 4·5 11·43 22·3 22·2 44·5 22·25 28·17 
16. " 

16 " 6·0 15·24 25·3 24·5 49·8 24·90 31·52 
17. " 

17 7·5 19·05 22·8 29·5 52·3 26·15 33·10 
18. " 

18 
" 9·0 22·86 21·3 26·2 47·5 23·75 30·70 

19. 2·5 1 0 0·0 0·00 16·5 . 17·8 34·3 17 ·15 21·71 
20. " 2 3·0. 7·62 20·0 18·0 38·0 19·00 24·05 
21. " 

3 
" 4·5 11·43 16·0 22·9 38·9 19·45 24·62 

22. " 
4 

" 6·0 15·24 24·0 21·2 45·2 22·60 28·61 
23. ". 5 

" 7·5 19·05 21·0 26·3 47·3 23·65 29·94 
24. " 

6 " 9·0 22·86 17·7 19·5 37·2 18·60 23·55 
25. " 7 20 0·0 0·00 16·0 24·0 40·0 20·00 25·32 
26. " 

8 " 3·0 7·62 20·0 24·3 44·3 22·15 28·04 
27. " 

9 " 4·5 11·43 18·0 31·3 49·3 24·65 31·21 
28. " 

10 
" 6·0 15·24 24·8 26·8 51·6 25·80 32·66 

29. " 
11 " 7·5 19·05 24·0 30·0 54·0 27·00 32·45 

30. " 
12 " 9·0 22·86 26·2 25·9 52·1 26·05 32·98 

31. " 
13 40 0·0 0·00 20·3 22·1 42·4 21·20 26·84 

32. " 
14 

" 3·0 7·62 23·8 28·0 61·8 25·90 32·79 
33. " 15 

" 
4·5 11·43 25·0 28·7 53·7 26·85 33·99 

34. " 
16 

" 
6·0 15·24 25·4 28·0 53·4 26·70 33·80 

35. " 
17 

" 7·5 19·05 24·0 33·0 57·0 28·50 36·08 
36. " 

18 
" 9·0 22·86 29·5 26·8 56·3 28·15 35·64 

37. 3 1 0 0·0 0·0 10·0 17·0 27 ·0 13·50 17·09 
38. " 2 " 3·0 7·62 16·8 21·5 38·3 19 ·15 24·24 
39. " 3 

" 
4·5 11·43 12·2 25·0 37·2 18·62 23·55 

40. " 4 " 
. 6·0 15·24 16·9 23·5 40·4 20·20 25·57 

41. " 5 
" 7·5 19·05 :W·7 23·0 43·7 21·85 27·66 

42. " 6 
" 9·0 22·86 17·7 24·0 41·7 20·85 26·39 

43. " 7 20 0·0 0·00 13·8 20·7 34·5 17·25 21·84 
44. " 8 

" 3·0 . 7·62 14·9 20·0 34·9 17·45 22·09 
45. " 9 

" 4·5 11·43 13·2 25·3 38·5 19·25 24·37 
46. " 10 

" 6·0 15·24 16·3 21·8 38 ·1 19·05 24·12 
47. " 11 " 7·5 19·05 16 ·1 24·5 40·6 20·30 25·70 
48. " 12 " . 

9·0 22·86 15·9 25·2 41 ·1 20·55 26·01 
49. " 13 40 0·0 0·00 15·3 22·0 37·3 18·65 23·61 
50. " 14 3·0 7·62 15·2 22·7 37·9 18·95 23·99 
51. " 15 4·5 11·43 15·8 23·0 38·8 19·40 24·56 
52. " 

16 
" 6·0 15·24 24·0 18·7 42·7 21.35 27·03 

53. " 
17 7·5 19·05 25·5 24·0 49·5 24·75 31·33 

54. " 
18 9'0 22·86 26·0 22·8 48·8 24·40 30·89 

One acre=O ·404686 hectare. 



WATER REQUIREMENTS OF RICE 

TABLE n 
Showing details of rice experimental data at the Government Agriculture Farm, Dhanaurifor the year, 1962 

.'il. 
N" 

1. (a) Area of each plot 
(b) Net plot size 

J 
Name of Item 

2. Variety ofrice (Paddy) used 

3. Type of soil 

4. Date ofsowing of nursery . 

5. Date of transplanting 

6. Date of harvesting 

Details 

69 ft. x 16·5 ft.=0·026 acre 
63ft. X 13·5 ft.=O ·01952 acre 

N-12 (Medium) , 
ML-CI (silt+clay mixture) 

22 June, 1962 

28 July to 4 August, 1962 

11 to 21 November, 1962 

7. Total rainfall in inches during the growing season (July to 
October) 33·90 

40 8. Normal rainfall in inches 

9. Treatment combinations 

10. ,Ma:cimum yield 

II. Irrigation . requirements. 

12. Water requirements including rainfall 

. One ft.=O ·3048 m.; . One acre=O ·404686 hectare. 

It may be mentioned that the practic~ in 
the United States of America, wherein rice 
is grown in the Middle South besides one of 
the Western States, namely California, parti
cularly Sacramento and San Joaquin Valleys, 
is slightly different in that apart from the 
usual applications, continued submergence to 
a depth of about 15.2 cm. (6 in.) is resqrted 
to frequently during the growing season, 
initial flooding being generally 12.7 to 
25.4 cm. (5 to 10 in.) deep followed by several 
shallow floodings to maintain a moisture 
supply at the soil surface C) C). 

Along with irrigation, good drainage is 
ess~ntial for the removal of alkali, prevention 
of wat~r-Iogging of the land and putting the 
land and surface in firm condition at the 
time of harvesting. Therefore, drainage 
ditches were provided all along tht: periphery 
of the experimental subplots. 

Discussion of Results 

From an examination of the yield data as 
per Table I and Figure 2 and its statistical 
analysis as per Appendix I, it was found that 
the maximum yield of 36.08 in 100 kg. per 
hectare as recorded with four. irrigation treat
men~s of 19.1 cm.· (7.5 in.) depth lit an 

0, 3, 4.5, 6, 7·5 and 9 in. depths or'irrigation at 2, 
2·5 and 3 weeks interval along with three levels of 
Nitrogen, viz., 0, 20 and 40 lb. per acre (0, 22·4 
and 44·8 kg. per hectare) 

,. 36 . 08 X 100 kg. per hectare or 38·93 Maunds per acre 

30 in. or 76·20 cm. 

63 ·90 in. or 162 ·30 cm. 

interval of 2.5 weeks with 44.8 kg. per hectare 
(40 lb. -per acre) of nitrogen. Second best 
yield of 33.99 in 100 kg. per hectare is obtain
ed with four irrigatiop treatments of 11.5 cm. 
(4.5 in.) depth at 2.5 weeks interval and 
44.8 kg. pev hectare· (40 lb. per acre) of 
nitrogen. Effects ·of depth, interval and level 
of nitrogen were found to be highly signi
ficant. Water requirements of rice, inclusive 
of rainfall of 86.11 cm. (33.90 in.) during the 
growing season (July to October), were thus 
162.3 cm. (63.90 in.). 

Experiments of 1961 carried out at Govern
ment Agriculture Farm, Dhanauri under 
similar conditions gave maximum yield of 
rice of 35.58 in 100 kg. per hectare, with 
three irrigation treatments of 11.5 cm. (4.5 
in.) depth at 2.5 weeks interval and 44.8 kg. 
per hectare (40 lb. per acre) of nitrogen. The 
rainfall during growing season was 119 cm. 
(46.84 in.) and this gives total requirements 
of water as 153.3 cm. (60.34 in.). It is, there
fore, difficult to derive any correlation between 
the two years' results in regard to the depth 
of irrigation for one watering .although the 
yield significantly appears to approach the 
maximum value if water requirement is 
satisfied with in.;;reased rain and less depth of 
irrigation. 
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A comparison of the figures for water 
requirements of rice at Dhanuari with experi
mental results for other stations may be 
interesting. Average water requirements of 
the rice crops during abi and' tabi (crop 
seasons used in Hyderabad, Deccan including 
the monsoons and excluding the monsoons 
respectively) seasons were estimated to - be 
108 and 114.6 cm. (42.53 and 45.10 in.) 
respectively for the Nizamsagar Prpject 
C)(4). 

According to Fortier who conducted inves
tigations on irrigation requirements. for a 
number of regions in the South Western 
United States of America, the total water 
requirements of rice for clay and clay-adobe 
soils are 1.5 m. (5 ft.) although in certain 
fields the same could be as low as 1.2 m. 
(4 ft.) ("). The findings of the experimental 
studies at Biggs, California· indicated this, 
figure to be 1.2 m. (4 ft.) (""). Co-operative 
experiments in irrigation on rice in the Sacra
mento Valley conducted by the California 
Agricultural Experiment Station during the 
years 1914 to 1927 indicated water require
ments of rice for clay-adobe soil to be 1.6 m. 
(5.13 ft.) the corresponding figures for clay 
and open loam soils to be 1.7 and 2.9 m. (5.39 
and 9.38 ft.) respectively, while figures for 
Stockton clay loam near Biggs were 1.4 m. 
(4.53 ft.), it being observed generally that 
more open soils increase the water require-
ments· through percolation losses('). . 

Table III gives some useful information in 
the forui of a summary of some old rice irri
gation data for various countries iricluding 
U.S.A., China, Indo-China, Java, India (Mad
ras), along with the prevailing meteorologi
cal conditions('). It is interesting to note that 
water requirements of rice vary within such 
wide limits as 62.7 to 356.9 cm. (24.67 to 
140.50 in.). It is remarkable that within the 
same region Sacramento Valley in California, 
having similar climatological features, the 
variations of water requirements of rice lie 
within the wide range of 120.7 to 356.9 cm. 
(47.5 to 140.5 in.) undoubtedly, due to the 
variations in the nature of the soil. Again for 
the rice sections of the States of Arkal1sas, 
Texas and Louisiana, the water requirements 
are nearly equal averaging about 76.2 cm. 
(30.2 in.) owing to similarity in soils, sub-soil 
and climatological conditions. Moreover, 
higher evaporation during the growing season 
124.5 em. (49 in.) in California as compared 

to 55.9 cm. (22 in.) in the three southern 
States seems to be the main reason for higher 
watering needs. . 

For China, water requirements for Kwang
tu.ng were lower than those in Kiangsu appa
rently due to lower transpiration. 

Water requirements for Madras were 
greater due to higher evaporation and longer 
irri.gation season. This holds true practically 
for whole of India. 

3.4. An attempt was made to calculate the 
net duty of rice with the aid of a formula 
advocated by the Iowa Institute of Hydraulic 
Research (,), . 

D = 7 EI + sL + 4, 

where D = total net duty of water in 
inches for rice, 

E = total evaporation in inches 
from a free water surface dur
ing submergence period, 

s = average daily seepage in inches 
In rice field during the entire 
irrigation season, and 

L = total number of days during 
irrigation seaSOn. 

E was taken as 15.8 cm. (6.23 in.) from the 
nearby Meteorological Observatory at Baha
drabad. For daily seepage which is calculated 
from evapotranspiration data, use was made 
of figures for estimated daily loss of seepage 
for analogous soils in California, wherein 
average daily seepage loss was found to be 
6.9 mm. (0.273 in.) per day. The value of 
L was 140 days. With these figures, the value 
of D is found to be 150.6 cm. (59.29 in.). This 
figure of estimated net duty for rice has a 
close resemblance with the observed water 
requirements of 162.3 cm. (63.90 in.). 

Future ProgralDlDe 

The approach regarding the determination 
of optimum combination of level and 
frequency of irrigation for obtaining the 
maximum yield has been altered radically on 
the basis of the latest concepts in the el'peri
ments planned for 1963. It is well known that 
weed growth is one of the important factors 
in reducing rice yield. It has. been demon
strated by United States Department of Agri
culture, that proper water management has 
been effective for the control of weeds in Cali
fornia. This is achieved by keeping the fields 



TABLE III ... 
1 Comparison of "se~ttl anti comp"!td total rut duly 0/ waitT for rice in various coun/ries. 

n 
Il:I ,/ Approximate date of Irrigation Averagelcngth oflrriga .. Observed Average D.lily loss Computed Observed .... tion Season days total seasonal of seepage total net total net 
R" Country Location Period Soil condi.tion evapora- tempera- calcula.. duty of duty of 

'" First Beginning End of Prior to During Total tiondu .. tureoF tcd at water water 
C> Irrigation of Sub- submer- Suhmer- Submcl"- ring sub- 70°F (in.) (in.) 
<0 mergence gencc gence gencc mergence (in.) 

(in.) 

2 3 4 5. 6 7 8 9 10 11 12 13 14 15 

U.S.A. 1916-1918 Capay clay 159 0'017 48'1 47'5 Sacramento 
Valley. Willows clay Adobe 154 0.017 48'1 50·6 
California Willows clay . 168 0'075 58'1 61'0 

Stockton clay adobe Ave. Ave. Ave. Ave. Ave. 
Sacramento clay 157 Ave. 0'075 57·3 61·6 

21 April 11 June 30 Sept. 51 112 167 35.13 
Tehama clay loam 70·0 

and clay ~72 It is the 0'075 58'0 68·6 
Vina clay loam average 0·300 97'1 97'5 

From 14- From 19 From 27 value from 
WilIOW3 loam and ApriJto May to Sept. to 153 1926 to 0·300 91 :5 97'5 

clay. 22 May 12 June SO Oct. 1936 at 
Davis 

WWowsloam 155 0·300 92'0 80'2 
San J oaquim loam 170 0'450 122'0 112'6 

Biggs, Calif .• 19H-1917 Stockton clay adobe 15 April 9 June 30 Sept. 55 114 
Arkansas 1928-1929 Surface soil is silt 

loam sub-soil is im-
pecvi oua clay, 

174 0.450 123.9 140.8 
169 29'42 70'0 0'075 54'6 54·4 

Texas 1st July 30 Sep~ 41 92 120 15·72 80'1 0·017 34'09(6) 34'0(,) 20 May 
Louis;i~ 1917-1919 
Wukiang, Ki~su 1934-1935 Clay 9 May I June 16 Aug. 23 77 100 12·79 81'1 0'154(.) 44'40 No 

China \Vuchin, Kiangsu . 19l8-1935 Impervious clay 9 May II June 20 Sep~ 33 102 135 20'00 81'1 0'017 37'91(6) 38·00 
CantoD, Kwangtuo8 1927-1929 Clay loam 20 April 5 May 28 July 15 84 99 1l'05 81'4 0'041(d) 31'25 24·67 

Indo-
Cu.OD. Kwan~ tung ·1927-1929 Clay loam 21 July 5 Aug. 3 Nov. 15 91 106 17·34 80'0 0'071 (a) 40·63 31'12 
Thank-Hora Annam Clay 11 June 1 July 30 Nov. 20 153 173 20·08 0'675 48'50«) 51·33 

China 
Java Tangerang 

i937 
Clay Noy. March 49 84 133 14.90 80.0 0.075 42.25(d) #.01 

India :Muteru Clay 26 June 11 July 27 Nov. 15 139 154 31·59 80·8 0'075 57'20 59'65 

oQeio..'" 2.54cm._ 25-4mm. 

Variation 
from 

observed R~marb 
value 

per cent 

16 17 

(a) All daily losses of 
+1'3 seepage arc the ave .. 
-4·9 rage values wh ich 
-4·3 arC obtained from a 

curve. 
-7'0 (b) The correction of 

seepage for the effect 
of temperature is 

-15'4 1'25 per cent per de-
-0'4 gree .Fahrenheit. 

(c) In Annam there wa s 
-6'2 no temperature ct-

cord and, therefore, 
no corcection is 
made. 

+14·8 
(d) In Wukiang due to 

the new rice field 
+8'4 the seepage w.as 

very high' and In 
Canton due to high 
ground water-table 
the seepage was very 
low, therefore, the 

-H.8 original seesage 
+10'6 data arc use in 

these special cases. 

+0'4 (.,) In these three States 
all conditions in the 

-0'2 
rice field were nearly, 
the same. There 

+26·6 were no complete 
+30'6 records at hand and 
-5'6 can only be checked 

with 31-37 in. 
-4.0 which was estimated 
-4'0 by Prof. W. B. Grey-

gory. The total 
water used during 
submergence in 
Arkansas was 29·85 
in.andin Loubiana 
was 28,04iD.. 
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submerged. There is another theory that soil 
aeration is affected by continued submergence 
of rice fields and that drainage at either of the 
three stages of plant growth, namely, pre-til
lering, pre-flow~ng, pre-dough, is helpful in 

, increasing yield. In the design of experiments 
planned for water requirements of rice during 

,1963, in accordance with a Scheme of 
Research on Minor Irrigation and Water Use 
sponsored by the Government of India, 
Ministry of Food and Agriculture, it is propo
sed to try both continued submergence and 
submergence with drainage at various stages 
of plant growth. 

Apart from irrigation with continued sub
mergence or submergence with drainage, it 
is also proposed, to take up experirp.ental work 
on soil-moisture deficit approach wherein soil
moisture depletion will be allowed by 20, 
30 and 40 per cent below the field capacity 
and water for irrigation will be applied 
with a view to restore the soil-moisture to 
the level of the field capacity. While doing 
so, irrigation efficiencies of 40, 50 and 60 per 
cent will be tried. 

, This will be further supplemented by the 
approach based on climatological considera
tions and evapotranspiration measurements. 
The foriner will involve the recording of 
meteorological data during the crop growing 
season and application of the standard 
formulae, particularly that of Blaney-Criddle, 
for the assessment of water for irrigation 
from climatological data. A small meteoro
logical station will be set up near the experi
mental fields at the Government Agriculture 
Farm, Dhanauri for conducting these studies. 
Evapotranspiration studies. will be conducted 
in eight chambers of size 20.3 cm.X20.3 cm.X 
20.3 cm. (8 in.X8. in.X8in.) in which rice 
will be grown, simulating field conditions of 
soil as far as possible and daily soil-moisture 

measurements will b~ made from the surface 
to the root zone depth. 

These two studies will provide additional 
information. regarding the watering needs of 
rice during the growing season and also afford 
a' check up of the results obtained by soil
moisture deficit approach. 

Conclusions 

The total water requirement~ of rice for 
Dhanauri did not differ materially during 
1961 and 1962, being 153·3 and 162.3 cm. 
(60.34 and 63.90 in.) respectively, although 
variations in irrigation treatments were wide, 
being 34.3 and 76.2 cm. (13.5 and 30 in.) 
because of variations in rainfall during the 
growing season of the crop. 

Optimum frequency of irrigation was found 
to be 2.5 weeks. 

Optimum level of nitrogen was indicated 
as 44.8 kg. per hectare (40 lb. per acre). 
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APPENDIX I 

Note on the statistical analysis of yield of rice in connection with the experiment on 
'Water Require:ments of Rice conducted at the Govern:ment Agricnlture 

Far:m, Dhanauri during 1962 

There were two replications, each of which 
consisted of three, intervals of 2, 2t and 3 

, weeks and six doses of irrigation [0, 7.6, 11.4, 
15.2, 19 and 22.9 cm. (0, 3 .. 4.5; 6, 7.5 and 
9 in.)] with three levels of mtrogen 0, 22.4 & 

. 44.8 kg. per hectare (0, 20 and 40 lb. per 
acre). It was a factorial design based on rando-

mized block system. TIm;, there were 108 
subplots, each having an area of 0.0261 acre. 

The final analysis of variance of yield of 
rice in (kg.)2 is given in Table I.1, in which 
items significant at 0.1 per cent level of 
probability are marked with three asterisks. 
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T4BLE 1.1 

Anarysis ofvari~nce ofyieltl ofTice in (kg.)'. 

Variance due to 

Blocks 

Intervals 

Depths • 

Nitrogen 

Intervals X Depths . 

Interval. X Nitrogen 

Depths X Nitrogen . 

Degree. Sum of Mean 
of squares squares 

freedom 

363·36 363·360 
*** 2 268.46 134.230 
*** 

5 540·18 108·036 
• •• 

2 '341·73 170·855 

10 31 ·39 3 ·139 

4 75·08 18·770 

10 31·00 3·100 

Intervals X Depths X Nitrogen 20 

Error 53 

59·91 

597.24 

2·996 

11·269 

Total 107 2308·35 

The following conclusion can be drawn 
from the above analysis ;-

Intervals. -

The variation due to this effect is highly 
significant. Forming the critical difference at 
5 per cent level of probability for the mean 
yields, based on 36 subplots, we get, 

/

EX2 
c. d. = --x t (5%) (53) 

36 
V 

=/ 11.259 x 2 
._-- x 2.012= 1.5918 kg. per 

36 - selb-plot., 
v 

Comparing the difference in Y11e mean 
yields due to the effect' of intervals with the 
critical difference, it is seen that the yield at 
2t weeks' interval of irrigation is significantly . 
higher than the rest (Table 1.2). 

Depths 

This is also highly significant. Forming the 
critical difference at 5 per cent level of 'proba
bility for the mean yields based on 18 sub
plots we get, 

/
I1.269X 2 

c. d. = . x 2.012 = 2.2510 kg. per. 
I 18 subplot 

V ' 

A comparison of tlle difference in mean 
yields due to tlle effect' of different doses of 
irrigation with tllat of critical difference, 
there is found to be no significant differenc\! 
amongst the mean yields due to 19.1, 22.9, 
and 15.2 c!D' (7·5, 9 and 6 in.) depths of 
watering, although the maximum yield IS 

obtained with 19.1 cm. (7.5 fn-:) depth of 
irrigation (Table 1.3). 

Levels of Nitrogen 

The variation due to thi~ c;.ffect is highly 
significant as well. Forming the critical 

TABLE 1·2 
Summary of results of mean )·ulds in descending order for the e.fJ ects of intervals. 

Mean yield in kg. per subplot· • 

TABLE 1·3 

21 weeks 2 weeks 3 weeks c.d. at 5 pe,r cent 

23·52 20·92 19·75 1·5918 kg. per sub. 
plot 

Summary of results of mean yields in descending order due to Ihe effeci of differenl depths of irrigation. 

7·5 in. 9 in. 6 in. 4·5 in. Sin. o in. c.d. at 5 
per cent 

Mean yield in kg. per subplot 24·47 22·54 22·44 21·35 20·30 17·28 2·25 
k~. per 

subplot 

one in.=2·54 em. 
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difference at 5 per cent level 
based on 36 subplots, we find, 

/

11.259X2 
c. d.= --36- x 2.012 = 

V 

of probability 

1.5918 kg. per 
sub-plot. 

Comparing the mean yields due to the 
effect of different levels of nitrogen with the 
critical difference, it is seen that the yield 
with the application of nitrogen at the rate 
of 44.8 kg. per hectare (40 lb. per acre) is 
significantly higher than the same obtained 
with l!Pplications of 0 or 9.1 kg. (0 or 20 lb.) 
of nitrogen per acre (Table 1.4) .. 

General Conclusion 

From an analysis of the yield data, it was 
observed tentatively that the maximum yield 
was obtained with four applications of 
19.1 cm. (7.5 in.) depth of irrigation at 2.5 
weeks' interval with the levels of nitrogen 
applied at the rate of 44.8 kg. per hectare 
(40 lb. per acre). It was also found out thereby 
that the total water requirements including 
rainfall during the growing season of rice crop 
(July to October) was of the order of 63.90 in. 
or 162.31 cm. 

TABLE 1.4 

Summary of results of mean yields in descending order due to the effect of different levels 'If nitrogen. 

N~ N, No. Critical difference at 
(40Ib./ (20Ib./ (control) 5 per cent 
acre) acre) 

23·44 21·64 19·11 1·5918 kg. per sub-
plot 

Mean yield in kg. per subplot 

1 Ib./acre~ 1 ·12 kg./ha. 



WATER MANAGEMENT IN RICE CROP 

by 
S. L. Chowdhury and Mukhtar Singh * 

Rice is unique among the cereals in being 
able to establish and thrive in water. Other 
cereals are killed if submerged for a few days, 
for want of oxygen required for the respira
tion of roots. The distinctive behaviour of 
rice plant may be ascribed to its ability to 
transport oxygen from the leaves to the roots. 
This property of the rice crop to live and 
grow in an aquatic environment not only faci
litates the utilization of low lying fields for 
paddy cultivation but confers on tIlls crop 
some other advantages. Firstly, submerged 
conditions help to keep down most. of the 
weeds by providing unfavourable enyironment 
for their growth (Jones, 1933). Secondly, 
such conditions benefit the crop as they pre
vent the fall in soil temperatures which is 
likely to occur in temperate regions during the 
winter season. These advantages appear to 
have contributed to the high yields obtained 
from transplanted paddy than from direct 
sown crop and seem to have led to the belief 
that rice flourishes best only under .conditions 
of standing water. It is understandable that 
the rice needs relatively moisture conditions; 
and has higher water requirements than other 
crops but two que&tions naturally arise: (i) 
whether rice needs to be irrigated at soil 
moisture content above field capacity which 
is the accepted upper limit of available water, 
irrespective of the kind of crop, and (ii) whe
ther standing water is a necessity for the 
optimum growth and development of rice' or 
this crop plant has merely adapted itself to 
the aquatic environment in ~he process of 
evolution. Answers to these questiobs have a 
direct bearing on the irrigation practices and 
the water requirements of 'rice and ar~ not, 
merely of academic interest. While the eva
poration and transpiration losses may not ma-

, terially differ whether irrigation is scheduled 
to maintain the soil moisture near field capa
city, or the crop is grown under submerged 
conditions but deep percolation is expected to 
be particularly high under the latter condt-

·Indian Agricultural Research Institute, New Delhi. 

tions (Nagai, 1959). Considerable saving in 
water could obviously be effected by irrigating 
the crop at or near field capacity, instead of 
main taming submergence, but the modified 
practice would only commend itself provided 
the crop yield is not adversely affected. This 
should be possible in areas where the problem 
of low temperature does not exist (as in 
India) and where the weeds could be con
trolled by cultural and chemical means. It 
is also possible that in tIle event of success
ful weed control, a sown crop irrigated at 
field capacity might yield as well as the 
transplanted crop. 

There is some evidence to show that stand
ing water may harm rather than benefit rice 
under certain conditions. (Sen, 1937),ob$erv
ed that standing water suppressed tiller pro
duction but the height of plants increased 
with the deptIl of water. H~ concluded that 
drainage of water was necessary in later sta
ges of growth for improving aeration. The 
effect of submergence on tillering appeared to 
depend on the prevailing air temperature 
(Sato, 1951). At low temperature submer
gence increased tiller number but at high 
temperature, tiller number and grain number 
decreased. The adverse effects of flooding 
have been attributed to poor aeration, low 
oxygen tension and the accumulation of re
duced products (Sturgis, 1936). Intermit
tent drying coupled with flooding has there-, 
fore been advocated by some to mitigate the 
deleterious effects of continued submergence. 
Recent experiments in Phillipines (Con tam
bay et aI, 1959 and Aglibut et aI, 1962), 
however, do not.' suggest any improvement in 
yield. by intermittent drying, although tIle 
practice would appear to be desirable as it 
w?uld lower. tIle irrigation requirements, 
WIthout reducmg the yield. Irrigation expe
riments, conducted in Andhra Pradesh and 
Madras have also shown that by intermittent 
drying and irrigating the field every third day, 



16 OPTIMUM REQ.UIREMENTS AND UTILISATION OF WATER FOR IRRIGATED CROPS 

a crop yield of the same order was ob
tained as by maintaining continuously a 
7.6 cm. (3 in.) depth of water in the field 
(Ghose et ai, 1960). 

It would thus appear that two extreme 
views are held regarding the irrigation of 
rice. According to one view, the rice is an 
aquatic plant ,and needs continuous submer
gence but according to the other, the crop can 
stand intermittent drying. More work is. there
fore, needed to clear . up the discrepancy 
and formulate a sound irrigation practice for 
this important crop. An' irrigation experi
ment was, therefore, conducted at the Indian 
Agricultural Research Institute. New Delhi, 
with a view: (i) to assess the effect of vary
ing depths of submergence on the yield of 
rice, (ii) to ascertain whether the drainage 
of standing water and its replacement by fresh 
water was beneficial or not, and (iii) to deter
mine the water requirements of sown rice' 
and to study how it compared with trans
planted rice by keeping the former free of 
weeds. •• ~ ',',_ 
Description of t4e Experhnents 

The experiment was conducted in 1960 on 
a loamy soil of average productivity. The 
preparation of the field consisted of usual cul
tivation with a basal application (per acre) 
of 10 tons farmyard manure, 27.21 kg. (60 lb.) 
nitrogen (as ammonium sulphate) and 18.14 
kg. (40 lb.) phosphoric acid as single super
phosphate. The trial was laid out in a Youden 
square with 21 blocks as well as treatments, 
and five replicates. The variety of rice used 
for the trial was NP 130. The gross plot 
size measured 10.4 m. X 4.3 m. (34 ft. X 14 
ft.). A net area of 7.6 m. X 3.7 m. (25 ft. X 
12 ft.) was eventually harvested from each 
plot for record of yield. The treatments form
ed two sets, viz., (a) transplanted crop and 
(b) drilled crop, as detailed below. Buffer 
strips of' 1.2 m, (4 ft.) width were provided 
between plots. 

(a) Tramplanted Crop 
(1) 6 cm. submergence, replenishment 

after complete recession. 
(2) 6 cm. submergence, replenishment 

after ha If recession. 
(3) 6 cm. submergence, replenish after 

draining at half recession. 
(4) 12 cm. submergence, replenishment 

after complete recession. 

(5) 12 cm. submergence, replenishment 
after half recession. 

(6) 12 cm. submergence, replenishment 
after draining at half recession. 

(7) Irrigated at field' capacity, land w~ed
ing. 

(8) Irrigated at field capacity, chemical 
weeding. 

(9) Irrigated at field capacity, no weed
ing. 

(10) Rain-fed crop, hand weeding. 
(11) Rain-fed crop, no weeding. 

(b) Drilled Crop 

(12) Irrigated at field capacity, hand weed
ing. 

(13) Irrigated' at field capacity, chemical 
weeding. 

(14) Irrigated at field capacity, no weed
ing. 

(15) Irrigated at 75 per cent available 
moisture, hand weeding. 

(16) Irrigated at 75 per cent available 
moisture, chemical weeding. 

(17) Irrigated at 75 per cent available 
moisture, no weeding. 

(18) lrrigated at 50 per cent available 
moisture, hand weeding. 

(19) Irrigated at 50 per cent available 
moisture, chemical weeding. 

(20) Irrigated at 50 per cent available 
moisture, no weeding. 

(21) Rain-fed crops, hand weeding. 

Irrigations at 75 ~d 50 per cent available 
water were scheduled as indicated bv the 
Bouyoucos moisture meter at any o( the 
three positions of 15, 22.5 and 30 cm. soil 
depths where the gypsum blocks had been 
embedded. The crop was transplanted or 
seeded from 20 to 24 July 1960. In the case 
of transplanted crop the fertilizers were pud
dled in, whereas for the seeded crop these 
were applied broadcast. 

The experimental field had a uniform and 
gentle slope. The field water channels were 
provided on either side of each plot to facili
tate irrigation and surface drainage as requir
ed. For the transplanted crop 40 cm. water 
per acre of nursery was used for raising the 
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seedlings. 18 cm. water per acre was need.: 
ed for puddling and transplanting the seed
lings in the field. The plots were thoroughly 
levelled and bamboo sticks were fixed in the 
plots to guide the depth of submergence, ac
cording to treatments. 

In addition to the water required for the 
nursery, puddling and transplanting the seed
lings, the transplanted crop received the fol
lowing amounts of irrigation water during 
its growth. These amounts include 18 cm. 
of irrigation water used for the establishment 
of seedlings, prior to differential irrigations : 

Treatment cm. water 

1 78 
2 69 
3 120 
4 90 
5 66 
6 114 
7 48 
8 48 
9 48 

10 18 
11 18 

The seeded crop received the following 
amounts of irrigation water under different 
water regimes :- . 

Treatment em. water 
,-

12 39 
13 39 
14 39 
15 6 

TABLE I 

Treatment 

16 
17 
18 
19 
20 
21 

cm. water 

6 
6 
6 
6 
6 
o 

-:r:he total rainfall duri~g the crop growth 
penod amo.unted to 59.9 cm. Occasionally 
the rains interfered with the irrigation sche
dules and the amoun~ given above were 
actually applied. Also, application of water 
to submergence treatments had to be stopped 
three weeks earlier than the last irrigation 
given to drier regimes as the crop under. sub
mergence treatments started lodging rather 
badly. In fact, irrigation to drier regime 
treatments became necessary only during the 
last one and a half month of crop growth. 
It is also important to record here that the 
water-table of the field auring the experimen
tal period varied from 30 to 60 cm. This 
must also be taken into account to interpret 
the treatment effects on crop yields :md to ex
plain low irrigation requirements of the drier 
regimes. 

Treatment effects on the Yields of P4ddy 
\ \ 
The crop was harvested during the first 

week of November .1960. The grain yield 
from each plot was rec?rded after sun drying 
for a fortmght. The YIeld data are summari
sed in Table I. 

:Treatment effects on the yield of paddy. 

A. TRANSPLANTED CROP 

6 em. submergence 
12 em. submergence 

Irri~ation at field 
capacity 

Rainfall alone 

Grain yield in maunds per acre 

Full recessi on Half recession 

2 

(1) 39.7 (2) 44.4 
(4) 40.7 (5) 40.7 

Mean 40.2 42.5 
Chemical weeding 

\\lith MCPA 
Hand weeding 

(7) 36.4 (8) 40.1 

(10) 43.2 
---

Mean 39.8 40.1 

Drained at 
half recession 

3 

(3) 40.4 
(6) 35.9 

38.1 
No weeding 

(9) 40.8 

(11) 39.1 --
39.9 

Mean 

41.5 
38.8 

39.1 

41.1 

40.1 
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TABLE 1-(eonM.) 

----

B. SEEDED CROP 

Irrigation at field capacity 

Irrigation at 75 per cent available water 

Irrigation at 50 per cent available water 

Rainfall alone 

S.E. for body of the table 

.. 
Mean 

.
Treatment number is given in parentheses. 

The' comparison of marginal mean yields of 
the transplanted crop in respect of the levels 
of submergence, irrigation at field capacity and 
the treatment 'rainfall alone' shows that 
yield di,fferences were statistically not signi
ficant. Moreover, draining of standing water 
failed to benefit the crop. This is in con
for~ity with the results of (Aglibut (t. al 
1960. Although irrigation at field capacity 
com ined with hand weeding gave lower 
yiel~\ . than 6 cm. submergence with half 
recq;sion, the significant decrease is anomalous 
because the rain-fed crop kept free of weeds 
gave as high yield as any other treatment 
under the transplanted crop. It was also 
observed that under conditions of submer
gence, weed growth was inconsequential and 
weeds appeared only late in the season. The 
suppression of weed growth by treatment.~ 
did not influence the paddy grain yields. 
Thus, under the conditions of high water
table and the seasonal precipitation of about 
60 cm., a good transplanted paddy crop was 
raised without any irrigation apart from that 
used for puddling and the establishment of 
seedlings, by keeping the crop free of weeds. 

The seeded crop yielded significantly less 
than the transplanted crop. The seeded crop 
showed response to differential irrigation. 
Irrigation at field capacity combined with 
hand weeding gave the best yield. The yield 
fell off progressively as irrigation was delayed. 
The differences between irrigation at field 
capacity and that applied at 50 per cent avail
able water was statistically significant. The 
reduction in yield was relatively better mark
ed in th<! unweeded crop. Under the condi
tions of . he experiment, hand weeding gave 

Hand 
weeding 

(12) 36·8 

(15) 31·4 

(18) 29·2 
---

32·4 

(2'1) 29·6 

± 3·69 

2 3 

Chemical No 
weeding weeding 
with MCPA 

(13) 30·8 (J4) 32·7 

(11') 28·0 (17) 28·8 

(19) 27·8 (20) 23·0 

28·8 28·2 

c.d. at 5% level for the body } 
of the table 

4 

33·4 

29·4 

26·7 

29·6 -

29·8 

±7·37 

higher yield as compared with unweeded 
crop. Use of MCPA did not influence the 
yield significantly. The fresh weight of weeds 
11l the treatment where hand weeding was un
dertaken is recorded below: 

Treatment No. Fresh weed weight 
mds./acre 

7 23,6 
10 53'2 
12 34·7 
15 46·0 
18 4b·3 
21 40·6 

Discussion 

The yields of the sown crop of rice report
ed. here de~rease~ when irrigation was ap-

I phed. at SOli m?lsture below field capacity, 
11l spIte ~f the hIgh water-table of the experi
mental sIte and heavy rains received in the 
crop season, inasmu'ch as soil moisture defi
cits were recorded only late in the season. 
The result is in collformity with the high 
water requirements of the crop. In the trans
planted crop, 'submergence' was no better 
~h~n irrigatior~ at field capacity. In fact 
ra1l1fall alone after the establishment of 

seedlings with 18 cm. irrigation water cou
pled with high ground water-table helped 
the crop to produce as high yield as any of 
the submergence treatments. It may be argu
ed that deep percolation in the plots under 
submergence treatments might have resulted 
in lateral seepage to distances beyond the 
width of the buffer strip and mjght have 
improved the moisture supply and the crop 
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performance of adjacent plots irrigated at field 
capacity and those receiving rainfall only, 
masking thereby the difference between 
'submergence' and other treatments. Never
theless such seepage cannot bring about con
ditions of submergence in th~ plots irrigated 
at field capacity' and those receiving rainfall 
only*. Therefore, the evidence indicates that 
submergence in the transplanted crop was 
unnecessary under the conditions of the ex
periment, . viz., 60 cm. rainfall, high water
table and absence of weeds and low tempera
ture problem. Experiments in Phillipines 
by Catambay et al (1959) also did not justi
fy the usefulness of submergence ~ rice. 

If submergence does not increase paddy 
yields, the practice must be reckoned as 
a luxury and a potential danger; In irriga
tion projects, the duty fixed for rice is 50, 
i.e., about 57 acre-in. are required to mature 
a crop of 120 days duration. Th1! potential 
evapo-transpiration for the corresponding 
period will be much smaller. (At Delhi in 
1960 during transplanting to harvest the 
evaporation based on the U.S. open pan 
evaporimeter readings was 27.3 in., i.e., 69.5 
cm.). As part of the water requirements of 
rice will be met by rainfall, the adoption of 
low water duty and submergence will lead 
to deep percolation and water-logging mak
ing the area unfit for other rotational 
crops. By eliminating submergence and 
only irrigating at or near field capacity 
there appears to be scope for minimising water
logging and economising water which could 
be used for increasing irrigation intensity or 
water duty. 

Sown crop yielded much lower than trans
planted crop, on the average, but it must be 
remembered that transplanting and sowing in 
the experiment reported here were done at 
about the same tillle. The initial start in 
the nursery conferred an advantage to the 
transplanted crop. If the crop was sown 
with irrigation in advance to transplanting 
date, the former might have successfully 
competed with the latter. Moreover, the 
sown crop suffered from delay in irrigation 
and weed infestation. Sown crop irrigated 
at field capacity and hand weeded gave almost 
as high yield as the transplanted crop. Hand 

-Apart from that caused by rain only. 
4-4 C,BJ. & P./69 

weeding improved the yield of sown crop 
markedly. Chemical weeding did not increase ' 
the yield because MCPA controls only broad 
leaved weeds but not the grasses which were 
the dominant weeds in rice. In recent 
years considerable advance has been made 
abroad in controlling weeds in rice with 3, 
4 DPA (French and Gay, 1%3). Trials with 
the new weedicide have also, been planned 
in India both on the transplanted and drilled 
paddy. This development may have far rea
ching effect Qn water management in trans
planted rice and in increasing the yield of 
sown rice. ' 

The preliminary trial points to the need of 
a thorough study of the problem of water 
management in rice under controlled condi
tions in pots or tanks and in the field with 
sound experimental techniques. 

SUDlmary and Conclusions 

In an experiment on the water regimes of 
transplanted paddy. no benefit could be secur
ed from 6 and 12 cm. depths of submergence. 
Drainage of water failed to give any advan
.tageof yield and irrigation at field capacity 
and the rain-fed crop yielded quite as high. In 
fact, clean weeded rain-fed, crop gave appro
ximately as high a yield as obtained from 
either submergence or with irrigation at field 
capacity. In the transplanted crop with wet / 
regimes removal of weeds, did not materially 
affect the grain yield. But in the, rain-fed 
transplanted crop, weeding was found to be 
markedly beneficial. 

In the seeded crop, grain yield decreased 
with delay in irrigation, the highest yield 
being with irr~gation at field capacity. The 
rain-fed crop also yielded as high as the one 
that received irrigation at 50 per cent avail
able moi~ture. In the sown crop weeds reduc-
ed the yield substantially. . 

The trial has suggested that submergence . 
of the transplanted' crop may not be nec<;,ssary 
in all situations, and under certain conditions 
as in the experiment, irrigation at field capa
city (5-8 cm. water every third or fourth day) 
in th<: absence of rain, is all that is required 
for raising a good crop of paddy. 



20 OPTIMUM REQUIREMENTS AND UTILISATION OF WATER FOR IRRIGATED CROPS 
I 

AcknowledgelBents 

Grateful thanks are due to Dr.B.P. Pal, 
Director, and Dr. O. P. Gautam, Head of the 
Division of Agronomy, Indian Agricultural 
Research Institute, for providing facilities for 
work and for encouragement. 

References 
(1) Aglibut, A.P. et. al. 1962: "Influence of Pre· 

headin and Post·heading Drainage upon Tillering 
Growth, Maturity, Yield and other Characters 
of Milfor 6-2 and Peta". Philipp.Agricst. 46, 
215-234 (Central Expt. Stn., Univ. Phillipines, 
Laguna.) 

(2) Catambay, A. B.; Gray, H.E., & Aglibut, A.P. 
1959: "Effect of Continuous Submergerice of 
various depths of Irrigation Water on Growth 
and Yield of Land Rice". Philipp·Agricst. 
42: 358-363. 

(3) French, E.W. Md Gray, W.B.: "Weed Control in 
Rice Fields." World Crops, May 1963. 

(4)' Ghose, R.L.M.; Ghatge, M.B. and Subrah. 
manyan, V. (1960): "Rice in India". ICAR, 
New Delhi. 

(5) Jones, J.W .. .(1933): "Iriheritance of Characters in 
Rice". JnI: Agric. Res., 47: 771.782. 

. (6) N~g;U, Isaburo (1959): "Japonica Rice". Yokendo 
Ltd., Tokyo. • 

(7) Sato, Kenkichi (1951): "Investigations on Inunda· 
ted Irrigation. Influence of continued Inundation 
upon the Growth and Tillering in Rice". Proc. 
Crop. Sci., Soc. Japan, 20 (1-2): 41-44-
(In Japanese). 

(8) Sen, P. K. (1937): "Studies in the Water Relations 
of Rice. Effect of Watering on the Rate of 
Growth and Yield of Four Varieties of Rice". 
Ind. Jnl. Agric. Sci. 7: 89-117. 

(9) Sturgis, M.B. (1936): "Changes in the Oxidation· 
Reduction Equilibrium in Soils as related to the 
Physical Properties of the Soil and the Growth 
of Rice". Louisiana Agric. Exp. Stn. BuIl 
No. 271. 



EFf=ECT OF MANURING ON WATER REQUIREMENT OF RIC.E CROP 

by. 
M. S. Chaudhry aDd I. c .. Mahapatra * 

It has been gene~a1ly accepted that with 
satisfactory irrigation facilities, rice is ~e 
world's safest crop to grow. Though India 
has the largest irrigation system in the world 
and rice is, by far,. the stapl~ food of about 
three-fourths of her populatIon, only about 
30 per cent of the rice .ac~ea&e in the country 
is under commendable IrngatIon supply; Rest 
of the rice acreage is a gamble in ~e ha~ds 
of monsoons which are often erratic and Ill
distributed with the result that the yields of 
the crop suffer considerably. With the cons
truction of dams in the country, more and 
more irrigation water is b~coming available. 
To make the best use of this cQstiy IrrIga
tion water, it is, therefore, highly d;sirable 
that reliable basic information regarding' the 
judicious use of water is obtained whi~h may 
consist of the minimum water reqUIrement 
for raising a satisfactory crop, frequen
cy of irrigation, measurement of ~e 
loss of water through seepage, percolatIOn 
and evaporation, determination of the stage 
of crop when water is needed ~ost and .the 
interaction between the optImum Yield 
and other factors like irrigation, climatic fac
tors, soil type, variety, manures and cultural 
operations, etc .. 

Information regarding the water rec;luire
ment of rice in India is a meagre and IS ~el
dom based on the results of comprehenSive 
field experiments .. Field .experiments. in case 
of rice have not been faithfully carned out, 
because of the lateral movement of water 
from one treatment to another which is very 
difficult to control· and also the frequent 
heavy rainfalls during the I?eriod ·when rice 
is grown. Attempts are bemg made at the 
Central Rice Research Institute to create ade
quate facilities as quickly as possible for con.
ducting irrigation experiments to work on 
the mOst needed information for finding out 
ways and means o~ r~isin~ the. du~y of irr~
gation water and SimIlar mvestigatIon. It IS 
also proposed to carry out a co-ordinated agro-

·Central Rice Research Institute, Cuttack. 
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nomic project to determjn~ i~rigatio~al ~e- . 
quirements of the new tndtca: X tapomca. 
hybrids developed in differen.t states fo~ assess
ing their suitability under different'soll and 
climatic conditions. . 

The amount of information based on pot 
experiments on water requirement. ?f ri~e 
crop is also not enough and whatever IS avail· 
able may beconsidered mostly of a qualitative 
nature rather than quantitative as the condi
tions for the plant under field conditions can 
hardly be obtained in the pots: 

While investiga~g. into the water require
ment of crops, Singh. et at (1935) found .that 
requirement of water for rice goes hand in 
hand with the duration of the variety. They 
also observed that the water requirement of 
rice crop is the highe$t during (a) the initial 
seedling period covering about ten days, (b) 
the preflowering and flowering period cover
ing about 25 days and (c) the grain forma
tion period covering about 5-7 days. If there 
is deficiency of water during these periods, the 
crop growth is affected adversely. G~n
guli (1950) also has found that water reqUIr!!
ment of the crop varies according to the dura
tion of the variety and the type of the 
soil-low in heavy soils and high in the ligh
ter ones. He got the highest water require
ment of rice with the application of ammo
nium phosphate. Rao (1951) while compil
ing work on water requirement of crops in 
India reported that in Bihar ~anuring of !ice 
reduced the water requirement. Matsushlma 
(1961) concluded that water requirement of 
rice varied from 401 to 766 depending upon 
the duration of the variety. 

At the Central Rice Research Institute, 
water requirement experiments were con
ducted in pots for a period of three years. 
Two varieties, viz., Ptb. 10 and Ch. 45 (both 
maturing within 110 days) were grown in 
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TABLE 1 

Effect of different manurial treatments on water-requirement of rice carieties. 

Treatments 
1953·54 

Water requirement (transpiration ratios) -------
1958·59' 1959·60 Overall 

Mean 
Ptb. 10 ab. 45 Mean Ptb. 10 ab. 45 Mean Ptb. 10 ab. 45 Mean 

1. Control 886, ·92 
2. AIS @ 30 lb. NIAc. 876·01 
3. F.r.M. @ 30 lb. NIAc .. 696·87 
4. Superphosphate @ 30 lb. 

P.O./Ac. 698·72 
5. AIS @ 15 lb. NIAc+F.r.M. 

@ 15 lb. NIAc.. . . 783·51 
6. AIS @30 lb. NIAc. +super· 

phosphate @ 30 lb. p.O.I 
Ac. ' · 1000·49 

7. F.r.M.@ 30 lb. NIAc. + 
super 30 lb. P.O.IAc .. 1126·53 

8. AIS @lI5Ib.NIAc. +F.r.M. 
@ 15 lb. NIAc. + super· 
phosphate@30 lb. P.O./Ac. 983·84 
Mean 769·11 

S.E. of variety means 
S.E. of manure means 
C.D. (0·05) 

• ±42·71 
· ±85·43 

734·36 810·64 
723·97 799·99 
666·71 681 ·79 

906·08 802·40 

798·23 790·87 

818·47 909·48 

694·59 910·56 

817 ·18 900·51 
769·95 769·53 

566·43 564·09 
686·78 576·14 
587·45 586·63 

660·06 551·42 

566·88 557·26 

616·68 683·35 

578·60 515·93 

692·73 633·77 
619·45 583·57 

::1:37·08 
,±44·45 

565·26 737·20 
631·46 624·79 
587·04 673·70 

605·74 601·50 

562·07 626·35 

650·02 587·33 

547·26 616 ·19 

663·25 652 ·10 
601·51 639·90 

±8·56 
±23'83* 

, 72·28* 

690·97 714·09 696·66 
577·40 601 ·10 674·18 
682·95 678·33 649·05 

613·78 607·64 671·93 

577·89 602 ·12 651·69 

633·39 610·36 723 ·29 

569·25 592·72 683·51 

579·27 615·69 726·48 
615·61 627·76 666·27 

--~----------------------------~----------------------
One Ib.=O '453 kg. 

the experiment under, eight manurial treat
ment combinations. Well sieved upper lay
er of the farm soil was used to fill in the 
glazed pots. The pots were watered and 
thoroughly worked after application of re
quired quantities of manures and fertilizers 
before planting. Single seedlings were plant
ed in each pot at the centre of pot. The pots 
were covered with alkathene cloth which was 
pwvided with one hole through which the 
stem of the plant passed. The alkathene 
cloth was tied to the brim of the glazed pots 
tightly. The openings and the annular spa
ces in between the seedlings and holes were 
carefully sealed by cellotape. The loss of 
water thus took place only through ·the aerial 
parts of the plant. The amount of water lost 
from the soil during transpiration was made 
good on alternate days by fresh additions of 
water. The plants were given prophylactic 
spray at weekly intervals against pests and 
diseases. When the crop matured the dry 
weight of the aerial parts of the, plants was 
taken by drying them to constant weight. 
The water requirement Oil" transpiration ratios 
were calculated by dividing the quantity of 
water transpired in c.c. by the amount of dry 
matter in gm. The results of three years 
experiments on the effect of different manu
rial treatments on water requirement of rice 
varieties are presented in Table I. 

, 

It may be seen from the data presented in 
Table I that water requirements of two va
rieties Ptb. 10 and eh. 45 were not significant
ly different in any of the years. It is due to 
the fact that the varieties were of the same 
duration and hence there was no difference 
in water requirement. 

So far as the effect of different manurial 
treatments on wat(er requirements ;a:re con
cerned, the differences were significant only 
during the year 1959-60. The water require
ment (transpiration ratio) was the highest for 
the control and was followed by the treat
ment where only farm-yard manure was ap
plied @ 13.61 kg. (30 lb.) nitrogen per acre. 
Rest of the manurial treatments decreased the 
water requirement of rice crop significantly. 
Similar results were reported by Rao (1951). 
The interactions between varieties and various 
manurial treatments were not significant in 
any of the years. 

The combined analysis of the data, how
ever, did not show any satistical significance. 
But the mean figures indicated that water re
quirement ( transpiration ratio) of rice decreas
ed with the application of farm-yard ma
nure alone as well as in combination with 
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ammonium sulphate. The highest water re
quirement was, however, obtained when the 
crop received both ammonium sulphate· and 
superphosphate, and also when these two ferti-. ,. 
lizers were superimposed over farm-yard 
manure. It is however, felt that elaborate 
data on this aspect need be collected to draw 

. definite conclusions. 
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IRRIGATION REQUIREMENTS OF RICE CROP-A REVIEW. 

by 

M. S. Chaudhry and R. S. Singb* 

Commandable irrigation supply is consider
ed to be a key to successful • rice culture. 
Though India has got the la,rgest irrigation 
system in the world and rice is, by far, the 
main food of about three-fourths of her po
pulation, only about 30 per cent of the rice 
area in the country is under controlled irriga
tion supply. Rest of the rice acreage is de
pendent upon monsoons. The uncertainty of 
monsoon, its mal-distribution and variation in 
total precipitation makes it necessary to ar
range for irrigatiQn against crop failure. With 
the construction of dams ~.'the country, 
more and more of irrigation water is becom
ing available. To make the best use of this 
water it is, therefore, necessary to find out 
ways and means of increasing the duty of 
water. On the other hand, in some of the 
irrigated areas, particularly in the vicinity of 
the dams, irrigation water is being indiscrimi
nately used without proper drainage facilities 
and anti-waterlogging measures resulting in 
the deterioration of the productivity status of 
the soil. Only the judicious use of irrigation 
water will, therefore, go a long way in stepp: 
ing up crop production. 

Unfortunately, the amount of information 
regarding the irrigation requirement of rice 
crop is not enough and is seldom based on 
comprehensive field experimellits. A sum
mary of the. available information is pre~ent
ed below in a chronological order. 

A. Influence of Soil Submergence on 
Growth and Yield of Rice 

Jones (1923) observed that rice plants 
grown in moist plots tillcred less, were stunt
ed in height, had shor,ter.and fewer ear-heads 
per plant, were not as vigorous and produc
ed grains of inferior quality and quantity as 
compared to those grown in submerged plots. 
Chamblis et at (1923) obtained largest yield 
on land that was submerged fifteen days after 
the rice plants had merged. With each suc-

.Central Rice Research Institute, Cuttack . . 

cessive fifteen days Belay in submergence, 
there was a progressive reduction in yield. 
Cralley et al (1943) reported that rice plants 
grown on submerged soils were taller, tiller
ed better and gave sign#icantly higher yields 
than plants grown on moist land but not 
submerged. Vlamis et at (1944) reported that 
both upland and 'low land ric~s grew 
better in submerged clay and loam soils 
than in the same soil kept moist. Chakladar 
(1946) found that even upland rice g~ve 
higher yield when the soil moisture content 
was near saturation. Yoshino et al (1953) 
showed that if submergence is unduly delay
ed tillering and yields are adversely affected. 
Sampietro (1954) stated that in Italy, con
tinuous submergence gave appreciably supe
rior yield and 'was followed by imbibition. 
Senewiratne et at (1962) observed that plants 
grown under unflooded conditions made a 
vigorous start but showed poor tillering, dep
ressed leaf growth, delayed flowering and 
ultimately .low yields. Sukanya (1962) con
cluded that rice needs a small quantity of 
stagnant water to. produce a satisfactory 
crop. 

B. Irrigation Requireme,nts of Rice Crop 

Rao ,(1951) summarising the work report
ed that: 

(a) the average loss of water in seepage 
transpiration and evaporation totalled 
to about 2.5 mm. (0.1 in.) per day; 

(b) water requirement just prior to 
flowering was about 2 or 3 times 
the quantity required about Ht15 
days before flowering or the quan
tity required after flowering. Soon 
after flowering there was a decrease 
in water requirement; 

(c) yields were in proportion to the 
quantity and frequency of irrigation 
and 
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(d) 5.1 cm. (2 in.) irrigatio~ at 3 days. 
interval gave as good results as 
standing water. Ramiah et al 
,(1951) .stated . that a crop about 150 
days duration will require about 
7709.25 cu. m. (75 acre-in.) of water 
including rain and irrigation. Of 
this, about 63.5 cm. (25 in.) will be 
required for raising the nursery and 
preparation of land, (puddling and 
planting) 101.6 cm. (40 in.) from 
planting up to the time of flower
ing and a further 25.4 cm. (10 in:) 
up to the time of ripening. Adair 
et at (1955) reported that water re
quirement of rice in California was 
3700-9869 cu. m. (3-8 acre-ft.) and 
in Louisiana it was 1850.2 to 3700 
cu. m. (1.5 to 3 acre-ft.) Piacco 
(1961) stated that nn Itlaly w;(teJ.'l 
requirement of rice crop is about 
3906.02 cu. m. (38 acre--in.). Ra
ney et al (1961) reported that water 
loss from tanks buried in I fields was 
3453.7-3700 cu. m. (2.8-3 acre ft.) 
during a period of 160 days from 
planting to harvest of the rice crop. 
The water requiremerit, therefore~ 
should have exceeded 3700 cu. m. 
(3 acre-ft.) because of losses from 
causes other than transpiration and 
evaporation. 

C. Stage or Plant Growth when Irrigation 
Need be Started 

Yoshino et al (1953) reported that in Japan 
irrigation at an early stage of the plant 
growth gave rise to early development of 
tillers. Irrigation applied at six leaf stage 
gave the largest number of tillers. Highest 
yield of grain was obtained where the' first 
irrigation was given when plants had reach
ed the 9-12 leaf stage. Bernardes (1958) 
recommended that in Brazil, rice irrigation 
should start soon after emergence but not 
later than 15 days after emergense. After 20 
to 30 days, the field should be drained and 
kept as such until the plants show signs of 
wilting. During this period their roots grow 
deep into the soil in search 'of water. Irri-

. gation should be stopped again when the 
rice grains are in dough stage. 

D. Depth and Frequency or I~rigation . 
Sen (1937 as reported by Rao 1951) found 

that plant height increased with the height 

of water standing in the field but standing 
water suppressed tiller formation in rice, the 
number of tillers decreasing progressively 
with an increase .in the depth of standing 
water iall6wed. Morison (1953) indicated 

that depth of water is not important for rice 
crop ,but draining the field at least once dur-
ing the season considerably increased the 
yield. Ghose et at (1956) while 'compiling 
research work on irrigation done at· various 
places ~n 1nd,iJa, reported thall 1(1) yields 
were in proportion to the quantity and fre
quency of water supplied and (2) irrigating 
the field every third day yielded as good 
results as continuous 7.6 cm. (3 in.) depth 
of water in the field. B«rnardes (1956) stated 
that in Italy the yields obtained by main
taining a 25 cm. depth of water were higher 
than those obtained by' 10, 15 and 35 cm. 
In this area the best results were obtained 
by suspending irrigation for a few days until 
the rice plants showed signs of wilting then 
irrigate;<! again and water Inta.intained rill 
earing time. Ghose et at (1958) found that 
for maximum tiller production, plant height, 
yield of grain and straw the best conditions . 
were submergence to an 203 cm. (8 in.) 
depth of water for about four weeks imme
diately after planting and then followed by 
draining and keeping it in a I puddled con
dition until harvest. Pillai (1958) summarised 
the results of irrigation experiments on rice 
in India and concluded that (1) maintain
ing 5.1 em. '(2 in.) of Istand;ng water ~n 
the field with frequent change with fresh 
water resulted in the highest production of 
crop. The ractice of. givin sm'all uanti-

. ties of water at short mterva s-5.1 cm. (2 
in.) irngation at 3 days interval seemed' to'be 
mOircbenenclaLQian ..8IV1Il.R- more quantity 
Of water at longer mterval8, (2) .the yieIdof 
r~fO'p seems to be in proportion to the 
quantity and frequency of water, supplied. 
Have (1959) concluded that in Japan the 
number of fertile tillers produced per plant 
was greater where plants were submerged to a 
depth of 10 cm. than where they were 
submerged to 25 cm. Higher water-level en
couraged lodging, retarded flowering and led 
to uneven ripening. Chow (1961) stated that 
one irrigation every third day indicated a 
possibility of better yields than other inter
vals. Matsushima (1961) reported that: (1) 
rice crop should not suffer from want of 
water a fortnight before and till a week after 
flowering, (2) 1--6 cm. depth of standing 
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water is optimum for rice crop, (3) shallo
wer the depth of water greater the number 
ot panicles and thus the yields. Tsunoda et 
at (1962) found that deeper the water depth 
the higher the plant height and lower the 
number of tillers. . 

E. Suggestions for the Future Work \ 

As the water, soil, climate arid the crop 
a,re 'the basic factors for securing the relia
ble data, it naturally follows that the coordi
nated and comprehensive research must be 
carried out by a group of trained and quali
fied research workers consisting of an Irriga
tion Agronomist, an Engineer and a Soil 
Physicist. The agronomic experiments 
should be conducted in different soils and 
climatic conditions according to the standard 
designs' so that the data may be comparable. 
The aims of these experiments should be to 
collect information 'on such items of work 
as :-

(1) Minimum amount of water requir
ed for maturing varieties of different 
durations, geographical races anid 
japonica and indica hybrids. 

(2) Amount of water required before, 
planting and also at different stages 
of plant growth. 

(3) Frequency of irrigation. 

(4) Determination of the critical period 
of drought injury. ' 

(5) Loss due to transpiration, percola
tion, evapora~on, lateral movement 
and run-off. 

(6) Consumptive use of water of differ
ent . duration' varieties. 

(7) Effect of different fertilizers and 
cultural practices on the water re
quirement. 

. (8) Determination of the period till ir
rigation is necessary. 

(9) Co,rrelating plar~t characters . a!ld. 
yield of rice with meteorologtcal 
data. 

(10) Effect of depth of irrigation on crop 
. yields. , 

- (11) Effect of draining the fields at differ
ent stages of plant growth. 

(12) Effectiveness of the natural precipi
tation for normal crop growth. 

(13) Soil-watet1-plant .relationship with! 
particular reference to the effect of 
soil manag,ement, time, method and 
depth of tillage. 

(14) 'Physical and chemical changes in 
the soil due to continuous irriga
tion. 

(15) Effect of irrigation on water~tahle, 
salt content and base exchange capa
city of the soil. 

(16) Counter measures for over irriga
tion. 

(17) Counter measures for under lfflga
tion. 
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THE EFFECT OF LEVELS OF IRRIGATION AND FORMS OF NITROGEN 
. ON WHEAT 

hy 
O. N. Melaretra aDd K. C. Gar:* 

Introduction 
I 

The problem of irrigation requirement for 
maximum production of wheat, a principal 
food crop of the country, is becoming more 
and more complicated with increasing ferti
lizer practices. In the arid and semi-arid 
plains of Indo-Gangetic alluvium, nitrogen 
supplies and irriga~ons are considered to be 
the main facto~s affe~ting the yield of wheat. 
All efforts to increase production of this crop 
will not be fruitful even with sufficient sup
plies of available' nitrogen unless optimum 
conditions of soil moisture are met through 
irrigation wherever it is needed. 

I 

Indian soils, particularly the light textured 
soils, show a general deficiency of nitrogen. 
In a nitrogen deficient soil, adequacy of mois-

. ture does not mean its full utilization, but 
water is wasted, because nitrogen to build 
the tissues is not available. On the con
trary, if the soil is rich· in nitrogen content, 
the crop makes a rapid growth and water is 
fully utilized. Ivt:oreover, there is an opti
mum level of irrigation for an optimum dose 
of nitrogen, beyond which application of 
water tends to leach out nitrogen below the 
feeding zone and the return thus obtained 
as a result of either irrigation or nitrogen 
proves uneconomical. 

The water ,requirements and fertilizer 
needs of wheat ,have be;en (invesdigared IlYJ 

many worker" in India C' 2. ~. 5' I. 7 ••• 11' 13). 
In Uttar Pradesh these studies were large
ly confined to determine the response of 
the crop to irrigations alone or the effects 
of fertilizers at a few selected centres. No 
systematic attempts were mad~ .to stud v the 
irrigation needs of the crop in relation to fer
tilizer practices under the differing soil-cli
matic conditions of the State until 1950 when 
investigations were initiated by Singh (11) 12) 
in the different regions of Uttar Pradesh, 
representing the chief wheat growing tracts 
of the State, to determine the water require
ments of this crop in relation to addition of 
manures. The present paper deals with the 
results of an experiment carried out in this 
~irection fro.m 1950 to 1953 by the Crop Phy
SIOlogy Secb.on of the State Department of 
Agriculture where in the effects of levels of 
irrigation and forms of nitrogen were studied 
on wheat. In the present communication the 
effectiveness of the treatments on grain yield 
of wheat is only reported. 

Material and Method. 

The experiments were conducted from 
1950-51 to 1953-54 at seven centres (Govern
ment Agricultural Farms) situated in the (J 

different agro-climatic regions of the State. 
The particulars of the Stations, their soil 
types, topographical conditions and average 
annual rainfall are given in Table I. 

TABLE I 
P.rlieul.rs ./ SI.li.IIS, S,u ly/JeG, I,p,:r.phic./ c.Rditi,RS .ni r.irifall. 

S1. 
No. 

I. Western 

. 2. South Western 

Station 

3 

Meerat 

Ktawah 

Years of 
experimen-
talion 

4 

4 

4 

• Oro):» Physiology Seqtion, Agricult\lre Department, Lucknow, U.P. 

Soil type Topocraphical 
conditions 

5 6 

Loam 29 ·Uf. N Lat., 
77 .450 E Lone. 

Loam 26 '47° N Lat. 
79 ·20· Ii Lon~ . 

Averace 
annual 

rainfall 
(inchel) 

7 

35·22 

26'f~ 



3. 

4. 

S. 

6. 

7. 
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TABLE I-Conltl. 

2 3 

Bundelkhand Bharari (Jhansi) 

Central Kalyanpur (KaDpur) 

Central Lucknow 

Nerth Eastern Gorakhpur 

Ei!.stcrn Varanasi 

Olle i •• -2 ·54 an.; one ft.=0·30~8 m. 

TABLE D 
Pdr/itul.;'! of lreatmmts. 

~ 

4 

4 

2 

4 

4 

5 6 

Parwa 25.270 N Lat. 
70.370 E Long . 
. 824 ft. Alt. 

Loam 24.280 N Lat. 
82.240 E Long. 
500 ft. Alt. 

. Sandy 26,550 N Lat • 
loam 80.590 E Long. 

'390 ft. Alt. 

Sandy 26.450 N Lat. 
loam 83.240 E Long. 

254 ft. Alt. 

Loam· 25.200 N Lat. 
83.000 E Long. 
265 ft. Alt. 

29 

7 

28·80 

30·54 

24·91 

48·88 

42·52 

Factors Irrigation treatments after Nitrogen tre .. t~· 
sowing ments 

The effect of two forms of nitroge~, VIZ., 

castor cake and sulphate of ammoma at 
27.2 kg. (60 lb.) Njacre, in combination with 
fopr lc;vels .of irrigations was experimented i~ 
a split plot design. The quantity of water 
supplied in each irrigation was approxima~ 
tely 308.4 cu. m. (3 acre-in.) A light prepara~ 
tory irrigation (Palewa) was given before 
sowing the crop to secure uniform soil 
moisture and even germination. Particulars 
of irrigation and manurial treatments are 
given in Table II. Levels 

51. 
No. 

I. 

2. 

3. 

4. 

II -No irrigation. O=No manure. 

11 ~One irrigation Cat tiller. S=Su]phate of 
ing stage). ammonia 

I. ~Two irrigations (one at C=Castor Cake. 
tillering and the other 
.t pre.heading) 

1. = Three irrigations (one \.. 
at tillering. the other 
at pre-heading and the 
third at mill.')' stage). 

Results 

The' average' response of' wheat to levels 
of irrigation and forms of nitrogen over dif~ 
ferent years is given in Table III, while the 
interaction of the two factors is summarised 
in Table IV. 

TABLE m 

Station Grain yields in lb./acre 

Irr!rati0!l' Manuring 

2 3 4 5 6 7 8 9 

Meerut I, 1. I, I. C S 0 1780 1731 1543 1214 1651 1644 1405 
Etawah 1. -I, o 1 . • 1_ 0 'S C 0 1398 1285 wh 559 1142 1133 1054-
Jbansi 1. 1. I, I. C S 0 1344 1304 1225 1190 1343 1290 1165 
Kanpur • I, I, I, I_ S C' 0 1554 1549 . 1189 . 145T .. 1766 1700 10G6 
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In the experiments carried out at Meerut 
in the western zone for 4 years, highest aver-' 
age yield of 1993.60 kg./ha. (1780 lb./acte) 
was found where three irrigations were given 
at tiUering, preheading and mi~k stages of 
the crop. This was closely followed by yields 
obtained through two and one irrigations. 
As for the manures tried, castor cake and 
sulphate of ammonia were equally effective in 
increasing the yields over the unfertilized 
plots. Interacting between themselves 27.2 
kg. (60 lb.) N as castor cake under two 
irrigations and sulphate of, ammonia with 
three irrigations yielded highest, i.e., 2158.24 

. kg. and 2074.24 kg./ha. (1927 lb. and 1852 lb. 
per acre) respectively as against 441.3 kg. 
(973 lb.) in the control. 

Experiments undertaken at Etawah in the 
south-western region showed significant res
ponses in the irrigation practices. Highest 
mean. yield of 1565.76 kg./ha. (1398 lb. per 
acre) was achi~ved with two 1rrigations, 
whereas under no-irrigation an yield of 253.5 
kg. (559 lb.) was produced. Application 60 
lb. N per acre whether in the form of sul
phate of ammonia or castor cake, significantly 
jnct~ed the yields throughout the period 
of experimentation but their relative efficiency 
was not very marked. Highest yield of 
1630.72 kg./ha. (1456 lb. per acre) was pro
duced with sulphate of a1l:jmonia under two 
irrigations; with castor cake the yield was 
645.5 kg. (1423 lb.) as against 236.7 kg. (522 
lb.) in no-manured and un irrigated plots. 

At Bharari (Jhansi), situated in the Bun
delkhand region, different irrigation treat- , 
ments generally failed. to show significant 
responses in yield. Manuring either with 
sulphate of ammonia or castor cake increased 
the yields, but their relative efficiency was 
not weU marked. Castor cake, however, 
proved' consistently superior to sulphate of 
ammonia. Interacting between' themselves 
highest yield of 1716.96 kg./ha. (1533 lb. per 
acre) was obtained with the application of 
castor cake under three irrigations. 

In the central region, tllese experiments 
were conducted at Kalyanpur (Kanpur) and 
LucJmow. Different irrigation levels and 
forms of nitrogen application did not marked
ly influence average yields of wheat. How
ever, application of 67.20 kg./ha. of N (60 
lb. N per acre) with irrigation increased 
the yields as compared to unmanured and un-

irrigated plots. In general, sulphate of am
morua showed better response than castor 
cake at both the places. At Kalyanpur. with 
sulphate of ammonia, even one irrigation 
succeeded in giving the maximum yields, 
2066.40 kg./ha. (1845 lb. per acre). Two irri
gations with sulphate of ammonia gave the 
highest yield of 1099.84 kg./ha. (982 lb. per 
acre) at Lucknow. , 

For the north eastern region, the experi
ment ~as carried out at Gorakhpur. Two 
irrigations were found to produce maximum 
yields almost every year, though significant 
differences were obtained only during 1951-52 • 
Highest yield of 1420.24 kg./ha. (1252 lb. per 
acre) was obtained with the application of 
sulphate of ammonia and two irrigations as 
compared to 713,44 kg./ha. (637 lb. per acre) • 
in the contro!'·l;.; 

No response of irrigation practices or forms 
of nitrogen was obtained in these trials at' 
Varanasi, representing the eastern region, 
in the first two years. However, during 
1952-53, three irrigations and both the sour
ces of n:itrogen siigniRcantly increased the 

__ yield of wheat. Average response for four 
years has shown that higher yi~lds were ob
tained through increasing irrigation levels. 
Sulphate of ammonia relatively proved better 
than castor cake' and yielded under three ir
rigations 796.9 kg. (1757 lb.) grain per acre 
as against 401.8 kg. (885 lb.) in the un
manured and unirrigated plots. 

Discussion 

An analysis of the data pres01ted in the 
preceding pages brings' about certain inter
esting features.. It was observed that wheat 
grown in the drier parts of the State gene
rally reqU:ired three nrrigations for its suc
cessful growth and yield, whereas it was not 
so for wetter places like Gorakhpur. . The 
requirement for irrigation of crops is in 
direct proportion to the annual rainfall.. In 
certain areas of Uttar Pradesh, the annual 
ra,ihlall :is meagre and varies from 51 to 
76.2 cm. (20 to 30 in.). In the plains 
since bulk of precipitation takes place dur
ing rainy season from June to. September 
there is need for irrigation o~ wheat crop 
in winter months. This need is felt more 
keenly in the western region. In the central 
part of the State, the variation of rainfall. is 
76.2 to 101.6 cm. (30 to 40 in.), this 
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shows that there is need for less irrigation 
in this tract. In the eastern region of the 
State, the annual rainfall is still higher be
ing 101.6 to 165.1 cm. (40 to 65 in.). It 
is, therefore, natural that the irrigational re
quirements of this region are comparatively 
~till lower than the central and western parts 
of the State. Singh("') also reported that the 
quantity of irrigation water required has got 
a positive correlation with the type of soils 
to be irrigated. . 

Data further revealed that of the times of 
waterings, rrngation given at . the . tillering 
stage of the plant was most beneficial and 
contributed. highest to the yields produced. 
Subsequent irrigation, though increased yields, 
were not so profitable. Robertson and his as
sociates(') found that the highest yield and 
most efficient use of water was obtained by 
irrigating wheat at the jointing stage. 

Application of nitrogen to wheat either as 
castor cake or sulphate of ammonia gave 
22-27 per cent higher yields. Similar in
creases in grain and straw yields of wheat by 
nitrogen fertilizers have been obtained by 
Prashar and Singh("). Between the forms 
of nitrogen tried, sulphate of ammonia prov
ed better than castor cake at majority of 
places due possibly to its easy and rapid 
availability; At Bharari Ohansi), castor 
cake proved to be better than sulphate of 
ammonia which may be due to the fact that 
ParU{a soils. are poor inorganic matter but 
under good management practices including 
proper irrigations and ladeq~te' manuring 
with bulky organic manures prove fairly pr<r 
ductiveCS)· \ 

The interaction of irrigation and added 
manures in these studies were found to be 
beneficial in increasing. yidds. The relative 
response of irrigation and manuriIfg, how
ever, under different soil types as pointed out 
by Singh C2

) was found to be dependant 
upon the physical propertY of soil and :lb
sence of nutrient elements. 

Summary 

From the foregoing evidences it is clear 
that increases in yield of wheat crop could 
be obtained with both irrigation and manur
ing practices. On an average, increasini num-

ber of irrigations gave 26 to 36 per cent high
er yields over no-irrigation. . 

As between times of watering, irrigating 
wheat at the active tillering stage was most 
responsive contributing the highest grain 
yields, than the' subsequent ones. 

Application of nitrogen consistently in
creased production. and succeeded in giving 
higher average grain yield. Sulphate of am
monia generally proved superior than castor 
cake. Highest average yields were produced 
with three irrigations and 67.20 kg.fha. of N 
(60 lb. N facre) applied as sulphate of am
monia. 

:References 

(I) Bhattacharya, A.P. (1954) : "Water Require
ments of Crops in Uttar Pradesh". Proc. ~1st 
Ind. Sci. Cong., Part III: 238. 

(2) Chaturvedi, R.S. (19~5): "Experiments on 
Water Requirements of Sugar-cane and Wheat" 
Proc. 6th Meeting Crops and Soil Wing, :ad. 
184-85. . 

(3) Yehrotra, C.L. and Gangwar, B.R. (1962) : 
"Soils of Jhansi District and there Manace
ment". Extension Bulletin. 

(~) Modgal, S.C. (1960): "Response of Wheat 
Pb. 591 to the Variations in Level. of Nitrocen 
and Irrigation". B.V. Jn1. Agri. & Sci. Reo., 
Bichpuri (Agra); 1-5. 

(5) Prash ... , C.R.K. and Singh, M. (1963) : "Soil 
lloi.ture Studies and the Effects of varying 
Level. of Irrigation and Fertilizers on \"/heat 
under Inteq.ive System of Cropping". Ind. J nl. 
ACti. Sci., Vol. 33, No.2, 75-93. 

(6) Raheja, P. C. (1961): "Water Requirement of 
Indian Field Crop.". I.C.A.R. Research Series 
No. 28. 

(7) :Roao, I. M. (1951) : "Investigations into the March 
of Transpiration and Water Requirements of 
Crops". MIs Sayanas Ltd., Madras. . 

(8) Rao, N.K.A. et II/ (1957) : "Response of three \ 
yarieties of .Wheat to three Sourc~s of Nitrogen 
ln three DIfferent Doses and thelt Interaction 
with three Levels of Irrigation". Ind.Jn1. Agron. 
1(4), 255-66. 

(9) Robertson, D.W. (1934) : "Studies on the Critical 
Period for applying Irrigation Water to Wheat". 
Colorado, Sta. Bull. II. 

(10) Singh, B.N. and Singh, J.R. (1939) : "Effecti
veness of Chemical Fertilizers on the Growth 
and Water. Requirement of Wheat ". Proc. Ind. 
Acad. SCI. X, (I), 27-40. 

(11) Singh, B.N. (1952) : "Critical Periods in the 
Water Requirement of "''heat with and without 
added Manures". Proc. Ind. Sci. Cong., Part IV. 

(12) Sing~, B. N. (1952).: ".Effect of Soil Types on the 
Reqmrement of IrtlgatlOn for "''heat in U.P.". 

• ibid. . 

(13) Venkataraman. S. (1956) : "Water Require
Ment of Irrigated Wheat Variety Kenphad Curr" 
Sci. 25, 179-180. 



THE RESPONSE OF WHEAT TO DOSES OF NITItOGEN AND 
FREQUENCIES OF IRRIGATION . 

" O. N. MeIar.tra _II K. G., Siap* 

Introst.eri •• 

In recent years, nitrogenous manuring has 
gained considerable popularity amongst the 
farmers. A study of the problem in India 
and abroad indicates that manuring with ni
trogen not only increases the yield, but· also 
:l.ppreciably reduces the irrigation n:quire
ments of crops by' increasing the efficiency 
of water use C' 6' l' 10). I~tial experiment~ 
conducted on water -.equirernents on a variety 
of crops based on transpiration ratio have 
also pointed out the possibility of economic 
use of water 1>.y the application ·of fertili
zers C' 3' 8' '). This was explained as "the 
transpiration in the crops is curtailed". But 
in fact this is chieRy brought about· by greater 
production of dry matter relative to lesser 
increase in the transpiratiOn from the crops. 

A det:l.iled ,study :l.bout the best combin~tion 
of these two pr:l.cticei, i.e., fertilizers and irri
gation is, thus felt most yiral for successful 
production ef. Cl'Ops.· 

An investigation was, therefore,. planned to 
study the response of wheat to doses of nit
rogen and frequencies of irrigition at two 
selected centres -in the State. The present 
paper emb<x;lies the resul~s for two years that 
the experiment:l.l enquiry h:l.s been in pro
gress. 

.Esperbnentatiea 

The experiment W:l.S conducted at the main 
Research Station, Lucknow and Regional Re
search Station, Varanasi during 1961-62 and 
1962-63. The design adopted wa$ split plot 
with nine treatment~ and six replications • 

. TABLE I, 

l'"rlicu/cr& ~ Irelllllten/s .. 
, 

Factors Irrigation. frequencies 

Il~One irrigation at tillering. 

Levels I.=Two irrigations (at tillering and pre.heading). 
I.~Three irrigations (at tillering, pre·heading and milk stacea). 

One Ib.~O·"'53 kg. 

TABLE II 

'"rtN.lllrt of .... in:, irri:lllum IIni rllinfall. 

. Dosca ef nitro&ea. 

.iV.~No nitrogen. 

.iV, =25 lb. nitrogen/acre. 
N. = 50 lb. nitrogen/aore. 

Irrigation dates 

Stations Year of Soil Rain- Previous Date of SowinC 1st 2nd 3rd HanCit_ 
trial type fall crop manurinc date irrication irricatioR irricatien inc 

during Qate 
the 

growing 
season 

(inchea) 

Luclmow 1961-62 Sandy 2·28 Green "'-11-61 5-11-61 5·12-61 18.1·62 2-3·62 18 ...... 62 loam manU .. ' 

1962-63 0·5'" 
ring 

" 12-11-62 13-11-62 1 .... 12-62 21·1-68 28-3-63 17 ...... 63 
Varanasi 1961·62 Loam 3-21 

" "'-11·61 5.11,.61 2·12-61 13-1-62 27-1-62 11-4-62 
1962-63 ~·69 " 25-10·62 26-11·62" 2·1-63 6-2-65 28-3-63 1i-+-i3 

·Crop Physiology Section, Agriculture Department, Luclmow, U.P . 
• *The crop was resown due to damage by white-ants. 

33 
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TABLE III 

Grain .yields in qllintal per "eclare. 

Treatments 

Main Research Station, 
Lucknow 

Regional Research Station, 
Varanasi 

1961.62 1962,63 Pooled 1961·62 1962·63* Pooled 

LItVELS OF NITROGEN 

XO 

Xl 

N. 

.S.E.~ 

C.D. at 5% 

LEVELS 01' IItRIGATION 

Is 

S.E. ± 
C.D. at5% 

26·07 

26·99 

27·46 

~ 

25·38 

27·41 

27·72 

20·56 23·31 20·15 

21·77 24·38 25·75 

24·13 25·79 27·84 

0·58 . 0·37 

1·70 1·06 

20·64 23·01 23·00 

22 ,28. 24·84 24·87 

23·53 25·63 ' 25·87 

0·57 

1·82 

0·60 

1·88 

7·27 

12·26 

16·65 

0·37 

1·07 

12·00 

14·00 

0·33 

1·04 

13·71 

19·00 

22·24 

16·56 

18·43 

19·93 

"'The yields. were poor this year due to damage by white·ants. 

Nitrogen as sulphate of ammonia was broad
casted just before sowing. Irrigation was 
done by tube-wdl and three levels of irriga
tion were 'maintained. The depth of irriga
tion was kept constant and approximately 
309125 lit res (68,000 gallons) of water was 
applied per acre at each irrigation. Parti
culars of the treatments are given in Table I, 
while in Table II other connected information 
is portrayed. 
Results and Discussion 

The grain yield data is presented in Tabie 
III while growth observations including yield 
contributory factors. recorded at the Main 
Station ,9uring 1962-63 have been summarised 
in Table IV. 

(a) Nitrog~1l Effect 
It will be seen from the data presented 

in Table III that with an increase in the 

level of nitrogen, a marked rise in the grain 
yield was obtained at both the Stations. In 
the year. 1%2-63 doses of nitrogen signifi
cantly ldiffered among themselves at Vara
nasi, whereas at Lucknow, differences only 
between lq4 and 22.68 kg. (25 and 50 lb.) 
nitrogen were statistically, significant. Ap
plication of 11.34 or 22.68 kg. (25 or 50 lb.) 
nitrogen per acre resulted in 38-62 per cent 
more yields at Varanasi and 17-30 per cent 
for the a~rage of both the centres as com
pared to unfertilized treatments. Thus, con
sidering the effect of nitrogen on grain yield, 
22.68 kg. (50 lb.) N dose seemed best. 

Increase in the grain yield of wheat fo1-
lowing nitrogen application may be traced 
to improved vegetative growth and increased 
production of effective tillers Table IV. Si
milar results were reported by Prashar and 
SinghC'). 
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TABLE IV 

Growth data. 

Treatments Height 
(em.) 

Leaves/ 
plant 

NITROGEN 

No 113 ·97 41·9 

N,' 124·7\ 48·6 

N. 135·67 56·3 

S.E. ± 1·88 2·59 

C.D. at5% 5·42 7·48 

IRRIGATION 
I, 113·86 43·5 

I. 125·45 48·7 

Is 1~5·03 54·61 

S.E. ± 2·83 

C.D. at 5% 8·82 

(b) LetJel~ of Irrigation 

Increasing levels of irrigation markedly in
creased the yield at both the centres being 
significant at Varanasi in both the years and 
at Lucknow during 1962-63 only. It appears 
that 5.8 cm. (2.28 in.) (rain that occurred, 
during the active growth stage in 1961-62 at 
Lucknow masked the effect of irrigation. On 
an average for both the Stations, two irriga
tions given at tillering and ear-emergence 
(pre-heading), while three irrigations applied 
at tillering, ear-emergence and milk-stage of 
the crop, accounted for 9-16 per cent more· 

Yield quintal/hectare 

Tillers/ Effective Ear length Grains/ 
plant tillers (em.) ear Grain Straw 

7·5 7,4, 9·29 49·6 20·56 51·42 
9·2 9·2 9·42 51·7 21·77 54·81 
9·7 9·7 9·7\ 52·2 24·13 57·05 

0·36 0·36 
/ 

0·58 1·14 
1·03 1·03 1·70 3·29 

7·9 7·8 9·18 48·2 20·64 50·88 
8·8 8·7 9·54 51·7 22·28 54·64-
9·8 9·8 9·73 53·6 23·53 57·75 

0·13 0·78 0·57 
0·41 2·46 1·82 

yields respectively over crop irrigated once 
only during the early seedling period. These 
findings, therefore, emphasise the need ot: 
three irrigations for wheat at the above criti-

/ cal stages of growth for higher grain produc-
. tion. That higher number of irrigations in
fiutnced ear size and number of grains is 
a point for further investigation. 

(c) Interaction Effects 

NITROGEN X IRRIGAnoNs 

The yield of grain (Quintal/hectare) for 
the interactions is portrayed in Table V. 

TABLE V 

Treatment 

~.E. forN 

C.D.at5% 

S.E. for I 

C.D.at 5% 

/ 

6-4 G.B.I. & 1'./69 

No 

19·56 

20·76 

21·35 

0·58 

1·70 

0·57 

1·82 

Interaction of nitrogen and irril[alion. 

Lucknow 

1962-63 1961-62 

N, N. No N, 

20·37 22·00 20·84 26·28 

21·78 24·30 20·98 29·07 

23 ·15 26·10 23·74 28·40 

0·36 

1·06 

0·59 

1·88 

Varanlilli 

1962-63 

N. No N, N. 

27·70 6·25 10·16 \4·11 

aO·86 7·03 12 ·15 16·81 

32·02 8·52 14·46 19·03 

0·37 

1·07 

0·33 

1·04 
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A critical examination of the data indicates 
that three irrigations alone were capable to 
increase the yield only by 2-3 quintal per 
'hectare, whereas upon combination with 
11.34 or 22.68 kg. (25 or 50 lb.) N, as much 
as 6~10 quintal per hectare respectively more 
grain yield was achieved as compared to un
manured wheat irrigated onct-only. This 
points out more efficient use of irrigation 
water by wheat crop in presence of nitrogen. 
Similar findings have also been reported on 
Bermuda grass and on Tarweed in the Uni
ted States of America (6' 10). These responses 

.' are even more marked when the data is sub
jected to work out the efficiency of the treat
ments in Table VI. 

TABLE VI 

Treat~nt efficimcy. 

•• Nitrogen Per cent of absolute yield 

.. Irrigation N. N, N. 

11 8·9 10·5 n·6 

I. 9·6 11'5 12·6 

Is 10·2 11·7 13·4 

A perusal of the data presented in Table 
VI indicates that irrigating the crop twice 
or thrice without manuring has giv~n more 
or less the same yield as obtained with the 
appliqtion of 11.34 kg. (25 lb.) nitrogen 
under one irrigation' only. With the addi
tion of another 11.34 kg. (25 lb.) nitrogen, 
i.e., 56 kg./hectare (50 lb~/acre), the yield 
obtained under one irrigation was approxi
mately the same as obtained under two or 
three 'irrigations in the presence of only 
11.34 kg. (25 lb.) nitrogen. It can, therefore, 
be said that the same quantity of water was 
more efficiently utilized with successive higher 
doses of nitrogen. In other way; nitrogenou~ 
manuring appeared helpful in the efficient use 
of water and considerably curtailed the irri
gation requirement of wheat. This is in con
formity with the findings of other workers 

. f (" 8,10) on a vanetr 0 crops • 

Summary 

Increase in level of nitrogen increased the 
height, leaves, effective til1~!s, yield. :of straw 

and grain of wheat. The effect of nitrogen 
was relatively more pronounced on vegetative 
growth than that on reproductive initials. 

Increase in the number of irrigations from 
one to three augmented plant height, ear 
length, grain-number and ultimate yield. 

Three irrigations applied at tillering, pre
heading and milk stages of growth and 56 
kg./hectare (50 lb. per acre) of nitrogen ap
peared best combination resulting in highest 
grain yield of 26.10 and 25.57 quintal per 
hectare respectively at Lucknow and Vara-. ' 

nasI. 

Nitrogenous manuring proved helpful for 
an efficient use of water. Economy in the 
irrigation requirement of wheat appeared to 
be' associated with the application of nitro
gen. 
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THE RESPONSE OF WHEAl VARIEtiES to IRRIGATION 
by 

O. N. Mehrotra and J. P. Srivastava* 

Introduction TABLE I 

Among the several factors influencing 
growth and yield of grain crops in general 
and wheat in particular, variety, manuring 
and amount of water supply are of primary 
importance. Rao et al (1957) and Modgal 
(1960) pointed out that an improved variety 
will fail to show its full potentiality to pro
duce even with judicious manuring unless 
optimum c,onditions of the soil-moisture 
exist. In order to secure high yields it is of 
paramount importance to grow' a suitable 
variety under optimum conditions of soil
moisture supplied through irrigatiop.. 

The present investigation was, therefore, 
undertaken-at Lucknow (Lat. 26.55°N., Long. 
80.59° E., Alt. 390') to determine the response 
of some improved varieties of wheat to differ
ent combinations of irrigation anti select a 
variety suitable for this tract. 

Material and Methods 

Six varieties of wheat, viz.) C 13, K 65, NP 
710, NP 775, C 281 and NP 798 were grown at 
the main Research Station, Lucknow from 
1959-60. to 1961-62. The experiment was con
ducted in a split plot deSign with irrigations 
in the main plot and varieties assigned to the 
sub-plot. The soil was sandy loam and a 
basal manuring of 18.14 kg. (40 lb.) N as 
sulphate of ammonia and 9.07 kg. (20 lb.) 
p.o. in the form of superphosphate, per 
acre was applied to the fields. The seeding 
was done in lines by dibbling after giving a 
pre-sowing irrigation (Palewa). Irrigation 
treatments in 8 different combinations were 
given as given in Table 1. 

Irrigation was done through a well, or tube
well at the tillering, ear-emergence and milk 
stages of plant growth. About 66,000 gallons 
of water (approximately 3 acre-in.) was 
supplied at each irrigation. The times of 
sowing, harvesting and irrigation dates and 
source for each year are given in Table II. 

Particulars- of irrigations and varieties. 

Factors frrigatlon treatments Varieties 

I. =No irrigation 
11 T=One irrigation at tiller

• ing 
11 E=One irrigation at ear

• emergence. 
11 M = One irrigation' at 

milk stage 

V1 =c 13 
V. =K65 . 

Va =NP 710 

Levels I. TE=Two irrigations at 
tillering and ear-emer
gence 

V. -C281 

II TM=Two irrigations at V. =NP 798 
tillering and milky stage 

I. EM=Two irrigations at 
earing and milk stage 

I. TEM=Three irrigations at 
· tillering, ear-emergence 

and milky stage 

TABLE'II 

Sowing, harvesting, irrigation dates and source. 

Sowing • 

Harvesting 

Irrigations 

Source of Irrigation 

Results 

(a) 1959-60 

Years 

1959-60 1960-61 1961-62 

Dates 

5-11-1959 6-11-1960 5-11-1961 

2-4-1960 21-4-1961 16-4-1962 

8-12-1959 10-12-1960 5-12.1961 
8-1-1960 12-1-1961 8.1·1962 

10-2-1960 13-2-1961 12-2-1962 

Well Tube-well Tube-well 

IRRIGATION 

A perusal of the data presented 'in Table 
III showed that levels of irrigations signifi
cantly differed amongst them. One irriga
tion given at tillering stage was significantly 
superior to no-irrigation, while two irrigations 
applied at tillering and ear-emergence stages 
succeeded in giving the highest yield. -Three 

*Crop Physiology Section, Agriculture Department, Lucknow, U.P. 
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TABLE ill 

Grainyields (Q3IHa) (1959.60). 

Sl. 
No. Irrigation 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

I. 

IlT 

E 

M 

I. T+E 

.T+M 

E+M 

II T+E+M 

C.D. at 5% 
\ Irrigation= 13·1 
Varieties~3 ·1 

Mean. 

Irrigation X Varieties - 8 ·2 

C 13 

6·'1 

20·8· 

13·3 

19 ·1 

32·9 

27 ·1 

22·0 

17 ·1 

19·8 

irrigations did not seem to be beneficial ill 

that they gave lower yields than two. 
VARIETIES 

Significant differences were observed among 
the varieties. K 65 and C 281 gave signi. 
ficantly higher yields than NP 775 and NP 
798; varieties C 13 and NP 710 occupied mid 
position, while NP 798 yielded the lowest. 

IRRIGATION X VARIETIES 

All the siix varieties under investigation in 
general responded best to two irrigations ap
plied at the tillering and ear·emergence 
stages, and gave appreciably higher yields 

Wheat Varieties 
Mean 

K 65 NP '710 NP 775 C 281 NP 798 

6·4 8·3 3·2 4·9 4"·5 5,6 

25·6 25·9 21·4 24·9 22·3 23·5 
8·4 11·6 10·5 12·8 9·5 11·0 

16·2 11·8 10·7 16·8 7·5 13·7 
41·3 25·9 32·2 32·0 25·5 31·6 
28·5 20·4 26·4 26·9 21·7 25·2 
21·1 24·6 16·0 24·9 14·7 20·5 
22·9 17·6 17·2 20·9 15·6 18·5 

21'3 18·3 17·2 20·5 15·2 

(Table IV). Under unirrigated condition, 
NP 710 gave relatively higher yields than 
other varieties. With one irrigation, variety 
C 281 yielded highest, f9110wed by C 13, K 
65 and NP '710 the later two producing almost 
similar yields; NP 775 and NP 798 gave 
poorer yields. Where two irrigations were 
given the highest grain yield was recorded by K 
65. Thls was followed by C 281 and C 13 with 
almost similar yields and NP 775, NP 710 and 
NP 798. Variety K. 65 yielded highest under 
three irrigations although these generally de
pressed grain yields. 

TABLE IV 

Irrigation frequency 

o 
1 

2 

3 

Mean 

Grainyields «(bIHa) (1959.60). 

Wheat Varieties 

C 13 . K 65 NP710 NP 775 

6·1 6·4 8·3 3·2 

17·7 16·7 16·4 14·2 
27·3 30·3 23·6 24·8 

17 ·1 22·9 17·6 17·2 

19·8 21 ·3 18·3 17·2 

Mean 
C 281 NP 798 

4·9 4·5 5·6 
18·2 13·1 16 ·1 
27·9 20·6 25·7 
20·9 15·6 18·5 

20·5 15·2 
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TABLE V 

Grainyi.lds (Q.sIHa) (1960-61). 

SI. Irrigation 
No. G 13 

1. I. 25·3 

2. 11 T 20·0 

3. E 23·1 

4. M 20·2 
, 

5. 1. T+E 31·3 

6. T+M 34·7 

7. E+M 30·6 

8. 1. T+E+M 21·0 

Mean 26·8 

C.D.at 5% 
Irrigation=Not significant 
Varieties=3 ·2 
Irrigation XVarieties=Not significant 

(b) 1960-61 

IRRIGATION 

In the second year of trial, levels of irriga
tions failed - to evince significant differences 
(Table V). One irrigation at tillering stage, 
however, gave higher yields than no-irriga
tion. T.wo irrigations again proved. better, 
but this year waterings done at the tillering 
and milk stage of the crop yielded highest. 
The beneficial effect of the third irrigation 
was again not established for the condItions 
reported in the present study. 

Wheat Varieti~g 
Mean 

K65 NP 710 NP 775 G 281 NP 798 

23·1 I 20·3 16 ·1 19·5 19·9 20·7 
25·3 25·0 27·2 27·0 25·8 26·6 
19 ·1 15·2 13·2 16·3 20·2 17·8 
22·2 21·4 18 ·1 20·5 14·9 19·6 
27·5 27·8 26·3 30·5 21·7 2.7'5 
24·3 27·8 30·2 36·3 21·7 29·1 
27·7 22·2 23·6 22·2 22·0 24·7 
31·3 27·5 24·1 26·5 18·7 24·9 

25·1 23·4 22·3 24·8 20·6 

VARIETIES I 

(Table VI). Under no-irrigation C 13 gave 
the highest grain yield followed by K 65 and 
NP 710; varieties NP 798 and C 281 produc
ed almost similar yields; NP 775 yielded 
lowest. The later three varieties showed a 
similar trend as during the previous year in 
their grain yields produced. With respect to 
irrigations, one irrigation, like previous year, 
at the tillering stage, was most responsive than 
irrigations given at the ear-emergence or 
milky stage. Under this treatment, variety 
C 13 recorded highest grain yield, followed 
by K 65, C 281, NP 710, NP 798 and NP 775; 
varieties. NP 798 and NP 710, however, 
gave similar yields. 

C 13 gave the highest yield this year 
although amongst C 13, K 65 and C281 there 
were no significant differences: NP 710 and 
NP 775 were intermediate, while NP 798 
yielded .poorest. 

IRRIGATION X VARIETIES 

The interaction between irrigation and 
varieties was not significant this season 

, Two irrigations responded best to give the 
highest yield again with C 13. This was fol
lowed by C 281, NP 775, K 65, NP 710 and 
N,P 798. No appreciable difference in grain 
YIeld of NP 775 and K 65 varieties were noti
ceable. Three irrigations again Rroduced 
lower yields except in K 65 and NP 710 
varieties which gave higher yields under this 
treatment. 

TABLE VI 

Grain yie:ds (QJ/Ha) (1960-61). 
- -------

Wheat Varieties 
Irrigation frequency 

K 65 
Mean 

G 13 NP 710 NP 775 NP 281 NP 798 

0 25·3 23 ·1 20·3 16 ·1 19·5 19·9 20·7 
1 24·1 22·2 20·5 19·5 21·3 20·3 21 ·3 
2 32·2 26·5 25·9 26·7 29·6 21·8 27·1 
3 21·0 31·3 27·3 24·1 26·5 18·7 24·9 

Mean 26·8 25·1 23·4 22·3 24·8 20·6 
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TABLE VII 

81. Irrigation 
No. 

1. I. 
2._ I,T 
3. E 
4. A! 
5. . I.T+E 
6. T+A! 
7. E+A! 
8, I. T+E+A! 

Mean 

C.D. at 5% 
Irrigation-Not significant 
Varieties=2 ·7 
Irrigation X Varieties = 7·6 

(c) 1961-62 

IRRIGATIONS 

Grain yields 

Data for this year are presented in Table 
VII. The irrigation treatments influenced 
grain yields appreciably although differences 
failed to touch the level of significance. Cont· 
rary to the findings reported for previous 
years, one· irrigation given at the milky stage 
was found best this season. Two irrigations 
applied at the tillering + earing or ear-emer
gence + milk stages gave almost similar 
yields. As against the earlier years, three 
irrigations generally yielded highest. 

VARIETIES 

_ This year only four varieties were tried. 
Varietal differences. were significant. C 13 
variety significantly yielded highest followed 

(Qs/Ha) (1961.62). 

Wheat Varieties 
Mean .c 13 K65 NP710 NP798 

. 24·4 24·4 26·2 25·2 25 ·1 
29 ·5 24·1 I 23·7 20·5 24·5 
25·9 23·7 29·1 25·5 26·1 
30·9 33·4 . 32·7 23·4 30·1 
34·5 . 29·5 25·9 - 24·1 26·5 
27 ·7 26·6 30·9 21·4 26·6 
34·5 28·4 28·0 23·4 28·6 
43·2 32·4 29·5 24·4 32·4 

31·3 27·8 28·3 23·5 

by!'lP 710 and K 65; NP 798 gave the lowest 
grain yield. 

IRRIGATION X VARIETIES 

The interactions were significant this year 
(Table VIII). Under unirrigated condition, 
lIke the first year, variety NP 710 recorded 
the highest grain yield, next in order being 
/lfP 798, C 13 and K 65, but the last two varie
~I~~ p~oduced similar grain yields. With one 
lrng~tlOn C 13 and NP 710 varieties gave simi
lar YIelds; K 65 and N P 798 were next best 
Two irrigations favoured most variety C 13: 
-r:here was no appreciable difference in grain 
yIelds of.NP 710 and K 65; NP 798 gave the 
lowest YIeld. .Three ,irrigations again regis
tered hIghest YIeld for variety C 13; K 65 
NP 710, NP 798 varieties followed in the des~ 
cending order. . 

TABLE VIII 

Grainyields (OJ/Ha) (1961.62). 

Wheat Varieties 
Irrigation frequency 

C 13 K65 NP710 
Mean 

NP798 

-----,------------------------------~--~-----
o 

2 
3 

Mean 

----------

24·4 24·4 
28·7 27 ·1 
32·2 28 ·1 
43·2 32·4 

31 ·3 27 ·8 

----- --.---

26·2 25·2 25 'l 
28·5 23·\ 26·9 
28-2 22·9 27·9 ' 
29·5 . 24·4 32·4 

28-3 23·5 

------
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TABLE IX 

Ausrage respollse for three ,v~ars-Graill yield (Qs/Ha). 

SI. 
No. Irrigation 

C 13 

I. I. 18·6 
2. I, T 26.·<4-
3. E 20·8 
4. M 23·4 
5. I. T+E 32·9 
6. T+M 29·8 

7. E+M 29·0 
8. 13 T+E+M 27 ·1 

Mean 26·0 

Discussion 

An examination of the pooled data for 
three years, presented in Table IX, showed 
some interesting results. All variet'ies of 
wheat exhibited a marked response to irriga~ 
tion. Both number of irrigations as "also its 
time of application were found to be impor
tant factors for determining optimum yields. 
Of the single irrigation, in almost all varie
ties tried, irrigation given at the tillering stage 
of the ctop was most effective in increasing 
yields, whereas irrigation done at ear-emerg
ence was least beneficial. The tillering stage 
of wheat plant, therefore, appears to be most 
'sensitive so far as irrigation is concerned. Two 
irrigations proved more beneficial than one 
irrigation at all stages of plant growth. Ap
plication of irrigations at the tillering and ear
emergence stages yielded maximum - grain 
yields among all irrigational treatments. 
Waterings done at the tillering and milky 
stages or earing and milky stages of the crop 
were not so responsive, although they still 
gave higher yields than no irrigation or irri
gation done once only. On an average three 

Wheat Varieties Weili\hted 
mean 

K 65 NP 710 NP 775 C 281 . NP 798 

18·0 18·3 9·7 12·2 16·5 16 ·1 
25·0 24·8 24·5 25·9 22·9 24·9 
17 ·1 18·6 11·9 14·6 18·4 17·3 
23·9 21·9 14·4 18·6 15·2 20·0 
32·8 26·5 29·2 31·2 23·8 29·3 
26·5 26·4 28·3 31·6 23·3 27·0 
25·7 24·9 19·8 23·6 20·0 24·1 
28·9 24·9 20·7 23·7 19·6 24·4 

24·7 23·3 19·8 22·7 19·9 22·9 

'irrigations produced lesser yield than two and 
did not appear to be economic in the present 
study possibly due to enough moisture in soil 
and precipitation received during the growing 
period. 

The performance of these varieties of wheat 
as judged by the grain yields produced also 
revealed some interesting information. It 
would· be seen from the· data illustrated in' 
Table X that varieties C 13, K 65, NP 710 and 
NP 798 thrive,d well both· under unirrigated 
as also irrigated conditions in producing nor
mall--yields, whereas NP 775 and C 281 gave 
poorer yields under no irrigation. Under one 
irrigation 'C 13 gave highest average 
yields followed by K 65, NP 710, C 281, 
NP 798 and NP 775. Where two irrigations 
were applied, on an average, C 13 again yield
ed highest; C 281 and K 65 were next best, 
while NP 710, NP 775 and NP 798 gave 
almost similar yields. With three irrigations, 
K 65 produced maximum yield. This was 
followed by C 13, NP 710, C 281 and NP 
775 in the descending order. NP 798 gave 
the lowes!; yields under tlus practice. 

TABLE X 

Au.rage response for t~ree years-Grain yield (Qs/Ha). 

Wheat Varieties 
Irrigat ion frequency Mean Per cent 

C 13 K 65 NP 710 NP 775 C 281 NP 798 increase 

0 18·6 18·0 18·3 9·7 12·2 16·5 16 ·1 .100 
23·5 22·0 21·8 16·9 19·7 18·8 20·7 128 

2 . 30·6 28·3 25·9 25·8 28·8 25·7 26·8 161 
3 27 ·1 38·9 25·9 20·7 23·7 1!).6 24·4 151 

Mean 26·0 24·7 23·3 19·8 22·7 19·9 
------ ------
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SUD1D1ary 

Some salient findings emerging out of the 
present study are described below :-

(1) All the six varieties of, wheat res
ponded favourably to' irrigation giv
ing 28, 61 and 51 per cent higher 
yields under one, two and three irri
gations respectively. 

(2) Irrigation done once only was most 
responsive at the tillering stage when 
plants sho~ed the highest need for 
water. 

(3) With two irrigations, waterings done 
at the tillering and ear-emergence 
stages proved most beneficial. 

(4) Three irrigations generally failed to 
show superiority over two irrigations 

under the prevailing conditions. 

(5) As for varietal performance, C 13, 
K 65 and NP 710 grew well and gave 
reasonably high grain yields under 
unirrigated conditions. 

(6) With irrigations, -different varieties 
generally qehaved more or less in a 
similar fashion. Two IrrIgations 
given at the tillering and ear-emerg
en~e stages seemed best particularly 
for C 13 and K 65; 
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A STUDY OF THE EFFECT OF LIGHT IRRIGATIONS 
IN SPELLS OF DROUGHT ON THE GRAIN AND STRAW 

YIELD OF LATE 'AMAN' PADDY 

by 
iI. N. Pandey'" 

Systematic research work on the water 
needs of rice has not been attempted for this 
area during the past. Experiments conducted 
at Nagina'in U. P. (1956) showc;d that 
205.6 cu. m. (2 acre-in.) every four days inter
val gave the best yields. Ip.termittent wetting 
and drying of the paddy fields in Madras and 
Andhra States every third day yielded as 
much grain as a continuous standing water to 
a depth of 7.6 cm. (3 in.) (1956). Prelimin~ry 
investigations carried out in the barrage areas 
of Sind (1934) indicated that the daily water 
use by paddy was of the order of thre~-fourth 
of an acre-in. Pandey and Haque (1963) work
ing at Irrigation Research Station, Bikram
gunj reported that submergence of paddy to a 
depth of 15.2 cm. (6 in:) comme~cing three 

,weeks after tr.ansplanting anq endmg 15 days 
after flowering increased the yield of grain in 
both Aus and Late,Aman Varieties of paddy. 

Experimental Procedure 

Cultivation of rice is done after the sum
mar months of March to mid-June followed, 
by heavy rains during the monsoon, late June 
to September. Preliminary soil moisture tests 
in mid-June at the Irrigation Research Sta
tion, Bikramgunj, showed that the soil mois
ture status at 7.6, 22.9, 45.7, 76.2, 106.7 and 
137.2 -em. (3, 9, 18, 30, 42 and 54 in.) layers 
from the top stood at 4.77, 7.49, 9.2, 10.23, 
11.84 and 13.12 per cent respectively. The 
mecharucal analysis of the soil from the com
posite sample taken up to 1.5 m. (5 ft.) depth 
showed the presence of 61.2 per cent as coarse 
and fine sands, 14.9 and 21.05 per cent of 
silt and ,clay fractions, respectively. The soil 
is well compacted due to continuous crop
ping with cereal crops like paddy and wheat 
having specific gravity and volume weight 
as 2.65 and 1.64, respectively. The permea
bility of the soil is restricted to less than 
1.3 cm. (0.5 in.) per hour. Under puddled 

conditions of paddy cultivation the, soil 
becomes almost impervious. The lowest and 
the highest ground water-table at the statton 

'are 4.8 and 1.8 m. (16 and 6 ft.fdurlng May 
and August-September months, respectively. 
The plots were not affected by flood at. any 
time. 

With a view to study the effect of light 
irrigations in spells of drought on the grain 
and straw yields of paddy an experiment with 
late 'Aman' Paddy variety, 498-2A was laid 
out during the year 1958-59 and carried out 
for five years with the following treatments: 

A. Manures 
M, 251b. Nitrogen+20 Ib: Phosphate per aere 

MI 50 lb. Nitrogen+40 lb. Phosphate per acre 
in the forms of ammonium sulphate and single super
phosphate. 

.-
B. Irrigation 

I, Control (Rainfed condition). r 

II Light Irrigation at the rate of 5.1 em. (2 in.) 
every 7 days. . I 

Ia Light Irrigation at the rate of6.3 em. (2.5 in.) 
every 10 days. 

I. Light Irrigation at the rate of7.6 em.(3.0in.) 
every 13 days. 

The experiment was laid out in a split plot 
, design with 4 replications, the plot size being 

29.8 m. X 3.6 m. (98 ft. X 12 ft.). Half of 
the 'quantity of nitrogen and full dose of 
phosphate were added at the time of puddl.· 
ing at both the ,levels of manuring and the 
rest 50 per cent of, nitrogen was applied one 
month after transplanting. . The cultural' prac
tices adopted in the nursery and the experi
mental ~lots were those recommended for 
Japanese method of Paddy cultivation. The 
sour,ce of irrigation was a branch canal from 
the Sone Canal system. Water was measured 
over 0.3 m. (1 ft.) wide iron weir at plot 
heads. Weekly rainfall records were main
tained along with temperature, humidity and 

1 
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evaporation from the daily data obtained at The figures in parenthesis give the meteoro-
the Agricultural Meteorological Observatory logical week corresponding to the dates. 
located at this Station. A part of these data 
have already been reported by Pandey and The rainfall distribution week-wise at the 
Haque (1963). seedli~g stage is given in Table II (1958-63). 
Results Table III presents the weekly distribution 

Table I presents the dat~s of raising seed- of rainfall from the stage of transplanting to 
lings at the nursery stage, transplanting flower- maturity of the crop for the years 1958-59-
ing :md harvesting for 1958-59 to 1962-63. 1962-63. 

TABLE I 

Dates of sowing seed, transplanting,Jowering and Harvestin: 1958-1963. 

Particulars 1958-59 1959-60 1960-61 1961-62 1962-63 

(I) Date of sowing seeds 8-7-58 ~-7-59 2-7-60 28-6-61 2-7-62 
(27) (27) (27) (26) (27) 

(2) Date of transplanting 3-8-58 25-7-59 7-8-60 8-8-61 7-8-62 
(31 ) (30) (32) (32) (32) 

(3) Date of flowering 1-11-58 5-11-59 30-10-60 30-10-61 27-10-62 
(#) (#) (#) (#) (oM) 

(4) Date ofharv~ting 3-12-58 11-12-59 7-12-60 29-12-61 22-12-62 

(5) Crop period days (Transplanting to barvest) 
(~9) (50) (49) (52) (51) 
132 139 122 H3 139 

TABLE n 
WeekiJI rainfall at nursery stage (in.). (in.) 

Dates Meteorolo- 1958-59 1959-60 1960-61 1961-62 1962-63 Mean 
gical 

weeks 

2-8 July 27 0·34 0·06 5·81 3 ·19 0·00 I 1·88 
!I-I 5 July 28 3·48 3·84- 6·24 7·35 0·00 ~·18 

16-22 July 29 5'99 5·85 1·88 0·49 6·90 ~'22 

23-29 July 30 3·83 0·23 0·26 ~'21 1·76 
30 July-5 August 31 0·42 5·03 3·47 1·78 

TOTAL 13·64 9·75 14'·58 16·32 1~·58 13·82 

One in.=2·54 cm. 

TABLE m 

WeekiJI distribution of rainfall tin.). (ilil.) 

Dates Meteoro- I 

logical 1958-59 1959-60 1960-61 1961-62 1962-63 ?1ean 
weeks 

23-29 July 30 
'9·60 

0·66 1·08 
30 July-5 August 31 1·45 .. 3·99 
6-12 August 32 1·80 1·71 3·08 7·85 1·35 3·95 
13-19 August 33 0·62 4·72 3·61 0·70 4·83 3·62 
20-26 August 34 2·20 1·45 5·24 1·93 1·69 3·20 
27 August-2 September 35 0·25 0·38 0·97 4·02 1·56 1·.79 
3-9 September . 36 2 ·17 0·34 3·57 2·68 3·25 3·00 
10-16 September \ - 37 0·91 0·72 2·43 0·34 0·74 1·28 . 
17-23 September 38 0·48 1·79 4·35 2·33 3·64 3·15 
24-30 September 39 1·10 0·16 0·63 0·51 0·32 0·68 
1-7 October 40 0·80 6·60 0·35 5·05 0·67 3·37 
8-14 October 41 2·91 0·00 0·00 0·29 0·00 0·64 
15-21 October 42 0·78 0·00 0·02 0·00 0·00 0·16 
22-28 October 43 0·00 . 0·06 0·00 0·00 0·00 0·01 

- 29 October-4 November 44- 0·00 0·26 0·00 0·10 0·00 0·05 
5 November-31 December 45-52 0·00 - 0·00 0·00 0·00 0·00 0·00 

TOTAL 23·62. 20·30 24·25 25·80 18·05 29·97 

One in.-2 ·54 Cll' 
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The levels of irrigation treatment-wise and of the yield of grain and .straw are presented 
year-wise are given in Table IV. The results in Table V and Table VI respectively. 

TABLE IV 

L,.ds and dates of irrigation. 

I. I. I, 
Year Control Remarks 

11 Date Level Date Level Date Level 
in in. ,in in. in in. 

I Nil Nil Nil - Nil . Puddling 

1958-;59 Sept. 2 3·0 Sept. 2 3·0 Sept. 2 3·0 
Sept. 20 2·0 Sept. 20 2·5 Sept. 20 3·0 
Sept. 27 2·0 ' Sept. 30 2·5 Oct.3 3·0 
Oct.4 2·0 Oct. 10 2·5 

TOTAL 9·0 10·5 9·0 , 
1959-60 Sept. 22 2·0 Sept. 22 2·5 Sept. 22 3·0 

Sept. ?J) 2·0 Oct.2 2·5 Oct. 5 3·0 
Oct. 6 -2·0 Oct. 12 2'5 Oct. 18 3·0 
Oct. 13 2·0 Oct. 22 2·5 

TOTAL 8·0 10·0 9·0 

9·0 in. 9·0 9·0 9·0 Puddling 

1!l60-61 Sept. 22 2·0 Sept. 22 2·5 Sept. 22 3·0 
Sept. 29 2·0 Oct. 2 2·5 Oct. 5 3·0 
Oct. 6 2·0 Oct. 12 2·5 Oct. 18 3·0 
Oct. 13 2·0 Oct.22 2·5 
Oct.20 2·0 

TOTAL 10·0 10·0 9·0 

• 1961-62 7.0 in. 7·0 7·0 7;0 Puddling 

Sept. 16 2·0 Sept. 16 2·5 Sept. 16 3·0 
Sept. 30 1·0 Oct. 16 2·5 
Oct. 14 2·0 
Oct.21 2·0 

TOTAL 7·0 5·0 3·0 

1982-63 Nil Nil Nil Nil, Puddlin&-

Oct. 3 2·0 Oct. 13 2·5 Oct. 16 3-0 
Oct. 10 2·0 Oct. 23 2-5 Oet.29 . 3·0 
Oct. 17 2·0 Nov. 2 2·5 
Oct. 24 2-0 

TOTAL 8·0 7·5 6·0 

------ ---_ .. _--._- -----~-----~-.----- --- --.--. ----------------'---
1 in._2 ·54 cm. 



TABLE VI 

Straw yields, maunds per IIerl (Paddy 498-211.) 1958-59 to 1962-63. 

Year Treat- . I, • I. I.· I, Mean C. D. at 5% in. md.facre 
ment (Control) 

1958-69 M, 45·67 52·99 40·61 47·80 46·77 Manure (M) N.S. 

M. 57·52 59·52 65·64 68·84 62·88 Irrigation (1) N.S. 
Mean 57.·60 56·26 53·13 58·32 54·83 (Mxl) N.S. 

1959-60 M' , 87·10 78·33 81·62 66·83 78·47 (M) 11·65 
M. 106·27 107·37 115·04 111·75 110 ·11 (1) N.S. 
Mean 96·68 92·85 98·33 89·29 94·28 (Mxl) N.S. 

1960-61 M, 80·07 78·88 94·21 90·93 86·28 (M) 14·48 
M. 110·65 122·70 109'55 118 ·87 115·45 (1) N.S. 
Mean 95·36 100 ,79, 101 ·81 104·90 100 ·86 (Mxl) N.S. 

1961-62 M, 78·33 79·89 87·65 89·84 83·95 (M) 4·2 
M. 91·48 86·75 89·84 86·55 88·60 (1) N.S. 
Mean 84·91· 8f'26 88·14 88·19 86·28 (Mxl) N.S. 

1962-63 M, 79·09 80·94 79·83 79·46 79·83 (M) N.S. 

M. 82·42 83·90 87·96 82·42 84·18 (1) N.S. 
Mean 80·76 82'42 83·90 80·94 82·00 (MxI) N.S. 

Mean of Years . M, 74·05 74·22 76·78 74·97 75·06 (M) Sig. 

M. 89·67 92·00 93·61 93·68 92 ·24 (I) N.S. 
Mean 81·86 83 ·11 85'18 84-·32 83·65 (MxI) N.S. 



A STUDY OF THE EFFECT OF LIGHT IRRIGATIONS IN SPELLS OF DROUGHT ON'THE 47 
GRAIN AND'STRAW YIELD OF LATE 'AMAN' PADDY 

Discussion 

Late Aman Paddy matures normally in 135 
days, beginning from the date of tr:an~~lant
ing till the date of harvest. . The addItional 
period spent in the nursery IS nearly . 30-35 
days. The time taken from transplantIng to 
general flowering covers about 88 days, and 
between the flowering to maturity accounts 
for 47 days. 

It would appear from Table II that in four 
weeks' time at the nursery stage the total 
requirement of water is 25.4 c:ffi. (10 in.) 
which is provided normally by r:im. Separate 
experiments with Aus Paddy (CH 10) when 
the seeds were sown in the first week of June 
required [822.3 cu. m. (8 acre-in.)] and this 
had to be provided by irrigation. Persual of 
Table III would show that beginning with the 
transplanting at the start of August till the 
40th week (October 7), rainfall was usually 
regular in all the five years of experiment. The 
period commencing -with 24 September and 
closing with 7 October coincides' ·with the 
'Hasta Nakshatra'. The period 31-38 weeks 
both inclusive embraces the tillering and 
growth phase of the crop and the normal pre
cipitation amounts to 7.6 cm. (3 in.) per week. 
The mean weekly rainfall for the same period 
were found to be 6.0, 3.9, 7.3, 7.9 and 6.5 cm. 
(2.38, 1.57, 2.9, 3.11 and 2.56 in.) during the 
years 1958-59, 1959-60, 1%0-61, '1%1-62 and 
1962-63 respectively. The period of 'Hasta' 
Nakshatra' received 4.8, 17.1, 2.5, 14.1 and 2.5 
cm. (1.90,6.76,0.98,5.56, and 0.99 in.) during 
1958-59 1959-60, 1%0-61, 1961-62 and 1962-63 
respectively. Rainfall during the period subse
quent to the 'Hasta Nakshatra' is generally 
not expected as is evidenced in Table III. 
Crop, therefore, depends largely on .th~ mois
ture retained on th~ surface and WIthIn the 
soil from the rainfall obtained up to 15 Octo
ber for its requirement till maturity. 

It was necessary to apply on an average 
about 822.3 cu. m. (8 acre-in.) to the fields for 
puddling at the transplanting .stage . during 
three out of five years. . InvarIably, In the 
absence of this amount tran~planting is not 
properly carried out. The total rainfall inclu
sive of the amount received at nursery were of 
tl;e order of 94.6, 78.3, 98.6, 106.9 and 82.9 cm. 
(37.26,30.83,38.83,42.12 and 34:.63 in.) during 
the years 1958-59, 1959-60, 1960-61, 1961-62 and 

1962-63 respectively covering a total period of 
nearly 165 days. 

The control treatment did not receive any 
irrigation except the common application at 
the time of puddling. This amount was not 
-found necessary during the year 1958-59 and 

\ 1962-63 only. The total amount applied to 
treatments I. and b in spells of drought vari
ed from 15.2 to 26.7 cm. (6 to 10.5 in.) 
in anyone year and was confined to Septem
ber-October period depending upon drought. 
Irrigations were not given beyond 24 9cto
ber. 

A perusal of the grain yield data, Table V 
showed that there W<J,S no effect of either the 
levels of irrigation or the levels of manure 
treatment except @uring the years 1958-59 and 
1960-61. Higher level of manuring was ~ta
tistically superior to the lower level durIng 
the year 1958-59, the extra yield being of the 
order of 164.6 kg.J hectare (3.96 md. per acre): 
During the year 1960-61 the control and 12 
[Irrigation @ 5.1 cm. (2 in.) per week] 
gave the same grain yield but 12 was found 
to be superior to both I, and 14, However, 
the control treatment did not prove superior 
to either 13 or I.. The higher level of manur
ing [22.6 kg. (50 lb.) Nitrogen + 18.1 kg. 
(40 lb.) Phosphate] in combination v.:ith 12 
(7 days interval) tecorded the maXImum 
grain yield of 1565.5. kg.Jhectare (37.45 md. 
per acre). The results of ~e combi~ed .analy
sis however failed to bnng out sIgmficant 
difference either due to levels of manure as 
well as levels of irrigation. treatments. The 
higher level of manuring [22.6 kg. (50 lb.) 
Nitrogen + 18.1 kg. (40 lb.) Phosphate] 
induced lodging of crop which slightly reduc
ed grain yield in three out of five ,Years of 
trial. 

The results in respect of straw yield, Ta.ble 
VI showed that the higher level of manunng 
gave significantly greater straw yield in three 
out of five years. The combined results have 
shown that the application of 22.6 kg. (50 lb.) 
Nitrdgen+18.1 kg. (40 lb.) Phosphate pro
duced significantly more' straw over the 11.3 
kg. (25 lb.) Nitrogen +9.0 kg. (?O lb.) Ph?
sphate level of manure. The dIfferences In 
jespect of straw due to the two levels of ma
nuring were found to be 16.11, 31.64, 29.17, _ 
4.95 and 4.35 md. p'er acre during the years 

• 
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1958-59, 1959-6Q, 1960-61, 1961-62 and 1962-
63 respectively. The interaction between 
manure and irrigation levels was found to be 
absent. It appears that this variety of paddy 
is not responsive to levels of manuring higher 
than 11.3 kg. (25 lb.) Nitrogen + 9.0 kg. 
(20 lb.) Phosphate per acre. 

The absel1:ce of rain between September 17 
to October 14 in the, years of 1943, 1947, 1949, 
1950, 1951 and 1957 had caused widespread 
crop failures in Bihar. The rainfall in that 
period (17 September to 14 October) were 
5.6, 3.8, 0.8, 0.3, 15 and 0.0 cm. (2.2, 1.5, 0.31, 
0.12, 058 and 0.00 in.) respectively. Viewed 
against these rainfall figures we find that the 
amounts of rainfall received in the correspond
Ing period were of the order of 13.4,',21.7, 
135, 20.7 and 11.7 cm. (5.29, 855, 5.33, 8.18 
and 4.63 in.) during the years 1958-59, 1959-
60, 1960-61, 1961-62 and 1962-63 respectively. 
Therefore, it may be expected that a normal 
grain yield of 1337.7 kg./hect4lre (32 md. per 
acre) may be expected with 11.7 cm. (4.63 in.) 
rain during the period of September 17 to 
October 14, provided that the rain between 
transplanting to harvesting does not fall short 
of 45.8 cm. (18.05 in.) and the mean weekly 
rain is not less than 3.9. cm. (1.57 in.). A mini
mum of 3751.8 to 3906.02 cu. m. (365 to 
38 acre-in.) of water inclusive of rainfall and 
irrigation required for puddling appears to be 
adequate which may be schedulc:d as 
follows :-

(i) Nursery stage (10 acre-in). 
(ii) Puddling (8' acre-in.) 

\(iii) Transplanting to boot stage (14 
acre-in.) 

(iv) Boot stage to maturity (6 acre-in.) 
with a minimum of 45 acre-in.). 

Conclusions 

(1) The level of manuring of late 'Am an' 
Paddy, 498-2A for optimum grain yield was 

. found to be 11.3 kg. (25 lb.) Nitrogen + 9.0 
kg. (20 lb.) Phosphate for the medium loan 
soil of Bikramgunj. The higher level of 
manuring at '50 Nitrogen + 40 Phosphate 
increased the yield of straw with a tendency 
to lodging and reduced grain yield .. 

(2) The rainfall of 76.2 cm. (30 in.) from 
sowing in nursery to maturity appeared to be 
adequate exclusive of the amount of water 
needed for puddling provided the distribution 
is normal as recorded during the period of 
experimentation. 

(3) The amount of water required at dif
ferent stages of growth worked out as fol
lows :- ' 

(a) Nursery stage-4 weeks, (10 acre
in.) 

(b) Puddling to boot stage-IO weeks, 
(22 acr~-in.) , 

(c) Boot stage to dough sta2'e-5 weeks, 
(45 to 6 acre-in.) 

(d) Dough stage to maturity-4 weeks, 
Nil. 
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OPTIMUM UTILISATION OF WATER'FOR IRRIGATED CROPS IN RED 
. SOIL AREA OF BANGALORE DISTRICT, MYSORE STATE 

by 

Dr. N. P. Patil* 

Water is one of the SC:.lrce resources in 
India. This is particularly so in Mysore State, 
where the area under irrigation is only to 
the tune of 7-10 per cent as compared to the 
All-India average of about 20 to 25 per cent. 
Since the overall production is limited prima
rily by the most limiting factor in produc
tion, it is important to maximise returns to 
the scar.ce factor. Characteristically in Mysore 
State one finds large acreages of reasonably 
fertile land which is completely unused or 
produce very little because of lack of water. 
At the same time when one does find a tank, 
one usually finds that most of the. water is 
used on crops like paddy and sugar-cane 
which ar.e .extravagant users of water. There 
is much scope for increasing total food pro
duction by shifting the water now used in 
crops like paddy to the much more produc
tive uses in the production of other food 
crops. The Farm' Management Research 
Centre in Mysore, therefore, focusses on the 
problem ot reallocation of water for growing 

. irrIgated crops which have high response co
efficients to water. 

There are two aspects to the problem of 
water use, which are not mutually exclusive. 
. It can be studied from the point of view of 
water requirements at different periods of 
growth and also from the point of view of 
current utilisation practices adopted by far
mers. The former is mainly based on agro
nomic and biological considerations whereas 
the latter, in addition to above considerations 
is also influenced by economic consideration. 
This report dwells mainly on the current 
utifisation practices, the economic considera
tions which influence them, and the possibili
ties of improving the utilisation of water. 

Objective 

The present yields of many important crops 
are very low in Mysore. This may be due 
to the fact that the uses to which the agricul-

tural resources are put are hlrgely results of 
centuries old customs and traditions. The 
yields can be increased appreciably by reallocat
ing the important input factors like water. 
The objective of this report is, therefore, to 
study the present pattern of water use and 
based on the results, to suggest possibilities of 
reallocating water with a purpose of increas
ing food production and maximising returns 
to farmers. 

Sample 
\ 

The clata were collected from about laO. 
selected farmers of ten selected villages in the 
red soils area of Bangalote Distcict. The vil
lages and farmers 'were selected by purposive 
sampling. 

Bangalore District is in the dry zone of 
Mysore State and receives an annual rainfall 
of about 76.2 cm. (30 in.). The temperature 
varies from 55°F to 97°F and relative humi

. aity' varies from about 25 per cent to 72 per 
cent. Tanks and wells are major sources of 
irrigation in Bangalore District. Of the total 
area of 158.64 ha. (392 acres) for each selected 
village, 21.62 ha. (53.42 acres) were 'under, 
irrigation. Out of the total irrigated area about 
37 per cent was under well irrigation and 63 
per cent was under tank irrigation. An over
whelming majority of tanks become full by 
about September!. if there are good rains, and 
these tanks provide water for irrigation only 
for a short period and fill about January. 
Under tanks paddy is grown as a major crop 
and with well irrigation, irrigated Ragi, 
Potato, Cabbage" Onion, Garlic, Beans and 
Chillies are grown. Among irrigated crops 
paddy accounts for about 48 per cent of the 
total area irrigated. 

Present Pattern of Water Use 

PRESENT YIELD LEVELS 

Present yield levels of different irrigated 
crops indicate that there are examples of a 

*Research Officer, Farm Management Research C"ntre, Agricultural Research Station, Hebbal, Bangalore.6, 
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few farmel:s who have secured high yields. 
Farmers included in above average yields 
group, have realised very high yields as com
pared to the average of those who are group
ed in the category of below average yields 
(Table I). 

In larger percentage of cases (57 per cent) 
. farmers have got yields lower than average 
indicating that there are possiVilities of in
creasing their yields if they use the resources 
more efficiently. 

Factors Influencing Yield 

A number of factors influence the utilisa
tion of water in each crop. A few of them 
are, the duratio~ of crop (or the growth 
period of crop), number of idigations, inter
val between irrigations and the rainfall. In 
additi6n, the levels of use of other inputs like 
quantity of seed, manure, fertilizer a~d labour 
also influence the amount of water needed. 
These factors may have different effects on 
the utilisation of water for crops. It is found 
that there is considerable difference in the 
total amount of. water needed by different 
crops (Table II). it is as high as [6167.4 cu. m. 
(60 acre-in.)] in paddy and as low as 27.9 cm. 
(11 in.) in beans. 

, Broadcast paddy receives largest amount of 
rainfall and beans receive lowest amount of 
rainfall. However, the use of irrigation 
water is highest in case of transplanted paddy 
and lowest in case of irrigated Ragi. The 
duration of crop also varies from a low 'Of 70 
days in case of beans to a high of 177 days in 
case of broadcast paddy and chillies. Num-

ber of irrigations is highest in case of trans
planted paddy and lowest in case of beans. 
Cabbage receives irrigations at smaller inter
vals of 4.64 days as compared to irrigated 
Ragi, which receives irrigations at intervals of 
7.23 days'. Farmers, however, have used farm
yard manure in large quantities m all the c"rops 
except irrigated Ragi (Table III). In very 
small percentage of cases, farmers have used 
fertilizers and only in some of the crops like 
cabbage, pesticides and insecticides are used. 

Fertility 

Soil fertility has influenced the yields very 
much 'in almost all the crops (Table IV). 

TABLE I 

Distribution of yields tif irrigated crops, selected villages, Red 
Soils Area, Bangalore District, Mysor. Stat., 1959-60. 

f Yield per acre in pOlmds* 

Crop Above Below Average 
average average 

Transplanted paddy . 2,416(23) 1,302 (25) 1,836 
Broadcast paddy 2,152(26) 1,222 (28) 1,673 
Irrigated Ragi . 2,953(15) 1,347 (24) 1,965 
Potato 9,310(55) 4,597 (55) 6,960 
Garlic 3,6~5(12) 1,788 (20) 2,481 ' 
Onion 8,090 (4) 4,350 (6) 5,846 
Chillies 2,874 (3) 625 (6) 1,374 
Cabbage. 41,625(4) '8,266 (II) 17,162 
~ean. 8,086 (4) 1,112 (6) 3,902 
Total No. of plots 146 191 
Per cent to total No. 43·32 56·68 100,00 

of cases 

~Figures in parenthesis indicate number of case. on 
which averag;,s are based. 

TABU: n 
Seitetttl statistics .n input-.utput Tllationships .f irrigated crops, selecttd villages, Red Soils Area, Bang«lor. District, Mysor. State, 

1959-60. 

No. of Dura- No. of Interval Acre-in. of water 
cases tion of irri- between 

Crop the gations irriga- Rain- Irriga- Total 
crop in tions fall tion 

days (days) 

2 3 4 5 6 7 8 

Transplanted paddy . • 48 123 23 4·80 13·93 46·00 59·93 
Broadcast paddy • 54 177 9 6·96 15·77 18·00 33·77 
Irrigated Ragi 39 84 8 7·23 8·36 8·66 17,02 

110 77 14 5 ·15 5·71 14·98 20·69 Potato 
32 84 14 5·23 4·71 12·25 16·96 Garlic 
10 93 17 6·00 r 8·59 (5·26 23·85 Onion 
9 177 20 7 ·11 13·69 16 ·14 29·113 Chillies 

15 81 19 4·64 4·80 10·21 15·01 Cabbage. 
10 70 8 7 ·15 2·05 9·38 1I·f3 Beans 
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TABLEm 

Selected statistics in iNput-output relationships of different irrigated crops, selected villages, Red Soils Areas, Bangalore District, 
_ Mysore State, 195,9-60. 

Crop 

Transplanted paddy 

Broadcast paddy 

Irrigated Ragi* 

Potato. 

Garlic. 

Onion. 

Chillies 

Cabbage 

Beans 

No. Pounds 
of of 

cases farm
yard 

manure 
per 

acre 

48 13,621 

54 19,380 

39 

110 43,807 

32 27,625 

10 8,347 

9 2,400 

15 22,693 

10 19,427 

Pounds of chemical 
fertilizers per acre in lb. 

Am.SO, = 19 Super=59 
Cake =160 Urea=60 

AmaSO, = 60 Super= nil 
Urea = 30 

.~ 

Am.SO' =152 
Cake , =1,014 
Super =755 

Am.SO, = 85 
Cake =527 
Urea =" 49 

Am,SO. = 88 

Cake = 64 Am,SO, =40 

Cake =205 AmaSO, =134 
Urea =71 Super =143 

Am,SO, = 44 

Per cent of cases using 

Chemical fertilizers Pesticidca 
F.Y.M. or 

Am, Super Cake Urea insecti-
SO, cides 

43·75 14·58 6'25 

94·44 14·81 

67 6·00 6·00 21·00 21·00 

25 13·00 

10 20·00 

11 11·00 22·00 11 

33 60 

40 10·00 " . 
*No manure has been applied in the case of irrigated Ragi. 

TABLE IV 

Soil fertility and yields relationships of irrigation crops, selecled 
villages, Red Soils Area, Bangalore District, /l.fysore 

Stale, 1959-60. 

. Fertility level 

Crop Relatively Relatively Average 
high low 

Tield per acre in Pounds 

Transplanted paddy 2,273 (6) 1,773 (42) 1,836 

Broadcast paddy 1,756 (8) 1,660 (46) 1,673 

Irrigated Ragi 2,430 (8) 1,845 (31) 1,965 , 
Potato 8,297 (26) 6,414 (84) 6,960 

Garlic 2,511 (14) 2,456 (18) 2,481 

Onion 6,703 (1) 5,362 (9) 5,846 

Chillies 1,374 (9) 1,374 

Cabbage 26,549 (8) 6,432 (7) 17,162 

• 3,902 (10) 3,902 Beans 

Total No. of cases 71 256 327 

Per cent to total No. 21·71 78·29 100·00 
of cases. 

8-4 CBI & P{69 

Only 22 per cent of plots have relatively 
high fertility and the· remaining have rela
tively low fertility. In general, the high fer
tility plots have given higher yields as com
par~d to the low fertility plots. 

Optimum Use of Water 
, 

Optimu,m Levels 

The physical input-output relationships bet
ween level of water application and the yield 
obtained indicate the direction along which a 
farmer has to move to maximise His returns 
or to attain the optimum level of water ap
plication for a given bundle of resources 
(Table V). For increased levels of apprica
tion of water the yields of both transplanted 
and broadcast paddy show a tendency to de
crease. Thus indicating that water is extra
vagantly used. Practically in case of all crops, 
the yields show a tendency to increase for 
increases in the application of water. 
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TABLE V 

Levels of irrigation and yields relationships of irrigated crops, seletted villages, Red Soils AreQ, Ban:alore District, Mysore Slate, 
1959-60. 

Name of the crop 

Transplanted paddy*'" . 

Broadcas t paddy* * 

Irrigated Ragi 

Potato 

Garlic 

Onion 

Cabhage 

Chillies 

Beans. 

Total No. of cases • 

PCI' cent to total No. of ca.e •• 

I acre-in.= 102.79 cu. m. 

Level I 

1,920(22) 

1,698(26) 

1,580(18) 

6,500(31) 

2,368(12) 

3,835(3) 

9,262 (3) 

1,429 (3) 

735 (2) 

120 

36·70 

Acre-in. of water* 

Avera,e 
Level II Level III 

1,764(26) 1,836 

1,650(28) 1,673 

2,196(12) 2,427( 9) 1,965 

6,386(35) 7,742(<<) 6,960 

2,483(14) 2,700 (6) 2,481 

6,00B( 4) 7,640 (3) 5,846 

21,669(4) 16,328 (8) 17,162 

1,265 (3) 1,430 (3) 1,374 

'1,301 (4) 5,584 (4) 3,902 

13d 77 

39·76 23·54 100·00 

---

"'Levels refer to different amounts of water depending on the crop under consideration. The actual levels are given in 
. Table.YI. 
"''''In case of paddy only two levels are taken. The quantity of water is estimated on the basis of number of irrigations. 

In nearly 37 per cent of cases water is ap
plied only up to level I, in 40 per cent of cases 
up to level II and in only 23 per cent of cases 
water is applied up to level III, indicating 
that overwhelming majority of farmers have 
not utilised water for maximising returns. 

OptiDluDl Allocation 

Study of optimum allocation of water bet-

ween crops is possible if we consider the re
lative profitability of crops per rupee spent on 
irrigation. Productivity (in rupees) per 
rupee spent on irrigation is highest in case of 
cabbage followed closely by potato and garlic 
(Table VII). Irrigated Ragi, onion and 
beans provide medium returns and the returns 
are lowest in case of paddy. 

TABLE VI 

Levels of irrigation of irrigated rops, selecled .'/lages, Red Soils Area, BangaloT. Dislrict, Jrlysore Slate, 1959-60. 
-_._-----_._._--------

81. 
No. Crop 

Level. of Irrigation (in acre-in.) 

II III 

1. Transplanted paddy* Less than 20 ·00 20 ·00 to 23 ·99 24·00 and above. 

2. Broadcast paddy'" • Less than 6·00 6 ·00 to 12 ·00 above 12 ·00 

S. Irrigated paddy Less than 15 ·00 15 ·00 to 19 ·99 20 ·00 and above. 
4. Irrigated potato Less than 14· 00 I4 ·00 to 18 ·99 19 ·00 and above. 
5. Irrigated garlic Less than 15 ·00 15 ·00 to 29 ·99 SO ·00 and above.' 
6. Irrigated onion Less than 20 ·00 20 ·00 to 29 ·99 30 ·00 and above. 
7. Irrigated cabbage. Less than 7 ·50 7 ·50 to I4 ·99 ,15 ·00 and more. 
8. Irrigated beans Less than 5 ·00 5 ·00 to-9 ·99 IO ·00 and above. 
9. Irrigated chillies Less than 27.50 27.50to 34.99 35.00 and above 

.Levels g-iven refer to number of irrigations. 1 acre-in. -I 02. 79 cu. m . 



OPTIMUM UTILISATION OF WATER FOR IRRIGATED CROPS IN RED SOIL AREA OF 53 
BANGALORE DISTRICT, MYSORE STATE 

TABLE vn 
ri,ltf, illcome, cosl and produclivity of waler applied 10 crops, 

s,lecled villages, Red Soils Area, Bangalore Dislricl, 
M)'Sore Slau, 1959-60. 

Crop 

Transplanted Paddy 
Broadcast paddy 

Irrigated Ragi . 

Potato 

• Garlic 

Onion 

Chillies 

Cabbage. 

Bean. 

Yield in Cost of Income Producti
lb. per irrigation value vity per 

acre-in. per acre- per rupee of 
of water in. of acre-in. invest
(includ- water (includ- ment on 
ing rain- in Rs. ing rain- irriga-

fall) fall) tion 

} 38 1·09 6·52 1·59 

1,156 7·28 19·63 2·70 

336 7·40 53·82 7·27 
\ 

146 10·90 65·83 6·03 

245 8·58 22·06 2·57 

46 6·85 12·44 1 ·82 

1,143 9·60 91·47 9·53 

341 18·78 40·97 2 ·18 

NOT!: :-In case of paddy 2 acre-in. per irrigation has 
been taJ<en and the quantity of water is calculated 

. on the b;lSil of number of irrigations. 

, 
Thus, the results indicate that as between -

the vegetable crops it is highly profitable to 
grow cabbage, potato and garlic and as 
between· cereals it is most profitable to grow 
Ragi than paddy. Depending on the avail
ability of total amount of water a farmer can 
decide on (i) the crops he should grow and 
(ii) the order in which he should select them 
in order to maximise his returns· 

SUD1mary 

The yields of important crops are very low 
and they have not shown any appreciable 
tendency to increase over years. The average 
yield levels can be substantially increased by 
reallocating the existing resour.ces and intro
ducing new ones. Water is an important 
scarce resource in Mysore, where irrigation is 
available only to 7-10 per cenl: of the total culti
vated area. The purpose of this report is to 
throw light on the present pattern of use of 
water and suggest improvement in allocation 
of water among crops with a. view to increase 
total production and maximise profits to far
mers. 



OPTIMUM REQUIREMENT AND UTILISATION OF IRRIGATION 
WATER FOR IRRIGATED CROPS IN CHAMBAL 

COMMANDED AREA-RAJASTHAN 
by 

K. M. Mehta and G. S. Shekhawat* 

Though at many a places, the perennial 
irrigation specially from canal system has 
resulted in making soils impermeable and 
compact and the problem of salinity-alkali
nity has become acute, the fact, that good 
harvests have been maintained for centuries 
by irrigation supports the thesis that irriga
tion, if properly managed, can be permanent
ly one of the most important and productive 
systems of agriCulture. Irrigation agriculture 
permits greater control of production factors 
than any other system of farming and .ac
cordingly lot of potential has been created 
during the last ten years but the rate of 'water 
utilisation is not keeping pace with the irri
gation potential created. This not only keeps 
the production behind the targets but dep
rives us of the benefits and returns of the 
investments in the irrigation projects. 

Chambal Irrigation Project has an IrrIga
tion potential of about 244811.6 ha. (6,00,000 
acres), out of which in the first two years 
only 30351.45-40468.6 ha. (75,000-1,00,000 
acres) could be irrigated. It is imperative, 
therefore, to give a serious thought to the 
factors responsible for low utilization of irri
gation waters and to suggest ways for accelera
ting water utilisation and achieving higher 
crop yields. 

For successful crop productioit under UrI

gation farming, balanced coordination of 
many factors. demands perfect timing of all 
operations. Among the various factors, the 
stage of growth, volume and frequency of 
irrigation have a major influence on irriO'a-. ~ 

twn management and production of crops. 
McClaughtim (1940) observed that delay in • 
first irrigation hastens maturity and reduces 
growth without any effect on yield of wheat 
but too much delay, however starts secondary 
growth with consequent reduction in yield. 
Denmead and Shaw (1960) observed. that de
layed watering at the time of silking in corn 
has deleterious effect on yield. 

In newly developed irrigation projects, 
balanced application 6f known soil and crop 
management techniques in accordance with 
the special soil characteristics are of much 
significance in making irrigation agriculture 
a success. Mehta et al (1958) have classified 
the Chambal commanded area of six lakh 
acres on the basis of important soil character
'istics (texture, total soluble salts permeability 
of ~ub-soil and sub-s~atum, pH,' exchangeable 
sodIUm and non-capIllary porosity etc.) into 
four irrigability rating classes. Shankara
narayana and Mehta (1961) on basis of 
w~ter allowance capacity factor, water re
qUIrement of crops and Kharif /Rabi ratio 
have suggested cropping pattern which is 

TABLE I 
Distribution of different trops under different water allowante tlassesfor 1,000 aeres. 

Klzarif crops 

Jowar, Sugar. Cotton Maize Paddy Ground- Fod- Green Miscel-pulses cane nut der manure laneous and oil- fruits seeds and 
vegeta_ 

blO$ 

Heavy irrigation (4·5 cusec) 175 100 225 125 50 50 50 175 50 
Medium irrigation (3·8 cusec) 225 225 100 75 50 50 225 50 
Light irrigation (3'0 cusec) 270 50 100 100 50 40 370 20 

*Joint Director of Agriculture and Assistant Agronomist, Department of Agriculture, Rajasthan. 
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TABLE I-Conld. 

Wheat 

Heavy irrigation (4·5 cusec) 300 

Medium irrigation (3·8 cusec) 325 .. 
Light irrigation (3·0 cusec) 420 

1 acre=O ·404686 ha. 

expected to play an important role in the 
utilization of Chambal irrigation waters with 
minimum wastage and soil deterioration. The 
distribution of crops as proposed per thou
sand acres for each soil group is given in 
Table I. 

While proposing the above crop pattern the 
high average rainfall of 795.2 cm. in Kharif 
season spread from July to September has 
been taken into account. At present lowar 
and pulses are the predominating crops occu
pying nearly 85 per cent of total Kharif area 
[91317.1 ha. (2,25,650 acres)]. In view of 
heavy rainfall, the water utilisation during 
Klltlrif is limited to oflly a few crops which 
require water from April to June. Among 
these paddy, cotton, sugar-cane, forage crops 
and fruits and vegetables are the chief ones 
and a shift to these crops from lowar and 
pulses has started but the introduction of 
these on a large scale is likely to take 
time to utilise 40 per cent of the water 
meant for the Kharif crops and hence our 
problem is to utilise maximum water ill 

.Rabi season in a most effective manner. 
In view of the importance of this prob
lem the Government has taken steps to 
appoint special staff in the area for educating 
the farmers through large scale demonstra
tions about the benefits of suggested crop 
patterns qnd by opening several research 
farms for studying soil-water and soil-crop 
relationship where separate distributaries have 
been provided for controlled and regular 
water supply. Since the farmers in the area 
are new to irrigation, large scale demonstra
tions on border strip methods of irrigation 
have been taken up in order to utilise the 
water in an efficient manner but still lot of 
scientific information will have to be ob
tained on several related factors before maxi
mum and proper utilization is achieved. 

Rabi crops 

PuIses,Coria~dcr .Cotton 
and oil seeds 

Sugar-cane Fodder Miscella-

275 225 
(100,50,125) 

350 225 
(100,50,200) . 

470 , 50 
(200,50, 220) 

100 50 

50 

40 

neous 
fruits ;md 

vegeta
bles 

50 

50 

20 

There is dearth of information on water 
re(!:li~em~nt of crops, irrigation losses, volume 
of IrngatIOn, frequency of irrigation, bed size 
and ~ime of irrigation. which is a preliminary 
reqUIsite for judicious water management of 
crops under different soil conditions. The 
c.ollection o£all the above data may take some:: 
tIme and, therefore, inferences have bee~ 
drawn for some items from data availabl~ 
for similar conditions in other parts of the 
country so that the farmers may be guided 
for prope: utilization of. water. Accordingly 
the tentative water reqUIrement of various 
crops in Chambal commanded area as work
~d OUt for different irrigability classes is given 
in Table II. . 

TABLE II' 

Proposed water requirement of difJeretlt crops in Ihe Cham hal 
commanded area in acre-in. (exc/usi". of rainfall). 

S1. Crop 
~e,,:vy Medium L.ig~t 

Irrl- irriga- ITllga-

No. gation tion tion 
areas areas areas 

2 3 4 5 

KRARlP 

1. Jowar, Oilseed. and 
Kharif pulses 

2. Sugar-cane. 63 

) 3. Paddy 36 36 33 
4. Maize 13 13 13 
5. Cotton 13 13 12 
6. Groundnut 8 8 8 
7. :Misccllaneous (Fruit and 

vegetables, tiC.) 
36 36 33 

8. Fodder. 18 18 18 
9. Green> manure 4 4 4 

RAB} 

1. Wheat and other food- 15 15 12 
grain •. 

2. Coriander 7 7 7 
3. Pulses 7 7 7 
4. ·Oilseeds 7 7 7 
5. Fodder (Legume) 39 39 39 

(Cereals) 9 9 9 
Miscellaneou. 36 36 33 
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Accepting this to be a guide for the time 
being the immediate problem is to find out 
the optimum- volume of water, frequency of 
irrigation, bed size and time of irrigation for 
different crops for arriving at the consump
tive use of water. The work on these aspects 
of irrigation has already been initiated. 
Shekhawat et at (1961) have reported that· 
while irrigating wheat any delay of more 
than 5-6 days at maturity stage significantly 
affects the yields whereas delay in early irri
gations have no effect. Therefore, the time of 
sowing of wheat under different. distribution 
systems will have to be so adjusted that there 
is no delay of irrigation at maturity time. 
This information for the farmers will be very 
useful in increasing their yields by timely 
utilising the water at maturity-stage. 

Linseed, gram and coriander, important 
rabi crops of the area, have been taken only . 
under un-irrigated conditions and for utili sa: 
tion of water and higher yields a few ex
periments are at hand to find out optimum 
time and number of irrigations. There are 
indications that one irrigation at one month 
crop growth or just before flowering stage' is 
effective in increasing the yields of linseed, 
gram and coriander crops than the control by 
abOUt 15-20 per cent. 

The utilization of water in the Chambal 
area is confronted with the problems from 

several angles and unless we have full data 
on the different aspects of water utilization 
by the crops under varying soil conditions 
the optimum use of water will not be possi
ble. Some of the studies required in this con
nection have already been initiated while 
others are in progress and till then the best 
use is being made of the information avail
able in the country in the similar conditions. 
The heavy nature of soils, presence of kankar 
layers and high rainfall have made our pro
blems more difficult requiring a thorough 
study of the different aspects of soil moisture 
under varying irrigation management. The 
problem has been further aggravated by the 
seepage of water from distribution system and 
uncontrolled use of water by the" farmers 
leading to high water-table and drainage pro
blems in certain areas. This has already 
scared some of the farmers about the useful
ness 'of irrigation water. Taking all the above 
aspect5 ijn considCll"atipn, theut'ilisation of 
water in Chambal commanded ~rea is likely 
to be a slow process till complete information 
is available on different aspects of water utili
zation for varying soil conditions. Some of 
the studies have already been taken up 
wh!l;. on other asp~cts for which adequate 
facIlItIes are not avaIlable, work will be taken 
up by the Irrigation Research Station to be 
established shortly at Kota by the Govern
ment of India. 



WATER LOSSES fROM AN IRRIGATED WHEAT FIELD AT POONA 
IN RELATION TO PAN EVAPORATION 

by 

P. S. Ifarihara Ayyar aDd B. Paclm.allabbam.rtlay* 

Introduction 

Among the yarious climatic factors of 
hydrological and agricultural significance, the 
return of moisture to the atmosphere from 
natural land surfaces occupies an important 
place. Water losses from a natural surface 
like a cropped field are made up of evapora
tion from the bare soil and transpiration from 
the plants, the two combined being known 
as evapotranspiration. A number of terms 
such as 'total evaporation', 'stream flow deple
tion', 'consufi.1ptive use', 'irrigation require
ment', 'water requirement', etc., are used' to 

. denote the quantity of water needed -for crop 
production. The term 'water requirement', 
-when used in connection with irrigation, indi
cates the amount of water required to be 
applied to the field at adequate intervals to 
ensure successful crop production. In raising 
crops with the help of irrigation, the amount 
of water lost as transpiration constitutes the 
minimum demand that has to be met. When 
this is required to be done through surface 
irrigation; the inevitable loss of water as eva
poration from the bare patches of soil among 
the plants has also to be taken into account. 
The solution of the problem of water require-

. ments of crops lies in the accurate determina
tion of the loss of water by evapotranspiration 
from cropped fields. 

Numerous attempts have been made to 
measure evapotranspiration. Of the many 
methods that are in use, Lysimetric C), soil 
moisture profile, aerodynamic, eddy correla
tion and energy balance methods deserve 
mention. Most of these- are, however, labori
ous and require either constant attention by 
hi~hly skilled staff or elaborate computation. 
It IS well-known that evapotranspiration is a 
func~i~n of. the prevailing meteorological 
condlDons lIke, vapour pressure, wind, tem
perature, etc. Similarly, the evaporation from 
a standard pan evaporimeter is also governed 

by these factors. An attempt has been made 
in the present paper to see whether a simple 
relationship could be obtained between the 
evaporation from a standard pan and the 
actual evapotranspiration from a wheat field 
during a rabi season at Poona. An attempt 
hall also been made to see whether there is 
any significant relationship between the 
actual evapotranspiration from the wheat 
field and the latent evaporation measured by 
a Black Bellani Plate atmometer. 

Data U.ed 

The actual evapotranspiration data used in 
this study have been obtained by the lysime
tric method (hereinafter called the gravi
metric method). In this method, the plants 
are grown (right from the germination stage) 
in containers big enough to allow free growth 
as in the field. The container is supported on 
a weighing machine capable of handling 
large weights. The weighing machine is 
placed inside another tank of a slightly bigger 
capacity which is sunk into the middle of a' 
field where a crop of the same variety (in this 
case wheat) is grown in such a way that 
the level of the soil in the inner tank (i.e., 
the tank containing the plants) is the same 
as that in the field. To simulate field condi
tions, care is taken to see that the soil profile, 
the date of planting, seed rate, dates of irri
gation, dose of manure, other cultural opera-

. tions, etc., with respect to the plants grown in 
. the tanKs are kept exactly the same as those 
observed with regard to the plants grown 
in the field. The soil of the experimental tank 
is raised to field capacity on days. when the 
crop in the field is irrigated. Proper drainage 
system is also provided' to ensure drainage of 
overflowing water when he_avy showers occur. 
Periodical growth observations of the plants 
in the tanks and of those in the field are taken 
to check up whether the plants in the tanks 
are growing as freely as those in the field. 

*Meteorologi,t, Directorate of Agriculture Meteorology, Meteorological Office, Poona. 
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Evaporation for the same period for which 
evapotranspiration was measured by lysime
ter, was obtained from a U.S.A. standard pan 
evaporimeter installed at the Central Agri
cultural Meteorological Observatory. In order 
to prevent the loss of water through various 
extraneous influences like stray animals and 
birds the pan is covered with a wire mesh. 

The Black Bellani plate atmometer C) 
consists essentially of an evaporating surface 
which is a circular disc of black porous por
celain 7.5 cm. in diameter. This is fitted 
over the end of a glazed porcelain funnel. 
Water is conducted to the funnel by glass 
and rubber tubing from a reservoir. The 
water-level in the reservoir is kept below the 
level of the plate. Since the whole apparatus 
is air-tight, water is held in contact with the 
porous plate by capillary tension and the air 
pressure on the water in the reservoir. A 
mercury valve in the 'glass tube leading from 
the reservoir to the plate prevents rain or 
dew which tp.ight be absorbed by the plate 
from entering the reservoir. Evaporation is 
measured by noting the amount of fall of 
water-level in the reservoir. The instrument 
is exposed in the field; such that the black 

320 

180 

ELONGATION PHASE 

TlLURING PHASE 

surface of the cup is 1.2 m. (4 ft.) above the 
ground surface. This height is important 
since evaporation is affected by the height of 
the cup above the ground. Water used in the 
instrument is either distilled or demineralis
ed. The Black Bellani atmometer records the 
'maximum possible rate of change of liquid 
water to water vapour from a black, plane 
horizontal surface fully exposed to the pre
vailing meteorological factors. This is termed 
'latent evaporation' or tl;l.e maximum drying 
ability of the air. 

Results 

Table I shows the ratios of the' actual eva
potranspiration to pan evaporation and latent 
evaporation during different stages of growth 
of the rabi (1962-63) wheat crop at Poona. 

TABLE I 

Phase of the crop 

Germination 
Tillcring . 
Elongation (Growth) 
Grain formation (Maturity) 

GRAIN FORMATION PJ.lAM 

Ratio of 

A.E.T., A.E.T./Latent 
Pan Evap. 

Evap. 

1·14 5·22x1O-a 

1·!7 6·0IxlO-a 

0·73 3·24xI0-a 

0·55 3·09x 10-" 

()o<>-_-oOoO OBS£RvEO CIJRVl 

s-__ -"rJTT£D " 

'k---~~~~~--~~----'~~--~~ .... ~--'~~---~ 
~ ~ ......, \ 

CIII'1(/WIVE PAN £VAPrJRATION MI'f 

FIGURE 1. 
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It can be seen that the ratio of the actual 
evapotranspiration to pan evaporation or 
latent evaporation attains a maximum value 
during tillering phase while the ~mum is 
registered during the maturity phase. From 
the table it may also be observed that the 
actual evapotranspiration increases correspon
dingly with pan evaporation during the early 
stages of crop growth (germination and tiller
ing phases) while during the later stages, the 
ratio drops suggesting that the ev:\potranspi
ration decreases considerably in comparison 
with the pan evaporation. 

Scatter diagrams prepared with th~ help of 
daily individual values of actual evapotrans
piration and pan evaporation separately for 
different growth periods did not reveal any 
significant result. Therefore, cumulative 
values of evapotranspiration as obtained by 
lysimeter were plotted (Figure 1) against 
the cumulative values of pan evaporation 
starting from the . sowing up to the 
harvest time. It is seen that the two sets of 
values lie on a smooth curve. 

An attempt was made to see whether a 
mathematical equation could be fitted to the 
curve. After several trials an equation of the 
torm 

6.06-0.0083x 

y=302.3 '-e 

was derived. In this equation y repre
sents the cumulative actual evapotranspiration 

9---4 eBI & 1'{69 

and x the cumulative pan evap<?ration. The 
evapotranspiratiof\ values worked out from 
pan evaporation making use of this equation 
are also plotted in the form of a curve in 
Figure 1. Even though this curve does not 
quite coincide with the lysimetric curve, it 
may' be seen that the total evapotranspiration 
up to the end of the grain formation period 
can be obtained with this equation to a fairly 
good degree of accuracy. Even taking into 
account the individual growth phases, the 
agreement between observed and calculated 
values is quite close for the tillering and 
grain formation periods although computed 
values are somewhat higher for the elonga
tion period. 

The study pertains to one kind of soil, crop 
and a season. In order to extend the results, 
further experiments are necessary with diffe
rent soils and crops and in different seasons 
and climatic zones. 
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STUDIES ON' SOIL MOISTURE CHARACTERISTICS 

by 

Suresh C. Modgal* 

Introductio,n 

The energy concept of soil moisture was 
intr<9duced by Buckinghum (1907), and fur
ther developed by Gardner (1920), Richards 
(1928), Schefield (1935) and Edlefsen and 
Anderson (1943). Since the introduction of 
this concept, it has been applied in establish
ing soil-water relationships, more logically. 
Application of energy concept in characteri
zing soil moisture has practical singnificance. 
Soil moisture characteristic curves not only 
tell the amount of water present against vari
ous tensions or pF values, but they also indi
cate the spread of moisture availability range, 
which is of basic importance in' working out 
soil-water and plant relations, and in the 
planning of irrigational experiments. Soil 
moisture characterization also gives an idea 
regarding the soil type in relation to its 
texture. 

Moisture characteristic curves for three dif
ferent soils have been presented and discussed 
in this paper. To facilitate the explanation 
and also to make the comparisons more 
sound, soil moisture has been characterized in 
terms of tension in atmospheres and pF. 

Experimental 

Three different soil types, i.e., Hazoria clay, 
Bichpuri sandy loam and Rehovot sand were 

chosen: for these studies, which were conduc
ted under controlled temperature and humi
dity at Natio~al and the University Institute' 
of Agriculture, Rehovot, Israd in June 1963. 
The clay and sand were soils from' Israel, 
whereas the sandy loam soil was from Agra, 
India. 

The tensions under which the soil samples 
were put. to determine moisture content 
(oven dry weight basis) were 0.1, 0.3, 1.0, 
3.0, 5.0, 8.0 and 15.0 atmospheres. The vari
ous tensions chosen were such, so as to cover 
the entire range of soil moisture availability 
for different soil types. Moisture content 
against 0.1, 0.3 and 1.0 atmosphere tensions 
was estimated with the help of pressure' plate 
apparatus, while for 3.0, 5.0, 8.0 and 15.0 
atmospheres tensions were estimated through 
pressure membrane apparatus. Later, for each 
of these tensions, corresponding pF values 
were calculated by taking the logarithm of 
height in centimeters of water column equi
valent to various tensions in atmospheres. 

Results and Discussion 

Data for total soil moisture content versus 
pF values have been presented in Table I and 
further explained through Figures 1 and 2. 

TABLE I 

Soil moislure percenlage (oven dry weighl basis) of Ihree soils al menlioller/ lensions and pF v'alfles. 

Soil Type. 

(1) Hazoria clay 

(2) Bichpuri sandy loam 

(3) Rehovot sand 

0·1 

2·0 

34·3 

20·1 

17 ·5 

Tension 
pF 

0·3 1·0 

2·5 3·0 

28·3 26,0 

13,6 12·0 

12·9 10·4 

3·0 5·0 8·0 15·0 

3·5 3·7 3·9 4·2 

24·4 23·4 22·4 22·0 

8·8 7·9 7·3 6·8 
. 7·6 6·9 6·2 6·0 

*Assistant Profes.or of Agronomy (Soil-management and Irrigation), U.P. Agricultural Unive~sity, Pantnagar, 
Nainital. 

NOTE: This paper is based on the work done by the author at University and the National Institute of Agriculture, 
Rehovot, Israel. 
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FIGUil.E 1: Moisture percentages of three soils at different tensiol1s. 

\-

A-Rehovot sand. 

B-Bichpuri sandy loam. 

C-Hazoria clay. 
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FIGmlE 2: Moisture perceDta~es of three Roil 
at different pF. 

A-Rehovot sand. 
B-Bichpuri sandy loam. 
C-Hazoria clay. 

A study of Table I reveals that irrespective 
of soil type, soil moisture content decreases 
with an increase in tension or pF. It is 
evident that moisture retention power of 
Hazoria clay, Bichpuri sandy loam and 
Rehovot sand is in descending order. In the 
light of "energy concept" it may be said that 
so far as the availability of water to plants is 
concerned 28.3 per cent of water content in 
Hazoria is equivalent to 13.6 per cent in Bich
puri sandy loam or 12.9 per cent in Rehovot 
sand, as the tension or pF values for all these 
varying moistures are the same i.e., 0.3 atmos
phere tension/2.5 pF. 

Tension and pF curves as presented m 
Figures 1 and 2 indicate clearly th~t the, 
major portion of available water in all the. 
three 'soil types is removed when a tension 
of one atmosphere or pF value of 3.0 is 

attained. However, as indicated by Hendrick
son and Veihmeyer (1929), the soil moisture 
till it reaches 15 atmosphere tension/4.2 pF 
remains available to plants. This trend in soil 
moisture characteristics is of practical signi
ficance in irrigation agriculture and also in 
the soil moisture measurelI\ent technology. 
Thus, it is advisable, that one needs to be 
cautious to irrigate when soil has attained a 
tension of 1 atmosphere. 

Practical Significance of' Soil Moisture 
Characterization 

,By the help of soil moisture characteristic 
curves as presented in Figure 1 it is possible 
to read directly the total moisture present at 
moisture equivalent (0.3 atmosphete) and 
15 atmosphere tension. The moisture equiv
alent has been generally considered as an 
acceptable laboratory determination approxi
mating to field capacity. Richards and Wea
ver (1944) in their studies found that samples 
of soils moistened and put at pressure of one
third atmosphere had approximately the 
same moisture content as the same soil at 
moisture equivalent. Further' they recom
mend 15 atmosphere tension as a satisfactory 
approximation 'to wilting percentage. Thus 
following the curve between one-third at
mosphere and 15 atmosphere tension, one can 
judge the moisture availability range in a 
particular soil. 

Soil moisture characteristic curves may be 
used directly in planning and guiding soil 
moisture studies and irrigational experiments 
eliminating the use of gypsum blocks and 
tcnsiometers. For exampk, if one is to irri
gate Bichpuri sanoy loam when 50 per cent 
of the available water is left in the soil, it 
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may be irrigated when soil is left with 10.2 
per cent .of tDtal mDisture. As the amDunt .of 
tDtal mDisture present at .one-third atmDs
phere is 13.6 per cent and at 15 atmDsphere 
tensiDn is-Ji.8 per cent, 50 per cent .of available 
water in such a case will be at the time when 
sDil is ief~ with 'a tDtal water cDntent .of 10.2 
per cent. 

Summary, 

The mDisture characteristic curves were 
drawn at RehDvDt, Israel in June 1963, fDr 
three sDil types, i.~., HazDria clay, Bichpuri 
sandy lDam and RehDvDt sand. The tensiDn/ 
pF values chDsen were 0.1 atm./2.0 pF; 0.3 
.atm./2.5 pF; 1.0 atm./3.0 pF ; 3.0 atm./3.5 pF; 
5.0 atm./3.7 pF ; 8.0 atm./3.9 pF and 15 atm./ 
4.2 pF. 

Conclusions 

FDllDwing are the conciusiDns which may 
be drawn .out of the results obtained :-

(1) TensiDn or pF values are inversely 
proportional to the soil mDisture con· 
tent. 

(2) Water retentIVIty of clay is highest 
while that of sand is lowest. . 

(3) Water is held IDssely in sand and 
sandy loam soils in comparison to 
clays. 

(4) A majDr portion of available water is 
remDved by the time soil attains ten
siDn of 1 atmosphere. 

(5) Soil moisture characteristic curves 
may be used for guiding soil moisture 
regimes directly in tlle field of irriga
tional experiments. 
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OPTIMUM REQUIREMENTS AND UTILiSATION OF WATER FOR 
IRRIGATED CROPS . 

by 

J. Walter* 

The backbone of any country is its agricul-
. tural prosperity and this depends on 'water', 
the most important limiting factor for produc
tion of crops. The natural source- of supply 
for all vegetation in the country i~ of course 
'The rainfall', but wherever this is scanty and/ 
or out of season, human enterprise has effected 
the requisite regulated supply of the available 
water by forming dams and barrages, etc., 
across valleys and rivers and conserving the 
waters otherwise running waste for raising the 
crops. 

Many such storage. reservoirs have been 
taken up and completed in our country. In 
Madras State. almost all the existing sources of 
surface waters have been' tapped and we are 
at the tethers end. Utmost economy in the use 

. of water with maximum production shall be 
the criterion, or in other words maximum 
utilisation of the waters availctble for raising 
the maximum crops, shall be the aim of . all 
irrigation and agriculture engineers. To 
achieve this, the existing irrigation works must 
be. well maintained and operated with the 
highe~t degree of efficiency. 

Water Requirement of Crops 

The water requirement of an irrigated crop 
is the amount of water needed for crop growth. 
This may be met. entirely by precipitation in 
humid regions, by precipitation and irrigation 
in semi-arid regions and by irrigation only in 
arid regions. The irrigation requirement of 
a crop is denoted by 'duty' which may be de
fined as the area of a particular crop that can 
be successfully raised to maturity with a flow 
of 0.0283 cumec (one cusec) of water during 
its growth including rainfall. 

The irrigation requirement of any crop de
pends upon: (1) the soil composition. (2) 
soil moisture, (3) surface topography, (4) the 
duration, (5) climate conditions, (6) method 

of irrigation, (7) design of delivery system. 
Psychology, stamina, intelligence and skill of 

. the farmer, possible maintenance of soil ferti
lity, etc., are some of the other factors, which 
govern the yield or the harvest. 

Experiments conducted at the Paddy Breed
ing Station at Coimbatore for two seasons 1932 
to 1934 for determining the quantity of water 
required for different stages of growth for 
Vallaisamba (white rice-one special quality) 
ripening in 160 days with a duty of 8716.6 cu. 
m. (84.8 acre-in.) of water revealed the 
following :-
----------------

Stage of crop 
Acre-inches 

(including 
irrigation and 
rainfall) . 

---------- -------
(I) From preparation of plots to planting 25 ·63 
(2) From planting to flowering . 48 ·27 
(3) From flowering to la;t irrigation . 10 ·89 

TOTAL 84·79 

Optimum Requirements 

A correct estimate of the optimum require- . 
ment of water for a crop. is essential for getting 
the maximum yield with economical use of 
water. Many additional acreages could be deve
loped if water supplies could be used more 
economically. Still further extensions in irri
gated areas could be made if all unused stream 
flows could be stored, delivered to the lands 

. as actually needed and applied with high irri
gation efficiency. The supply of water more 
than the optimum requirement not only gives 
very little increase in yield of most crops but 
also decreases the quality of the product. 

Optimum water requirements of different 
crops are the seasonal depths of water that re
sult in maximum yields where the depths in
clude soil moisture supplied by precipitation as 
well as water delivered by irrigation. 

Soil moisture plays an important role in 
study of the optimum requirement of water 

·Superintending Engineer, P.W.D. Designs Circle, Chepauk, Madras. 
I 
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for a crop. The hydroscopic water in a soil is 
not available for plant growth and hence dis
regarded in considering irrigation needs. Only 
when the soil moisture increases beyond 50 
per cent above its content of hydroscopic water 
it is taken by the plant. When the water (on
tent increases further, more and more water is 
available for the plant growth. When the 
water content increases beyond the, maximum 
capillary capacity of the soil, the excess water 
flows off the soil particles under the action of 
gravity and drops to lower level or drier soil 
or passes down to the water-table as gravity 
water. When the soil moisture decreases below 
a certain limit, the plant is not able to take up 
the available moisture it begins to show signs 
of distress, wilt and die (Figure 1). The soil 
moisture at which the wilting begins in any 
soil is called the wilting coefficient of that soil. 

For economic utilisation of water, water 
must be delivered to the field in such a man
ner that the water content of the soil within 
the root zone at any time shall never fall be
low the wilting coefficient of the soil an(r~ha!l 
never exceed the full load capillary capacity of 
the soil. 

U tilij'tltion of Watcr . 

For maximum utilisation of available waters, 
the minimum should be the losses. The losses 
may be broadly classified as (a) transmission 
(b) tl anspiration. 

(a) TRANSMISSION LOSSES 

To study the transmission losses in canals 
and field channels experimeilts were conduc. 
ted in fields in Aradiar Parai, Kugalur Ara
kankottai and Thadepalli Channels. The 
results obtained indicated that 8 cusec/sq. ft. 
run of water may be safely assumed as trans
mission looses. 

(b) TRANSPIRATION LOSSES 

The tra~'spiration losses fo~ the impor
tant crop rice were studied Jl1 Aduthurai 
and Maruteru Research units. The results ob
tained indicate that the total loss due to trans
piration by the crop, evaporation from the sur
face and seepage from the soil can be safely 
assumed as 2.5 mm. (1/10 in.) per day per 
acre in the deltaic areas. . 

In the interests of the country, attempt 
should be made to get the maximum produc
tion with the available water. It is the duty of 
the engineer to min~mize the loss of water 
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FIGURE 1 : Soil Dlolsturc forDls and properti~s. 

through the bUilds, lo!'S durinO' transmission 
through canals, distributarie~ and field 
chan~el.s a.nd evaporation loss. Seepage loss can 
be mmlmlsed by careful selection of site for 
the reservoir, proper selection of site for the 
reservoir, proper selection of materials and 
quality control in forming the bUl1d, lining of. 
canals, etc. Loss of water in the field can be 
controlled by proper methods of water deli
very and proper method of cultivation. Experi
ments are under way for reducing the evapora
tion losses, as well. 
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When more water is supplied to the field 
than the optimum, the surplus water drains 
away and carries with it plant food in solution 
and impoverishes the soil. But when the water 
is not drained, then it descends down below 
the reach of crop roots by gravity, escapes tu 
the water-table and causes an increase in the 
water-table. This increase in water-table cur
tails the root zone through which plants can 
be fed and hence limits production. In addi
tion, it may cause water-logging under certain 
conditions and serious drainage problem. 

Measures of EconoJDY 

The measures for securing the best use from 
the available water supply depend mainly upon 
the farmer himself and can be controlled by 
methods of water delivery. Inadequate cultiva
tion is one of the reasons for not achieving 
maximum results even with adequate supply 
of water. It has been shown that soil kept in 
a thorough state of cultivation with the sur
face thoroughly pulverised at frequent inter
vals losses water much less rapidly than 1m
cultivated gro~nd. 

. Experiments have shown that a small quan
tity of water supplied to the plants during the 
earlier stages of growth gives better yield than 

. the same quantity of water supplied at the 
later stage. Farmers. must accommodate each 
other and meet the demands of the system 
concerning the time of application of water. 
Rules must be rigidly enforced forbidding 
wanton waste of water, such as allowing it to 
run at night without benefit. On account of 
the inconvenience of night work farmers 
allow to waste water in large quantities from 
the lower end of fields into the roads or waste 
ditches and other similar practices. 

Rotation SysteJD 

Better results can be had by delivering 
water at intervals in large volumes than by 
delivering a constant flow for a definite period. 
Much higher economy both in time and water 
can be obtained by turning on a large quan
tity at once so as to cover the ground several 
inches in depth and while the water in con
tact with the soil is being absorbed, the surface 
water is run rapidly towards the lower end of 
the field. The entire surface is thus soon wet 
and the irrigatioil of a certain area is soon 
over and the water is. carried to additional 
fields. Larger heads of water may be used for 
irrigation ona pervious soil than upon imper
vious soils which require some time to absorb 

the requisite amount of water. The system of 
allowing water to a farmer for one week dou
ble the amount of water which would be 
required for constant flow and then one week 
without any water delivery may be tried. This 
rotation system of delivery is_ reported to have 
been found to be reasonably economical and 
satisfactory in America. 

Some field studies have already been under
taken in our country soil-wise and climate
wise to determine the optimum requirement 
of water considering the soil moisture for each 
crop during the various stages of the plant 
growth for the economical utilisation of water. 

The Utab Agricultural College has done 
some experiments in the economical use of 
water and has concluded as follows. Deep and 
thorough ploughing enables the soil to absorb 
and retain the ·rain-water. The more the rain
water stored, -the less will be the irrigation 
water required. Thorough and frequent culti
vation will reduce the loss of water by evapo
ration from the surface of the soil. The correct 
method of irrigation may have to be adopted 
depending upon the type of crop, soil and 
climatic conditions. 

An experiment with the following eight 
treatments and four replications was conduct
ed for a period of five years commencing from 
1938-39 at Coimbatore. 

(i) 5.1 cm. (2 in.) depth, of water once 
in 3 days 

(ii) 5.1 cm. (2 in.) depth of water once 
in 6 days 

(iii) 5.1 cm. (2 in.) depth of water once 
in 9 days 

(it!) 10.2 em. (4 in.) depth of water once 
in 6 days 

(v) 10.2 cm. (4 in.) depth of water once 
in 12 days 

(vi) 10.2 cm. (4 in.) depth of water once 
in 18 days 

(vii) Normal (i.e., standing water of 5.1 
cm. (2 in.) depth always/maintained) 
for 4 weeks and afterwards 10.2 cm. 
(4 in.) of water once in 12 days 

(viii) Control normal-5.1 cm. (2 in.) 
depth of standing water always main
tained. 

The general trend of results was that the 
control, viz., 5.1 cm. (2 in.) of water maintain
ed always recorded as good a yield as 5.1 cm. 
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TABLE I 

Crop Duty of Remarks 
water 

SI. Name of station 
No. 

1. Maruteru Sugar-cane 107 
Bananas 136 
Rice (first crop) '81 June-December 
Rice. (second crop) • 54 February-May 

2. Aduthurai Kuri vai rice 

Tba1adi rice 
Samba rice 

3. Pattukottai· Kurivai rice 

Tbaladi rice o' 

Samba rice 

4. Central Farm, Coimbatore Single-crop rice 
Ragi 
Sorghum 
Cotton . 

5. Siruguppa Sorghum 
Cotton. 
Ragi 

Wheal 
Korra 
Groundnut 
Rice 
Sugar-cane 

(2 in.) in 3 days and 10.2 cm. (4 in.) i!1 6 
days. Experiments were also conducted at dIffe
rent stations from 1938 onwards for some of 
the plantations and the results are furnished in 
Table I. . 

The mean duty of dry.irrigated crops work
ed OUt to 175, whereas the approximate duty 
for rice is 60. It will be seen, therefore, that 
the duty of dry irrigated crops is roughly 
three times that for rice. 

From the experiments conducted by the 
Madras Agricultural Department, it is inferre? 
that smaller quantity of depth of water IS 
delivered at short intervals produced better 
yields than larger quantities at longer inter
vals and that 5.1 cm. (2 in.) of standing water 
maintained always gave the· maximum yield, 
for rice cultivation. 

68 First c~op 
80 Second crop 
76 Single ~rop wet lands 

37 
37 
57 

51 Average of four years 
130 May-September 
120 March-June 
190 6 IJIontru duration 

163 June-September 
265 August-March 
126 July-October 
234 November-March 
103 June-September 
156 July-October 
60 Single crop 
90 

The returns of the irrigation can be increas
ed by economic handling of water. Field stu
dies for determining the optimum require
men~ of water for every crop during various 
stages of growth soil-wise and climate-wise 
wil~ help irrigation with high efficiency. Irri
ga.tIOn s~ould always be supplied before the 
soIl mOIsture reaches the wilting point 
throughout the root zone. Loss and waste of 
irrigation water must be reduced to a mini
mum by proper method of water delivery and 
c.ultivation. !t may not be out of place to men
tIOn for optImum utilisation of available water 
evaporation from water surfaces may be re
duced wherever possible by the application of 
monomolecular layer on the basis of experi
ments done at Irrigation Research Statioll 
Poondi and tr~nspira.tion through crops is als~ 
reduced by sUItable application as is reported 
to have been ~uccessfully practised in Japan. 



METHODS FOR ECONOMISING USE OF WATER 
By 

. O. P. Kumra* 

SYNOPSIS 

It is generally experienced that the usual disposal oj irrigation water let out in a 
canol system !n Northern India corresponds approximately to the following pattern :-

(1) Loss in the main canal and branches ... 15-20 per cent 

(2.) Loss in major and minor distributaries 6-8 per cent 

20-22 per cent (3) loss in field channels 

(4) Losses due to irregul{lr distribution deep percolation 
and surface evaporation during application of 
water 25-27 per cent 

(5) Utilisation by crops in the form oj evapotrans
piration 28-29 per cent 

The above figures no doubt offer considerable scope jor exercising economy in the 
use of wrter. So for ottentiun has been given to the development of irrigation resources 
and not so mUth to the optimum utilisation of water. Attempts have been made at 

_ reducing losses in canal systems by lining the earthen channels. However the wastage 
thot occurs in the farmers sphere of handling the irrigation supplies deserve some '1Iore 
serious thinTdng as the benefits accruing therefrom could be manifold such as' additional 
area may be brought under irrigftionfrom th~ water thus saved; water-loCfiing problems 
could be eliminated; and the .Jlelds of crops Increased by adopting improved irrigation 

\practius. Methodsfor economising the use of water, as suggested in this paper are: 
(i) proper alignment. grading, construction and maintenance of field channels, 

(ii) evolving cheap designs of linings, crossings, water control equipment, and 
farm structures on the field channels/watercourses, . 

(iii) proper irrigation methods and land preparation in the fields, 
(iv) equitable sharing of available supplies and consolidation of holdings, 
(v) charging water rates on volumetric basis, 

(vi) coordillating optimum.irrigatio~ requiremen!s of Cy?PS vis-a-v:s rosterings 
of the1lnels and evolvzng troPpzng patterns m relation to available water 
supplies, 

(vii)· elimination of weeds, 
(viii) offering incentives to progressive farmers, 

(ix) re-use of surplus salvrged water, and 
(x) finally populo rising the above methods by extension and demonstration. 

Introduction Abundant supplies of uncontrolled water 
lea~ to the havoc of floods and consequent 
dr.amage hazards. Excessive irrigation coupled 
WIth seepage, leakage and breaches in earthen 
channels account for the rise in water-table 
~ater-logging, salinity and alkalinity. Intercep: 
tlOn of natural ~drainage by a ne~ork of rails 
and roads have. further aggravated these pro
blems. Again, as more and more of this source 

Water is wealth. Irrigation, generation of 
hydro-power, navigation, domestic a!ld indus
trial water supply are some of the Important 
direct uses of water. Fish culture and develop
ment of recreation spots are the usual accom- . 
paniments to the projects utilising this preci
ous source. But too much of everything, they 
say, is bad. 

*As.i5tant Irrigation Adviser to Govemment ofIn-lia, Ministry of Food ar.d Agriculture, New Delhi. 
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is being harnessed, resulting in sharply shrink
ing balances, controversial issues are coming 
to the forefront. Of late, territorial water dis
putes, prio.rity· claims o.f one aspect of water 
use over the o.ther. cost allocatio.ns to. the vari
ous co.mponents of multipurpose pro.jects, are 
some o.f the ticklish problems that the engi
neers of today are called upon to. resolve. Keep
ing in view the rapidly developing conditions \ 
of water utilisation in India, time now appears 
to be ripe to have a look back, take stock of 
our failures thoroughly and cry halt to. the 
huge losses of water particularly in the exten
sive canal systems, the vast network of water
courses and the innumerable fields that are 
primarily respoIisible for the end-use of this 
co.mmodity. This would not o.nly eliminate the 
dangers of large chunks of once irrigated 
tracts turning waterlogged waste lands but 0n 
the other hand, water thus saved would extend 
controlled irrigation benefits to. a much larger 
area. 

The above, in brief, underlines the necessity 
for some serious thinking 0n the wafs and 
means for economising use of water. Different 
utilities consuming bulk supplies of water 
have been enumerated above. Of these all, irri
gation is by far the largest single consumer. 
Again, within irrigation itself whereas ade
quate attention appears to have been paid to 
the subject of eva12oratio.n losses in the storage 
tanks and seepage losses in the canal systems, 
but what actually happens to the water beyond 
Government outlets is an aspect that has large
ly been neglected so far. The scope of this 
paper is, therefore, limited to. the extent of 
focussing attention to the need for devising 
methods to economise water use in the sphere, 
the responsibility for which primarily falls on 
the beneficiaries, whether individuals or 
Panchayats. 

What is Water U~e ? 

The term 'water use', as referred to in the 
context of irrigation, is generally meant to 
convey the efficient and eco.nomic end-use of 
irrigation water beyond Government control
led points of delivery, i.e., the outlets. This 
term in brief denotes water management prac
tices 'under, conditions of irrigated farming 
with a view to ensuring optimum use of water 
through proper distribution and timely appli
cation in co.rrect doses in relation to the irri
gation needs of crops. If irrigation is applied 
at the right time and excess water drained in 
time from the fields, intensive cropping can be 

planned for maximum production. This would 
then not only eliminate the harmful effects 
of waterlogging, but also bring more area 
lunder irrigation from the same quantity of 
water, thus achieving greater utilizatio.n of the 
existing ,irrigation potential. The time-lag 
between the two will alSo. be reduced to. the 
minimum. 

Conveyance of Water 

Construction 01 Field Channds 

After its release in a pre-determined and 
measured quantity from the o.utlet, water is 
first to. be co.nveyed in small earthern channels 
known as watercourses or field channels in 
o.rder that the same could be distributed equi
tably to. the various fields and farms that the 
outlet is intended to serve. Experience, how
ever, sho.ws that the bendiciaries who are 
themselves responsible for this job, more often 
fail to accomplish the same due to various 

. reasons. Some of these are natural, like the 
unwillingness of the cultivators to. part with 
land OUt of their already meagre holdings, and 
the lack of agreement on the alignment of the 
channel that may be acceptable to all. Others 
are beyond their control, such as the general 
shortage of finances with the farmers and the 
lack of technical know~how on their part .. 

Studies on under-utilisation of irrigation 
potential created on the projects highlight 
the absence of watercourses or field channels 
as one of the major reasons for this debacle. 
As a result of good de~l of thinking on: this 
subject during the past few years, certain con
clusions have been arrived at with a view to 
finding a solution of this problem. It is seen 
that the area proposed to be commanded by 
an outlet is sometimes very large, even as 
much as 485.62 ha. (1200 acres). This neces
sitates a long length of watercourses to be put 
up and managed by a comparatively large 
group of beneficiaries-a factor· that reduces 
cha.nees of cooperation amongst them besides 
takmg away lot of land from cultivation. On 
the other hand, when a number of small o.ut
lets serve compact blocks of small but econo
mic sized areas, the idle length of water cour
ses fo.r merely conveying water as in the for
mer, is reduced in this case. There is greater 
u.nd.erstanding in t~e s~aller group of benefi
Clanes, less expendIture IS incurred and better 
control is achieved. 

Keeping the above in view, some sugges
tions have been made that the size o.f the area 
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~erved by an outlet should not be unduly large, 
that separate water courses be provided for 
blocks of 60.70 ha. (150 acres) each, that water
courses for chaks or blocks up to 40.47 ha. 
(100 acres) in area be constructed by project 
authorities at Government cost, and that for 
the remaining areas, the alignment of field 
channels should be marked out by the project 
authorities on village maps and these maps 
should be supplied to the District and Block 
Development authorities for getting the field 
channels excavated by the beneficiaries in good 
time. Further, since responsibility for construc
tion and maintenance of small group works is 
being progressively transferred to the village 
Panchayats, suitable legislative measures are 
also being enacted side by side to enable them 

·to carry out the construction of field channels 
and recover the cost from the beneficiaries in 
case of default. 

It is experienced that in the absence of field 
channels, water is directly let into the fields 
for field-to-field irrigation which results in 
over-irrigation in the upper areas and under
irrigation in the lower fields besides all round 
wastage due to lack of proper control. Thus, 
the first and foremost step towards economis
ing use of irrigation water is the proper 
alignment, grading, construction and mainte
nance of field channels-a task for which in
creasing technical guidance and credit facili
ties are now'proposed to be made available to 
the cultivators. 

Reduction il~ Conveyance Losses 

As a result of observations carried out on 
canals in Northern India, it is estimated that, 
of the total quantity of water let into a canal 
system, about 20 to 22 per cent is lost in field 
channels and watercourses, mostly by way of 
seepage. Reduction in this loss by lining, 
naturally offers ample scope for exercising eco
nomy in water use. In canal systems, however, 
where the cultivators are charged water rates 
on area basis, they generally do not bother 
~bout this loss as they are not prepared to 
mcur extra expenditure by way of lining. To 
make a start, therefore, lining should be en
couraged as much as possible particularly in 
the sandy areas or where water is very valu
able, for raising cash or other crops, by such 
local institutions as the Pancllayats/Panchayat 
Samitis or the Block agencies. It is heartening 
to note that on tube-wells and other State
owned lift irrigation systems first mile or 

more of field channels is lined at Government 
cost. This needs to be emulated by the culti
vators. But since at present, lin~g is done by 
conventional methods, i.e., masonry or con
crete, involving high cost that the farmers in 
,their present status of economy cannot afford, 
the need for a cheaper type of lining is keenly 
felt by one and all. Some research has been 
carried out on cheap methods of lining involv
ing use of alkathene, bentonite, bitumen, 
water-proof mud plaster, sheet asphalt, com
pacted soil, cow dung, molasses, etc., in irri
gation research institutes notably in' Uttar 
Pradesh, Punjab and Bihar. Under the Minis
try of Food 'and Agriculture's Third Plan 
Scheme of Research on Minor Irrigation and 
Water Use, this work has been extended ill 
other institutes also in Gujarat,. Kerala, 
Madhya Pradesh and Maharashtra. Mter these 
experiments have been carried out, say by the 
middle of the Fourth Plan, it is hoped that 
sufficient data will be available with the re
search engineers to arrive at some definite con
clusions on cheap lining materials and their 
overall economics considering their initial cost, 
durability, maintenance expenses, extent of 
damage by cattle and so on. 

Reduction in seepage losses in the field 
channels by means of a suitable but cheap 
lining is,. thus, the second hut equally impor
tant method for economising use of irrigation 
water. 

Proper Crossings on Field Chalmels 

, As at present, no structures are 'provided on 
field channels where small drainage lines or 
village roads cross the same. This' results in 
sizeable wastage of irrigation water, which 
cpuld be avoided by providing suitable cheap 
structures made of the locally available timber. 
Simil;lrly, adequate number of~wooden drops 
(falls) should also be provided in reaches 
where the country slopes steeper than the .gafe 
designed grade of the field channel to avoid 
excessive scour. This is necessary to ensure 
sustained effectiveness of the field channels 
for smooth conveyance of. water. 

The responsibility for construction of these 
works rests with the cultivators. Canal Acts in 
some States already provide for construction 
and maintenance of crossings by the benefi
ciaries, or in case of default, by the State Irri
gation Department at the cost of the benefi
ciaries. Research schemes have also been sanc
tioned under Minor Irrigation and Water Use 



70 OPTIMUM REQ.UIREMENl'S AND UTILISATION OF WATER FOR IRRIGATED CROPS 

in the States of Bihar, Kerala, Madhya Pra
desh, Maharashtra, Orissa _ and P\mjab to 
evolve cheap designs for drainage crossings, 
culverts, drops, etc., so that proper teclmical 
guidance be extended to the cultivators ill the 
construction of these works. Similar legislative 
and allied measures need to be taken in other 
States as well. 

Distribution of Water 

Cheap Water Control Equipment 

Conveyance of water goes hand-in-hand with 
its distribution from the field chrumels to the 
fields and farms of the individual- farmers. 
Farmers in India mostly try to handle irriga
tion water by means of small earthen bunds 
put across the field channels and by diverting 
t1ie same through cuts made on the channel 
banks at the points where water is required to 
be delivered. This is responsible for wastage 
of water due to insufficient control. apart 
from the washing out of bunds ultimately, 
resulting thereby in depressions in and around 
the position of the bunds art'd cuts. Such was
tage is capable of being avoided by the Use 
of cheap portable water control equipment like 
the canvas dams, wooden regulators, syphon 
tubes, bamboo pipe outlets, etc. As stated 
earlier, research schemes have been sanctioned 
to devise the same, after which the use and 
merit of these appliap.ces will be brought home 
to the farmers by actual demonstrations in 
Government farms and selected cultivators' 
fields. If necessary, steps may also have to be 
taken to make this equipment available to the 
cultivators at economical ·cost. 

Equitable Sharing of Available Supplies 

It is experienced that each farmer of a 
group receiving irrigation from a common 
source of supply is generally anxious to graL 
the maximum quantity available at the earliest 
possible opportunity without much regard 
to the needs of the other. This often results 
in disputes and difficulties with consequent 
wastage of water. To avoid this situation, it 
becomes necessary to fix some schedule for 
the distribution of available supplies amongst 
the various share-holders indicating in advance 
the turn and time of one and all. Left to 
themselves, it may not be' always possible 
for the farmers to agree upon a mutually 
acceptable solution. In that event Canal 
Officers can be empowered to devise some 
sort of a working arrangement for this 

purpose. This is already being done under 
the turn system in vogue in Uttar Pradesh 
called (Osrabandi' and in Punjab called 
(waftr.-bandi'. These systems are governed by 
the rules framed under the Northern India 
Canal and Drainage Act of 1873. As per the 
procedure the turn generally begins with the 
first holding at the head of the watercourse 
and ends with the one at the tail-end. The 
time of each farmer's turn is prop\>rtionate to 
his area in the command of the outlet. 

But this practice is not followed in many 
States with obvious consequences. Enforce
ment of an effective schedule for day-to-day 
smootll working to ensure each farmeF his 
due share of the available water supplies 
could thus be an important step towards. 
achieving proper distribution of water among 
the farmers. The Pallchayats, no doubt, could 
play a positive role in this direction. 

Water Supply on Volumetric Basis 

It is well-known that the present system of 
charging water rates from cultivators on 
crop area basis does not leave much incentive 
with them for economic use of water. Know
ing that a fixed rate irrespective of the 
quantity of water consumed, is to be charged 
from them, the farmers indulge in excessive 
irrigation which may even ultimately prove 
harmful to their crops and lands. This shows 
the desirability of levying irrigation charges 
on volumetric basis. A beginning has already 
been made in some States in case of State 
tube-wells and some lift irrigation schemes, 
where advantage is taken of the fact that 
daily or sometimes even hourly records of 
pump running and its discharge measurements 
are maintained by tlle operator.· But exten
sion of this volumetric rate system to the 
canal irrigated area is beset with a number of 
practical difficulties in the present stage of 
development. This is primarily due to small 
size land holdings necessitating a large num
ber of transactions involved in measuring, 
recording and accounting for water released 
to each farmer in small doses. Non-availa
bility of devices suitable for measuring small 
.quantitie~ of water consumed by individual 
farm.ers, IS another handicap, whereas lack of 
phYSical control over the supplies in the field 
channels serving a number of cultivators and 
passing through their fields is still another 
factor against bringing this idea within the 
realm of possibility. 
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. As the distribution and mallagement of 
water beyond canal outlets is being progres
sively entrustcd to the Panchayats, a way out 
of the above problem could be to charge 
irrigation rates on the basis of bulk supplics 
measured and delivered to the Panchayats 
at the outlets and leave the rest to them to 
work out the share of individuals on time 
and discharge basis. To begin with this sug
gestion deserves a serious trial on pilot basis. 
The average area irrigated and the discharge 
released by an outlet during the previous 
10 years could be work.ed out and the 
Panchayat or Cooperative of the irrigators 
informed that a fixed rate on the basis of the 
previous average would be charged from 
them even though they may utilise the same 
water in irrigating. more area than the 
previous average. The position may be re
viewed after each five years or so. Mean
while this would serve as an incentive to the 
farmers to conscrve water so as to bring more 
area under irrigation therefrom. 

Application of Water 

We now come to the last stage of water 
use, i.e., its application by the farmer in his 
fields .. The importance of this phase can well 
be imagined from the fact that losses in fields 
due to irregular distribution, deep percolation 
and surface evaporation during application of 
water account for as much as 25 per cent 
to 27 per cent of the irrigation water diverted 
at the source of supply. Whereas it m;1y not 
be possible to completely elirilin~te this huge 
wastage without running the risk of .starving 
the plants, yet these losses appear susceptible 
to some reduction provided certain improved 
irrigation practices are adopted by the farmer. 

Proper Irrigation Method 

During the course of development of irri
gated agriculture in India, many methods 
have come up for applying water to the crops. 
Vegetable crops are raised in furrows which 
are rows of short lengths; orchard~ in depres
sed basins surrounded by rings of earthen 
bunds; cereals in flat rectangular beds of 
varying sizes; fodder in strips of a littl~ 
larger size than the beds, and so on. But as 
the above methods involved lot of labour in 
the preparation of fields and channels,. a 
large number of farmers still practice wild 
flooding from one end of the field to the other 
end and in case of padd y even. field-to-field 

irrigation. This results in over-irrigation of 
low spots and under-irrigation of .the higher 
ones, excessive loss due to deep percolation, 
leaching of plant nutrients, non-uniform 
growth of the crop, etc.-factors that may 
ultimately be responsible for poorer yields. 

It is, therefore, very essential that proper 
irrigation methods are adopted by farmers 
suited to their crop, topography and soil 
conditions. - The optimum sizes of beds, 
kiaries, streams and furrows need to be told 
to them after results backed by thorough 
research are available for as many crop and 
soil types as possible with due regard to the 
consideration that an unduly large area be 
not occupied by the bunds and channels, and 
that the use of bullock power and labour 
saving devices' is popularised. Contour strip 
and contour furrow methods of irrigation 
need to be encouraged in foot-hills of moun
tains and peninsular regions of, rolling topo
graphy to avoid erosion as well as excessive 
and costly land levelling operations which 
may even remove shallow soils completely 
thereby exposing the barren sub-soil incapable 
of sustaining the roots. Sprinkler irrigation 
can be equally helpful in conserving water in 
undulating areas and lands having steep slopes 
or permeable (sandy) soils. But at presen~ 
on account of high cost invQlved in installing 
foreign made imported equipment, its use is 
'mostly limited to plantation crops like coffee, 
tea and orchards. The programme of manu
facturing cheaper sprinkler irrigation equip
ment indigenously need fo be pursued more 
vigorously. 90ncerted efforts should also be 
made to render this method economic by a 
judicious selection of other paying cropping 
patterns, especia,lly in places where water is 
scarce or costly. 

Land Preparation 

Before applying irrigation water, it should 
be necessary to ensure that fields are properly 
prepared so that a uniform depth of water be 
applied to every nook and corner. Depending 
upon the irrigation method to be used, the 
correct laying out of fields and compartments 
may involve levelling the land by 'cutting 
and removing soil from high spots and spread
ing the same in low lying patches; . grading 
the fields with a gentle slope in the direction 
of irrigation and making furrows and bunds. 
The shovel, spade, plough and other imple
ments that the I~dian farmers generally use 
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for this purpose involve iot of manual labour 
besides being uneconomic and somewhat " in-· 
efficient.' Of late, research and extension 
workers have brought out a few improved 
designs of bullock-drawn implements for land 
preparation such as the floats for shaving, 
smoothing and planing, scrapers for cutting 
and chipping, ridgers for bund forming and 
ditchers for channel makjng. Though the 
utility of these improved implements has been 
successfully demonstrated in a few research, 
training or demonstration centres, yet much 
remains to be done to persuade the cultivators 
to switch on to these simple cheap wooden 
frameworks capable of being made by any 
village carpenter. Lack of finances with indi
vidual farmers is perhaps a strong reason 
against popularisation of these implements. 
This bottleneck could be removed by the 
PancllaYCJt or other village cooperative owning 
a few sets and hiring out the same to 
the farmers at nominal rates. Government 
in turn could either extend liberal credit 
facilities to the cultivators or Panchayats, ~tc. 

Irrigation Requirements of Crops-Depth and 
"Frequency of Water Applications 

'An id~'al irrigation system would be the one 
where farmers could apply just sufficient 
.quantity of water to wet the root zone of a 
crop, a little earlier than the stage at which 
moisture deficiency in the soil ,is likely to 
affect its growth. But this is not a simple 
affair. It presupposes considerable research 
on ~he irrigation requirements of different 
crops in 'various regions of, the country 
based on sound scientific, lines and 
moder~ concepts of moisture regime link
ed up with the rainfall, lrumi,dity, tempe
rature, and other climatic and soil conditions 
met ,with in a region. The data so obtained 
from research centres would then require to 
be carefully sifted, analysed and correlated to 
arrive at results that may be made universally 
applicable to the average represen'tative con
ditions in the region. Based on such research 
findings, the ultimate aim should be to 
prepare and publish irrigation guides for each 
district indicating the depth of water to be 
applied on each irrigation along witl? the opti
mum interval between two successIve water
ings. In short, a serious endeavour needs to 
be made to educate our farmers on how to 
irrigate, when to irrigate and how much to 
irrigate. This indeed' is a stupendous task. 

,The Ministry of Food and Agriculture's 
research and training schemes on Minor Irri
gation and Water Use; its five agro-irrigation 
research centres in the project areas of Bhakra
Nangal, Hirakud, Chambal, Tungabhadra and 
Gandai}. and about 34 model agronomic cm
tres under the Indian Council of Agricultural 
Research are steps in the right direction to 
achieve the objective outlined above. Gaining 
knowledge is something but putting the same 
to practical' use is quite different. A great 
handicap in extending the know-how to the 
farmers is the non-evolution of a simple and 
cheap soil moisture measuring techniq .Ie. A 
farmer is not expected . t.o possess costly 
scientific instruments used in research to 
measure soil moisture. In the absence of cheap 
locally made varieties, we have to be content 
in educating him with certain simple tests of 
touch and feel, based on the oozing out of 
moisture from the soil sample when squeezed 
in his palm by the fingers and the thumb. 
The soil may be extracted from the desired 
depth with the help of country-made soil 
aug'ers or depth probe rods. The tests so 
carried out should be indicative of the 
moisture status which could enable a farmer 
to decide upon the right time for irrigation. 

Coordination of Irrigation Requirements 
of Corps vis-a-vis Rostering of Channels 
and evolving Cropping Patterns in 
Relation to available Water Supplies 

As s~ated above, t.he irrigation requirements 
vary WIth the croppmg pattern, soil and clima
tic factors and the different stages of crop 
growth. In order, therefore, that the availa
ble irrigation water is put to most effective 
use for maximum crop "production, it would 
be necessa~y to arrange supplies according 
to t~e op~lmum water needs of the crops. 
WhIle tillS could be possible to some extent 
in storage systems, but in cases of diversion 
sch~mes tI~e supplies available at any time or 
perIO? entlrel,Y depend upon the discharge of 
the nver dunng the period. On storages as 
well, the total supplies in a season are limited 
?y the capacity available or run-off actually 
Impounded. So far as multipurpose storages 
are. concerned. ~at~r .t;nay not always be 
avaIlable for IrrIgatIOn If the other interests 
suffer. It may sometimes be even otherwise 
when water has got to be released purely for 
power, flood contr?l or navigation though tht 
c.r0ps may not be 111 need of irrigation at that 
tune. Then there are other limitations by 
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way of irrigation rights already established 
in an area, or the desire to extend benefits to 
as large an area as possible within the com
mand of a canal system, etc. These factors 
ultimately boil down to the fact that in an 
irrigation system the cropping pattern s.hould 
be so diversified, subject of course, to sod and 
climatic considerations, as could not only be 
adjusted within the available supplies but. en
sure the maximum use of available water 
during all seasons of the year. 

This calls for utmost coordination between 
scheduling of irrigation supplies in the canal 
system and the planning of the cropping 
pattern in the command areas so as to fit 
in with the order of supplies expected specially 
during the period of critical irrigation 
demand. A practical way to do so on storage 
schemes would be to tak.e into account the 
water actually stored in the reservoir after 
the monsoon season and to inform the culti
vators the extent of water available as well as 
the area likely to be irrigated - tlrerefrom 
during the forthcoming season. Crop sowing 
could thereaft~r be planned· according to the 
supplies forecast. The sowing time and the 
variety of seeds to be used should also be so 
adjusted as to stagger the period of keen 
demand as much as possible and thus bring 
maximum crop area under irrigation - from 
the available supplies. 

Elimination of Weeds 

Excess of weeds in the channel sides, banks, 
or in the fields is frequently responsible for 
loss of water due to transpiration at the cost 
of crop itself. Elimination of weeds could 
thus result in some economy in water-use. 

Consolidation of Holdings 

Consolidation of land holdings could make 
it easier for the farmers to implement the sug
gestions stated above. 
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Extension and DemoBstration./ 

Some methods in brief, for economising 
. use of water have been outlined above.' Before, 
however, we expect the farmers to adopt the 
same readily, lot of extension work by way of 

. astual· demonstration of the main steps and 
-measures will be necessary. The band. of 
engineering subordinates and agr'kulture 
graduates now being trained under the 
Ministry of Food and Agriculture's scheme 
of Training on Minor Irrigation and Water 
Use could be handy for achieving this objec
tive. Likewise the Community Development 
and National Extension Agencies employing 
Village Level Workers may also. contribute 
their mite. 

Incentive 

Some incentive by charging a differential! 
concessional water rate could be offered to 
those cultivators who carry out improved 
irrigation practices as outlined above,so that , 
others may follow suit readily. . __ 

Re-use of Water 

. Inspite of the best and sincere efforts of 
extension workers and cultivators, - some 
wastage would be unavoidable in actual 
practice. In case the quantum of loss' dUe to 
surface run-off in the fields be high, an 
attempt should be made to recover and re-use 
the same to the extent possible after ensuring 
that the same has not been rendered saline 
during the process of its initial use in. such 
soils or due to the after effects of fertilizers. 
One way could be to have small field drains 
at the tail-ends of the farms or big holdings, 
in which surplus surface run-off could be 
channelised for being dropped either into the 
nearest field channel or passed on in a con
trolled manner to a needy neighbour. If not 
required by anyone, it may be let into the 
nearest drain so that at least the danger of 
waterlogging is kept away. . 
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• 
Introd1lction 

It is very difficult almost impossible to state 
correctly one figure as, the water requirement 
of any particular crop, as it depends upon a 
variety of factors such as the soil, the season, 
date of plantation, vigour of crops, manures 
applied, etc. However, it is still necessary 
to know with fair degree of accuracy the 
water requil,"ements under the known and 
common factors. This knowledge of the opti
mum water requirements of different crops 
helps to avoid excessive use of irrigation 
water leading to water-logging conditions and 
also enables to design an irrigation project 
more precisely. 

. The paper takes a review of the basic work 
done in the laboratory as also of the experi
mental and observational work carried out in 
the fields. Main items on which work has 
been carried out and data collected comprise 
the following :-

(1) Laboratory scale experiments. 

(2) Regularly laid out field experiments 
at Hadapsar EfBuent Experimental 
Area. 

(3) Field experiments at Sugar-cane 
Research Station, Padegaon, District
Satara. 

(4) V.olumetric supply of water to sugar 
factories in the Western Maharashtra. 

(5) Irrigation on wells. 

Water Requirement of Crops under Con
trolled Conditions 

The importance of correct estimate of water 
requirement of crops in an irrigation system' 
was realised long back in the, state of Maha
rashtra and experiments were carried out 
under controlled conditions both in the labo
ratory and in the fields. 

• Soil Survey Division, Poona • 
. I 
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LttlPoratory Experiments 

The object of these experiments was, to 
determine the minimum water requirements 
of sugar-cane at all stages of growth in order 
to ascertain whether it was practicable to 
restrict the supply, of irrigation water without 
det,riment to cane growers, and if so, to see 
how far distribution could be improved with
in the practical limitations of irrigation 
practice. 

Experiments in pots were conducted during 
1928 to 1934 to study the water requirement 
'of sugar-cane crop. Of the total water added 
part was utilised. by the crop for the develop
ment of crop (transpiration), part was evapo
rated from the soil and part' was lost as 
drainage. 

In earlier stages the main difficulty was to 
grow the normal crop of sugar-cane under 
pot conditions but a technique was soon deve
loped to grow normal cane under controlled 
conditions by providing pots of suitable size 
and the moisture content needed by the plant. 
The details are given in the Bombay P.W.D. 
Technical Paper No. 57, Volume II, published 
in the year 1938. 

The results show-that the rate of transpira
tion for the cane crop is about 4/5 acre-in. 
per ton of sugar-cane crop provided the growth· 
is normal and the yield exceeds 89·60 tonnes/ 
ha. (35 tons per acre). 

For a normal crop of sugaJ,"-cane of 115.20 
tonnes/ha. (45 tons per acre) the figures of 
transpiration and evaporation in different' 
seasons work out to 91.4 cm. (36 in.) by trans
piration and an equal amount due to evapo
ration from the soil (the figures are exclu
sive of rainfall). 
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Field Scale Experiment! 
The field scale experiments carried out at 

Hadapsar Experimental area with the sugar
cane crop gave the following results :-

Quantities of water 
added per acre in in. 

75 
100 
125 
150 

Yield ofGul 
per acre in lb. 

7910 
8290 
8017 
7858 

Optimum yields were obtained with 254 em. 
(100 in.) of irrigation. 

Experiments conducted at the Sugar-cane 
Research Station at Padegaon during the same 
period stated 241.3 cm. (95 in.) as the optimum 
requirement of water for sugar-cane crop. 

Water Requiremeut of Sugar-caue in 
Sugar, Factory areas In the Western 
Maharashtra 

The problem of water requirement. of sugar
cane in sugar factory areas is a complex one .. 
There are a number of varying factors which 
come into play such as the type of soil, the 
quantity of water and manure applied, 
variety of sugar-cane grown, date of planting, 
cultural methods used, etc., which determine 
the yield of sugar-cane and the recovery of 
sugar therefrom. 

It is, therefore, very difficult to exactly 
assess the role played by the quantity of 
water applied to the yield of sugar-cane and 
recovery of sugar obtained. But as the modes 
and methods adopted in the various sugar 
factories in the Western Maharashtra have 
been almost standardised, it may be of interest 
to examine the question of yield of sugar-cane 
and sugar to the total .quantity of water 
utilised and has thus been examined. 

Percentage Distribution of Different Soils 
in the Sugar Factory Areas 

The soils in the sugar factory area have been 
classified according to Genetic System of 
classification of soils. The percentage distri
bution of different types of soils in the sugar 
factory area is shown in Table I. 

/ .. 
A brief discription of the i~po~tant soil 

types is given below :-.:.. 
/ 

B-type ~oils 

B-type is characterised by three "Horizons". 
the first horizon is about 51 cIrt. (20 in.) in 
thickness greyish black in colour with a 
distinct brown shade, with a more Qr less 
cloddy structure, the second horizon is mot
tled w,ith black and brown, brown increasing 
with depth; thickness 51 to 76.2 cm. (20 to 
30 in.), a pure reddish brown horizon follows 
which shows concretions of lime and often 
gypsum crystals: The soil depth is· never less 
than 1 m. (3t ft.) but may extent up to great 
depths. 

This type of soil is predominantly found in 
Godavari Sugar Mills, Changdev Sugar 
Factory, Maharashtra Sugar Mills, Phaltan 
Sugar Works Ltd. and Walchandnagar Indus
tries Limited. 

D-type Soils 

Ootype has a single horizon possessing a 
dark grey colour with brown shade, fairly 
loose and granular with faint structure appear
ing in lower depths . which . attains distinct 
lamination in the lowest layer. Intervening 
between the soil and murrum below is a lime 
band of dirty white colour and of varying 
thickness. The depth' of the soil layer varies I 

from 0.6 to 1.2 m. (2 to 4 ft.). 

,TABLEI , 
Showing the percentage distribution of different types of soils in varioUJ sugar factories. 

SI. 
No. 

Name of Sugar Factory 

1. Bclapur Sugar Factory Limitcd . 
2. Maharashtra Sugar Mills Limited 
3. Godavari Sugar~Mills Limited. • 
4. Shri Changdeo Sugar Factory Limited 
5. Walchandnagar Industries Limited • 
6. Phaltan Sugar Works Limited • 
7. Saswad Mali Sugar Factory Limited . 
8. Ravalgaon Sugar Farm Limited 

\1-4 OBI & P/69 

G 

62 
34 
17 -
30 
'30 

1 
37 
54 

Percentage distribution of soil typcs 

A 

11 
15 
5 

5 
25 

D 

3 
10 
16 
10 
44 
20 
38 

F 0 

. -

14 

16 
11 
9 

12 ' 
1 
9 

B 

13 
SO 
43 
43 
25 
25 
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TABLED 
Showing the percentage distribution oj different .sugar-can' varieties in mile oj the sugar factories in the Western 

Maharashtra. 

Years 

1939-40 

1940-41 

1941·42 

1942·43 

1943·44 

Walchandnagar Industries 

POJ CO. Co. EK. POJ 
2878 419 290 28 2878 

•• 43·9821·3523·89 4·85 29·3 

• 34·6447·47 14·07 1·41 15·7 

• 34·18 59·.78 4·22. .. 10·8 

'. 35 ·99 61·6'l 0·98 . 10·7 

• 41·05 56 ·83 .. 3·42 

These soils are in predominance in the 
Walchandnagar Industries and Saswad Mali 
Sugar Factories. 

F-type Soils 

F-type has a shallo~ soil 305 to 38.1' cm. 
(12 to 15 in.) in depth, consisting of two 
well defined horizons; the upper horizon 
[17.7 cm.-20.3 cm. (7 in.-8 in.) thick] hasa 
light brown colour, lighter. texture loose and 
granular structure with broken pieces of mur
·rum. The lower horizon is darker in colour. 
The lower horizon is of variable thickmess and 
in very shallow phase may often be entirely 
absent. The murrum is hard with a faint 
incrustation of lime. This soil type is predo
minantly found on the Phaltan Sugar Factory 
area. 

I 

G-type Soils 

. G-type has a uniform dark brown colour, 
throughout but the upper horizon has a 
structure which yields small grains under 
pressure, while the lower horizon shows slight 
limination with white concretions of lime and 
particles of well weathered murrum in the 
lowermost parts. Themurrum below is 
fairly weathered and coated with lime. The 
soil depth is from 03 to 0.9 ~. (1 to 3 ft.). 

This soil type predominates in the areas of 
Belapur Sugar Factory, Ravalgaon Sugar 

. Factory, Saswad Mali Sugar Factory and the 
Maharashtra Sugar Mills Ltd. 

Distribution of different Sugar-cane Vari
,eties in the Factory Areas 

Sugar-cane varieties giving high yields of 
cane and sugar have been introduced in 
different sugar factories. The percentage 

Phaltan Sugu Worb Kolhapur Sugar Works 

E.K. Co. Co. Co. POJ E.K. Co. Co. other 
28 419 423 290 2878 28 290 419 varie~ 

ties 

2·5 37·5 .. 30·7 

.. 60·6 .. 23·7 26·28 3·74 38·34 28·92 2·8 

.. 83·5 5·7 18·98 4·08 10·42 66·13 0·38 

87·9 1·4 9·40 0·18 7·91 87·09 2·42 

.. 95·86 .. 0·72 2·84 0·18 0·44 86·32 10·22 

distribution of the important varieties grown 
. in some factories and on the whole in the 

sugar factories in the Western Maharashtra 
has been shown in Table II. Co. 419 is culti
vated on a large-scale. 

Sugar-cane under different Plantation 
I Periods 

Adsali cane is being planted on a large-. 
scale allowing its ratoon to continue In -the 
subsequent year. There is good deal of 
variation in the yields of sugar-cane due to 
different plantations. In support of the above 
fact the following figures are quoted for 
information :-

Plantation Yield in tons 
per acre 

(a) Adsali 54·0 
(b) Adsall ratoon 42·5 
(c) Plant cane 39·9 
(d) Plant ratoon 25·0 

Inch Depth of Water Utilised by the' 
different Sugar Factories in Various Years 

. Requisite information for the sugar factories' 
In the Western Maharashtra has been given in 
Table III for years 1940 to 1944. 

Working out the average annual variation 
of acre-incnes utilised by the factories in the 
Western Maharashtra, it is seen that lowest 
is 281.9 cm. (111 in.) in Godavari Sugar 
Mills and the highest is 365.7 cm. (144 in.) 
in the Saswad Mali Sugar Factory. Working 
out the overall average for all factories for the 
4 years under reference the inch depth of 
water utilised is 327.6 cm. (129 in.). 
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Yield of Sugar-cane in different Sugar Fact
ories in Various Years 

The yields of sugar-cane were round about 
51208.6 kg./ha. (45 tons per acre) except the 
Saswad Mali Sugar Factory which started re
cording higher yields. The rlZults are shown 
in Table IV. ' 

Yield of Sugar in Different Sugar Factories 
in Various Years 

Tons of sugar produced per acre in qifferent 

sugar factories in various years is shown' in 

Table V. 

T4IJLE.m 

Slwwing the inches Q[ irrigation gioen per acre by various sugar factories during different years. 

Name of Sugar Factory 1940- 1941-' 1942- 1943-
Average 

S1. in. depth ' 
No. 1941 1942 1943 1944 ofirriga-

·tion taken 
by each 
sugar 

factory 

1. Belapur Sugar Company Ltd. 146 130 110 125 128 

2. Maharashtra Sugar Works 122 129 104 134 122 

3. Godavari Sugar Mills 106 109 115 112 111 

4. Changdev Sugar Factory • 123 120 117 119 120 

, 5. Walchan~agar Industries {N.R.B.C.} 117 133 124 129 126 

6. Walchandnagar Industries {N.L.B.C.} 139 137 124 129 132 

7. Phaltan Sugar Works 123 139 143 163 142 

8. Saswad Mali Sugar FactOr)( 162 157 123 136 144 

9. Briban Maharashtra Sugar Syn. Ltd •• 162 148 136 113 140 

10. Average inches of irrigation in different years 133 133 121 129 129 

TABLE IV 

Slwwing tlte ykld qf sugar-cane in tOM per acr~ in different sugar factories in various years. 

S1. Name of Sugar Factory 1940-41 1941-42 1942-43 1943-44 Average 
No. 

I. Belapur Company Ltd. 45·44 41·46 41·23 38·03 41·54 

2. Maharashtra Sugar Mills Ltd. 45·1{) 41·00 36·00 40·00 40·52 

3. Godavari Sugar Mills, Sakharwadi 48·96 43·31 38·82 43·69 

4. Shri Changdeo Sugar Mills 30·00 35·30 42·30 36·03 

5. Walchandnagar Sugar Industries 47·50 50·40 43·30 46·40 46·90 

6. Phaltan Sugar Works Ltd. 46·70 ,50·40 45·50 46·40 47·25 

7. Saswad Mali Sugar Factory 56·50 54·00 50·00 53·45 53·48 

8. Brihan Maharashtra Sugar Syn. Ltd .• 47·00 47·50 47·50 40·60 45·65 

9. Kolhapur Sugar Mills 36·00 40·00 37,'00 37·12 37'53 

10. Ravalgaon Sugar Farm 52·27 35·26 43·48 43·67 

I ton/acrc=2 ·56 tonnes/hectare. 
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TABLE V 

Showing the tons oj sugar produced per acre by various factories during different years. 

SI. No. . Name of Sugar Factory 

1. Belapur Sugar Company Ltd. . 
2. Godavari Sugar Mills (G. L. B. C.) 

S. Ch~ngdev Sugar Factory • 

4. Walchandnagar Sugar Industries Ltd. 

5. Phaltan Sugar Works 

6. Saswad Mali Sugar Factory 

7. Brihan Maharashtra Sugar Syn. Ltd. 

8. Ravalgaon Sugar FarrrJ Ltd. 

9. Kolbapur Sugar Mills 

10. Average 

The yield 'of sugar per acre generally varies 
between 4551.9 to 5689.8 kg./ha. (4 to 5 tons 
per acre). The general average yield being 
5234.6 kg./ha. (4.6 tons per acre) of sugar. 

Quantities of Water used by the Sugar 
Factories In relat~on to out-turn of 
Cane per acre 

Quantities of water' used to produce 
one ton of sugar-cane in different factories 
have been worked out for various years and 
are shown in Table VI. The results indic.ate 
the lowest minimum quantity to produce 
1 ton of cane is 5.4 cm. (2.1 in.) in the case 
of Godavari Sugar Mills in 1940.:41 the highest 
quantity is 7.7 c.m. (3.5 in.) per ton in the 
case of Phaltan'Sugar Works in the year 
1943-44. 

On an average a ton of sugar-cane is produ
ced for 7.1 cm. (2.8 in;) of irrigation. 

Q.uantity of Water required to Produce 
one ton of Sugar 

The quantities of water in acre-inch.es 
required to produce one ton of sugar in diffe
rent' sugar' factories during different years 
between 1940 to 1944 are shown in Table VII. 
It is a dear cut index to show the economic 
use of water by the various sugar factories 
under the canals. Here again the most econo
mic use of water per ton of sugar is seen in 
the case of Godavari Sugar Mills, viz., 56.1 cm. 

• 

• 

1940·41 1941·42 1942·43 1943·44 Average 

4·57 

4·96 

5·33 

4·10 

5·17 

3·92 

4·7 

3·93 

4·18 

2·96 

4·73 ' 

5·48 

5·35 

4·92 

3·33 

4·98 

4·4 

4·25 

4·16 

3·62 

4·69 

5·22 

5·18 

5·51 

4·46 

4·93 

4·6 

4·08 

4·53 

5·10 

5·31 

5·75 

4·69 

4·76 

4·9 

4·2 

4·3 

3·7 

4·7 

5·2 

5·4 

5·0 

4·3 

4·6 

4·6 

· (22.1 in.) of water to produce 1.0160 tonnes 
· (one ton) of sugar. Maximum inch depth 
taken is 76.2 cm. (30 in.). Average inch depth 

· of irrigation required to produce 1:OT60 tonnes/ 
(one ton) of sugar works out to 70.3 cm. 
(27.7 in.). 

The average out-turn of sugar per acre in 
the sugar factories in the Western Maha
rashtra is of the order of 5.08 tonnes 
(5.0 tons). The quantity of water required 
on the whole in a year to produce 1.0160 ton
nes (1 ton) of sugar-cane should not ordinarily 
exceed 63.5 cm. (25 in.) as seen from the per
formance of the promising sugar factories in 

· the first. 4 years of volumetric supply. For the 
economIC use of water and in the larger 
interest of the nation, this criteria may be 
well applied. In cases where this economic 
ratio is well maintained there appears to . be 
some ground to ask for more water. The 
quota of water to be allotted to the different 
sugar factories may preferably be based upon 
the .quantities of sugar produced by them 
dunng the past 5 years,than on the area basis. 
It may prove to be a solution on a more 
rational basis as a result of data obtained 
under varied conditions. Once this is done 
there would be an impetus for the sugar facte: 
ries to reduce all sources of losses of water 
and to increase their efficiency. 
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TABLE VI 

Showing the inch depth of water consumed to produce one ton of sugar-cane in different years and by various sugar factories 
_ in Western Mahorashtra. . 

51. 
-No. 

Name of Sugar Factory 1940-41 1941-42. 1942-43 1943-44 Average 

il. Belapur Sugar Company Ltd. 3·2 3·10 2·6 3·4 3·0 
2. :r.iIaharashtra Sugar Nlills • 2·70 3·20 2·90 3·25 3·0 
3. Godavari Sugar NIills 2·10 2·50 2·90 2 5 
4. Walchandnagar Sugar Industries -(N.R.B.C.) 2·8 2·9 3 ·1 2·7 2·9 
5. Walchandnagar Sugar Industries-(N.L.B.C.) 2·5 2·4 2·6 2·8 2·6 
6. Saswad Mali Sugar Factory . 2·8 2·9 2:4 2·5 2·6 
7. Phaltan Suga~ Works 2·6 2·7 3·1 3·5 2·9 
8. Brihan Maharashtra Sugar Syn. Ltd .. 3·4 3·1 2·8 2·7 3:0 
9. Average water used to produce one ton of sugar-cane 

Average 
2·76 2·85 2·80 2·95 2·8 

TABLEVD 

Showing the inch tlepth of water required to produce one ton of sugar in different years by the various sugar factories in Bombqy
Deccan. 

SI. 
No. 

Name of Sugar Factory 

I. Belapur Sugar Company Ltd. 

2. Maharashtra Sugar Mills • 

3. Godavari Sugar Mills 

4. Walchandnagar Sugar Industries Ltd.-N.L.B.C. 

5. Walchandnagar Sugar Industries Ltd.-N.R.B.C. 

6. Phaltan Sugar Works . 

7. Saswad Mali Sugar Factory 

8. Brihan Maharashtra Sugar Syn. Ltd •• 

Average 

Economic Utilization of Water under Well 
Irrigation 

Well in'lgationis a major source of irriga
tion in the State of Maharashtra as can be 
seen below, showing areas irrigated under 
different sources of irrigation :-

Source of Irrigation 

(I) Govt. Canals 
(2) Private Canals 
(3) Tanks. 
(4) Wells _ 

(5) Other BOl1rces 

Areas 
irrigated 
in acres 

5,14,100 
72,900 

4,28,800 
12,88,400 

80,200 

23,84,400 

1940-41 1941-42 1942-43 1943-44 Average 

30·6 33·07 25·8 30·6 30·0 

22·1 26·0 27·9 25·3 
26·7 28·9 24·6 25·2 26·3 

, 29·6 31·8 28·5 25-2 28·7 
24·8 25·5 27·6 30·8 27·1 
30·4 29·3 23·7 23·6 26-7 
39·5 30'2 . '34·7 24·0 29·6 
29·2 29·2 26·1 26·6 . 27·7 

Thus 50 per cent of the total area under 
irrigation is under wells. Nearly 121405.80 ha. 
(3 lakh acres) are under perennial crops such 
as sugar-cane, plantain and other fruit crops 
and the rest 364217.40 ha. (9 lakh acres) 
are under seasonal crops. ' 

Under the conditions of well irrigation 
where .normally ~ater i.s applied to crops 
accordmg to theIr optImum requirements, 
data collected from such sources can be consi
dered more representative. 

In the Soil Survey Organisation which deals 
with the sub-soil surveys of the area under the 
command of various projects, the hydrologi~ 
cal conditions as they exist at present are 
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exhibited by the intensity of wells in the area, 
sub-soil water-levels in the existing wells, the 
rates of recuperation in the wells and total 

. areas under well irrigation in different vil
lages under the projects. 

IntensitY of Wells in the areas COlDlDanded 
by Different . Projects in Maharashtra 
State 

Sub-soil surveys are being carried out in the 
commanded areas for the irrigation projects 
which fall under the. following categories. 

Cate-
gory 

I 

II 

III 

IV 

(1) Projects in the scarcity' areas with 
rainfall of 51 to 63.5 cm (20 to 25 in.). 

(2) Projects in areas with more than 
762 cm. (30 in.) rain. 

(3) Projects in areas with rainfall of 
40.6 to 76.2 cm. (16 to 30 in.) 
where seasonal irrigation already 
exists 

(4) Projects with rainfall of 76.2 cm. 
(30 in.) and above and well irriga
tion in practice. 

Project District 

(i) qhod Left Bank Canal Ahmednagar . 
(Ii) Mula Right Bimk Canal Ahmednagar 

(iii) Karanjwan Nasik 
(iv) Katepurna . Akola 

(i) Nalganga Buldhana 
(Ii) Ber Wardha 

(iii) Puma Parbhani and 
Nanded 

(i) Khadakwasla Poona 
(ii) Vir Sholapur 

(iii) Gima East Khandesh 

(i) Wama Sangli and 
Kolhapur 

(ii) ,Koyna Sangli and 
Satara 

The range of variation of wells per square 
. mile is as shown below :-

Category No. of wells 
per sq. mile. 

I 1·0t03·3 

II 3·3 to 6·0 

III 6·0 to 8·0 

IV Above 10·0 

Intensity of wells in the areas is generally 
governed by (1) rainfall in the area and water 
contributed to the sub-soil, (2) ground slope 
and the nature of sub-starta available, (3) dis

. tribution of different types of soils through 
which water is infiltered. 

In the case of Mula Project, die number of 
wells per sq. mile is particularly low because 
of the greater distribution of the deep soil 
areas where the permeable strata is not 
available in' a reasonable depth and rate 
recuperation in, well is the least and possibi
lity of saline waters being wet wIth. 

Distribution of Wells in the Commanded 
areas 

Wells are generally located in areas adja~ 
cent to the village sites and along the sub-soil 
depressions and, therefore, are not uniformly 
distributed all over the. area. As a general 
observation, it may be stated that rough 
distribution of wells according to soil types 
would be of tIle following order :-

Soil depth Percentage 
distribution 
of wells 

(1) Light soils 0 to 45·7 em. (0 to 18 in.) 20 per cent 

(2) Medium soils 45·7 cm. to 2·4 m. 60 per cent 
(18 in. to 8 ft.) 

(3) Deep soils more than 2·4 m. (8 ft.) 20 per cent 

Out of the wells in the medium soil, most' 
of them are located along the su~soil valleys 
or surface depressions or a nala. 

Generally few wells are located in deep 
soils probably because (1) the rate of recupe~ 
ration. is low, (2) possibility of salipe waters 
being met with. 

COlDposition of Sub-soil Waters 

Although in about 75 per cent cases the 
sub-soil waters are suitable for irrigation, yet 
there are cases to the extent of about 20 per 
cent wherein the salt content exceeds 200 
parts per 100,000 and in a few cases even more 
than 400 parts per 100,000. 

The quality of sub-soil waters is, therefore, 
closely related to the development of well 
irrigation. . 
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Generally the rate of recuperation· varies 
from 0.05 cusec to 0.4 cusec and is classified 
into three groups as shown below :-

Rate of recuperation in cusec 

1. 

2. 

3. 

0·05 to 0·10 

0·10 to 0·30 
. , 

0·30 to 0·40 

Crops Grown under Well Irrigation 

Three types of croppings are. generally 
adopted on well irrigation: 

(I) Perennial Crops 

(2) Mixed Crops 

.' 

I 
(3) Seasonals 

(i) 
(ii) 

(iii) 

(i) 
(ii) 

\ 

(iii) 
(i) 
(ii) 
(iii) 

stigar-cane 
Fruit trees· 
Lucern 

Perennials 
Two seasonals 
like cotton 
Seasonals 

Kharif 
Robi 
Hot weather 

Area irrigated on wells per million cu. ft. 
of water in the different croppings is as 
below:-

(I) Perennial 

(2) Mixed 

(3) Seasonals 

0·97 ha. (2·4 acres) 

3·2 ha. (8·0 acres) 

8 ha. (20·0 acres) 

Water Requirement of Sugar-cane under 
Well Irrigation 

During the soil survey work under various 
projects water utilised by sugar-cane under 
well irrigation was worked out with the 
following results :-

SI. 
No.· 

Project 

2 

1. Khadakwasla 

2. 

3. 
4. 

5. Warna. 

6. 

7. 

Village 
Survey 

No. 

Annual 
yield 

in acre-

Sugar
cane 

grown 
in. in acres 

345 

Mundhawa 340 2' 75 
84-C 

Manjri 400 4·0 
21 
86-B 400 3·0 

Fursungi 220 2·0 
43 

Khujgaon 280 I ·5 
213 

Bhedasgaon 440 3·0 
55 

Kande 480 4·0 
342 

2 3 4 5 

8. Satve 420 3·0 
133 -

9. Kodoli 520 6·0 
486 

10. Koyna Bauchi 340 3·0 
248 

11. Walve 300 3·0 
721 

12. Gotkhind 240 3·0 
99-B 

13. Walve 300 2·25 
56-B 

14. • Ankalkop 340 4·0 
174 

1 acre-in. =102·79 cu. m.; 1 acre~0·404684 ha. 

Average water requirement of sugar-cane 
per acre under well irrigation is, therefore, 
287 cm. (113 in.). 

For different valleys under study the re
quirement varies as below :-

(I) Khadakwasla Project 

(2) Warna Project 

(3) Koyna Project 

292·1 em. (liS in.) 

309·8 em. (122 in.) 

254 em.,(IOO in.) 

Similar Information under well irrigation 
was collected during the soil surveys of Mahi 
Project with the following r~ults :-

Name of Crop Water requirement 
in in. 

Bananas 125 

Lemons 62 

Robi crops 19 

Hot weather crops 25 

1 inch=2'S4 em. 
Summary 

Optimum requirements and. utilization of 
water for irrigated crops is very important in 
the preparation of irrigation projects and 
generally the data sUited to the climatic and 
soil conditions of the area is not available 
with the result that the assumptions made 
require to be revised in view of the conditions 
actually in the fields irrigated. 

The question of watet requirements of 
crops has been under examination both in tIie 
laboratory and in' the fields for the past 35 
years in the State of Maharashtra. The results 
obtained under laboratory and, field conditions 
have been given in the paper for the crop of 
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sugar-cane which requires water all the year 
round and in fairly good quantities. , 

Experimental work in connection with the 
laboratory and field scale experiments takes a 
lot of time and need a good deal of correction 
before the results' are adopted for an irriga
tion system. In the areas where canal irriga
tion is to be newly introduced, well irriga
tion already exists and the water is most 
judiciously utilised. Data regarding water uti
lisation under wells, therefore, serves a good 
guide. Selection of wells for collection of 
such data has to be made with ca.e and wells 
with higher recuperation and growing speci
fic crops provide useful data for adoption. 

In this paper data I regarding the water 
requirements of sugar-cane crop has been 
examined as under :-

(1) Laboratory conditions. 

(2) Field scale experiments at the effluent 
farm near Poona. 

(3) Field scale trials for the sugar-cane 
crop at the Sugar-cane Research 
Station at Padegaon, District Satara. 

(4) Data regarding the volumetric sup
plies of water made to sugar factories. 

(5) Water utilised by sugar-cane crops 
under wells in different projects. 

It is interesting to review the results obtain
ed under the above conditions. 

(1) Laboratory results show that out of 
the total water applied, 40 per cent 
is taken up 'by pfant, 40 per cent is 
lost by evaporation and 20 per cent 
lost as drainage. 

A normal crop of 51208 kg./hectar{' 
(45 tons per acre) if grown, under pot 
conditions shows a transpiration of 
80 on the basis of green weight o£ 
cane ready for harvest. This works 
out to 3700.4 cu. m. (36 acre-in.) as 
. the requirement of transpiration. 
Equal quantity is lost by evaporation . 
and half the quantity as drainage. The 

water requirement of sugar-cane 
under laboratory conditions works 
out to 91.4 cm+91.4 cm.+45.7 cm.= 
228.6 cm. (36 in.+26 in.+18 in.= 
90 in.). 

(2) The field scale trials carried out at' 
the Effluent Farm show optimum 
yields for 10,279 cu. m. (100 acre-in.). 

(3) Field scale trials carried out at the 
Sugar-cane Research Station at Pade
gaon indicate 149.8 cm. (95 in.) as 
the optimum dose of water for a 
sugar-cane crop. 

(4) Water used by the various sugar 
factories is on volumetric basis and 
on variety of soils and climatic con
ditions and the requirement of water 
of a sugar-cane crop at the distribu
tary headworks OUt to 327.6 cm. 
(129 in.) as detailed in the paper. 

(5) Observations made under well irri
gation indicate the following water 
requirements for the sugar-cane crop. 

(1) In predominantly heavy soil. = 254 em. (100 in.) 

(2) With a fair distribution of 
medium and deep soils 

(3) In wen drained soils 

292'1 em.(115 in.) 

309'8 em.(122 in.) 

The water requirements for irriga
tion are as calculated on field site. 
Allowing for the losses in transit, 
the requirement would be 15 per cent 
more at the distributary head. 

From the above it would be clear that the 
data obtained under well irrigation agrees 
fairly well with other methods and is a suita
ble one under different projects. 

Water requirement for other crops can also 
be similarly worked out and results adopted. 
Irrigation water being a highly priced com
modity has to be correlated with the money 
returns from various crops per unit volume 
of water. With increased out-turns of various 
crops grown, it would go a long way to 
economise water to achieve increased produc
tion and adequate returns. 



OPTIMUM REQUIREMENTS AND UTILISATION OF WATER FOR 
"IRRIGATED CROPS" IN THE GUJARAT STATE 

by 

Dr. R. P. Talati* 

IDtroductiOD 

In recent years, when we are expanding 
irrigation facilities by way of new canals, tube
wells, etc.} it is of utmost importance to know 
how best and most effectively this water can 
be utilised for increased crop production. To 
realise this objective it is necessary to know 
(i) when to irrigate a particular crop and 
(ii) how much to irrigate. 

. There are three approaches to this problem 
on when to irrigate': (i) Soil moisture 
approach, (ii) Plant approach an~ 
(iii) Meteorological approoch, the first one IS 
the most convenient and practical on~ for the 
guidance of the farmers. 

The soil moisture approach is based on the 
concept of "Available moisture" in the. soil 
which governs . plant growt~. Av~lable 
moisture is the difference in mOIsture content 
at field capacity (F.C.) and permanent wilt
ing percentage (P.W.P.), i.e.} equal to F.C.
P.W.P. when the moisture content in the soil 
falls below a particular point in the available 
moisture range, the plant growth suffers. So 
it is necessary to irrigate at this particular 
moisture content of the soil. The moisture 
content of the soil can be ,easily measured by 
various devices such as by means of changes 
in electrical conductivity or resistance, by 
means of tensiometers, etc •• 

Review of Literature 

Peters and Johnson (1960) in their experi
ments in open soil surface receiv,ing natural 
rainfall, plastic covered surface wIth no wat~r 
added during growing season and plastIc 
film covered surface with irrigation in 2.5 cm. 
(1 in.) applications, concluded that ev~po
ration from soil surface alone was responSIble 
for half or more of the total moisture lost 
from the soil profile under a soyabean crop 
when the soil surface was kept moist, most of 

the season and for one fourth to one hal{ of 
the total moisture lost in a dry season. They 
emphasised that recharge of sub-soil moisture 
. was very important for maximum crop 
production. Grimes and Mu!ick (1960) in 
their researches on the effects of plant spacing 
and irrigation management showed that irri
gation water management greatly influenced 
yield in drought years but had very little 
-effect in the wetter year. In all years highest 
yields were produced from the wetter soil 
moisture treatments. They were of opinion 
that accurate soil moisture measurements were I 

required to define this relationship of row 
width to use of soil moisture and resulting 
yield. Vasud,eva (1957) stated that at Pade
gaon Research Station, old Bombay State, 
9765.05 cu. m. (95 acre-in.) of water with 
102 kg. (225 lb.) of nitrogen gave as good a 
yield as 330.2 cm. (130 in.) of water and 
102 kg. (225 lb.) of nitrogen, which showed 
that any increase in water and/or nitrogen 
would lc:ad to a wastage of both. 

Review of results obtained in U.P. and 
Madras also showed that different crops 
required different amounts of water depend
ing on their duration" physiological require
ments, rainfall and the conditions under 
which they were grown. For wet crops like 
rice, the duty will be low, for dry irrigation 
crops the duty will be high. 

, 

In Madras the duty for rice in alluvium 
ranged from 68 to 81 and for black soil 51 to 
60. While for canal conditions the duty 
worked out to only 30 or 50. 

From calculations of delta figures, it was 
found that well irrigation was about twice as 
efficient as canal irrigation as the farmer 
exercised utmost care in economy of water.' 

Mahida (1957) gave an account of losses in 
storage lakes with different depths· of water, 

.Adviser and CO.'ulta"t to Governme.t, P.W.D., Gujarat State, Baroda. 

12-4 CBI ~ P/6/j 
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losses in canals and distributaries under Dec
can Canal conditions. About 50 per cent of 
the water losses occurred till it reached the 
field channels. He suggested various measures 
of achieving economical use of water-like 
levelling of lands, .unitisingof areas, 
volumetric supply. He pointed out that on ex
tensive irrigated areas under flow command of 
canals, water supply drawn by agriculturist is 
genc;rally much in excess of the requirements 
of crops: The irrigator is tempted to take a 
bigger inch depth of water each time, as he is 
afraid that he may not get the next turn on 
tpe due date and wants to ensure his crops 
against damage, to tide' over the delay in next 
interval of .watering. 

Mukhtar Singh, Gandhi and Raheja (1960) 
gave a critical review of the methods used . to 
determine water requirements of cr~ps and 
suggestions for planning future irrigation ex
periments in India. The need for evaluating 
water requireI]lents based on water regime 
concept was emphasised and broad suggestions 
,were made for the conduct of further irriga
tion experiments in India. 

In the irrigation and drainage research semi
nar (1%2) several recommendations were 
made like collation of scatter'ed information 
on water requirements of crops in the country; 
to establish a suitable organisation to conduct' 
intensive research in field of irrigation and 
drainage; to set up speedily research-cum
demonstration centres, experiments to find out 
the best method of irrigation in different 
areas-flat and furrow methods of irrigation 
for different crops, early iritroduction of 
'volumetric supply' of irrigation, need to deve
lop a wet farming cropping pattern system on . 
the lines of dry farming system in the country. 

Fourth irrigation practices seminar held in 
Turkey (1962) where India was represented 
passed a number. of recommendations for 
adoption in the participating countries. India 
has still to adopt those recommendations 
specially under Field Irrigation Research. 

Water Requirements of Crops 

Water requirements of crops may be defin
ed -as the quantity of water, exclusive of preci
pitation that is required for the crop produc- . 
tion vary with natural factors like the soil-' 
and fIlinfall conditions both vary within a 

wide-range. This is illustrated in Figure 1 
, showing broad soil classes and iso-hytes. The 

gross commands of the various river-valley 
and the· tube-well projects are also shown on 
the map, showing their placings with refe
rence to soils and the rainfall. 

The study of the water. requirements of 
crops has, therefore, to be made with reference 
to the regions of similar soil climatic condi
tions. It is the policy of this Government, 
therefore, to establish experimental stations 
in the project command areas to represent the 
regional sets of soil climatic conditions. So 

I far experimental stations established are four 
in the Tapi command area, one in the Mahi 
Canal area, one in the Dantawada Project area 
and two in the tube-well areas. Studiesbeing 
conducted at these farms are principally agro
nomic experiments, varietal exp~riments and 
experiments to determine the optimum water 
requirements of crops for producing the 
maximum yields. Irrigation expqiments 
with different 'crops consisted of combi
nations of the depth of watering and the 
frequency or the interval between two water
ings, laid out on a randomised block system. 
The method of irrigation adopted for these 
experiments was the one usually followed by 
the farmers, viz., the plots were made level 
and water was allowed to run at the higher 
end and was stopped when the lower end 
had received a sufficient supply. 

Experilnental 

Optimum Water RelJuirements under Tube-
wells \ 

The northern portion. of Gujarat State com
mencing from Palanpur to Ahmedabad con
sists of soils comprising deep alluvium 
brought down by the various rivers which 
flow through this part of the country. The 
ground waters in this area are very low. The 
are~ re~eives r~in~all,averaging 51 cm. (20 in.) 
whIch IS all dIstnbuted and is in need of irri
gation to enable raising of good crops. The 
existing rivers flowing in the area do not have 
adequate flow after the rains are over. Over 
500 .tube-wells, are now under use which play 
an Important role in providing irrigation 
facilities in this part of Gujarat State. Most 
of these tube-wells draw the supplies from 

. sub-artesian ,and artesian sources of water. 

A few tube-wells' were selected for observa
tions on utilisation of water for important rabi 
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FIGURE 1 : Map of Gujat"at showing soil ZODeil aDd irricatioD conunand. 

and hot weather crops. The out-turns of irriga
ted crops obtained were recorded and "om
pared with the yields obtained for similar 
crops under well irrigation. The total soluble 
salts in ( tube-well) irrigation water ranged 
from 100 to 200 parts per 100,000 pH values 
ranged from 7.5 to 8.5. The soil profiles from 
observation areas were loamy resting on silty 
loam (sub-soils). 

Conditions of tube-well irrigation gave opti
mum utilisation of water for: crops due to 
following· reasons .:-

(1) V notches were fixed at the distribu
tion head tor measurements. 

(2) The farmers were charged for the 
actual volume of irrigation water sup
plies, so that they took only the irriga
tion requirements of the crop. 

(3) The main channels were lined. 
(4) The command being small the losses 

in channels were negligible. 
(5) The observations recorded below 

were collected from fields· selected 
just near the tube-well. 

Experimental Results 

Wh~at and lira (Cumin) 

These are two principal crops grown in 
the rahi season under tube-well irrigation. 

The irrigation data was collected' from 63 
observations for wheat crop-the first watering 
started from middle of October while the last 
watering continued till middle of March 
(Table I). 

No. of No. of S.D. C.V.% 
waterings observa- (Standard (Coeffi-

given tions Deviation) cient of 
in. Variation) 

4 8 15·27 4·81 31-49 
5 23 17·36 3·81 21·94 
6 22 20·43 6·22 30·44 
7 10 29·38 7·47 25·42 

1 acre-in. - 102'79 cu. m. 

Mean irrigation in acre-inches increased 
with increasing number of waterings given. 
The relative dispersion was least . when . the 
number of waterings given was 6.5. 

The equation worked out as under :
y = 4.541 x - 4.36 

where y = Inch Depth. 
x = No. ofwaterings given. 

It was observed that timely sowing of wheat 
in middle of October required watering till 
middle of February which required five to 
six waterings. Yields ascertaine.d from far
mers showed that they varied between 1119.7 
to 1492.7 kg. (30 to 40 maunds), i.e., 609.6 to 
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812.8 kg.fha. (1200 to 1600 lb. per acre) while 
for late planting and late harvest which 
required more water the yields ranged from 
362.8 to 544.3 kg. (800 to 1200 lb.). Thus 
the optimum water requirement for wheat 
crop w~s about 18 acre-in. 

lira (Cumin) 

The irrigation' data was collected from 78 
observations for Jira crop. The first watering 
started from' 3rd week of October and last 
watering in 1st week of February. The 
results are tabulated in Table II. 

No. of 
watering. 

given 

3 

, 
5 

6 

TABLE D 

No. of ~ean 
observa- irrigation 

tions in acre
inches 

7 10 ·29 

48 11·45 

15 

8 

11·45 

16·97 

S.D. C. V.% 
(Standard (Coeffi
Deviation) cient of 

Variation) 

4·575 44·46 

3·974 34·71 

3·789 

3·395' 

33·09 

20·00 

Meim irrigation in acre-in. increased with 
increasing number of waterings. given. The 
relative dispersion was least when the number 
of waterings given was 6. 

The equation worked out as under :
\ 

y = 2.38 x + 1.81 

whereas y = Inch Depth 

:: = No. ofwaterings given. 

Regular sowing in last weelf of October 
required watering till middle of February, 
with 4 to 5 irrigations measuring 1175.9 cu. m. 
(11.45 acre-in.). The yields w@re 544.3 to 
680.4 kg. (1200 to 1500 lb.) of lira per acre. 
Late sowing and late harvesting required more 
number of waterings and irrigation depths and 
the yields were 362.8 to 544.3 kg. (800 to 
1200 lb.). Thus 4 to 5 waterings m\easurin~ 
1175.9 cu. m. (1145 acre-in.) were the optr
mum requirements for a cumin crop. 

" 

Hot Weather Crops .~} 

lowar and Bajri were also the crops grown 
by farmers during hot weather (Table III). 

No. of 
water-
ings 

4 

5 

6 

7 

Bajri crop 

No of 
obser-
vations 

4 

4 

4 

TABLE m 

~ean 
irrigation 

in acre-
in. 

17·89 

19·01 

2~·72 

23·88 

Jowar crop 

No. of 
water-
ings 

4 

6 

9 

No. of 
observa-

tions 

6 

6 

6 

1 acre-in. - 102.79 cu. m. 

~ean 
Irrigation 
in acre-

in. 

18·96 

28·73 

36·SS 

The first irrigation in Bajri commenced 
from 3rd week of February and ended in 
second week of May. The waterings for such 
crops ranged between 4 and 5. Late sowing 
in 3rd week of March and harvesting by 1st 
week of June required more number of 
waterings and high irrigation depths with 
lower yields of grains and Kadbi. 

in case of lowar crop, the first watering 
started from third week of February and last 
watering ended by middle of May. For late 
sowing the number of waterings were more 
with increased inch depths of irrigation. The 
first watering in this case was given from 
third week of March and continued till second 
week of June. This gave lower yields as 
compared to regular sowing. 

Thus the optimum water requirements were 
five waterings equival<,nt to 1954.04 cu. m. 
(19.01 acre-in.) for Bajri-and six waterings 
equivalent to 2953.16 cu. m. (28.73 acre-in.) 
for Iowar. 

Irrigation Esperiments at Thasra (Dist. 
Kaira) Trial-cum-Demonstration Farm 
under Mahi Canal 

This farm was started with an object of 
utilisation of maximum quantity of canal 
water by introduction of new crops and giving 
a new crop pattern in place of existing ones to 
the irrigators. The average rainfall for the last 
3 years was 64.7 cm. (25.5 in.). July. August' 
and 1st of September were wett.est months. 

The Khari! crops grown were paddy, 
hybrid, maize, virginia, tobacco, cotton and 
the rabi crops were wheat and gram .• 

Results of drilled paddy are given in 
Table IV. 
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TABLE IV 

Variety 

(1) Sathi 34-36 

(2) E. K. 70 • 

(3) S. K. 20 • 

(4) Kada 176·12 

(5) Sathi (Local) 

Paddy 

, . 

During 1961-62, paddy was sown (drilled) 
on 27 June 1961 and harvested on 13 October 
1961. Two irrigations measuring about 
15.2 cm. (6 in.) were applied on 22 August 
1961 and 3 October W61. During 1962-63, 
paddy was drilled on 7 July 1962 and harvest
ed on 24 Octobe!; 1962. Four irrigatio!ls were 
applied beginning from 20 August 1962 to 
3 October 1962. The results show S. K. 20 to 
be superior to· other early varieties of paddy as 
it has responded to irrigation better than the 
rest. 

Late Strains of Paddy 

With a view to utilise water of the Mahi 
Canal during kharif and part of rabi season 
fine-grain high yielding variety, of paddy were 
tried in six randomised blocks. One seedling 
per hill was transplanted at a distance of 
30.5 cm.X20.3 cm. (12 in.X8 in.). 5.08 tonnes 
(5 tons) of farm-yard manure with 18.1 kg. 
(40 lb.) of nitrogen and 9.07 kg. (20 lb.) of 
p,O. per acre were given to the crop. 

The results are given in Table V. 

TABLE V 

Variety No. of Yield of No. of 
irriga. paddy irriga· 
tions grains tions 

1961-62 kg./acre 1962·63 

Zinya 149 6 1129 8 

K.42 6 1480 8 

Jirasa1 280 • 6 1126 8 

S. E •• 21·54 

C.D. at 5% 67·84 

I 

Yield of Average 
paddy of two 
grains years 
in kg./ 
acre 

1509 1400 

1424 1452 

1472 1299 

No; 'of irri
gations 
1961-62 

Yield of 
paddy in 
kg./acre 

No.ofirri
gation. 
1962·63 

Yield of 
paddy in 
kg./acre 

Yield of 
paddy 

strain kg./ 
acre 

Total 

(2) 

2 

2 

2 

2 

2 

(3) (4) 

562 4 

423 4 

523 4 

367 4 

527 4 

723 

697 

914 

654 

592 

(5) 

1019 

1059 

938 

1019 

890 

(6) 

1742 

1756 

1852 

1673 

1482 

Late strains of paddy have a great future 
in irrigation development under this- canal. 

o Hybrid Maize 

This was sown on 9 July 1962 and harvested 
. on 13 October 1962 only one irrigation on 30 
August 1962 was required. The yields are as 
given in Table VI. 

Variety 

(1) Ganga 
(2) Ranjit 
(3) Deccan 
(4) Malan White 
(5) Rudarpur White. 
(6) Indore State 
(7) Local variety 

(Farm Sa~eri) 

TABLE VI 

Yield kg./acre 

40 lb. 100 lb. 
Nper Nper 
acre acre 

1501 2034 
1623 ' 1969 
1622 2176 
1580 2175 
1574 2236 
1593' 1983 

1350 1558 

Remarks 

20 lb. phosphate 
and 40 lb. potash 
were given prior 
to sowing. 

Hybrid maize was tried as a rabi crop also 
after harvesting paddy (Sukhvel-20) in kharif. 
Ranjit variety of maize under irrigation in the 
rabi season gave an yield of 1360 kg. of maize 
grain per acre. \ Comparison has now to be 
made of such a double cropping with utilisa
tion of irirgation water. 

Wheat (Table VII) 

Drilled with 36.3 kg. (80 lb.) seed rate 
27.2 kg. (60 lb.) of nitrogen in form of 

, ammonium sulphate and 13 kg. (30 lb.) of 
P,O. in form of single superphosphate. 
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TABLE vn 

No. of Average Wheat/ 
Variety irrigations yield of Straw 

grain of kg./acre 
2 years 

kg./acre 

(I) Np 710 7 1093 2510 
(2) Np 718 7 1171 3116 
(3) Np 824 7 1409 3256 
(4) Local (Cha!jldushi) . 7 1112 2374 

Results were highly significant. Np 824 I 

gave 27 per cent higher yield th:m Np 718 and 
33 per cent higher than local variety. 

WHEAT: Np 8.24 (TABLE VIII) 
TABLE VIII 

Irri. Depths Yield of 
No. of Irrigation in inches wheat 

grains kg./ 
acre 

5 10 542 
7 21 574-
9 36 569 

Results clearly showed that optimum 
requirements of irrigation were 2158.59 cu. m. 
(21 acre-in.) which produced the highest 
yield. 

Gram After Paddy (Ttfble IX) 

Thus three irrigations at intervals of 35, 50 
and 65 days after sowing with 13.6 kg. (30 lb.) 
of P,O-/acre was the best. 

-Cation . (Table X) 

Variety Hybrid Cotton 170-C02 • 

Spacing 0.9 ro.XO.3 m. (3 ft.X1 ft.). 

The mean yield was 484 kg. per acre with 
15.2 kg. (6 in.) of irri~ation .. 

Virginia Tobacco 

Two improved varieties of virginia tobacco 
were tried under irrigated conditions as shown 
in Table XI. 

TABLE IX 

A~.,age TieMs. 

Irri. interval 

(I) 

No irrigation 
One irrigation after 20 days 
One irrigation after 35 days 
One irrigation after 50 days 
One irrigation after 65 days 
Two irrigations after 20 and 35 days 
Two irrigations after 20 and 50 days 
Two irrigations after 35 and 50 days 
Three irrigations after 30 and 50 days . 
Three irrigations after 35, 50 lind 65 days 

Average 

Name of crop 

TABLE X 

Irri. inch 
depth 

Out-turn of 
seed cotton 

kg./acre 

Hybrid 

Cotton. 

6 in 1st year 

6 in. 2nd year 

476 

501 

\ tBO-CO • 
6 in. 3rd year -477 

~-------------.--. -------

No. of 151b. 
fertilizer P.O./acre 

kg./acre 

(2) (3) 

229 300 
330 335 
296 369 
306 355 
319 370 
337 378 
334 376 
318 373 
330 428 
371 447 
317 374 

1962-63 

Variety 

(I) Delcrest 
(2) Hicks . 

30 lb. Average 
P,O, acre. 

(4) (5) 

332 290 
386 350 
442 369 
396 352 
411 367 
443 386 
446 385 
413 368 
474 412 
520 446 

TABLE XI 

No. of Average 
Irrigation yield of 

green lea
ves/acre 

in kg .. 

3 3109, . 
3 2952 

Per cent 
incrt:ase 
over 

control 

(6) 

20·7 
27·2 
21·3 

26'5 
33·1 
32·7 
26·8 
42·0 
53·8 

Average 
yield of 

cured lea
ves/acre 
in kg. 

470 
488 
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Transplanting wa~ done on 13 September 
1962 . Three irrigations were given on 16 
October 1962, 14 November 1962 and last on 
8 December 1962. First harvesting of .leaves 
for curing started from 27 November 1962 
arid completed on 15 January 1963. 

Kim Trial-cum-D(monstration Farm 

Average reinforce for last three years was 
92.8 cm. (36.94 in.). July is the wettest 
month. 

Experiment 1 : Varieties 

Wheat • No. of Irri.:ations 

Np 710 and Np S24. 

3,4 and 5. 

Irrigation ExperUnents under Kakrapara Inch depths . 3 acre-in. 
Canal System 

Bardoli Trial-cum-D(mo1lStration Farm. 

Average rainfall for last three years rises 
147.3 cm. (58.0 in.). July, August and some 
time September are the wettest months. 

Experiment I: Nitrogen levels 
(1962-63) 
wheat 

Seedrate 

Irr. turns 
Inch depth. 
Variety. 

,2-30 lb.-60 lb. per 
acre 

2-30 lb.-60 lb. per 
acre 

2-60 and SO lb. per 
acre. 

3-3, 4, and 5. 
2, ·5 acre-in. 
2Np.710anciNp S14. 

The maximum out-turns were obtained with 
five irrigation turns or with 1284.87 cu. m. 
(12.5 acre-in.) of water. A dose of 26.12 kg. 
(60 lb.) of nitrogen gave significantly higher 
results. 

Experiment 2 : Variety. 

Cotton. Irrigation turns 

Inch depths . 

201'17 Vejalpa. 

3,4 and 5 

2 ·5 acre-in. 

The average results of four years showed 
that 770.92 cu. m. (7.5 acre-in.) of water was 
the best. 

KholwRd Tri~l-cum-D(mflnstrlltif)n FRrm 

Experiment 1 : Variety. N.p. S14. • 

5,7 and 9. 

2·5 acre-in. 

Wheat No. of irrigations 

Inch depths . 

The experiment was tried for 3 years. Nine 
irrigation turns or 2312.77 cu. m. (22.5 acre
in.) gave maximum out-turns. 

Experiment 2: Variety. Vejalpa. 

Cotton No. of Irrigations . 3, 4 and 5. 

Inch depths • 2·5 acre-in. 

The experiment was tried for 3 years. The 
averjlge results were in favour of 770.92 cu. m. 
(7.5 acre-in.). 

Five irrigation turns' or 1541.8 cu. m. 
(15 acre-in.) gave higher out-tturns. These 
were, however, not statistically significant. 

Experiment 2 : Variety. 

Cotton Irrigation 
turns 

Inch depths 

20S7 Vejalpa 

3, 4 and 5 at .f., 3 and 
2 weeks interval. 

2 ·5 acre-in. 

The experim,ent was tried for 3 years. The 
results showed tl1at 1027.90 cu. m. (10 acre-in.) 
:.tpplied in 4 turns at intervals of 3 weeks gave 
maximum yields. 

Vyara, Agricultural Farm 

This farm mainly conducted research work 
on pad,dy and sugar-cane. The irrigation 
source was from Doswada T~nk. , 

The rainfall varied from 127 to 228.6 CIll. 

(50 to 90 in.). The season commencing from 
middle of June to end of September with a 
few showers in October. The soils were 
black, fairly deep and heavy (40 t~ 60 per cent 
clay). pH values of soils varied from 7.5 to 
8.5 water requirements of plant cane [Nitro
gen 45.35 to 68 kg. (100 to 150 lb.) p.o. up 
to 45.35 kg. (100 lb.) spacing :-0.9 to 1 m. 
(3 to 3t ft.)]. 

The results showed that with 15 days in
terval and 3083.7 cu. m. (30 acre-in) of water, 
a normal cane crop was obtained,fJiz., 312944 
kg.fha. (27.5 tons per acre ). Giving irriga
tions at 20 days interval and increasing irriga-

'tion depths actually lowered the yields. 

Amongst the different sugar-cane varieties 
tried, Co 807, Co 853, Co 894 and Co 419 
gave promising results. January planting 
gave an out-turn of 41.3 tonnes (40.66 tons) 
of cane (Co 419 variety) per acre. 

Paddy tried was 2.31, which gave an yield 
(3 years) average of 1259.8 kg./ha. (2480 lb. 
per acre). 
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Irrigation Experitnents in Saurashtra 

lunagadh-Sagdi Vidi Farm 

88.9 to 101.6 cm. (35 to 40 in.) rainfall. 
July, August are wette~t months (Table XII). 

Name of 
crop 

Np 710 
Wheat 

TABLE xu 

No. of irrigation 

5 (18 days interval) 
7 (13 days interval) 
9 (10 days interval) 

11 (8 days interval) 
13 (6 days interval) 
15 (4- day. interval) 

Yield of wheat 
per acre 

(Average of 3 
years lb. per 

acre) 

1400 
1646 
1758 
1826 
2042 
1772 

Results of 3 years indicated that 13 irriga~ 
tions at 6· days interval under Junagadh con~ 
ditions where soils were medium black gave 
superior results over other irrigations. 

Halvad and Umrala Farms (Table XlII) 

51 to 63.5 cm. (20 to 25 in.) rainfall. July 
is wettest month. 

TABLE xm 
r;eld of wheat per acre in lb. 

No. of irrigation and 
description 

5 (18 days interval) 
7 (13 days interval) . 
9 (10 days interval) 

Halvad Umrala 
Farm Farm 

Np 710 Np 718 
whee.,t wheat 

(avemge of 3 years) 

1734 
1918 
1954 

1548 
1592 
1827 

This experiment is now modified to in~ 
elude 11, 13 and 15 irrigations during 
1963-64. The above results show 9 irrigations 
at 10 days interval to be superior to the 
other irrigation treatments. 

TABLE XIV 

Results show 3 irrigations at 30 days inter~ 
val give superior results to rest of the treat~ 
ments (Table XIV). 

Summary 

(1) Tube~well IrrIgation IS supplied to 
farmers on volumetric basis. 

(a) In case of wheat crop about 85 per 
cent of farmers took 5 to 6 irriga~ 
tions measuring on an average 257 
cu. m. (2.5 acre~in.) of irrigation to 
produce a 635 kg. (1400 lb.) wheat 
crop on retentive soils. . 

(b) In case of lira (cumin) crop 90 per 
cent of farmers took 5 irrigations to 
get an optimum crop of 685.7 kg./ 
ha. (1350 lb. ~er acre). 

(c) In case of Bajri and IowaI' :IS hot 
weather crops there was a tendency 
to use more water on account of 
~reading of soWling seasons from 
February to end of March. 

(2) Experiments under canal conditions for 
the principal crops of paddy, wheat, cotton, 
hybrid maize for the determination of their 
optimum requirements are described. 

(3) Experiments under medium irrigation 
works and lift irrigation in Saurashtra Divi~ 
sio? are also described for their optimum re~ 
qUlrements. 

Conclusions 

Experiments which are yet in :m initial 
stage, have shown indications for the deter~ 
mination of the optimum requirements for 
some. of the principal crops. They need to 
be trIed under controlled conditions so that 
the recommendations are passed on to the 
farmer. and ?dopted by the irrigation engi~ 
neers for theIr planning and administration 
of irrigation waters. , 

The ~ujarat S~ate irrigation potential from 
the major, medIUm and minor irrigation 
projects is in the neighbourhood of 1.33 mil~ 
lion ha. (33 million acres). The research 
work on optimum irrig"tion requirements 
for principal cr.ops and proposed pattern 
under wet farmmg has to be intensified As 
this inves~~ation :is dependent on many ~om
plex condItIons lIke soil types, climate rain~ 
fall, agronomic practjices manure fe~lizer 
applications, tillage, time; of sowi~g, plant-
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ing,. and so on, it can be better tackled it a 
couple of irrigation research stations in all its 
aspects. 
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OPTIMUM REQUIREMENTS OF IRRIGATION FOR INDIAN 
POTATO VARIETIES 

by 
Pushkarnath and K. Swaminathan* 

Potato is an irrigated rabi crop in the 
plains of India, occupying an area of about 
24 laklz hectares (6 laklz acres). There is 
paucity of published work in India on the 
water requirements of this crop. in marked' 
contrast to its extensiveness and profit poten
cial. The earliest information available on . 
this aspect is of Singh et al (1935) who have 
worked out the relative requirements of a 
number of crop plants under Banaras condi
tions. According to them potatoes require 
about 2775.33 cu. m. (27 acre-in.) of irriga
tion water for optimum production. Dutta 
and Bose. (1953) working under Delhi con
ditions have found the optimum level 'of irri
gation for potatoes as 2158.59 cu. m. (21 
acre-in.), in addition to a rainfall of 11.6 em. 
(4.56 in.) during the crop season. . 

After the establishment of the Central Po
tato Research Institute in 1949, work was 
undertaken at the regional stations of this 
Institute to study this important problem. 
This p~per embodies the results so far obtain
ed in respect of (i) suitable intervals between 
irrigations, applied at a uniform rate; (ii) opti
mum irrigation delta required for different 
varieties; (iii) the water requirements under 
different growth phases of the plant; and 

TABLE I 

(it!) interaction between rates and manurial 
requirements of potato varieties. All the ex
periments reported herein were conduct
'ed on a sandy loam type of soil at all the 
locations. 

Interval of Irrigation 

Early work at this Institute. (Pushkarnath 
et at 1960) was restricted to the evaluation 
of the optimum interval between irrigations. 
Each dose of irrigation was applied at a 
standard and uniform rate in such a way that 
the furrows betWeen potato rows were filled 
to about two-thirds of their depths [roughly 
7.6 cm. (3 in.) deep] and the variable fac
tor studied was the spacing of the intervals 
of irrigation. The yields of potatoes obtain
ed under different irrigation intervals are 
given in Table I. ' 

It appears from the above data that at all 
these centres, which are dispersed along with 
east-westerly direction in the Indo-gangetic 
plains, irrigation once every 8-9 days would 
be optimum, under sandy loam type of soil. 

The effect of this 'wetting cycle on the 
soil moisture was followed tensiometrically 
at Patna only. It was observed that with irri
gations spaced at 7, 10 and 14 days' intervals 
the minimum moisture levels in the soil 

rield of potatoes (kg.Jam) under different irrigatwn intervals. 

Centre 

Patna 

Babugarh '. 
Jullunaur 

--'Central Potato Research Institute, Simla., 

Year 

1957-58 
1958-59 
1959-60 
1958-59 
1959-60 
1958-59 
1959-60 

Interval of irrigation 

6-7 10 days 
days 

8211 7016 
6047 5823 
5113 4927 
9630 9256 

10413 9555 
5375 6457 
7577 7577 

C.D. at 
13-14 
days 

5% level 

6158 160 
5935 

I 
NS 

4628 NS 
8268 1060 
7353 885 
5673 NS 
6942 NS 
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during these cycles were 46 per cent, 30 per 
cent and 25 per cent of the field capacity 
values respectively. It would thus appear 
that if tensiometres are available, irrigation 
should be applied as and when the soil mois~ 
ture content falls below 40 per cent of the 
field capacity level, for optimum productivity 
of potatoes. 

OptUnum Irrigational Delta for ,three 
Indian Potato Varieties 

In the second phase of work, the needs of 
total delta of irrigation for three Indian po
tato varieties were studied at the same three 
centres. • The varieties, up-to-date, Kufri 
red and .Kufri Sated, represented the 

• three distinct maturity classes, early, medium 
and late respectively. 

In all 10 irrigations were given to the crop 
at each centre. While the interval of irriga
tions was fixed at 8 days on the basis of the 
earlier findings, the rate per irrigation was 
varied from 3.8 to 8.9 tm. (1.5 to 3.5 in.). 
The irrigation water was measured .by a Par
shall flume, with a 15.2 cm. (6 in.), throat, 
fitted to the main irrigation channel. Usual 
precautions 'of saturating all the sub-channels 
up to the experimental plots thoroughly be
fore letting in water into the plots, were 
observed to avoid seepage losses. 

The yield results from the trial conduct.ed 
for two years at each centre are given in 
Table II. 

The results show that for all the three varie
ties 2572 cu. m. (25 acre-in.) of water is the 
optimum at all the three centres. 

Phasic Requirements of Irrigations 

The potato crop has three distinct phases 
in its growth. These have been set forth as 
follows (Pushkarnath et at 1962) under 
plain conditions in India: 

Early Medium Late 
maturing maturing maturing 
variety variety variety 

(up-to-date) (Kurd Red) (Kufd 
Sajed) 

(1) Germination phase. 20 days 20 days 20 days 

(2) Growth phase 50 days 60 days 60 days 

(3) Tuberisation phase. 50 days 60 days 75 days 

Considering the marked vanations in the 
maturity period of these three varieties, ex
periment,s were tarried to find out if. the 
water fC<!uire'ments of each one"of them were 
different' during the three phases of growth 
and· necessitated any change in the interval 
of irrigation as well as the quantity of water 
to be supplied during different growth pha
ses. The treatments and the yield data for 
one season, 1961-63 at all the three centres 
mentioned above, are given in Table III. 

TABLE U 

Elfect 0/ delta oj irrigation On potato yidds (kg.faCTe). 

Centre 

Palna 

Babugarh 

Jullundur 

Varieties 

Up-lo-Date 
Kufri Red 
KufriSajed 

Mean ± 635 

Up-to-Date 
Kurri Red 
KufriSajed 

Mean ± I"!o05 

Up-lo-Dllle 
Kufri Red 
Kufri Sajed 

Mean ± 331 

1960-61 
Delta of irrigation 

aelle-inches 

15 20 25 30 35 

6458 7260 6679 8582 7550 
6815 7744 6721 7163 6942 
4481 5213 5918 4785 5684 

5928 6739 6439 6177 6725 

13760 13600 13240 13340 13280 
12860 11560 10980 12460 12600 
9420 9260 9080 1086 10680 

12013 11473'11099 12553 12186 

7152 7388 8230 8124 7926 
7496 8026 7012 86,16 8478 
8074 8508 8026 8588 8~68 

757+ 797f 7766 8+52 8291 

1961-62 
Delta of irrigation in 

acre-inches 
15 20 25 30 35 

10122- 11574- 10648- 11920 11271 
11769 10427- 104'27 10855 11090 
10538 - 10925- 9819 9321 9320 

Mean±304 10939 1193 10666 10865 10560 

4476 4268 4228 4662 4200 
8380 7748 8260 8392 8794 
5972 5800 5876 6060 5328 

Mean±266 6276 5939 6121 6371 6289 

5368 6744- 6304 6132 6330 
8808 8928 9288 9524 9964 
84~0 9000 8716 9008 8900 

Mean±392 7837 8037 8197 81204- 8104 
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TABLEm 

Phasic requiremellts ojirrigatiolljor potato varieties (yield in kg./acre). 

No. of irrigations in ,each phase @ 2·5 acre-in. per irrigation 

Growth phase . P1 

Germination and 'growth 3 

Tuberisation 2 

Maturity 2 

Centre Varieties 

Patna Up-to-Date 5508 

Kufri Red 5773 

Kufri Saftd 5186 

Mean±203 5489 

lIabugarh Up-to-Date 5536 

KufriRed 7828 

KufriS~jed 6116 

Mean±286 . 6493 

Jullundur Up-to-Date 6146 

KufriRed . 3916 

KufriSajed 2660 

Mean±296 4240 

The data show that. in general, three irri
gations at the rate 'pf 256.97 cu. m. (2.5 
acre-in.) during the growth phase and four 
irrigations during the tuberization phase fol
lowed by two during the maturing phase are 
the most suitable for potatoes. This finding 
is in the process of confirmation by further 
trials. 

Interaction of Irrigation LeveJs and 
Fertilizer Re8poDses 

Water is the vehicle of plant-assimilable 
nutrients. Irrigation, therefore, helps in 
greater assimilation of nutrients by plants 
from the soil. In earlier trials conducted at 
this Institute, the, interactions between the 
frequency of irrigation and the levels of nitro
gen, phosphate and potash, were studied in 
detail. The results made it clear that there 
was a significant positive correlation only in 
the case' of nitrogen. At shorter intervals of 
irrigation, responses to nitrogen were signi
ficantly higher (Table IV). 

p. P3 P, p. 

4 5 2 5 

3 4 5 5 

2 2 2 2 

Yield in kg./acre 

• Mean± 57 
5613 5878 5693 6027 5744 

6200 6580 6349 6177 6216 

5485 7042 4840 6165 6744 

5766 6499 5628 6123 

Mean± 

5564 5896 5276 5264 5507 

8648 8088 8724 3804 8418 

5723 11028 ·6840 .336 7209 

6646 8336 6948 61nO 

Mean±291 

6874 7412 6814 7264 6902 

3267 4846 5848 4218 4419 

3410 4032 2834 2280 3013 
4517 5430 5165 4587 

TABLE IV 

lrifluence ~ interval oj irrigation on response oj nitrogm (kg./ 
acre). 

(Summarized datajrom experiments conducted at three centreslor 
three years) 

DoseofN 

None. " 
100 lb. N/acre 
200 lb. N/acfj! 

Interval ofirrigation 

fl-7 10 days 13-14 
days days 

3695 3359 2650 
4442 3732 2837 
4927 4927 4666 

Since nitrogen is a labile element in the 
soil, the dissolving effects of water on nitro
genous fertilizers are foreseeable. Similarly, 
in the case of non-labile elements, phosphate 
and potash, no effect of irrigation rates or 
frequency should be cognizable; but in the 
course of experiments this was applicable to 
only phosphate. A separate set of experiments 
wag carried out at Patna to study the effects of 
different irrigation levels along with potash 
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on Kufri red, a variety generally known fOI 
its non-responsiveness to potash application, 
and the highly responsive up-to-date. It was 
found that in both the varieties response to 
potash fell progressively with higher rate of 
irrigation. Potassium uptake was also affect-

. ed in the same manner (Table V). 

TABLE ,v 
Response to a dose of lOOt" K.O/acre under varyin: soil m,isture 

,.:ions. 

Variety 

KufriRed • 

Up-to-Date 

Kufri Red. 

Up-to-Date 

Acre-inches of irrigation 

15 25 35 

'rieM resp.nses (kg./acre) 

+336 

+3285 

-187 -1493 

+1792 +373 

Leaf K wponses (per cent) 

+0·64 +0·43 +0·41 

+1·77 +1·29 +1·19 

Similar observations have been ,rc;ported by. 
Larson (1954) with sugar beets and he attri
butes this trend to the low oxygen content 
of the wet' soils. 

Summary 

Results of field experiments with potatoes 
laid out at three Regional Centres spread 
over Bihar, Uttar Pradesh and the Puniab 
relating to (i) the frequency of irrigation; 
(ii) optimum irrigation delta required by 
potato varieties; (iii) phasic irrigational re
quirements of potato varieties of different 
maturity characteristics; and (iv) interactive 
effect.s between rate of irrigation and fertili-

zer levels are reported in this paper. The 
conclusions arrived at are as follows ;-

(1) For potatoes on a sandy loam soil, 
irrigation spaced at 7 to 8 days' in
tervals during the entire crop season 
would prove highly beneficial . 

(2) The optimum total water require
ments of Indian potato varieties is 
2569.75 cu. m. (25 acre-in.) and this 
quantity should be distr.\buted into 10 
equal irriga!ions during the season. 

(3) Three :irrigations of 256.97 cu. m. 
(2.5 acre-in.) each during the growth 
phase, four during tl)ber:isation and 
two at maturity satisfy the phasic 
~ater needs of In~ian potato var~e
ties. 

(4) While responses to nitrogen are 
higher with a higher rate of irriga
tion, the converse holds true in the 
case . of potash. 
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INVESTIGATIONS ON THE IRRIGATION REQUIREMENTS OF POTATO 
CROP IN LATERITIC SOILS OF WEST BENGAL 

hy 

M. K. Moolani and S. B. Hukkeri * 

Introduction 

The potato (Solanum tuberosum L) is 
capable of producing far more food per acre 
than any other food crop. The. cultivation 
of this crop is of great importance in dense
ly populated underdeveloped countries, since 
it maintains life through supply of cheap food 
energy. The total area under potato 
In India rose from 204.78 thousand ha. (506 
thousand acres) in 1948-49 to 348.3 thousand 
ha. (885 thousand acres) in 1959-60 (Anony

.Jl}ous, 1961). The average yield per acre in 
the country is only 3.1 tonnes (83.5 maunds), 
although the yield of 8.3 to 10.4 tonnes/ha. 
(200 to 250 maunds per acre) are not un
common with progressive potato growers. The 
low yield of potatoes are mainly due to 
inadequate knowledge about the optimum 
irrigation .and other cultural and manuri~l 
rel1uirements of the crop. Therefore, ~t 
is important to work out by sound expen
mentation, the optimum irrigation require
ments of the crop· for maximising its 
production consistent with economic r-eturns. 

The most important aspects of irrigation· 
practices are 'when to irrigate?' and 'how 
much water to supply?' In. the past these 
aspects were studied by fixil~g .the. irrigation 
intervals and the depths of IrrIgation rather 
arbitrarily. Advances in our knowledge of 
soil-water relations have led to the develop
ment of 'water regime' concept for evaluat
ing the time of irrigation and th~ q~antity ?f 
water to be applied on a more sCIentific baSIS. 
According to this concept, the crop is gro~n 
under varying water-regimes in each of wluch 
the soil is allowed to dry out to a pre-deter
mined condition of dryness and then the en
tire dried mass of soil is re-wetted to field 

. capacity. Although some work on wat~r 
requirement. of pot~to has been done m 
India both 111 pots (S1I1gh et al 1935) there 

is a lack of published work on the evaluation 
of irrigation requirement by the water-regime 
concept. Recently, ~ingh et al (1960) have 
made a critical review of the methods used 
to determine water requirements of crops and 
have emphasised the need for evaluating wate;
requirement based on water-regime concept. 

Review of Literature 

The Concept of Water-Regime 

The capacity of the soil moisture reservoir 
is limited by the field capacity (upper limit) 
and the permanent wilting .percentage (lower 
limit) of the soil in the effective root zone of 
a crop and the moisture held by the soil in the 
range· between these two limits is designat
ed as the available range of moisture for 
plant growth (Veihmeyer and Hendrickson, 
1927). Further it was pointed out by the 
same author that it is impossible to main
tain the soil at any pre-determined moisture 
content lower than the field capacity which 
is in contras~ to the earlier work based on the 
concept that pre-determined moisture content 
could be constantly maintained in the soil. 
This, therefore, lead to the concept of water
regime which was originally used by Veih
meyer (1927) who grew fruit plants in lar
ger containers and subjected them to differ
ent water-regimes. This was then followed 
by Wadleigh and Aiyers (1945) and others. 
Hendrickson and Veihmeyer (1942) have 
further shown that any attempt to wet a mass 
of soil to a moisture content lower than that 
of the field capacity by overhead waterina re
sults in the upper layers being wetted to field 
capacity and the lower ones remaining dry. 

Relative Availability of Soil Moisture 

The knowledge about the relative availabi
lity of soil moisture within the ranue between 
fiel~l c~pacity .and permanent wilting point 
willch IS ~ subject of controversy, is more im-

* Agricultural Engineering Department, Indian Institute car Technol .. gy, Kharagpur. 
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po.rtant from the agro.no.mic po.int o.f view. 
One view is that water is equally availahle " 
o.ver the entire available range of so.il mo.is
ture (Hendrickso.n and Veihmeyer, 1942) and 
the o.ther belief is that the soil moisture is 
not equally available in the available range 
of so.il mo.isture and the plant growth is rCl
duced as the mo.isture tensio.n rises within the' 
range (Ad rich et at, 1935; Davis, 1940; Cyk
ler, 1946; Jacob et ai, 1952). 

Stanhill (1957) has reviewed eighty papers 
describing investigations concerning the effect 
o.f so.il moisture status o.n crop growth. It was 
seen that in 66 experiments, the plant growth 
did respond to variatio.ns in the so.il mo.isture 
regime and o.nly 14 experiments sho.wed no 
such signilicant respo.nse. Russel (1959) has 
attributed these co.nflicting observations, in 
respect of mo.isture available, to the variations 
in the nature of soil, the method of determi
ning wilting Po.int, crop species and. the con
ditions of experimentations (pot culture o.r 
field ,trial) .. Ho.wever, the bulk of the puh. 
lished data goes to' show that the gro.wth of 
the crops is affected befo.re the soil mo.isture 
reaches the wilting point. 

Soil Moisture and Potato Production 

The effect of varying soil mo.isture levels 
on the growth and yield o.f potato have been 
studied by many workers and it has been 
reported that high yields and the good quan· 
tity of potatoes could be obtained with a mois· 
ture level above 50 to 70 per cent o.f the range 
hetween field capacity and the wilting point 
in the soil (Cykler, 1947; Struchtemeyer, 
1961). The decrease in the growth and yield 
o.f potato with the increase in the soil mo.is
ture tensions have also been reported by 
Jacob et al (1952). Jones and Johnson (1958) 

fo.und that irrigating at 0.3 atmospheric ten
sion gave higher yields of potatoes than irrigat
ing at higher soil moisture tensions. 

Experiments were also. conducted to study 
the effect of irrigation on potato in relation 
to the stages of' growth. Steineck (1958) 
stressed that irrigation must ensure a regular 
supply 'o.f water from the beginning of stolen 
formation to maturity o.f the crop., Struchte
meyer (1961) found that the shortage of soil 
moisture in the last half of growing season 
tended to reduce the yieLd more than the 
shortage during, the first half of the grow
ing season while as Jo.nes and Johnson (1958) 
have observed .that the plo.ts kept moist over 
the entire period of growth gave the highest 
yields. So it shows that potato yields are 
reduced when the moisture is allowed to fall 
belo.w 70 per cent of available water in the 
root zone or when the moisture tension in 
the top layers of soil is allowed to rise above' 
0.3 atmosphere. 

Materials 'and Methods 

The field experiments were carried on the. 
lateritic sandy loam soil of the Agriculture 
Engineering Department Experimental Farm 
to find out the effect of depths of ploughing 
and levels of fertilizers on the yield of potato, 
variety Royal Kiclney, at various irrigation 
levels. The single value physical cons,tants of 
the soil under experiment are given in Table 
I. 

The treatme'nts included were two depths 
, of plo!lghing : 12-14 cm. and 24-28 cm.; three 

fertilizer mixtures; 54-0-0., 36-36-18 and 
54-36-18 kg. per acre of N-P-K fertilizers and 
three levels of irrigations :, 

tl : 0.25-0.30 atmosphere in wet regime; 
tz : 0.50-0.55 atmosphere in moist regime; 
t3 : 0.75-0.80 atmolphere in dry regime. 

TABLE I 

Physical cons/ants .f the successive layers of soil, 

Constants 

Field capacity per cent (after 72 hours offlooding) 
Apparent specific gravity (gm,/cc.) (undisturbed soil sample). 
Particle densi ty 

Maximum water holding capacity (per cent). 

I ineh=2 ,54 em. 

0-6 in. 6-12 in. 12-18 in. 18-24 in. 

\4.74-

1·56 
2,64 

35·91 

15·60 
1'52 

16,04 

\·48 

16,80 

1·42 
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The experiment was laid out in a factorial 
split-plot design with three replications. Six 
Gallenkamp soil moisture tensiometer (Or
chard model) with Bourdon vacuum gauge, 
were used for recording the day-to-day chan
ges in soil moisture tensions. Irrigation water 
was measured in gallons by use of water meter. 
Before initiating the programme of differen
tial irrigations, two common irrigations each 
of 5.1 cm. (2 in.) depth were applied two and 
four weeks after planting. The amounts of 
water applied at each subsequent. irrigations 
were 3.76 cm., 5.1 cm. and 6.3 cm. (1.5 in., 
2.0 in. and 2.5' in.) in wet, moist and dry 
regime respectively. These amounts were 
sufficient to fill up the deficit of moisture per
centage calculated from the moisture percen
tages before irrigations in the 0.6 m. (2 ft.) 
deep root zone of the crop by the formula : 

n 
d='Z 

i=l 

Mjci-Mbi 
----. Asi. Di 

100 ' 
where, d = depth of water applied,in in., 

n = number of soil layers in the root
zone, 

MfC'i = field capacity moisture percentages 
in the i-th layer, 

M bi = moisture before irrigatioll in the 
i-th layer, 

Asi = apparent specific gravity of the 
soil in i-th layer, and ' 

Di = depth of soil in inches of the i-th 
layer. 

The data on the number of irrigation given 
along with the amount of water applied at 
each irrigation, following the common irriga
tions are given in Table II. 

TABLE n 

Thus the irrigation interval was 5-7 days in 
wet regime. 9-11 days in moist regime and 
12-14 days in dry regime. 

Soil moisture determinations were made at 
planting, before and after each irrigation (72 
hours after) and at the time of harvest. Soil 
samples for moisture determination, were ta
ken from the plots where the tensiometres 
were installed and also from the similarity 
treated plots from other replications, and the 
determinations were made separately for the 
successive soil layers at 0-6 in., 6-12 in., 12-18 
in. and 18-24 in. depth from ground level. 
Moisture was determined by gravimetric me
thod from a known weight of soil sample 
taken in weighed aluminium moisture boxes 
and oven drying it at 105°C for 24-48 hours. 
The data on soil moisture was used to know 
the moisture status in soil at each irrigation 
and for determining the rate of water use, 
the moisture depletion pattern and the sea
sonal water requirement of the crop. 

Observations were made on the yield of 
potatoes at harvest and the yield in terms of 
total dry matter 'content of tubers. The pro
duce was graded as 'ware' (above 2 in. size) 
'seed' (1-2 in. size) and 'chat' (1 in. and be
low). 

\ 

Results and Discussions 

The statistical analysis of the data in res
pect .of the final yield of potato in aggregate 
and m terms of dry matter content of tubers 
revealed. th~t varying levels of irrigations pro
duced slgmficant responses and the direction 
of the treatment effects and their magnitudl! 
have been given in Table III. 

The dates and depths tf i"iKations at different moisture regimes, 

Date 

10-12·62 
17-12-62 
22-12·62 
29-12-62 

5-1-63 
11-1.&3 
18·1-63 
25-1.63 

1-2-63 

Wet regime 

Irrigation 
depth 

(acre-in.) 

1,5 

1·5 
1,5 

1·5 
1·5 
1·5 
1·5 
1·5 
1·5 

Date 

12-12-62 
21.12·62 

1-1-63 
10-1-63 
19-1·63 
28-1-63 

Moist regime 

Irrigation 
depth 

(acre-in.) 

2·0 
2·0 
2·0 
2·0 
2·0 
2·0 

Date 

14-12-62 
26-12·.2 

7-1-63 
21-1-63 
4-2-63 

Dry regime 

Irri~ation 
depth 

(acre-in.) 

2·5 
2·5 
2·5 
2·5 
2·5 
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TABLE m 
Effe., of levels of irrigation on /he grades of produce, 'ware' peruntage and moisture percentage in tubers at harve.,. 

Yield as Moisture 
Yield of potatoes (quintalfha.) 'ware' dry per cent 

Treatment 
ware 

'1 39·08 

'. 37·29 

I. 32·38 

S.Em .. 

C.D. at 5% 

, 
From the results in Table III, it is seen 

that frequent irrigations at low moisture ten
sion (0.25-0.30 atmosphere) were found to in
crease the crop yields by 6.12 and 34.50 quin
tals per hectare as compared to irrigations at 
medium and high moisture tensions respec
tively. Delayed irrigations at high tlloisture 
tension (0.80 atmosphere) reduce the yield 
even though !he moisture percentage was well 
above the wilting point as seen from the ten
siometer reading. These results are in keeping 
with the finding of many workers who have 
studied the response of potato to varying mois
ture regimes (Cykler, 1947; Jacob ~t al, 
1952; Jones and Johnson, 1958; and Struchte
meyer, 1%1). Frequent irrigations have in
creased the yield of potato by increasing all 
grades of produce equally well. There was 
little difference in the yields under wet and 
moist regimes. The high soil moisture re
quirement' of the potato crop may be ascrib
ed to the shallow and restricted root-system of 
the crop. 

Frequent IrrIgations also significantly in
crea~ed the yield in terms of dry matter of 
tubers at harvest and it is interesting to note 

per cent matter in tubers 
seed chat Aggregate in tubers on oven 

(qt./ha.) dry wt. 
basis. 

166·87 9·14 215·09 18·17 43·40 395·6 

163·63 8·05 208·97 17·85 40·71 413:3 

140·64 7·49 180·51 17·94 34·80 418·7 

±8·529 ±1·173 

20·894- 3·42 

that frequent irrigations did not result in in
creasing water content of the tubers (as seen 
from Table III)' indicating thereby that the 
beneficial effect of frequent irrigation on the 
fresh weight of tubers was solely due to in
creased dry matter production in the tubers. 

Soil MoistuTl Status under various Moisture-Regitnls 

The average moisture statuts before irriga
tion in different irrigation treatments are 
given in Table IV. 

The data in Table IV show that the fluc
tuati~ns in soil moisture were more in the 
top layers when compared with the changes 
in the deeper layers and this may be due to 
more moisture depletion· from UPP€f soil 
layers. The available moisture was more in 
case of wet regime as compared to other re
gimes even though the fluctuations in mois
ture per,centage in deeper layers were less 
marked. 

R.at~ of W at~r U S~ 

The water used by the crop during each of 
the different intervals after irrigation and 

TABLE IV 

Soil mQisture .ta/us under various moisture regimes. 

Treatments 

7 

'1 
I. 

t. 

H-4 ellI & '/69 

Average soil moisture at the time of irrigation in 
different soil layers 

0-6 in. 6-12 in. 12-18 in. 18-24 in. 

13·25 15·16 16·66 . 17·+4-

12-24 14·93 16·23 17·09 

111'!l5 13·96 15·45 16·49 

Available 
moisture in 

0-6 in. 
soil layer 
(in per 
cent). 

85·4-

74·6 

62·0 
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before the next irrigation was worked out by 
the following formula: 

x Asi x Di' 
100 

Wkere Tl = Water use in in. from the root-zone' 

M.i - Moisture percentage on oven-dry 
weight basis after' irrigations in 
the i-th layer. 

Mbi Moisture percentage on oven-dry 
weight basis before next irriga
tion in the i-th layer. 

Other symools are as explained before. 

The daily rate of water use was computed 
from the water during a given interval from 
the root zone up to 0.6 m. (2 ft.) soil depth, 
by dividing with 'the number of days in the 
interval. 

The average rates of water use per day for 
the entire crop season were 2.73, 2.56 and 
2.56 mm. in the case t1) t2 and ta treatments 
respectively. It may however be noted that 
the maximum rates were 4.98, 4.19 and 3.25 
mm. per day in tl , t2 and ts water regimes res
pectively. The' consumptive use of water 
could not be calculated for want of pan eva
poration data since it could not be arranged 
in time. 

Moisture Depletion Pattem 

From a study of the absolute and the rela
tive rate of moisture depletion from different 

soil depths under various IrrIgation treat
ments calculated over all the \ntervals of irri
gatio?!, after 32 days of crop growth from 
whicn it is seen that the surface 0.3 m. (12 
in.) of soil accounted for 60-70 per cent of 
moisture depleted, of which nearly two-third 
was froin the surface 15.2 cm. (6 in.) soil
layer. This is due to the fact that besides 
transpirational losses, the evaporation losses 
from the surface layers are considerable. 
Moisture depletion decreased with the soil 
depth. Similar results have been reported by 
Bowen (1936). 

Seasonal Water Requirements 

The seasonal water requirements were deter
mined with fo1lowing formula: 

Tl 

U = I+R+ ~ 
i=l 

Mbi - M'i 
X Asix Di 

100 

Where U - Seasonal water requirement 

I = Total water applied throullh irri
gation 

R = Seasonal effective rainfall. 

Mbi = Moisture percentage before the 
season in i-th layer. 

M,; = Moisture percentage at the end.f 
season in i-th layer. 

Asi and Di as explained before. 

The values of seasonal water requirements 
are given in Table V. 

TABLE V 

Seasonal water ref"irements under vari,us moisture regimes. 

Treatmont 

"'There was no rainfall during the crap season. 
l fwt=O ·3048 m, I inch=2 ·54, Cm, 

Stored 
moisture 
used from 
2 ft. soil 
depth 
(in.) 

0·30 

0·26 

0·16 

Effective 
Rainfall* 

(in.) 

Water applied 
through irrigation 

17·50 (thru. 11 
irrigation) 

16·00 (thru. 8 
irrigation) 

16·50 (thm. 7 
irrigation) 

Seasollal 
water re

quirement 
(in.) 

17·80 

16·26 

16·66 
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SOILS OF WEST BENGAL 

The data in Table V indicate that the sea
sonal water requirements were the highest in. 
the case of crop which was irrigated most 
frequently. There was practically no differ
ence in the seasonal water requirements' in 
the moist and dry moisture regimes yet 
there was significant difference between the 
yield under the moist and dry regimes. This . 
is because tlle crop growth suffered when the 
irrigations were delayed and the moisture sta
tus in root-zone of the crop was allowed to 
fall down. 

Summary and Conclusions 

(1) Irrigations at the lowest tension increas
ed the yield of potatoes at harvest by 6.12 
and 34.50 quintalsjha. as compared. to irriga
tions at medium and high moisture tensions 
respectively. 

(2) Frequent irrigations have increased the 
yield of potato by increasing all the grades of 
produce equally well. '. 

(3) There was little difference in the yields 
under wet and moist regimes. 

(4) The yield in terms of dry matter of 
tubers was significantly affected by frequent 
irrigation and it was interesting to note that 
under same treatment, it did not result in 
increased water content of' tubers but it was 
due to increased dry matter production in 
tubers. 

(5) The average rate of water use per day 
for the entire crop season were 2.73, 2.36 and 
2.56 mm. under wet, moist and dry mois
ture regimes respectively. 

(6) Surface 0.3 m. (12 in.) of soil accounted 
for 6()..70 per cent of the moisture depleted of 
which near~y two-third was from surface 0.15 
m. (6 in.) soil layer. 

(7) Seasonal water requirement was highest 
in case of crop which was irrigated frequent" 
ly. There was no difference in seasonal wa
ter requirement under moist and dry mois-

ture regimes yet there was significant differ
ence in the yield because the crop growth 
suffered due to delayed irrigation in later case. 
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THE RAINFALL FACTOR IN IRRIGATION PLANNING IN INDIA 
by 

A. K. Malik· 

Introduction 

The objective of irrigation is to supplement 
the rainfall, if and when necessary, to satisfy 
the water needs of crops. Therefore, a study 
of the pattern of rainfall should· be a pre
requisite for any irrigation planning. The 
main features of rainfall of a particular area 
having a direct bearing on irrigational require
ments are the amount, the distribution in 
time, lengths of periods with specified 
amounts of rainfall and the dependability in 
terms of the variation from year to year, over . 
a long period. In the present paper, rain
fall has been examined with special reference 
to the above aspects. 

Rainfall Regions of India 

The variations in the amount of rainfall in 
different par.ts of a large country like India 
is obviously very great. For assessing the 
rainfall over any area, recourse has to be 
made to rainfall measurements made af se
lected stations in the area under consideration. 
Fortunately, with a network of about 5,000 
rainfall measuring stations over the plains of 
India, the position in this respect is not too 
unsatisfactory. For the purpose of publica
tions of the India Meteorological Department, 
our country has been divided into 31 Rainfall 
Sub-Divisions. Although a compromise with 
the political divisions for r<:.asons of adminis
trative convenience, these sub-divisions are 
fairly homogeneous areas in respect of ram
fall. 

The monthly and annual normal rain
fall for each of the. Meteorological Sub
Divisions are given in Table I. The seasonal 
distribution of the rainfall is given in Table 
II. The seasons given in Table II are as in 
use at present by the India Meteorological 
Department. The· seasonal distribution of 
rainfall is also shown in Figure 1. 

"'Meteorological Office, Poona. 
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bn the basis of the normal rainfall (Table 
I), India can be conveniently divided into 
the following broad regions:-

(A) Normal annual rainfall more than 
2000 mm. . 

(B) Normal annual rainfall 1200 to 1600 
mm. 

(C) Normal annual r:l.inf:l.ll 900 to 1100 
lIllll. 

(D) Normal annual rainfall less than 800 
lIllll. 

On the above basis the Meteorological Sub
Divisions coming under each class will be as 
follows: 

Reiion A : Bay Islands, Assam, Sub-Hima
layan, West Bengal, Konkan, Coa
stal Mysore and Kerala. 

Region B : Gangetic West Bengal, Orissa, 
Bihar Plateau, Bihar Plains, 
Madhya Pradesh (Ea~t), Interior 
Mysore South and Arabian Soa 
Islands. 

Region C : Uttar Pradesh East and West, 
Jammu and Kashmir, Gujarat 
region, Madhya Pradesh (West), 
Madhya Maharashtra, Vidarbha, 
Coastal Andhra Pradesh, Madras 
and Telangana. 

Region D : Punjab (I), Rajasthan East and 
West, Saurashtra and Kutch, 
Marathwada, Intorior Mysoro 
North and Rayala~eema. 

On the basis of the seasonal distribution of 
the rainfall (Table II and Figure 1) the above 
four regions can be further sub-divided into 
smaller groups with more or less the same 
rainfall pattern. Such a grouping of the 
Meteorological Sub-Divisions has been attempt
ed in Table III. Jammu and Kashmir has 
not been included in Table III as tills sub
division stands in a class by itself with the 
distribution of rainfall over . the year as a 
whole being much more even than in any 
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other part of India. The information contain
ed in Table III may be of help in the estima

. tion, in a general way, of irrigational require-. 
ments of the different parts of India. 

Howev~r, the lengths of periods with speci
fied amounts of rainfall are also rather impor
tant as this determines the effective crop 
season. The length of periods with specified 
values of monthly rainfall for the different 
Meteorological Sub-Divisions are given in 
Table IV. 

The values given ill Table IV in conjunc
tion with the knowledge of the water needs 
of the different crops and varieties, can pro
vide a scientific basis for determining the irri
gational needs of the di.fferent areas and for 
different crop seasons. 

:;US DIVISIONS 

GANG~TIC WE.ST BE.NGAL 

ORISSA 

BIHAR PLATE.AU 

8IH"R PLAINS 
UTTAR PRAOt.'<;>/i- E.AST 

UTTAR PRADE.SH-WEST 

I>UNJ'A8 (I) 

JAMMU ZII KASHMIR 

FVUASTH"N - E.AST 

RI>..JI>.!>THAN - WE.ST 

MADHYA I>RAD£.5H- WE.ST 

MADHYA PRADE.SI-\- t.AST 

GUJARAT RE.GION 
SAURM.HTRA?t KUTCH 

KONKAN 

MADHYA MAHARASHTRA 
MARATHWAOA 

VID"R8A 

COASTAL ANDHRA PRAOE 
TE.LAN6ANA 

R"-YALASE.E.MA 

MADRAS STATE.. 

COASTAL MY SORE.. 
INTE.RIOR MYSORE. NORT 

INTE.RIOR MVSOR£ SOUTJ.i 

KE.RALA 

ARABIAN Sf-A- ISLANDS 

Variability of Rainfall 

Two aspects of the variability of rainfall 
fro~ year to year, of vital importance to agri
culture, are variability in space (i.e.) from 
place to place) and variability in time (i.e., 
daily, weekly, monthly, seasonal and annual 
total rainfall). These aspects were examined 
with reference. to the Dharwar Region to il
lustrate one of the techniques that may be 
used for the study of rainfall in relation to 
irrigation planning. Dharwar area was select
ed as four important Indian crops (viz.) paddy, 
wheat, jowar and cotton) ate commonly 
grown in this area and the. area· is also served 
by a good network of rain-gauge stations. 

I 

LE.6E.NO 

[I!1I ',000 In '" 

lI:':lSOI- 1000'" '" 

~301-S00 '" III 

l:!:!J 101-300 '" '" 

CD 25-100 In '" 

~c: 2S '"", 

FIGURE 1. 



104 OPTIMUM REQ.UIREMENTS AND UTIL1SATION OF WATER FOR IRRIGATED CROPS 

Metcordlogical Sub-Division Jan. 

Bay b1ands 48·3 
Assam (IncludiDI: Manipur &. Tripura)I8'4 
Sub-Himalayan \Vest Bengal g.g 
Gangetic ",rest BeIl&'al 

Orissa 

Bihar Plateau . 
Bihar Plains 
UUar Pradesh East 
Uttar Pradesh West 
Pul\iab (I) inc1udinK Delhi 
Jammu and Kashmir. 
Rajasthan East . 
Rajasthan West 

~Iadhya Pradesh West 
Madh ya Pradesh East. 
Gujarat Rea-iOD • 
Saurashtra and Kutch 
Konkan _ 

Madhya Maharashtra. 

Maralhwada 
Vidarbha • 
Coastal Andhra Pradesh 

Telan~ana 

Rayalaseem~ 

h!adras . 
Coastal Mysore . 
Interior Mysore North 
Interior My&ore South 

Kerala 
Arabian Sea Islands . 

13'1 
14'0 
21'2 
14·4 
15·8 
23·9 
27'1 
95·7 
9'0 
5'4 

13·5 
18'4 
2·4-
1·7 
2·8 
5·0 
5·8 

12·4 
10'1 
5'1 
9'2 

37'0 
2·9 
2'9 
4·7 

18·8 
31'9 

Feb. 

33'0 
38·4 
20'4 
25·8 
25·9 
31'4 
19·6 
18·9 
25·3 
26'4 
96·0 
6'0 
5·9 
9·7 

26'0 
2'0 
2'4 
0·8 
1·8 
5·9 

18·7 
13'6 
15'0 
5·8 

16·4 
1·7 
3'1 
5·3 

19·6 
12'1 

TABLE I 

Alonlhly and tJMual rllinjbll normals (mm.). 

Mar. April May June July Aug. Sept. Oct. 

30·2 67·8 
81·5 212·6 
35·6 118'2 

349·5 527·3 378·7 402'1 468·4 286·0 
337·6 484·3 446·8 395·9 317'1 144·1 
329'1 675'0 683·3 574·5 503'6 157·7 

27'1 
21'4 
19·8 
10'6 
8·7 

13·7 
20·9 

108·3 
4·7 
4.0 
7'5 

16·9 
1'4 
1'3 
1'5 
3'4 
7·2 

11·3 
12·3 
12'4 
7'1 

22·9 
5'4 
6'6 

10'6 
46'1 
12·5 

42'6 
35·3 
19'1 
15·7 
6·8 
8·6 

12'0 
77·6 
3'2 
3'1 
4·4 

15·9 
2·5 
2·9 
5·7 

108'0 
70·8 
50·8 
48·0 
14·9 
14·7 
12·3 
52'0 
8·5 
7·7 
9·4 

16'8 
6·7 
6'4 

28·9 

241·2 318'0' 318·7 
213·2 351·6 335'6 
196'2 357·8 354'0 
172'4 311·4 314'0 
100·5 301·6 295·8 
94'1 288· 7 287·9 
47·8 179'1 171'6 
55'2 167·1 174·5 
68·3 242·8 228'5 
28·6 

126·5' 
188·8 
129·9 

98'5. 109·9 
350'0 294·6 
429·3 394·9 
399·8 241·5 

73'6 205·9 104·2 
616·9 1076'1 630·0 

11'0 24·0 148·3 281·3 178·6 
140'1 
257·9 
148'4 
189·7 

8·3 15·9 138·2 170·5 
11'1 12·3 174·8 343·2 
24·8 51'0 103·6 152·5 
21·9 22'0 133·4 240·5 
19·7 50'1 58·2 80·8 
5'1·0 73·2 61·5 68·6 
30·4 108·7 843·6 1100·1 
27·7 51·2 88'1 127·3 
49·4 103'0 177·0 311'1 

114·9 245'1 667·5 678'4 
38'3 152·4 344·9 275·1 

TABLE n 

95·8 
95'8 

633·9 
97,7 

208·8 
417·2 
213·3 

206·6 
236·5 
218'1 
225'1 
191'2 
168'1 
101'0 
75·5 

112'0 
40·4 

176·2 
215·5 
158'4 

65·9 
373· 4 
161·4 
196·0 
180·8 
165·8 
192·9 
134'0 
106·4 
284·3 
127·5 
144·6 
240·0 
153'9 

109·4 
131·6 
83'4 
59·4 
41'6 
25'6 
11·2 

226'1 
12·2 
4·3 

29'5 
58·5' 
23'0 
12·9 

103·3 
68'4 
48'4 
48·3 

188·6 
64'4 

112·3 
192·8 
175'1 
95'1 

150·3 
306·2 
160'1 

Nov. Dec. Annual 

231·7 
30·8 
14·8 
21·7 
39·9 
15·7 
8·8 
5·9 
3'9 
2·8 

15·2 
4·3 
0·8 

16·8 
15'2 

7'6 
3'9 

29'1 

171·5 2994·5 
8·9 2516'4 
4'1 3126'2 
3'1 1435·3 
6·4 1482·2 
4·5 1372'0 
3·5 1202·9 
6'0 1007·7 
9·7 964'2 

12·5 624·7 
51'4 994'6 
4'6 704'1 
2·5 311'1 
6·9 1045'0 
5'5 1401·7 
1'3 976·5 
1'5 482·6 

3·5 2872'0 
31'4 6'1 920·7 
29'1 8'2 773'6 
21·3 7·5 1099'6 

116'5 21'1 1008·3 
24'6 4'0 926'5' 
83'1 21·7 677·8 

195·9 86·6 1008'1 
66'2 12·5 3264'8 
38·7 9· I 675·0 
66'6' 13·5 1244'9 

190·7 51·6 2996'1 
114·5 63'4 1572'4 

Meteorological Sub-Division 

Winter (January 
and February) 

Sununer (March to 
. May) 

Monsoon (June to Post-Monsoon (Octo-
September) ber to December) 

Bay Islands 
Assam (including Manipur and 

Tripura) 
Sub-Himalayan West Bengal 
Gangetic West Bengal 
Orissa 
Bihar Plateau 
Bihar Plains 
Uttar Pradesh East 
Uttar Pradesh West 
Punjab (I) including Delhi 
Jammu and Kashmir 
Rajasthan East 
Rajasthan West 
Madhya Pradesh West 
Madhya Pradesh East 
Gujarat Region 
Saurashtra and Kutch 

Konkan 

Rainfall 
(nun.) 

2 , 
81·3 

56·8 
30·3 
38·9 
59·9 
52·6 
34·0 
34·7 
49·2 
53·5 

191·7 
15·0 
11·3 
23·2 
44·4 
4·4 
4·1 
3·6 

Rainfall 
expressed 

as per cent 
annual 

3 

2·7 

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

19·3 
2 ·1 
3·6 
2·2 
3·2 
0,5 
0·8 
0·0 

Rainfall 
(mm.) 

4 

447·5 

631·7 
482·9 
177 ·7 
127·5 
89·7 
74·3 
30·4 
37·0 
45·2 

237·9 
16·4 
14·8 
21·3 
49·6 
10·6 
10·6 
36·1 

Rainfall 
expressed 

as per cent 
annual 

Rainfall Rainfall 
(mm.) expressed 

as per cent 
annual 

5 6 

14·9 1770·5 

25·1 1644·1 
15·4 2436·4 
12·4 1084·5 
8·6 1136·9 
6·5 1126·1 
6·2 1022·9 
3·0 889·1 
3·8 838·8 
7·2 499·5 

23·9 472·3 
2·3 651·6 
4·8 277·4 
2·0 947·3 
3·5 1228·5 
1·1 929·6 
2·2 449·6 
1·3 2696·4 

7 

59·3 

65·3 
77·9 
75·6 
76·7 
82·1 
85·0 
88·2 
87·0 
80·0 
47·5 
92·5 
89·2 
90·7 
87·6 
95·2 
93·2 
93·9 

Rainfall 
(mm.) 

8 

689·2 

183·8 
176·6 
134·2 
177·9 
103·6 
71·7 
53·5 
39·2 
26·5 
92·7 
21·1 
7·6 

53·2 
79·2 
31·9 
18·3 

135·9 

Rainfall 
expressed 

as per cent 
annual 

9 

23·0 

7·3 
5·6 
9·3 

12·0 
7·6 
6·0 
5·3 
4·1 
4·2 
9·3 
3·0 
2·4 
5 ·1 
5·7 
3·3 
3·8 
4·7 
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TABLE I1-,Contd.) 

2 3 

Madhya Maharashtra 6·8 0·7 
Marathwada 11·7 1·5 
Vidarbha 31·1 2·8 
Coastal Andhra Pradesh 23·7 2·4 
Telangana 20·1 2·2 
Rayalaseema 15,0 2·2 
Madras 53·4 5·5 
Coastal Mysore 4,6 0·0 
Interior Mysore North 6·0 0·9 
Interior Mysore South 10·0 0·8 
Kerala 38·4 1·3 
Arabian Sea Islands . 44,0 2,8 

TABLE ill 

Homologous rainfall regions. 

Re&ion Sub-
region 

A (i) 

(ii) 

(iii) 

B (i) 

(ii) 

(iii) 

C (i) 

(ii) 

(iii) 

D (i) 

(ii) 

(iii) 

Meteorological sub-divisions in the 
sub-region 

Bay Islands and Kerala • 

Konkan and Coastal Mysore 

Assam and Sub-Himalayan West Bengal 

Bihar Plateau, Bihar Plains and Madhya 
Pradesh (East) 

Gangetic West Bengal and Orissa 

Interior Mysore South and Arabian Sea 
Islands. 

Uttar Pradesh East, Uttar Pradesh West 
and Vidarbha. 

Gujar~t Region, Madhya Pradesh West. 

Madhya Maharashtra, Coastal Andhra 
Pradesh, Telangana, Madras. 

Raja,than East, Rajasthan West, Saura
shtra and Kutch. 

Marathwada, Interior Mysore North, 
Rayalaseema. 

Punjab (I). 

TABLE IV 

Duration ?f wet season. 

Length of period in month l 
with normal monthly 
rainfall greater than 

Meteorological Sub
Division 25 50 100 200 

mm. mm. mm. mm. 

2 3 4 

4 5 (i .. 
38·4 4·2 769·6 
31·4 4·1 644,8 
34·7 3·2 956·7 
88·1 8·7 570,3 
56,9 6·1 756·5 
76,9 11·3 368·8 

147 ·1 14·6 332·3 
144·5 4·4 2861·9 
85·5 12,7 440·6 

163·0 13 ·1 841·5 
406,1 13·6 2003·1 
203·2 12·9 987·2 

Orissa 
Bihar Plateau 

Bihar Plains • 
Uttar Pradesh East 
Uttar Pradesh West 

. Punjab (I) • 

Jammu arid Kashmir 
Rajasthan East 
Rajasthan West 
Madhya Pradesh West 
Madhya Pradesh East 

Gujarat Region 
Saurashtra and Kutch 
Konkan 
Madhya Maharashtra 
Marathwada 
Vidarbha 
Coastal Andhra Pradesh 
Telangana 
Rayalaseema 
MadrasStak 
Coastal Mysore 
Interior Mysore North 
Interior Mysore South 
Kerala' 
Arabian Sea Islands 

7 

83·6 
83,4 
87·0 
56,6 
81·7 
54·4 
33·0 
87,7 , 
65·3 
67·6 
66·9 
62,8 

10 
6 
1* 
6 
5 
5 
4 

2* 
11 
4 
4 
5 
5 

I~ 

4 
4 
7 
6 
6 
5 
7 
5 
7 

10 
8 
8 
8 

10 
10 

8 

105·9 
85·7 
77·1 

326·2 
93,0 

217·1 
475·3 
253,8 
142,9 
230·4 
548·5 
338,0 

2 

6 
6 

5 
4 
4 
3 

10 
2 
2 
4 
5 

4 
4 
5 
5 
4 
4 
7 
5 
7 
!I 
7 
6 
7 
9 
8 

3 

5 
4 

4 
4 
3 
3 

2 
3 
I 
4 
4 

4 
2 
5 
4 

'4 
4 
6 
4 
2 
3 
6 
3 
6 

8 
7 

9 

11·5 
11·1 
7·0 

32·4 
10·0 
32·0 
47,1 

7,8 
21,2 
18,5 
18·3 
21,5 

4 
3 

!l 
2 
2 
o 

o 
2 
o 
2 
3 

2 
I 
4 
I 
o 
2 
o 
1 
o 
o 
4 
o 
2 
i 
3 

*Winter rain (not in continuity with main rainy season). 

(i) Station to Station Differences in the Vari
ability (year to year) of Rainfall 

7 

The month of July, being the most homo
geneous period was selected for, this purpose. 

Bay blands The total rainfall during the month of July 
Assam (including Manipur and for the 'fifty years 1901 to 1950 were examined 

12 9 8 

Tripura) 10
8 

8
7 

77 6
5 

for four stations,' viz" Dharwar, Hubli, KaI-
Sub-Himalayan West Bengal I 

9 6 6 4 ghatgi and HaIyaI situated c ose to one ano-
Gangetic~w_e_s_t B_e_n_ga_l ___ ,_, _________ --..:ther, The average July' rainfall and the, . 
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coefficients of variability for each of the five 
stations along with their geographical coordi-
nates are given in Table V. II 

It will be seen from Table V that although' 
there is a systematic increase in rainfall west
wards (because of increase of altitude), the 
coefficient of variability can be considered to 
be more or less the same for each of the sta-

, tions. Therefore, for the study of the year to 
year variability of rainfall for the month of 
July in respect of Dharwar region, for all 
practical purposes, it is hardly worthwhile to 
work out the variability on individual station
basis, but can be worked out on the basis of 
the total rainfall over a larger area. This aspect, 
of the rainfall variability was next examined. 

(ii) Differenus in the Year to Year Variabi-
lity of Total Rainfall over Areas of Diffe
rent Sizes 

For this purpose, yearly rainfall for' the 
month of July for.50 years (1901-1950) over 
three areas of different sizes, around Dharwar 
was computed. The coefficient of variabilities 
(year to year) in respect of each of these three 
areas as well as for Dharwar Station singly 
were then worked out. The sizes of the areas, 
number of rain-gauge stations involved, ave
rage rainfall and the coefficients of variability 
of the rainfall in respect of, Dharwar Station 
and each of the three areas are given in 
Table VI. 

Table VI shows that the average rainfall 
increases with the size of the area. This is 
_because the larger the area the gr:eater is 
windward' area of the western ghats (with 
very heavy rainfall) which gets included. 
Nevertheless, the coefficients of variability do 
not show any great difference with the in
crease in the area beyond 600 km. sq. It 
would appear, therefore, that for the study of 
rainfall variabilities, it may be possible to 
work on the basis of average rainfall over a 
large area. Thus, the Meteorological Sub
Divisions seem to be not too in appropriate 
spa~e ~?~ts ~or tl?s purpose. The year to year 
vanabl.h~~s m ramf~ll over th.e Meteorological 
Sub"DIVISlons as uruts were next examined. 

(iii) Year' to Year Variability in the Rainfall 
over Meteorological Sub-DivisionJ 

P:lrthasarathy (1958) has studied the varia
bility of rainfall in th~ Meteorologic:ll Sub
Divisions for the south-west monsoon season 

(June to September) as a whole as well as 
for each of the constituent 'monthsj based on 
data for 70 years (1875-1944). Based on the 
coefficients of variability obtained by Partha
sarathy, the limits (lowest and highest) of, 
rainfall, over a long period... in the different 
areas of India, for each of the four monsoon 
montlis, June to September, have been worked 
out and are given in Table VII: 

Table VII shows what amount of rainfall 
can be expected, with some confidence, - in 
each of the monsoon months, viz., June, July~ 
AUguSt and September, in the different parts 
of India. These figures along with informa
tion about the water needs of crops, should 
greatly help in the determination of the 
magnitude of the irrigational requirements. 

(iv) Year to Year Vflriability 'of Rainfall in 
. Relation to the Total Pmod for which 

Rainfall is taken into Account 

It ,is obvious that the longer the time inter
val under consideration, smaller will be the 
year to year variability of rainfall. Thus, the 
variability of monthly rain will be less than 
that for a season (a few months) which in 

, turn' will be less than the variability of the 
yearly rainfall. Indian Meteorologists so far 
have considered, mostly, monthly values only 
of rainfall. However, it is now realised that, 
for agricultural purposes, tile month is too 
long a time interval and that distribution of 
the rainfall within a single month is at least 
as important as the total rain received during 
the month as a whole, e.g., in respect of its 
effect on crops, a rainfall of 50 mm •. in one 
week with no rain during the 'other weeks of 
the month is very different from a rainfall of 
the same amount (50 mm.) spread uniformly 
over the different weeks of the 'month. It, 
therefore; becomes necessary to ascertain what 
should be the period for which rainfall should 
be taken into consideration for purposes of 
agriculture. One way of doing this would be 
to find out the variability from year to year, 
with rainfall during' different lengths of 
period. This was done in the case of Dharwar. 

The period selected was 2 July to' 2 Septem
ber, as at Dharwar, during this part of the 
year, rainfall is fairly homogeneow. The diffe
rent/time intervals considered were 1 day, 
7 days, 32 days and 63 d:lYs. The procedure 
adopted for working out the coefficients of 
variability of the daily, weekly, monthly (32 
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days) and bi-monthly (63 days) rainfall was 
as follows. 

The rainfall for each calendar date from 
2 July to 2 September over a period of fifty 
years (1901-1950) was listed and the coefficient 
of variability for each date was computed 
giving 63 values of coefficient of variability, 
one for each calendar date. The average of 
the~e 63 values was taken to represent to coeffi
cient of variability of the daily rainfall. In the 
same way coefficient of variabilities for weekly 
rainfall (average of 9 values, one for each 
week), monthly rainfall (average of two 
values, one for each month) and bi-monthly 
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rainfall (a single value for the whole period 
from 2 July to 2 September) were worked out. 
These values are plotted in Figure 2. It will 
be seen from Figure 2 that the coefficient of 
variability shows a hyperbolic relation with 
the length of the period for which· the rainfall 
is taken into account. It will be also seen that 
the inflection ot the curves comes at about 14 
days. Therefore, in the Dharwar area, during 
the south-west monsoon season, a fortnight 
should be a suitable period for considerations 
of rainfall variability. Any period shorter than 
a fortnight will be difficult to handle while a 
period longer than a fortnight will rather 
minimise the variability. 

r---t--

, 

0 o 10 2.0 30 40 50 60 70 80 

Station 

Hubli 

Dharwar 

Kalghatgi . 
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FIGURE 2. 

TABLE V TABLE VI 

July rainfall. Variability of rainfall on area-basis. 

Latitude Longitude Average Coeffici
rainfall ent of 
of July varia
(1901- bility 

150 20' 7So 

15P 27' 75° 

15° II' 74° 

15° 20' 74° 

08' 

00' 

58' 

45' , 

1950) 
mm. 

113 

174 

233 

397 

45 

41 

37 

40 

1'otal area 
Number 

of rainfall 
measuring 

stations 
in the 

area 

Point value (Dharwar) . 

600 sq. km. 4 

4000 sq. km. 7 

12000 sq. km. 18 

Rainfall during July 

Average Cc>-effi
amount cient of 

(mm.) variability 

174·0 • 45 

225·9 37 

288·1 37. 

302·0 32 
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TABLE VB 

Limits of rainfall. 

In 80 out of 100 years rainfall is not likely to be 
Meteorological Sub-Division 

Less than More than Less than More than Less than More than Less than More than 
June 

(mm.) (mm.) 

Assam 408 599 

Bengal 272 444 

Orissa 117 326 
Chotanagpur 102 283 

Bihar 104 268 
Uttar Pradesh Eas t 47 185 
Uttar Pradesh West 40 174 
Punjab East 13 88 
Rajasthan West 3 56 
Rajasthan East 29 126 
Madhya Bharat West 56 192 
Madhya Bharat East. 33 210 
Berar 90 226 
Madhya Pradesh West 91 241 
Madhya Pradesh East 118 326 
Gujarat 51 217 
Konkan 472 877 
Bombay (Deccan) 93 185 
Hyderabad North 106 220 
Hyderabad South 72 156 
Mysore 86 153 
Malabar 424 770 
Tamiln'!d 29 61 
Rayalaseema . 36 85 
Andhra Desa 62 145 

It may be added that the above findings 
are applicable only to the Dharwar area, for 
the period July and August. 

Conclusions 

It is now well-known that the water-soil 
plant relationships have to be taken into ac
count for the planning of irrigation on a scien
tific basis. Before plants are made for the 
construction of any irrigation project and for 
the storage and use of water, information 
~ust be develope? concerning the consump
tlve Use of water eIther by direct measurements 
or from equations based upon weather data. 
Once an estimate of the consumptive use be- ' 
comes available, it would be possible to decide 
~p?n ~he portion that is to be furnished by 
IrngatIOn, after a close study of the rainfall 
pattern of the area c(m~c;:rnc;:d, 

July August September 
(mm.) (m~.) (mm.) (mm.) (mm.) (mm.) 

379 545 340 490 247 404 
317 455 . 286 438 208 333 
248 441 242 420 161 307 
271 461 277 443 138 268 
237 412 231 394 139 316 
199 404 196 381 74 261 
208. 386 175 380 41 258 

95 227 81 243 7 150 
36 138 24 176 0 90 

141 313 107 322 23 212 
214 416 173 376 73 259 
222 494 212 460 43 304 
165 336 99 264 75 245 
279 496 230 428 89 307 
285 579 287 478 128 300 
176 489 82 317 34 229 
748 1330 405 861 165 482 
153 285 94 205 90 205 
200 334 119 285 90 271 
118 234 87 208 94 234 
122 240 85 186 68 187 
445 863 257 584 109 317 
25 90 '51 136 69 150 

I 

37 116 35 154 74 194 
107 185 104 189 113 215 

The object of tIlls paper has been to illus
trate techniques which' can be gainfully appli
ed for the study of the various aspects of .rain
fall. In each individual case, it will be neces
sary to obtain quantitative values of the kind 
described in this paper for obtaining reliable 
estimates about the different aspects of rain
fall which can be expected with some degree 
of confidence. 
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"RE-IR~IGATION SO~L SURVEY 

by 
s. P. Raychaudhuri* 

Soil surveys afford information about the 
general features of the area and properties of 
different types of soil not only up to plough 
depth but of the sub-soil to a reasonable depth. 
A consideration of variations of such soil 
characteristics as texture, soluble salt content, 
pH, etc., seems essential for determining con-

,ditions for a rational utilisation of irrigation 
water and, if need be, for reclaiming deterio
rated soil areas. It is needless to mention that 
without the basic information about soil of 
any area, as is made available from the soil 
survey, the work on essential development of 
land is hampered toa great extent. In carry
ing out these soil surveys, field notes with res
pect to such features as geology, parent 
rock materials, soil colour, depth of soil 
crust, natural flora, etc., are recorded 
on standard form by the field survey 
parties. Soil sampling is done mainly 
by augers and at time from pits which
ever is convenient. Soil samples are collected at 
each foot depth along the profile, except for 
.the top foot where they are collected at each 
15.2 cm. (6 in.) depth, up to a total depth 
of 2.4 to 3.0 m. (8 to 10 ft.) or to water-table 
or hard strata whichever is nearer from the 
surface. All changes of soil strata while sam
pling are noted .. The soil samples are analysed 
for. their total soluble salt content ana pH. ' 
Representative samples are, in addition, tested 
for mechanical analysis and contents of ex
changeable bas~ calcium carbonate, manurial 
constituents, etc. The soils are categorised with 
respect to their salient physical and chemical 
characteristics for the soil survey report. A 

. st':ldy of the agri-irrigational potentialities of 
sods, predominant in the area, is very essential. 
Apart from bringing out certain portions of 
t?e commanded area requiring special atten
tion, e.g., water-logged, deteriorated land need
ing reclamation; etc., the soil survey helps in 
framing a phased development on the basis 
of intensity of irrigation, localisation, land ac-

quisition, etc., of the command and determi
ning such areas as could be eliminated from 
the command for various reasons with advan
tage. It may be possible to prepare command 
maps of cultivable commanded areas demar
cating zones fit for different irrigation inten
sities based on engineering considerations and 
of soil types. These plans help in the prepara
tion of the alignment of major and minor tri
butaries. Such soil survey, by indicatin 0" the 
condition of soil at the commencement "'of the 
irrigation project, also serves as the basis for 
assessment in future of any damage or amelio
r!ltion. of land as the result of irrigation and 
croppmg. 

The irrigation soil surveys are either pre
irrigation or post-irrigation. The purposes of 
the pre-irrigation soil survey are (a) allocation 
of areas fit for cultivation as- soon as water 
becomes available, (b) identification of lands 
which can be reclaimed and determination of 
the amount of water required for reclamation, 
and (c) determination of the prospects of rise 
in water-table and water-logging. The objects 
of post-irrigation soil survey, on the other 
hand, are (a) to locate the areas that have al
ready deteriorated or are in the process of 
deterioration, ( b) to formulate methods for 
the reclamation of deteriorated areas, and the 
saving of those which are likely to deteriorate, 
and (c) to determine the type of drainage re
quired for reclamation or prevention of de
terioration. For such surveys, the surface and 
sub-soil samples are analysed for their mecha
nical constituents, i.e., clay and slit, soluble 
salts and exchangeable bases. The - soils are 
often examined to a depth of about 0.9 m. 
(3 ft.) or more but the morphological charac
teristics of the soil profile are not always taken 
into consideration. 

The pre-irrigation soil survey can be divided 
into two categories (Ref: Hoon· and Ray
chaudhuri; 1961) : 

*Scnior Specialist (Land Resources), Planning Commission, New Delhi. 
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(i) Pre-irrigation soil survey . involving 
large areas under command where 
the information regarding the suitabi
lity of soils for irrigation has to be ob
tained comparatively quickly with 
limited resources (reconnaissance soil 
survey). Such survey is helpful for 
broad crop planning. Such pre-irriga
tion soil survey should be done on 
grid basis. A general reconnaissance 
of the area before the soil survey is 
take~ up, should be carried out to 
obtain first hand information on such 
aspects of soil in the area as variations 
both along the dep,th and over the 
area, topography, s~rface and, sub-sur
face drainage and the sequence in in
tensity of cropping, mode of existing 
irrigation, if any, and quality of water 
so used. In fixing the size of the grid, 
help has to be taken from the above 
mentioned reconnaissance survey
but a very important factor which has 
to be taken into account is the time 
at our disposal to carry OUt the sur
vey including testing of the soil sam
ples and writing up 'the report. 

(ii) Comparatively smaller areas where 
intensive cultivation is projected it 
may be helpful to obtain more de
tailed information about the variations 
of soil. Such survey is helpful for 
detailed crop. planning. 

Procedure 

(i) For the first category of survey which 
is carried out on grid basis, in view of the 
cost involved, usually auger samples are taken 
over 2.4 to 3.0 m. (8 to 10 ft.) depth or to 
water-table or hard strata whichever is nearer 
from the surface. The same practice may be 
continued but some representative sites may 
also be sampled by pit method to obtain some 
idea of the morphology of the soils, genesis, 
etc. The following properties of the soils foot
wise should be studied : 

(1) Texture 
. (2) Soluble salt content 
(3) pH 
(4) Water holding capacity. 

. In the 10 per cent of the areas where profile 
pits will be dug the morphological features 
should be examined and the following 
physico-chemical properties of the soils should 
be studied in addition to the 4 properties stu
died above: 

(i) Mechanical analysis by hydrometer 
. method or International Pipette me·· 

thad •. 
(ii) Exchangeable calcium, magnesium 

(when necessary); total base exchange 
~apacity. 

(iii) Total calcium oxide (as CaO) phos
phate (as P.O,), sesquioxide (as 
p,O.) , iron oxide (as Fe'O,,) and 
aluminium oxide (as AI,O, by diffe
rence). 

(it!) Available nutrients: . 
If as the result of the broad based soil 

survey, certain parts of the area are indicated 
to have high soluble salt content and/or pH 
signifying deteriorated land, such portions are 
generally re-surveyed at a relatively more in
tensive rate than before to confirm and to 
pinpoint areas which would. have to be taken 
up for reclamation or which would need 
special attention during the post-project 
period. 

(ii) Where detailed soiL survey is neces
sary for limited areas the mapping scale 
should be at least 10.2 cm.=1.6 km. (4 in.=1 
mile). The techniques of soil sampling may 
be as has been mentioned earlier in the case 
of broad based soil survey taking into account 
the facilities that are available. 

Suggested Grouping of Soils regarding their 
Suitability for Irri!;ation 

From the point of view of irrigation,' a 
broad based mapping may be sufficient to indi
cate areas which would respond suitably to 
irrigation and such areas which are in dete
riorated state and would require' extra irriga
tion water for their reclamation. Therefore, a 
general classification of the soil on the basis 
of the texture, total soluble salt' content, pH, 
CaCO. content, etc., might be enough. For 
agricultural development of the area its fur
ther classification in terms of irrigability 
groups may be made (Ref: Raychaudhuri I 

and Datta 'Biswas, 1954) .. 

Group I (Colour Green) 

Soil quite .suitable for IrrIgation having 
good available moisture holding capacity 
(more than 1 t in. per foot of soil); low 
water-table; soluble salts (much less than 
0.2 pel' cent) or exchangeable sodium is in 
negligible amounts, there is no pan formation 
in the horizon; salinity of sub-soil water is 
negligible, and internal permeability is good. 
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Group II (Colour Yellow) 
This soil group is moderately suitable for 

irrigation farming with liniited hazards which 
may aggravate irrigation situation if intensive 
water use is made; the soil is deep and the 
texture is loamy sand to very permeable clay; 
the sub-soil is permeable. The total soluble salt 
content and exchangeable sodium are around 
the maximum limits fixed for group I (0.2 
per cent). 

Group 1Il (Colour Red) 
These soils are suitable for limited irrigation 

and cropping suitability is also limited; availa
ble moisture holding capacity medium [3.8 to 
1.9 cm. (It in. to ! in.) per acre foot of soil]; 
water-table below the root zone; soluble salts 
and exchangeable sodium in moderate 
amounts; internal permeability is fair; there 
is no pan formation within the root zone and 
sub·soil water may be slightly to moderately 
saline (0.2 to 0.5 per cent total soluble salts). 

Group IV (Colour Blue) 
This soil group is usually not suitable for 

irrigation owing to shallow depth due to 
rocky substrata or impervious pan formation, 
high pH and soluble salt content (0.5 per cent) 
low moisture supplying capacity and low in
ternal permeability. It may,' however, be 
brought under irrigation by engineering me
thods. 

Group V (Dark Green) 
These are broken lands, ~hallow or stony, 

impermeable sub-soil, excessive total soluble 
salt content and very high exchangeable 
sodium percentage which cannot be corrected 
by the usual reclamation methods (25 per 
cent). 

The soil groupings should be divided into 
such sub-groupings on the basis of the follow
ing limitations : (i) risk of erosion or postero
si?n damag~ designated by the symbol (e), 
(u) wetness, drainage or over flow (w), (iii) 
root zone limitations (s); and (iv) climatic 
limitations (c). Where soils have two kinds of 
limitations both can be indicated, the domi
nant one being shown first. The dominant 
one is used for summarising data by sub
classes or for sub-dividing into capability units. 
If two kinds of limitations are essentially 
equal the sub-classes have the following 
priority :--

e, w, s, and c 

Soil Capability Units 

Soil capability sub-groups are divided into 
capability units which respond in a similar 
way and require similar management although 
they may have soil characteristics that put 
them into different .soil series; for example a 
soil capability sub-group area may have diffe
rent parent materials so that the soil manage-

, ment practices such as application of fertili
sers will be different. In such a case the capa
bility sub-class is divided into two units. 

f 

In developing all these groups adequate con
sideration may be given to the availability of 
wide varieties of crops and their economic 
returns. 

General RelDarks 

Mehta, Mathur and Shankara Narayana 
(1958) have rated the Chambal commanded 
area falling in Rajasthan into four irrigability 
classes based on their profile characteristics and 
inherent capacities for crop growth. The soil 
factors considered are texture, permeability, 
capillary porosity, soil reaction, soluble salts 
and exchangeable sodium. The numerical rat
ing system is additive and the total is 100. 
This method suffers from the defect that ade
quate consideration is not given to the impor
.tant role played by an individual factor which 
may under some cases render the soil com
pletely unsuitable for irrigation. 

In future attempt should be made to classi
fy soils in such a way that the . classification 
should serve the purpose of both irrigation 
engineers and agronomists. For such areas 
where soil survey has already been carried ad
vantage should be taken of the soil maps pre
pared on .the basis of such surveys and what
ever supplemental information might be re
.quired Jor purposes of inte.nsive land develop
ment may be collected. 
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USE OF WATER BY CROP PLANTS IN RELATION TO SOIL FERTILITY 
FACTORS AND FERTILIZERS· 

by 
Dr. A. Mariakulandai* 

Introduction 

Out of a total cultivated area of 133.5 million 
tlectares (330 million acres), the area under 
irrigation in India was only 23.5 million hec
tares (58 million acres) in 1958. In the year 
1850, this was hardly 0.9 million hectares (2.3 
million acres). If all the projects in the Five
Year Plans are duly implemented under. irri
gation, it is estimated tha~ by 1966, the area 
covered by irrigation would be 40.5 million 
hectares (100 million acres). Even then, the 
area would only be a third of the total area 
under . cultivation and as the American 
Ambassador Dr. Galbrath rightly pointed out 
in one of his farewell addresses in Julv 1963, 
India's food problem would be solved 'only if 
we do not depend entirely on rainfall for 
growing crops. But, even if every available 
source of irrigation water is tapped, it will not 
be sufficient and strict economy in the use of 
water is needed. Hence it is of paramount 
importance to conserve the available water. 
and to know how best to use it for good crop 
growth and to get the maximum dry matter 
per unit of water put in. 

The requirements of water are profoundly 
influenced by climate. The transpiration ratid 
of field crops has been found to vary due to 
climate and for the same crop, it varies from 
place to place, depending on the environmen
tal conditions and radiation, which ultimately 
affect the transpiration and evaporation~ The 
present .paper does not intend to dilate on 
the climatic factors but to stress only on the' 
soil fertility factors which affect the water re
quirements of crop plants. 

however indicate that large de~reases in crop 
yield, resulting from deficiencies of both nu
trients and moisture may cause increase in 
water requirements. Stanberry, Converse, and 
Haise as quoted by Kelly (1954) noted that 
dry plot of low fertility required 88 per cent 
more water to produce 1.01 tonnes (one ton) 
of hay than the high fertility plots . in wet 
treatments as shown in Table 1. 

TABLE I 

The relative all/oUlIl of water required to produce 1.01 tOlllles (lion) 
of hay as affected by moislure and]., ility level at Tuma, Ari,ona in 

1950 alld 1951. 
------.-----------.------~--------

Pounds P,O. per Wet Medium Dry 
acre 

100 156 ·170 188) 
200 129 134 154 
400 109 120 129 
600 100 109 130 

One acre=O ·404686 hectares 

Kiesselbach (1916) found tllat the dry 
matter production Was increased in an 'infer
tile', "mixture of infertile and fertile" and 'fer
tile' soils by 194,79 and 41 per cent respectively 
by the Use of sheep manure and the water 
requirements under these treatments were 
reduced respectively by 29, 17 and 8 per cent. 
Scofield (1945) also found a similar trend in 
alfa-alfa, where mineral nutrients were found 
to produce 14 per cent increase in yield and 
the water requirements for fertilised and un
fertilized fields were 792 and 803 respectively. 

Table II gives some of . the relevant data 
obtained in 1912 by Montgomery and Kiessel
bach as quoted by Kelly (1954). It can be ob
served from the table that there is a marked 
reduction in water requirements, to produce 
one gram of dry matter, with increasing soil 
fertility. 

"!Professor of Agronomy, Agricultural College and Research I"stitute, Coimbatore (Madra; State). 

112 



USE OF WATER BY CROP PLANTS IN RELATION TO SOIL FERTILITY I 13 
FACTORS AND FERTILIZERS 

Soils 

(1) Infertile. 
(2) Intermediate 
(3) Fertile . 

TABLE n 

Water requirement in 
grams of water per 
gram of dry weigh t 
No Manured 

manure I 

550± 16 
479± 11 
392±6 , 

350±8 
341 ::h 4 
347±6 

---------------------------
Similar results have been obtained in India, 

by Leather (1910) and also by Singh, et al 
(1935). It is clear, therefore, that soil fertility 
and manuring influence water requirements 
of crops. The mor~ fertile the soil, the lower 
will be the water requirement. In other words, 
water will be used more efficiently if th~ soil 
fertility is higher. 

Effect of Fertilizers and Manures on Water 
Requirement 

Raheja, et al (1%1) have reported that with 
increased levels of manures and fertilisers, the 
water requirement is· reduced in crops, as 
the dry matter production is relatively more 
per unit of water used. Though there-is possi
bility of plants absorbing small quantities of 
nutrients even under dry conditions, as was 
shown with radio-active phosphorus in le
gumes, by HI,Inter and Kelley (1946), yet this 
appears to be wholly inadequate for a thriving 
plant. Trumble (1947) states that low moisture 
is conducive to fixation of phosphorus and. 
consequently to low phosphorus content of 
plants. Hence, it stands to reason that plants 
not limited by moisture supply would have a 
higher content of nutrients and dry matter, 
under comparable soil fertility, than a plant 
limited by low moisture supply. A number of 
workers have shown that for a given level of 
fertility, variation in soil qIoisture supply 
causes variation in the N. P. K. Ca and Mg 
content of plant (Greaves and Creater 1923, 

. Janes 1948, Maximov 1929, Thomas et al 1942 
and 1943). Clements and Kubota 1942 and 
1943 have developed the technique of crop
logging in sugar-cane, whereby the nutrient 
status and sugar content of the plants are kept 
up by adjusting the irrigation and the fertiliser 
application. This would be a, very efficient way 
of controlling water use in relation to fertili~ 
sers for proper plant growth. 

Among the major nutrients, phosphates 
have been found to have a greater effect in re
ducing the water requirements of crops. Rege 
in 1937 has reported tllat the transpiration 
rate of rice in 13engal was found to be lowered 

by the application of phosphates. Stanberry 
Converse and Haise (1951) as quoted by Ken; 
(1954) have shown that wiili increase in dose 
of P20 5 there was progressive reduction in re
quirement' of water to produce unit quantity 
of hay. Their results are as follows :-

Pounds of P.O. In. of water per ton 
_-:-:-_____________ of hay 

. 100 10·67 
200 8·79 
400 7·45 
600 6·82 

Raheja, et al (1%1) found that the effect of 
phosphorus was more marked than nitrogen 
in lowering the transpiration. ratio. 

Fertilisers and T~anspiration Ratio 

Transpiration is a phenomenon by which 
plants absorb moisture through their roots and 
loose the same through,their stomatil openings 
in the leaves. This is a continuous process, de
pending on the atmospheric temperature and 
humidity.' 

Transpiration ratio is defined as the pounds 
of water transpired by a plant for every 
p~und «;>f dry matter produced. Diminishing 
SOlI mOIsture affects the concentration of, ilie 
solutes in the soil solution .from which the 
roots of plants absorb their nutrients. The 
movement of nutrients dissolved in the soil 
moisture takes place along wiili the movement 
of soil moisture. The use of fertilisers reduces 
the transpiration ratio due to a more efficient 
use of soil moisture for every pound of dry 
matter produced by plants. 

Effect of Nitrogenous Fertilisers on Water 
Utilisation 

There is a noticeable difference between the 
levels of nitrogen in crop production for a 
given supply of moisture as will be evident 
froni the data obtained by Hanks and Tanner 
(1952) which is presented below: . 

Year 

1949 
1950 
Average 

Bushels of Oats per 
in. of water 
utilised 

Low High 
Nitrogen Nitrogen 

2 ·1 4·4 
2·7 3·7 
2·4 4·0 

Combined Effect of Irrigation and Ferti. 
. Iizers on Crop Yield 

It has been found mat irrigati~n water in- . 
creases the yield of both grain and straw. The 
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straw yield generally increases much more 
than grain yield. When combined with ferti
lisers the increase in yield is .still more. 

Work done at the Research Station' in 
Sirruguppa in Bellary District, in 1942-43, has 
shown that irrigation alone increases the 
cotton yield by 37 per cent. But when combin
ed with application of fertilisers the yield had 
gone. up by 114 per cent over control. 
Table III gives the yield of cotton (kapas) 
under different treatments. 

TABLE m 
Station reports of Madras Agricultural Department. 

Yield of Increase 
Treatments cotton over 

(kapas) control 
I b./ac. per cent 

(1) Control . 232 
(2) Fertiliser only 312 34 
(3) Irrigation only . . . 319 37 
(4) Fertilizer and irrigation combined 497 114 

Experiments done at Coimbatore had 
given indications that under different levels of 
irrigation and manuring, the yield of either 
grain or straw or both of. Co. 18 sorghum, 
tended to be higher with higher levels of fer
tilisers (Dhanapalan, Daniel, and Mariakulan
dai 1958). This will be clear from the data 
given in Table IV. 

TABLE IV 

Yield of Co. 16 sor-
Levels of ghum in lb. 
irrigation Levels of fertilisers , 

in in. applied Grain Straw 

r Low (20 lb. N + 10 lb. 3963 15671 
20 .t P,O,) 

High (60 lb. N+30 lb. 4271 15866 
P,O,) 

{LOW (20 Ib.N + 10 lb. 4133 15567 , 
25 . P,O,) 

High (60 lb. N+30 lb. 4462 16171 
P.O,) 

{LOW (20 lb. N+IO lb. 4192 16454 
30 . P,O,) 

High (60 lb. N+30 lb. 4192 17450 
P,O,) 

I in.=2.54 em.; Ilb.=0.4536 kg. 

Thus, the possibility that growth will be 
limited in the available moisture range due to 
mineral nutrition is well established. Conse
quently the full utilisation of nutrients avail
able to plants. is conditioned by the soil mois
ture content. And if an estimate of the opti
mum soil moisture for good growth could be 
fixed e.ither by direct estimation of moisture 
in soils by tensiometers or by plant tissue tests 

as developed in crop-logging technique by 
Clements the utilisation of water for irrigated 
crops could be managed effectively to the 
maximum advantage. 
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, EFFICIENT MANAGEMENT OF IRRIGATION FOR CROP PRODUCTION 

by 
P. C. Raheja * 

Introduction 

Economic return in terms of crop produc
tion per cusec of water is the chief aim ~f 
efficient water management in the fiel~. This 
involves the adoption of most econo~lc crop
ping patterns, suitable ·meth?ds. and mtervals 
of irrigation, optimum apphcatlo? of manu
res and fertilisers, cultural operatlOns. to c~n
serve soil moisture and provide aeratlon m
eluding weed control. The knowledge on t?ese 
aspects for practical pur.poses has been gam.ed 
by 'fundamental analYSIS of .the processes m
volved in terms both of preClSely defined and 
measurable soil and plant properties and of 
equally precisely specified conditio~s. and 'for 
practical purposes, the effect of partlcul.ar treat
ments appli~d to soils and crops (Chllds and 
Collis-George, 1950) '. In India the hlndamen
tal studies on water requirement of crops 
were taken up very early at the turn of 
twentieth century. These were largely follow
ed by applied investigations. By and large the 
analyses of processes involved in these experi
ments were not undertaken. In the past decade· 
this gap in knowledge of efficient water 
management has been filled by use of equip
ment which has enable study of these pro
cesses directly in the field. 

Soil Moisture and Plant Growth 

The downward movement of water depends 
upon the soil permeability and is caused by the 
hydraulic potential gradient composed of gra
vitational and pressure components. The pres
sure component or suction is measured by 
tensiometers and electrometric potential. 
Every soil shows a moisture characteristic of 
its own. The form of the curve is different 
for a wet soil where suction steadily increases 
than for a dry soil which has initially litt~e 
water and the suction is steadily relaxed. ThiS 
is brought about by hysteresis (Childs, 1940). 
The curve of soil moisture characteristic is 
a smooth one so that water is available to the 

plant not in sharply defined groups, bound 
with forces of quite different groups was at 
one time visualised such as capillary water, 
wilting percentage, wilting coefficient, perma
nent wilting coefficient, and hysproscopic co
efficient. Some of' these are points of inflexion 
specifying a feature ~f the moisture charac
teristic (Baver, 1938). Therefore, from' soil 
moisture suction observations at every soil 
depth the moisture content can be determined. 
The tensiometers give correct indications of 
soil moisture up to 1 atmosphere suction. 
Beyond that range gypsum blocks, fibre-glass 
or nylon blocks are the ones employed to 
determine the soil moisture. 

In India so far the gypsum, nylon and fibre
glass blocks were imported and this limited 
the study of moisture characteristics. of the 
soils and the moisture content observations in 
relation to suction tension. The methods of 

. preparation of gypsum block at an approxi
mate cost of Re. 0.75 have been standardised . 
at the Institute (Abichandani and Bhatt, 1%2) 
and work on standardisation of fibre-glass and 

. nylon blocks for study' of suction tensions in 
the dry range is, in progress to reduce the cost 
of these units. The standardisation of these 
units will go a long way in taking up irriga
tion studies in India. 

For correction of soil moisture characteris
tic curves for the temperature factor the pro
cess of manufacture the thermisters has been 
standardised and using locally available mate
rials. This very appreciably brings down the 
cost of such equipment (Abichandani, et ai, 
1963). To step up the production of this equip
ment at various research stations the training 
programme has been initiated at· the Central 
Arid Zone Research Institute, Jodhpur for 
research workers interested in these studies. 

The movement of soil moisture is not res
tricted to a single direction. When surfaces of 
the soil are at different potentials water flows 

* Director, Central Arid Zone Research Institute, Jodhpur. • 
16-4 C.B.I. & P./69 
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from one' to other to attain a level of equipoten
tial. Several soils have structural features which 
encourage flow in one direction at the expense 
of others. These are called anisotropic soils. 
Besides, an unsaturated soil necessarily offers 
greater resistance to flow than a saturated one. 
But, when a soil is at a uniform moisture con
tent and suction it is at a uniform gravitation
al potential gradient~ In the silty and sandy 
loam soils, the moving water wets an every 
increasing depth of soil, to a constant percen
tage of saturation, separated by a well marked 
water front from the yet unwetted soil. 
Such a zone has no further storage capacity. 

. The permeability through the wetted zone is 
five times the permeability of the sandy loam 
soil at 70 per cent saturation. The permeability 
in other· soils is dependent upon geometrical 
configuration of its solid, liquid and air com
ponents. Relatively the permeability of clay 
soils is relatively negligible to a sandy soil. 
Therefore, heavy soils even when moist have 
steep moisture gradients for a long time, 
which means very slow movement of water 
applied at the surface (Childs and Collis-
George, 1950). ' 
, , 

When irrigation is applied, the rate at which 
the diffusion of water occurs depends upon 
the type of soil. In heavy soils, unless they are 
in a crar.ked state, most of the applied irriga
tiOl~ will infilterate at ,a slow rate and water 
may stand over for considerable time. In sandy 
and sandy loams it ~ill rapidly diffuse and 
infilterate quickly into the soil to create a 
wetting front. Excess of water, then is re
quired to wet the root zone, is likely to move 
and replenish the ground water in due 
course. In all cases, therefore, it indicates that 
shallow irrigation.s which are just enough to 
wet the root zone of the crop are adequate 
for the optimum growth of the crop. The 
studies on systems of irrigation have shown 
that sprinkler system has proved most econo
mical from water use aspect than flow irriga
tion as it just wets the toot zone of the soil 
and excessive irrigation causing drainaae 
losses is avoided. to 

The evaporation from the surface of the 
soil soon after irrigation takes place at the 
same rate as evaporation from the free water 
surface. As the surface soil dries up the 
rate of evaporation falls off in proportion. 
The, remaining soil moisture is utilised by 
veget.ation for transpiration and metabolism. 
The depth to which this water will be taken 

up depends upon the root range, the weather 
factors and the water requirements of the 
crop. This depth of water exploitation largely 
depends on the crop and additionally limited 
by the impending soil horizon, as in stratified 
soils or by a general impermeability as in 
alkali soils, which restrict adequate penetra
tion of water. 

The uptake of soil moi5ture by the plants is 
steadily restricted as the soil suction increases. 
The incipient wilting at first sets in when rate 
of transpiration exceeds the rate of absorption. 
As the moisture in the soil is depleted to 1 
atmosphere suction temporary wilting (wilting 
point) occurs and thereafter at 15 atmosphere 
suctiQn tension in most crop plants permanent 
wilting is manifested (Richard and Weaver, 
1943). At 1 atmosphere moisture tension the 
photosynthetic activity of plants is affected and 
the relative growth rate tends to slow down. 
This is the point at which irrigation must be 
applied to revive the growth of plants. The 
upper limit of the available soil moisture is the 
field capacity. It is JUSt equivalent to the physi
cal constant of moisture equivalent for soils of 
medium to fine texture. This, however, does· 
not apply to coarse textured soils (Richards 
and Wadleigh, 1952). 

Veihmeyer and Hendrickson (1927, 1938) 
and Aldrich, Work and Lewis (1935) have 
noted that below field capacity the moisture 
in the soil does not move from root-free zone 
to the soil adjacent to the roots at a steady and 
adequate rate to meet the requirements of the 
plant for transpiration although unsaturated 
permeability is not negligible in the moisture 
range above the wilting percentage. Edlefsen 
(1941) observed that of the total change in 
free energy of water between the soil and the 
aerial environment of leaves of plants a very 
small fraction occurs between the soil and 
plant root. Most of this occurs over the inter
cellular space of the leaf parenchyma, the 
stomata and an air layer over the leaf surface 
(Gradmann, 1928: Van den Wernot, 1948). 
Richards introduced the term "total moisture 
stress" instead of total free energy difference 
and stated that the range from saturated soil 
to wilting percentage is of the order of 20 
atmospheres whereas overall stress difference 
of the order of 1,000 atmospheres may be 
operating when transpiration is most active. 
Actually the diffusion pressure deficit in the 
parenchyma cells -seldom exceeds 50 atmos
pheres although on the leaf surface the over-
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all stress difference is many times more than 
that. From this Richards concluded that the 
range of moisture stress occurring in the soils 
is almost of the same magnitude as the diffu·· 
sian pressure deficit range noted in the plants. 
Indirectly this is supported by the observations 
of Migstad, et ar(1943), Hayward and Spurr 
(1944) and Gauch and Wadleigh (1945). 

. The soils widely differ in the release of 
irrigation water to the plant. Hunter and 
Kelley (1946) reported that 2/3 of the avail
able water was released by Delano sandy loam 
soil and only ! by the Sorrente silly clay soil 
at tension below 1 atmosphere and this affect
ed the quality of growth of guayule in relation 
to moisture treatments. 

Besides the textural differences in soils, other 
soil factors that influence the availability of 
water to the pla.nt are the mechanical impe
dance of soil to root penetration; soil stratifi.-

, cation and depth. Thick sowings of crops may 
restrict the volume of root zone per plant. The 
shallow water-table restricts the development 
of root system particularly of perennial fruit 
,trees. 

Of the plant factdrs the most important is 
the extent of root penetration and root p~oli
feration or the special density of root distri
bution. This is particularly so as the rate of 
unsaturated flow of moisture is very restricted 
in soils. Shallow rooted crops like onions, gar
lic require frequent irrigations than sugar
cane, grape vines, grasses and small grain 
which have deep and proliferating root sys
tem. The sugar-cane plant although' has ex
tensive root system cannot stand total soil 
moisture stress of any high order because of 
the character of its top growth. The crop irri
gated at 0.3 atmosphere moisture stress gives 
high cane production (Clements, 1948). From 
the aspect of ton-per-acre commercial cane 
sugar less frequent irrigations give high re
turns (Raheja, 1951). The yield of cotton is 
less influenced by frequency of irrigation. With 
high frequency the grazy top or legginessis 
developed. As against this infrequent irrigations 
to maintain adequate moisture stress results in 
optimum growth of the crop with heavy carry 
over of bolls (Adams, Veihmeyer and Brown, 
1942). The root system of water-melon is very 
efficient to exploit the moisture in deeper 
la yer and is less sensi ti ve to moisture stress in 
the shallow soil layers (Doneen et aI, 1939) 
with moderate stress of soil moisture peach 
trees produce the maximum quantity of fruit 

, 
of which the quality was superior (Hendrick
sO.n and Veihmeyer, 1929). 

SoU Fertility 

The irrigation water has a biological value. 
This value is limited by a number of factors 
of which soil fertility is the most potent one. In 
a study of sugar-cane yields in Peru Willcox 
(1951 a & b) observed that the yield of cane 
crop could be stepped up provided the nitro
gen status could be increased. The survey of 
the fertility status of the soil gave the following 

'results :-

Plant nutrients 

Nitrogen. 
P.O, 

'K.O 

Baule units amp, producing 
value % of maxi-

mum yield 

0"5 29 ·33 
4·0 ~·75 
8·0 99·60 

The fertility index of the soil is as follows: 

F.I. 0.2933XO.9375XO.9960=27.38 per cent. 

The fertility index value indicated that ni-
trogen was the limiting factor in maximum 
cane production. The irrigation supplies are 
available for 70.25 per cent of the area which 
in terms of Baule uni~ is 2.8. This has crop 
producing power of 86 per cent. Including the 
rating of water, the soils are capable of produ
cing the cane at the following rate :-

Cane yield producing ability=0.2735XO.86= 
0.2354 or 23.54 per cent. The maximum cane 
. which POT 2878 variety can produce is 301.5 
tons. Thus the present status of moisture and 
fertility can produce 0.2354X301.5=71.08 
tonnes (69.96 tons) of cane per hectare. This 
compares very favourably the present yield of 
70 tons/ha. of cane. In an experiment conduc
ted in Peru on nitrogen doses the responses 
obtained are as give)1 in Table I. 

TABLE I 

SI. Nitrogen Yield from Calculated Difference 
No. applied experiment yield(Mii. between 

Baule (Million tons! lion tons! actual' and 
unit ha.) ha.} calculated 

I. 0·0 62 61·3 0·7 
2. 0·25 84 83·8 0·2 
3. 0·50 103 102·5 0·5 
4. 0·75 119 119·5 0·5 
5. 1·00 132 131 ·9 0·1 
6. 1·25 142 143·1 1 ·1 
7. 1·50 149 152·5 3·5 

The differences between calculated and 
actual yields were small up to 1.00 Baule unit 
of nitrogen. Thereafter the calculated yields 
were higher than the actual yields and it 
appears another factor tended to limit the 
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cane yields. The economics of nitrogen appli
cation was worked out and it was observed 
that it was economical to apply nitrogen up to 
1.25 Baule units, which is equal to 71 per cent 
of the maximum possible yield with irrigation 
supplies available in Sana Valley of Peru. 

Most of the soils in India have very low 
nitrogen status; about 60 per cent of the soils 
have low phosphate status and nearly 20 per 
cent of the soils have low potash status. In all 
acid soils there is need for lining to neutralize 
the acidity. Majority of the soils have medium 
phosphate status and quite a high percentage 
of soils have moderate potash status. That 
largely accounts for very low yields of crops. 

I. a recent study under irrigated conditions 
at Indian Agricultural Research Institute the 
response to nitrogen found was as follows :-

No manure plot 
20 lb. N facre 

Wheat yield 
mds·facre. 

- 16.90 
I 

= 21.55 

Difference 4.65 mds. 
Percentage mcrease with 20 lb. N (0.09) 

Baule) on control = 27.5 per cent 

This shows that nitrogen in the alluvial soil 
is in extreme short supply and even small 
additions push up the yields of crops. _ 

Raheja et al (1961) have recently published 
experimental evident to show that the relative 
efficiency of water requirements of the crops is 
appreciably increased by application of ferti
lizers and manures. It was estimated that in 
full use of irrigation potential is to be obtain
ed with increased irrigation facilities by 1970 
the fertiliser consumption should be stepped 
up to 2.0 million metric tons of nitrogen 1.5 
metric tons of phosphoric acid and 1.016 
million tonnes of potash. The fertilizer con
sumption is not keeping pace with the expan
sion in irrigation facilities and, therefore, water 
is not being efficiently utilised for crop pro
duction. "There is an optimum level of irriga
tion requirement for an optimum dose ot 
nitrogen, beyond which the application of 
more- water tends to leach OUt uitrogen from 
the soil into the sub-soil. This is particularly 
so ill the case of sugar-cane". 

In U.S.A. the corn production has gone: 
up firstly by taking to hybrid corn; secondly 

by stepping up the application of nitrogen and 
finally by irrigation. In an experiment with 
0.9 m. (3 ft.) of irrigation water with 120 
and 240 lb. N facre the yields were 75 and 90 
bushels but by applying 1.5 m. (5 ft.) of water 
at these two nitrogen levels the yields could 
be stepped up to 115 and 130 bushels respec
tively (Parks, 1951). Thus use of nitrogen and 
water gives increased yields simultaneously. 
By use of high doses of nitrogen limited sup
plies of water are more efficiently utilised than 
with low doses of nitrogen. 

Methods of Irrigation 

Mukhtar Singh, Gandhi and Dastane (1961) 
have presented a critical review of the methods 
of irrigation in India. The authors have re
viewed the advantages and disadvantages of 
free flooding, border strip, check basin, furrow 
irrigation, and ring or basin methods of irri
gation. They have recommended that improve
ment in levelling of fields by use of scraper 
and floats can very much reduce the misuse of 
water. The long furrow method should be 
used for row crops 6n an increasing scale. In 
some of the row crops this has not yet been 
adopted and can be adopted with convenience 
to save water. In cotton and corn which at 
present are grown on the flat, the long furrow 
irrigation method can be adopted to avoid 
alternate flooding and droughting. A saving 
of 15-20 per cent in water consumption by the 
crops is affected. These crops can also be simul
taneously dressed with higher doses of fertili
zers. In small grains corrugated furrow system 
enables Use of high doses of nitrogen with 
consequent economy of water. In U.S.A. 
water control equipment is widely in use. This 
requires introduction on as wide a scale as 
possible. 

There is urgent need to demonstrate the 
,(alue of levelling of fields to avoid dry patches 
and. subme~ged spots. The use of levelling 
eqUIpment IS new to the farmers and unless 
this is brought to their notice and taken up 
by them the present misuse of water would 
remain in vogue. Considerable economy in 
water. use can be affected by demonstrating the _ 
adoptIOn of long furrow method in row crops. 
In areas where water cost is high the sprink
ler . system of i:rigation holds great promise. 
ThIS affects savmg of 40 per cent in water use 
but needs extensive demonstration in arid areas 
of the country where water tends to be saline 
ir,t a sh?rt time. Comparison of irrigation effi
CIency m flat and corrugation (small furrow) 
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irrigation methods indicated that the irrigation 
efficiency remained always high with the 
furrow method of irrigation; In first, second, 
third and fourth irrigations applied to wheat 
crop the relative efficiencies were 46.88 and 
56.60 per cent; 57.62 and 73.34 per cent; 65.90 
and 69.07 per cent and 37.78 and 52.82 per 
cent for flat and furrow methods of irrigation 
respectively (Thakur, 1960). 

Cultural Practices 

With provision of irrigation the reorienta
tion of cultural practic~~ becomes essential. 
The seed rate and spacing are inter-related. 
The mode of seeding requires a change. In 
irrigated areas the system of broadcast sowing 
is still in vogue. The drilling of seed ensures 
placement of seed at proper depth, gaps and 
patches are eliminated and seed is brought in 
contact with moist layer of soil. Some of the 
seeds like cotton and cowpeas are very sensi
tive to soil moisture variations. The monocots 
are less sensitive as they have very high imbi
bition pull for water and can ove.t,;come the 
total .soil moistur~ stress. Wheat, barley and 
oats can tdr,aw water at the hygroscopic co
efficient level of soil moisture. 

The experiment~ on grain sorghum con
ducted in Kansas State have established a 
linear relationship between yield and row 
width which is expressed as under :-

Y=1l7.11-O.72 x 

Where Y =yield in bushes per acre and X= 

width of row in inches. It was observed that 
within the range 56,000 to 224,000 plant per 
acre the yield was not materially influenced. 
The average water used with 17.8 cm. (7 in.) 
wide rows was somewhat higher than with 
71.1 cm. (28 in.) wide rows. From rows more 
than 35.5 cm. (14 in.) apart the moisture 
from the middle of rows was less extracted 
than less than 35.5 cm. (14 in.) wide rows. 
Thus every crop extracts water from an opti
mum area and that determines the opti
mum plant population (Grim and Musick, 
1960). Similarly interaction between seed rate 
of maize and irrigation levels has been found 
to be signific!lnt (Wiersma and Smith, 1961). 
The optimum spacing for cotton under irriga
tion was found to be 61 cm. (24 in.) between 
rows and 22.8 cm. (9 in.) planting spacing 
(Relwani, 1962a). In paddy 25.4 cm.x25.4 
cm. (10 in. x 10 in.) spacing has given the 
highest return under irrigation (Relwani, 
1%2b). 

Inter-culture is practised tor weed control 
and forming surface mulch. This is largely 
practicable in row crops. About 10 to 30 per 
cent increase in yield of crops results from 
inter-culture bullock hoeing under irrigation 
is far more economical than hand weeding. 

Weed control can also be brought about by 
application of weedicides in standing crops. 
The demonstrations in cultivators fields have 
established, that an Increase of 0.13 tonnes 
(3.7 md.) of wheat yield with Rs. 44.0 per 
acre of profit is realised by spraying with 
2, 4-D at the rate of 1 lb. in 80 gallons· of 
water after 40 days of sowing of the crop 
(Verma and Bhardwaj, 1957). Similar results 
have been achieved by spraying the weedicide 
in sugar-cane crop. The extra yield obtained 
was 12.6 tonnes (344 md.) of cane as against 
9.82 tonnes (264 md.) by inter-culture of the 
crop. This required two sprayings, pre-emer
gence at the rate of 0.9 kg. (2 lb.) and post
emergence at the rate of 0.9 kg. (2 lb.) (a.c.) 
of 2, 4-D. This brought in very large profit and 
resulted in very high efficiency of water use 
(Verma et aI,1961). 

In sugar-cane another practice that con
serves moisture and .suppresses weed growth is 
mulching with cane trash. This increases the 
yield by 2.17 to 3.55 tonnes (52 to 85 md./ 
acre) (Bose, 1954). Similar experiments con
ducted at Shahjibanpur, Jamunabad, Khurpa, 
Panwari and Phoolbagh indicated that mulch
ing increased the cane yield by 1.26 tonnes 
(34 md.) extra to that obtained by inter-culti
vation. The trash covered plots gave on the 
average a profit of Rs. 425.70 compared with 
Rs. 350.13 in normal cultivated plots (Mathur, 
1960). The saving in irrigation water was 
quite considerable. 

Cropping Patterns 

The cropping pattern in any irrigated area 
depends chiefly on three factors: (a) energy 
level or climate; (b) intensity of irrigation; 
(c) water requirements of crops. The climatic 
factors, particularly the temperature regime 
?etermine .the suitability of crops to be grown 
ll1 any regIOn. 

The !rrigation requirements of the crops as 
determll1ed from pot culture and field experi
ments are given in Table 1. 

The requirements of water for the irrigated 
~rops are not uniformly the same in the grow-' 
ll1g season. In the grand growth period the 
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requirements are almost 1/2-2/3 of the irri
gation needs of the crop. Crops need restricted 
irrigations early in the season like cotton and 
others need prolongation of irrigation interval 
during the maturation stage as in sugar-cane 
peaches and guayale. The cropping pattern has 
to be so adjusted that the maximum period of 
irrigation requirements relative to the area 
cropped does not ca~ dislocation of irrigation. 
The areas under crops and the rotatibns have 
to be so fixed that for every cusec of water 
maximum production can be achieved. In 
fact maximum area should be sown to short 
duration, high value crops such as oil seed. 
of the Brassica and Linseed type which have 
less than 1028 cu. m. (10 acre-in.) irrigation 
requirement. The adjustment in area is also 
affected in relation to the ra~nfall pattern of 
the area. The high irrigation requirement 
crops are fitted into the cropping pattern 
during the. wet period (Raheja, 1961). 

ResuIne 

In recent years investigations on Irngation 
management for crop pf0duction have been 
conducted on almost all aspects both from the 
fundamental and applied aspects. Consider
able saving in irrigation can be affected by 
adoption of practices which reduce soil losses 
in drainage and evaporation by regulating the 
irrigation interval, depth of irrigation and 
adopting suitable methods of irrigation for 
various crops. The value of water in terms of 
crop returns is very much reduced if the soil 
fertility is low and ·is not made up by appli
cation of fertilisers and manures. With the 
expansion of irrigation there should be simul
taneous expansion in use of fertilizers for crop 
production. The optimum levels of fertilizer 
requirements for most of the irrigated crops 
have been determined for different regions. 
Besides, the fertility levels have been estimated 
for various soil types in different tracts by 
rapid soil tests. Therefore, scientific recom
mendations for fertiliser applications can be 
given out to the farmers. 

TABLE I 

Irrig.twn requimnmts of crops. 

SI. 
No. 

I.. Sugar-cane 

2. Paddy 

3. Berseem 
4. Lucerne 

5. Cotton 

6. Maize 

Crop 

7. Jowar-Grain 
Fodder 

8. Bajr. 
9. Rag; 

10. Wheat; Barley and Oats 

11. Potato 

12. Tobacco 

13. Jute 

14. Groundnut 

Duration of crop Irrigation require-
season mcnts in acre-inches 

11 months in North ·50 
India. 

18-24 months in 115-135 
South India. 

Short duration 85 45 
to 115 c!a,·s. 

Long duration 225 55 
to 250 days. 

180 days 45 
365 days 70 

205 days 40 

135 days 30 

120 days 24 
95 days 20 

110 days 20 
115 d:.ys 24 
150 days 11-13 
100-135 days 25 

110-130 days 25 
100 days 24 

140 days 25 

Remarks 

Early maturing varieties have 
low irrigation requirements 
than mid-season on late 
varieties. 

8 in. r.equired for puddling, 
24--40 Ill. transpir~d by crop. 

6 in. water required to establish. 
45 acre-in. from :March to June 

and rest from October to 
February. 

First irrigation delayed from 
40 days. 2-3 irrigation. during 
boll formation stage. 

Transpiration requirements 25 
acre-in. 

Usually an un-irrigated crop. 
\Yinter season crop irrigated. 

In hills grown without irri
gation. In plains early "arie
tic. require 20 in. 

Usually gro\'·,'n without irriga
tion. 

t...rsually unirrigaterl crop. 
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The adoption of improved cultural practices 
can substantially reduce losses of water and 
conduce to efficient use of this scarce factor of 
crop production. The seeding and spacing 
trials have been conducted and these results 
can be applied with benefit. Weed control can 
be effectively practised by use of weedicides 
suitable for application in standing crops. The 
technique of mulching can reduce water loss 
and step up production. 

There is strong need. to apply the improved 
water conservation and efficient water use 
practices' particularly in the wetter sections of 
the country where farmers have had no ex
perience of protective irrigation. In drier se~
tions of the country where cost of water IS 

high a great improvement in methods of appli
cation and introduction of high value crops 
appears most desirable from practical aspect. 
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OPTIMUM REQUIREMENTS AND UTILIZATION OF IRRIGATION 
WATER 

by 
N. G. Dastane and Mahendra Singh* 

The problem of water use by crop~ has re
ceived a renewed attention in the last two 
decades on account of contribution from me
teorologists and agro-physicists and a thorough 
under:;tanding of these cqncepts.' is es~ential 
for s,:mnd planning of utilization of na
tional water resources. The classical works of 
Penman (1948) and Thornthwaite (1918) 
have shown that consumptive use of water 
by crops depends primarily on meteorological 
factors, while soil and plant considerations 
playa secondary role in governing daily water 
use. Under a given set of climatic and non
limiting water supply conditions, rate of eva
potranspiration from a field covered with a 
vegetation does not exceed a certain maximum 
termed as 'potential evapotranspiration' which 
is controlled by climatological elements and 
fqr maximum growth, evapotranspiration 
should proceed at the rate near the potential 
level. 

Similarly, the fact that the availability of 
soil· moisture decreases and growth rate amI 
yields are affected with increase in soil mois
ture stress within the available soil moisture 
range from field capacity to wiltin~ point, 
has led irrigationists to find out the optimum 
moisture regimes for maximum yields of crops. 
Thus, the optimum soil moisture regime, by 
definition, is a range with field capacity as 
the higher limit and another moisture level 
as the lower limit, the moisture fluctuations 
within which do not affect economic crop 
yields. 

T"'oIt 

-- ...... '" . 
'" , 

These two facts depicted in Figure 1 
further imply that as soil moisture is deplet
ed from field capacity to the lower limit of 
the optimum soil moisture range, the evapo
transpiration rate falls but not necessarily the 
yield. Below the lower limit of the optimum 
soil moisture range, however, the growth 
rate falls· very rapidly becoming zero 
at wilting point. The evapotranspira
tion rate also declines but not as fast 
as the growth rate but it continues till the 
plant :mrvives. 

In view of these baSIC facts, the first step 
in planning efficient use of water by crops, 
would be to find out potential evapotranspi
ration in a tract and then work out how 
much of this need is being met by rainfall. 
The rainfall exceeding the soil moisture den
cit is a waste. The negative differences bet
ween rainfall and potential evapotranspiration 
will indicate net deficiencies to be met 
through irrigation. 

Figure 2 showing precipitation and annual 
march of .potential evapotranspiration by 
Thornthwaite's formula for Delhi reveals 
maximum irrigation water will be needed in 
the months of April, May and June and the 
minimum in July, August, September, De
cember and January. The net irrigation needs 
will be about 750 mm. as shown in Table 
1. To this will have to be added figures of 
application losses. Taking a liberal estimate 
of 20 per cent, annual irrigation requirements 

, , 
EV~PO-TRANSPII'." TlO" 

FI,LD CAPACITY l OPTIMUM MOISTURE RANGE I WILliNG POIN'"' 

FIGURE 1: Inter-relationship of soil moisture supply, evapotranspiration rate and growth rate. ~ 

*Diviiion of Agronomy, Indian Agricultural Research Institute, New Delhi. 
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FIGURE 2: Monthly ma~ch of potenti~ evapotranl!lplration and rainfall at Delhi. 

TABLE I 

Annual precipitation and potential evaporation and water deficitncits 
. at Delhi (Average figures). • 

Month 

August 
September 
October . 
November 
December. 
January 
February 
March 
April 
May 
June 
July. 

TOTAL 

Precipitation 
(cm.) . 

18-4 
12·3 
1 ·0 
0·2 
1 ·1 
2·5 
2 ·1 
1 ·3 
0·8 
1·3 
7·7 

17·9 

66·6 

Potential evapo- Soil 
transpiration by water 

Thornthwaitc balance 
formula (cll!') (cm.) 

18·2 0·2 
16·0 -3·5 
12·0 -14·5 
4·5 -18·8 
1·9 -19·6 
1·0{. -18·5 
2·5 -18·9 
7·0 -'-H·6 

15·6 -39·4 
20·6 -58·7 
20·8 -71·8 
19·8 -73·7 

140·3 .,-73·7 
or say 
-74 

at Delhi should not be more than 900 mm. 
or (36 in.) for a perennial green crop. This 
is a broad schedule and a more precise one 
can be worked out by taking weekly figures 
than monthly figures. 

It will be evident from. Figure 2, that wa
ter deficiencies to be met are smaller from 
J ul y to Septem~er and December to March 
on account of high precipitation and low 
temperatures. A given quantity or water 
supply can, therefore, be spread over larger 
areas to meet plant water needs during this 
period than in April, May and June. It will 
be preferable to give priority to kharif crops 
and early maturing rabi crops for higher pro
duction per -cusec of water. With smaller 
supplies of water, potential growth rates can 
be achieved by allowing potential evapotrans~ 
piration. In the months of May and June, 
17-4 C.D.1. & P./G9 

the moisture deficits being high, greater quan
tities of water will have to be applied to al
low potential growth rates. 

In use of the climatological formulae, it 
is assumed that field is completely covered 

. with. vegetation_and that it is in active stage 
of growth. For a fortnight after sowing and 
again at the end of maturity of crops, the 
climatological formulae will not apply. The 
consumptive use, therefore, can be taken only 
as 50 per cent of the potential evapotranspira
tion for that period. This figure is proposed 
arbitrarily. 

It is observed that in many irrigation pro. 
jects,- engineers calculate, even today, 
quantities of water needed by crops without 
any regard to the meteorological factors. Some 
of them assume that water needs are same 
throughout the growing period. In many pro. 
ject planning reports, the figure~ of. evapo. 

. 'tation from pan evaporimeter are not given. 
No water needs can be estimated without 
either field experiments .or detailed climatolo. 
gical data. . 

It may be mentioned here that the climato
logical approach has also its limitations as this 
branch of science is still in the developing 
stage. No formula as yet is 100 per cent per
fect. However, for all practical purposes, 

. these data can profitably be used for basing 
estimates of water requirements of crops. 

I 

I 

After fixing the total delta, the next prob
lem is' the frequency or the interval of irriga
tion. The crops have to be irrigated before 
they receive a setback in growth. . The 
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optimum soil moisture regimes found out 
after conducting field experiments by several 
workers at I.A.R.I., using tools of tensiometres 
and resistance. units are compiled and shown 
in Table II. Effect of reduced number of 
irrigation on the yield is also shown. 

Another problem in water management is 
utilization of surplus water. Irrigating the 
soil when the moisture content is within the 
optimum moisture range is of no use. Addi
tional irrigations at this stage will be mere 

waste or even could be harmful. Experi
ments carried out at I.A.R.I. showed that irri
gations applied to maize or jowar+cowpeas 
mixture for fodder grown in monsoon un
der Delhi condition gave no benefits as shown 
in Table III. In areas with no large storage 
facilities- but assured raim, the surplus water, 
therefore, will have to be disposed off by sup
plying before monsoon to enable the cultiva
tor to sow the crops early. Elsewhere, the 
water will have to be diverted to areas not 

TABLE n 

Crop 

Wheat 

Beneom, 

Potato 

CottOIl 

Sugar.calle 

()niOJl. 

RadiJb. 

Turaip 

Beet root 

Optimum s.il ""ist"" r'limes 6114 .fed ..t r.duced irri,.tiens.n er8? yi.Us. 

-----------------------------------------------

, 

Optimum regime 

Higha limit of ten· No. of irrigations and delta Average 
sion in Atmos. inclusive of rainfall in mm. yield in 

Depth 
(soil) em. 

22·5 

22·30 

15-22 

30 

15-22 

8-12 

15-22 

-15-22 

15-22 

Tension 

0·5 

0·35 

0·25 

0·5 

(l·30 

0·65 

0·20 

0·20 

0·50 

11-3 
1.-2 

11-17 
1.-14 
1.-10 

11-10 
1.-9 
1.-7 

11-5 
1,-4 
1.-3 

11-14 
1.-12 
1.-10 

11-16 
1.-11 

11-8 
1,-4 

11-9 
1.-4 

11-6 
1,-4 

Q_/ha. 

Irrig. 260 27·0B 
230 24·7B 

" B90 60B-4O 

" 770 56B·50 

" 710 533·50 

520 287·60 

" 460 261·40 
410 248-50 

.. 1060 9-10 
980 8·70 

" 880 7·92 

1630 612·00 
1500 545-00 . 

" 
1400 494·00 

460 380·00 
350 277 -00 

.. 229 728·00 

" 200 669·00 

253 381·00 

" 214 331-00 

" 261 344·00 
211 310·00 

11_treatment of irrigation is the optimum in all cases. 

TABLE m 
Eftc, of ir,i~.tiolls Oil th. yield of mGil;l and joU/ar+ co .. pe4' (F) mix/o,.. 

No. of irrigations Total delta in .. 
Yield in quintah/hectare 

c\us;,-e ofrain (em.) Maize Jowar+Cowpeas (F) 

0 70·0 18·7 290 

1 '. 75·0 18·8 295 

2 80·0 18·9 297 
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under regular command for filling soil mois
ture reservoir for the benefit of the. rabi 
crops. 

S1lD1IDary 

It is suggested that to estimate water re
quirements of crops and for optimum utiliza
tion of water, pqtential evapotran§piration dur
ing the crop growth should be found out in 
each area and· these figures should be taken 
as basis for estimating consumptive use of 
water by crops. These figures should further 
be corrected for effect rainfall and application 
losses to work out irrigation requirements. 

Extra irrigations within the optimum mois
ture range are not beneficial. In assured mon
soon areas, the surplus water can be dispos
ed off before monsoon to enable the cultiva
tors to advance sowing schedule.· In other 
areas, it may be diverted to areas not under 
regular command for the b~nefit of dry rab; 
crops. 

R.eferences 
(I) Penman, H. L. (1948).: "Natural Evaporation from 

Open Water, Bare Soil and Grass". Proc. Roy. Soc. 
(London}.193A: 120-145. 

(2) Thornthwaite; C. W. (1948) : "An Approach Towards a 
Rational Clalsification of Climate". Geo. Rev. 38 : 
55-94. 



CONSUMPTIVE USE OF WATER ON RICE-AUS PADDY* 

by 
B.N. Banerjee** 

PART I-TOTAL CONSUMPTIVE USE 

In the soil moisture studies one comes 
acros~ the term "the consumptive use", or 
"evapotranspiration''. This term which is 
very fundamental in field irrigation, is really 
the sum total of the volume of water in trans
piration and evaporation expressed as acre
inch or acre-foot. The process by which va
pour escapes from the living plants princi
pally the leaves and enters the atmosphere 
is known as transpiration. During the grow
ing period of a crop there is continuous move
ment of water from the soil into the 
rooU, up to stem and out of the leaves of the 
plant. Water thus moving acts as a carrier 
of essential plant food substance from the soil 
to the various parts of the plants. The velo
city of this water is known to vary from 0.3 
to 1.8 m. (1 to 6 ft.) per hour but under 
very extreme condition of heat and humidity, 
this velocity may even be increased. Trans
piration is vitally essential to plant life. Only 
a very small amount of the Water absorbed 
by the root system is retained at the plant. 
The transpiration efficiency, i,~" the percen
tage of water drawn out by the plant as 
against the percentage of soil moisture at the 
root zone, is not a constant figure and varies 
under varying circumstances. At different 
stages of growth of the plant the root sys
tems have a different draw on the root zone 
moisture content, and if this draw can be met, 
the plant will thrive, and if this cannot be· 
met, the plant will decay. The question as 
to if there exists a fixed percentage of water 
below which it is unsafe to keep the moisture 
percentage at the root zone, or which in other 
words, is called the 'wilting coefficient' is 
one of the controversial studies. Whether 
there is a fixed percentage or whether there 
exists a limit between two percentages or 
which- we may call the 'wilting zone' is a 

matter of study which has been discussed later 
on in the experimental results. 

For a study of the water zone, one has to 
know the moisture equivalent. The mois
ture equivalent is usually expressed as per
centage of the dry weight of the soil as speci
fied small portion of the soil will retain 
against a centrifugal force of tOOO times the 
force of gravity exerted on it for a period of 
40 minutes. 'As stated earlier this moisture 
equivalent closely approximates the maximum 
capillary capacity. Before the experiments 
have been started the moisture equivalent of 
the soil on which the experiments have been 
conducted has been ascertained in order to 
establish' a relationship between the moisture 
equivalent and the wilting zone. 

In the Kalyani Experiment, different doses. 
of water in different plots hav'e been applied 
and periodical root zone moisture percentage 
recorded whereby it has been possible to find 
a relationship between plant growth and 
moistur-= percentage as will be seen later on. 
This has shown that for optimum production 
from the crop there is a particular moisture 
percentage zone, which need to be maintained 
and which is between the wilting point and 
the field capacity-a growth depicting the 
above will be seen later on along with the ex
perimental results. In irrigation practices it is 
necessary to consider not only the amount of 
water transpired by the crop but that un
avoidably removed during the growth period 
by evaporation, normal' surface run-off and 
deep percolation. This total must be expressed 
in terms of the' depth of water that must be 
applied at the surface either by rainfall or by 
artificial irrigation: or by both together with 
the water taken from that stored in the soil. 
The experimental charts accompanying the 
field research works will depict a clear picture 

*This paper is a c0I:'y of a portion of author" main rescarch paper on "Crop Irrigation and \\'ater Utilisation" 
(Publishod by the Agncultur al Dep~rtment, GOyt, of West Bengal). This portion i, an extract in the subject of dozc and 
frequen<y of Iuig'ltion and Consumptivc IL'C of watcr on summer rice projuced in high land areaS of 'Vest Bengal. 

**En:;ineering Advi,er to Gwt. of West Bcn~al, Dep.lftment of Agriculture, Calcutta. . 
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of how this total water known as "consump
tive use or the evapotranspiration" has been 
determined on a careful analysis of all the 
factors enumerated above. So that the reader 
may not have much difficulty to understand 
the experimental charts. A short note on the 
measurement of the consumptive use is given 
below. 

The consumptive use is that portion of the 
water applied to the farm which is consum- ' 
ed in the complete evapotranspiration process, 
the whole being expressed in terms of acre
foot for the growth of the plant and is really 
the figure which has been wanted as a result 
of the experiments. This "consumptive use" 
as by definition shall be the sum total of the 
quantity of wat~r applied to the field by irri
gation plus the quantity of water iupplied 

. by rainfall minus the quantity of water remov
ed as surface run-off and plus or minus the 
quantity of water absorbed from the root 
zone soil moisture neglectin~ of course the 

-tdeep percolation losse,. 

Using symbols we may say: 
U =Wl-\:W,-W.+Wm 

Where 
U =Total consumptive use. 
WI=Irrigation water applied. 
W,=Rainfall. 
W.=Surface run-off. 
Wm=Difference in soil moisture content at 

the root zone. 
I . 

Irrigation water applied .and run-off losses 
can be measured by water measuring devices 
say watermeter or V-Notch for example 
both the types being used in Kalyani Experi
ment. Rainfall is measured by standar~ rain
gauges. The value of Wm, i.e., the differ
ence in soil moisture content can be calculat~ 
ed by actually determining the moisture per
centage at the root zone before and after irri
gation and converting this percentage figure 
into columetric measurement. The follow
ing simple rational formula can be used for 
this purpose :-

Moisture content in the soil to the root zone
depth expressed in inches 

= Root zone depth in inches X apparent 
specific gravity X moisture percentage. 

Apparent specific gravity and the moisture 
percentage having been recorded, moisture 
content is calculated once before the crop is 
sown and once just after harvest. The differ
ence represents W m. Specific gravity IS 

, determined by. the process started herein 
before and the moisture percentage is deter
mined by the process detailed below. 

There are various methods which have been 
adopted by different research workers for 
measuring the moisture percentage. In the 
experiment at Kalyani the gypsum block me
thod has been used. In this method gypsum 
blocks have been embedded at 15.2 cm., 0.3 
m., 0.6 m., 0.9 m. (6 in., 1 ft., 2 ft., 3 ft.) be
low ground level and the two electrodes con
necting the blocks have been brought up to 
the surface h~vel through a galvanised iron 
pipe in whi<;h apertures have b~en made at 
the different levels for admission of the elec
trodes and which have been embedded in the 
ground at each of the experimental plots. . 

, . 
An electro-potentiometer and later on a 

battery operated soil moisture re.corder was 
utilised to find the readings which when 
calibrated has given the percentage ot mois
ture in the soil at the\root zone which was 
determined by extracting the plant after har
~esting. The difference of the soil moisture 
percentage prior to irrigation and after har
vesting has been recorded" and this has been 
converted into moisture content in acre-in
ches by the application of the formula stated 
in the preceding paragraphs. It will be seen. 
in details of the experimental data that 
in some cases the value of m has been nega
tive, which is due to over irrigation in localis
ed blocks. ..... I 

Time and Frequency of Irri,ation 

Two major considerations influence the/time 
of irrigation: 

(a) Water need of the cr?p, 

(b) Storage of soil moisture at the root 
zone. 

In regard to the water need of the crop, 
the general governing rule and which is an 

'extremely important one to be observed is 
that the stages of plant growth shall deter
mine the time and amount of water appli
cation, namely, pl~nty of water for the ger
mination period and then more and more 
water applied up to the flowering time and 
then decreasing amount during the maturing 
period and none at all during· ripening. This 
crop need is again influenced by the atmos
pheric conditions such as the temperature, 
humidity, wind' velocity, etc., as evapo-
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transpiration depends on the above climatic 
factors also. It will, therefore, be seen that the 
s~bject of assessment of crop needs is a sub
ject matter of study by itself and is a very 
difficult one to determine accurately in prac-' 
tice except through intensive field research. 
In the Kalyani Experiments different dozes of 
water at different times have been applied 
to find out the optimum growth of the plant 
responding to maximum out-turn in the 
grain and straw. As a result of extended re
search works covering for a number of years, 
it has been possible to draw 'a mean curve 
depicting the' relationship between the opti
mum water requirement at various stages of 
plant growth correlated with the moisture 
content at the root zone during the growing 
period of the plant. . In regard to the fre
quency of irrigation, it will appear that this 
has got to be a function both of the soil 
and of the crop. The fundamental princi
ples as enumerated earlier, having been ac
cepted that the rate of evapotranspiration 
should :.1t no stage be less than the absorp
tion through the root zone--,the frequency of 
irrigation should be so determined aloI!g with 
the doze of water applied so that the mois
ture content in the soil can perform the duties 
stated above. In Rractice, however, it is very 
difficult to attain. One has to go by the ap
pearance of the crop for example, some .crops 
with light green colour indicate the presence: 
of plenty of moisture and dark green show 
the need of water, but this or similar type 
of physical appearance may prove sometimes 
as deceptive, and to depend on them may not 
be desirable. Scientifically, it should be bet
ter if in course of a research work in a parti
cular type of soil one can determine the re
quisite moisture content zone, which should 
be between the wilting point and the field 
capacity zone below which this moisture 
content should not be allowed to fall. Such 
an index is, however, difficult to obtain un
less through a series of research work results. 
Widely accepted studies made by Briggs and 
Shantz on this subject has fixed this opti
mum moisture zone at about 54 per cent of 
the moisture equivalent. But such a figure 
under the condition of United States has 
very little value in the conditions of West 
Bengal or even of India. As a matter of fact, 
other research workers even in other parts of 
United States have found this percent<!ge to 
be a variable one. In the Kalyani Experi
ment we are trying to arrive at a moisture 

zo?e percentage in relation to the wilting 
pOInt, but for these preliminary studies on 
this subject, in our field operations, we have 
through fit, to irrigate where the soil mois
ture content has gone below 50 per cent of 
the moisture equivalent. . 

Efficiency in Irrigation 
, 

The ultimate desired goal is production of 
maximum yield with minimum amount of 
water to be artificially applied for plant 
growth. Mathematically considered, the irri
gation efficiency can be indicated by the for
mula: 

Irrigation water transpired by 
WI the crop fi'om a plot 

E= -- = ---______ , 
W, Irri~ation water suppliod to the 

plot ) 

In good irrigation practice, the a~proximate 
quantity of soil moisture stored in the root 
zone cau be taken as 50 per cent of the wa
ter supplied to the plot, and on an average, 
we can assume the water transpired from the 
root zone as representing 65 per cent of the 
moisture content in the root zone. Or in 
other words, the irrigation efficiency stands 
at 34 per cent. In case of bad irrigation prac
tice, this figure of 34 per cent can go down 
as below as 15 per cent. 

. In regard to the water application effi
CIency there are no doubt non-controllable 
fa~tors such ~~ t~e physical property of the 
SOlI, permeabIlIty, rooting depth of the crop 
to be raised, but then there are a number 
of controllable factors also which if proper
ly attended to, the irrigation efficiency can 
be kept at a high figure. These controllable 
factors, which are really correct preparation 
of land for irrigation so that the surface run
off is practically reduced to zero, and then 
the do~e a~d .the frequency of irrigation to 
be applIed III such a way that the soil mois
ture percentage is kept within the optimum 
mois~u~e ~one, or in other words, frequent 
low IrrIgatIOn dozes with higher units in the 
earlier stages and with diminishinO" units at 
the .later stages and then again, p;rsonal at
tentIOn to water distribution either by the 
border system or by the furrow system de
pending on the crop to be raised are some of 
the important controllable factors, which if 
properly attended to, the efficiency of irriga
tion will improve. In the Kalyani Experi
ment attempt has been made to keep a strict 
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watch on the controllable factors to keep 
the irrigation efficiency at a higher figure. 

The result of the different water require
ment experiments will be found in the suc
ceeding paragraphs. 

PART II-RICE IRRIGATION-AUS 
PADDY (APRIL-,UNE) 

Preamble 

With more and more irrigation water be
ing made available to the cultivato~s thro~gh 
river valley projects and other maJor, ml~or 
and small irrigation schemes, the quesuon 
of correct crop planning to make the best 
utilisation of the available water naturally 
comes uppermost in the minds of. the Agro
nomists. As is well-known, that In the ab
sence of irrigation water, the cultivators can 
hardly grow more than one crop. \Vith the 
availability of control on water, the natural 
tendency shall be to grow more than one 
cr~p-generally two and if not three. The· 
science in agriculture will naturally. try to 
aspire' for the obkctive of growing three 
crops with t?e availab~lity o~ wate~ supp.ly, 
and if this can be achleved m practlce, Wlth 
economy then we shall have not only the 
best utilisation of water, but at the same time, 
there shall be abundance of crop per acreage 
of field with application of water and ma
nure' or in other words, the intensive culti-, . . 
vation will actually be achieved in practlce. 

So far as West. Bengal is concerned, thC!re 
. are huge tracts of la,nd which we call high 
land and which are not suitable for grow
ing Aman rice under puddled and submerg
ed conditions. These are areas which could 
be best suited to grow three crops, c.g., 

Crops 

Early" Aus" (Irrigated) • 
Cereal like M;mg, Pulses 

(Rain.fed) 

Wheat, Potato, .tc. 
(Irrigated) 

Sowing 

April 
August 

November 

Harvesting 

June 
/September 

March 

The above crop planning is possible if the 
sowing month schedule as in above can be 
adhered to. In the present context of things, 
it is impossible to sow "Aus" in the month 
of April in view of the fact that without the 
early monsoon shower or the normal north
western shower, it is impossible to plough 
up fields in the high lands which remain as I 

.. 
stony and hard dryas rock,s, and not to speak 
of bullock driven implement, even the tra~
tor implements cannot penetrate into the 
soil. The time of sowing, therefore, entire
ly depends on the whims of nature. It is 
when sufficient rainfall is available and soil 
is moist that the cultivator goes into the 
fields and puts his plough in and then only, 
the Aus paddy can be grown. As a result, the 
sowing schedule is shifted to middle of May 
at the earliest with north-western showers and 
not earlier and this being the time crop re
quiring about three months to harvest, the 
Aus can be harvested by end of August and 
not before that. In case of lands, which are 
subject to flooding, it often happens that the 
flood water enters by mid August, and wa
shes away the golden grains of the Aus pad
dy when they are ready for harvest. Under 
the existing order of things, therefore, there 
is no question of three crops growing and as 
a matter of fact, with late north-western 
showers, the farmer will probably be left with 
only one positive chance of crop in high land 
in November-February period and this will 
yield him very scanty h:irvest in the absence 
of irrigation. The cultivators would natural
ly, therefore, find it a positive gain and ad
vantage if they could sow the Aus much 
earlier so that they could be sure of the. crop 
and could even possibly put in a second crop 
in between this crop and finally the rabi 
crop as the third one. 

From what has been stated above, it will 
be apparent. that if there is full control of 
water in the hands of the cultivators, nothing 
prevents him from sowing the Aus paddy 
early in April. In the Government Farms of 
West Bengal where there are tube-wells pro
vided for irrigation and any pther private 
lands also where irrigation facilities exist it 
is becoming a common practice to sow in 
early Aus crop enabling him to harvest two 
more crops from his field. 

In this process of growing the Aus paddy 
one must know the requirement of water for 
this crop. If this is unknown, it will be 
difficult to establish the agricultural econo
mics of irrigation in an overall phnning for 
the whole year's cropping, and then again, 
this will be extremely necessary. for those 
Engineers, who will be called upon to design 
the reservoirs, which will have to supply 
irrigation water to the Aus crop. This April
June is a time whose' early part represents 
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the dryest sector of the year, and then the 
water transmission loss due to seepage will 
be enormous-may be even to the extent of 75 
per cent as the entire high laml is desert ~ry. 
The question of assessment of water reqU1r~
ment for growing the 'early Aus crop, IS 

therefore, of paramount importance to under
stand the significance of economics of irriga
tion to justify the three crop planning in con
sonance thereof. With this end in, view, the 
'water requirement study of Aus, paddy has 
been taken up. 

Layout of the Experiment 

This experiment has been started in th~ 
Government Agricultural Farm at Kalyam 
where a piece of land measuring about 0.4 ha. 
(one acre) has been taken and has. been seg
mented into 25 plots, each measunng 0.017 
hectares (0.043 acres) and each imperviously 
lined on four sides by underground masonry 
walls carried 1.2 m. (4 ft.) below ground 
level, and 15.2 cm., (6 in.) above. After the 
land has been levelted and the plot' segments 
made with impervious walls, the plots have 
been levelled and irrigation water brought in: 
This water has been brought through a sys
tem of 5.1 cm.· (2 in.) diameter G. I. pipes, 
connected to a reservoir of a deep tube-well. 
The leading pipe line can feed each of the 
plots through tap openings, and it has been so 
arranged that watermeter or portable V
notch can be fitted on the mouthpieces so 
that the quantity of water applied in any plot 
can be measured with precision. The 25 
plots provide for 8 treatments with three re
plications and with one .control. Prior to the 
preparation of l:and, as stated earlier, quite a 
good amount of irrigation water had to be 
given to the field to saturate the soil so that 
ploughing becomes possible. This pre-sow
ing water for making the field ready has also 
been taken into consideration as an indespen
sable quantity of water required for growing 
this crop. After the fields ha~e been, made 
sufficient moist tillage operation was started. 

Soil Texture 

Representative soils from the experimental 
plots were taken to the chemical laboratory 
and physical properties of the soils have been 
examinod. The analysis of the soil reveals 
the folloViing physical properties :-
Sand 66 . i per ceR t 
Silt . 22·1 per cent 
Clay 11·3 por cent 

It will thus be seen that from the study of the 
soil texture classification as stated earlier this 
soil of Kalyani Farm under experiment can 
be termed as 'sandy loam soil'. The apparent 
specific gravity has come out to be 0.66. 

Moisture Equivalent and Wilting Coeffi. 
cient 

The moisture equivalent of the Kalyani soil 
under experiment has been determined by a 
standard centrifuge in the chemical labora
tory. The moisture equivalent for this soil 
has been found to be 12.7 per cent. The wilt
ing ~oefficient for this soil has also been de
termined in the chemical laboratory, and the 
result has come out to be 6.5 per cent. 

Source and Conveyance of Water in the 
Experimental Plots 

In this plot under experiment the irrigation 
water has been fed from the main tube-well 
of the farm. This tube-well sunk to a depth 
of 121.9 m. (400 ft.) with 22.8 cm. (9 in.) strai
ner 29.2 m. (% ft.) in length and driven by 
a 15 H.P.j A.C. motor with three stage turbine 
pump is yielding a discharge of 1,85,000 litres 
("'0,700 gallons) of water per hour. This 
water is collected in the reservoir, and there
from through underground main pipe line 
system, is carried to spouts which feed the 
lined irrigation channels. In this particular 
plot chosen for experiment, a pipe line has 
been directly connected from one of the 
spouts, and water carried under pressure 
through a 7.6 cm. (3 in.) main and ~.1 cm. 
(2 in.) distribution system. This distribution 

, system consists of a network of pipe lines 
feeding every plot through a Globe Wheel 
valve wherein the measuring apparatus water
meter or a V-notch is fitted prior to its trans
mission through a hose pipe. The plots are 
very carefully levelled and with the opening 
of any valve irrigation water is spread into 
any plot through hose pipes and through the 
readings either in the meter or in the V
notch, the correct quantity of water can be 
measured which is coming over to any plot 
for irrigation. This volumetric measurement 
is converted to depth of water applied in in
ches and in this fashion, correct irrigation 
water applied for each application measured 
as depth in inches has been recorded for each 
plot. The fieldman incharge knows the irri
gation schedule and adjusts his time of water 
application through V-notch and metres for 
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any water application, 3.8 or 5.1 cm. (11 in. 
or 2 in.), etc. 

Measure:ment of Rainfall and Evaporation 

Systematically throughout the period of 
crop growth, rainfall record has heen kept by 
a standard rain-gauge. The rain-water is col
lected at 8 A.M. in the morning and records 
kept in the register. The record of the rain
fall has been tabulated graphically. The eva
poration pan has been used in the measure
ment of evaporation. This consists of a 
standard pan 1.3 m. (4 ft. 6 in.) in diameter 
and 0.3 m. (1 ft.) in height made of 6.3 mm. a in.) thick M.S. Plate. This pan has been 
placed on a masonry platform 15.2 cm. 
(6 in.) above the ground level as per standard 
recommended. A marking gauge with a 
pointer reads the water-level 22.8 cp,o (9 in.) 
from the bottom. The pan is kept full up 
to the mark and at the end of each 12 hours 
in day ana night evaporation is measured by 
pouring known volume of water in the pan 
to raise the level to its original mark. The 
evaporation readings have been given in a 
graphical pattern. Humidity has also been re
corded by dry and weight bulb thermOlnetres 
and the readings have been graphically plot
ted. 

Measure:ment of Soil Moisture 

. In the process of measurement of soil mois
ture, we have adopted the latest potentiometer 
and gypsum block method. With this method 
gypsum blocks had been embedded at different 
levels below ground level 15.2 cm., 0.3 m., 
0.6 m., 0.9 m. (6 in., 1 ft., 2 ft., 3 ft.) under~ 
neath the surface. The two electrolJe" con
nected to each gypsum block placed at differ
ent levels were brought up to the surface of 
the earth. In order that these electrodes do 
not get jammed or are not damaged by any 
cultivation process, these have been led 
through a 1.9 cm. U in.) diameter tube, 
which has been 'inserted about 1.2 m. (4 ft.) 
below ground level and apertures have been' 
made 15.2 cm., 0.3 m., 0.6 m., 0.9 m. (6 in., 
1 ft., 2 ft., 3 ft.) below ground level and 
through these apertures the electrodes froll'! 
different levels having been differently cc
loured for identification had been brought 
up to the surface level. Potentiometer con
nected to mains had been put into operation, 
and this portable potentiometer is taken to the 
field just close to the embedded pipe and the 
IB-4C.B.I. &. P./69 

electrodes across any block at any level COh

nected to same and the resistance readings in 
ohms are taken against the electrodes of the 
different . blocks. Now as this potentiometer 
has been calibrated' in . the chemical labora~ 
tory against the percentage of moisture con
tent of the soil, it becomes easy to immr
diately read the moisture content percentage 
at different levels below the soil on a study 
of the reading of the, potentiometer. In this 
way moisture percentage before sowing of 
crop and after harvest of crop has been deter
mined. 

Experi:mental Details and Consu:mptive Use 

Herein in this experiment we have applied 
different doses of water in two systems of 
dose variation, i.e., one set of 4 experimental 
plots got four different doses and the other 
four sets got the same total irrigation dose 
but with difference in dose application' in in-
tensity. ' 

The moisture content of the' plots were 
measured prior to application of water and 
then after the harvesting of the crops. The 
net difference shows the absorption by' the 
plant from the' soil. ' . 

During the course of experiment, rainfall 
and evaporation was regularly measured by 
rain-gauge and standard evaporimeter. 

Water absorption at each plot was, there
fore, the total of the irrigation' water appli
ed through each irrigation and to this was ad
ded the rainfall during the period a~ also the 
net differen'Ce in soil moisture all expressed 

, in inches of water assumin~ surface run-off 
to be nil as the plots were carefully levelled 
and as against this, ,the crop out-turn in grain 
and straw calculated. See Part I for total con
sumptive use. 

u=w/ +W, -W. +Wnr 

To elaborate the field man's diary will per
haps be interesting reading. In our irriga~ 
tion planning. if we have, for example, de
sired to put 5.1 cm. (2 in.) of water in any 
plot, we have, on calculation, determined that 
an inch of water on 0.017 ha. (0.043 acre) 
which represents the area of any plot will 
mean a total of 454.6 litres (100 gallons). In 
an application for 5.1 em. (2 in.) of water the. 
field man knows that he will have to give 
5,092 lit res (2000 gallons) of water through 
the mouthpiece into any plot. In this mouth~ 



132 OPTIMUM REQPIREMENTS AND UTILISATION OF WATER FOR IRRIGATED CROPS 

piece if fitted a watermeter, and therefore, the 
field man takes the initial meter reading and 
stops the regulating valve as soon as the water 
reading meter has recorded a flow of 5,092 
titres (2000 gallons) of water into the plot. 
To ensure equal distribution a small rubber 
hose pipe with a nozzle is fitted for distribu
tion of water into any plot. The size of the 
plot being 13.9 m. X 12.3 m. (45 ft. 6 in. X 
40 ft. 6 in.) it is quite easy to control equal 
distribution through the nozzle. The field 
man thus ensures that a particular plot has got 
5.1 cm. (2 in.) of water. In this way in his 
field work book he records the different doses 
that he has applied to the different plots, as· 
per irrigation plan made earlier and as per. 
his own readings through the current metre 
or V-notch. 

In regard to the rainfall reading, there is 
not much of difficulty as the field man keeps 
his entry of the rain-gauge reading, and as 
such, the daily rainfall record throughout the 
crop period is known to him. In regard to 
the soil moisture reading, there again, it has 
been much simplified, as the portable po
tentiometer is just brought close to the 
electrode carrying tube and potentiometer 
reading taken by connecting to electrodes 
for each different level. These records are 
then sent to the headquarters once prior to 
irrigation and once after the harvest is over. 
At the headquarters where the calibration 
has been determined earlier, it becomes quite 
easy to record the moisture percentage at 
each level below the surface. After the crop 
has been harvested a few standing crops are 
taken out at random extracting from below 
the root level, and on visual inspection, the 
root zone level is determined, and the soil 
moisture difference at this root zone level 
can be found out from the records maintain
ed. 

For border correction, a border strip of 
0.7 m. (2 ft. 6 in.) all round is left out of 
consideration while weighing the grain and 
straw. The plot from which the crop is 
thus actually harvested after leaving the bor
der comes to 0.013 hectares (0.033 acre). 

Tim •• ad Frequency or Irrigation 

In regard to the' time and frequency of 
irrigation, we have adopted the fundamental 
principle to apply plenty of water in the germi
nation period and more up to the flowering 

time, and then a decreasing amount during 
t~e ~aturing period and none at all during 
rIpenmg. 

In the 25 experimental plots leaving out 
one as controlled plot, three replications have 
been adopted with 8 variations in dozes of 
water to see the reaction on the yield of 
grain and straw. The variations in doses in 
the different plots are tabulated below: . 

Plot No. 

1, 5, 9. 
2,6, 10 
5, 7, 11 
4,8, 12 
III 
14, 18,22 

15, 19,23 

17,21,25 

Irriiatio'n dOle 

8 irrigations 1 in. each 
8 irrigations It in. each 
8 irrigations 2 in. each 

• 8 irrigations 3 in. each 
No irrigation (controlled plot) 
2 in.+2 in.+l in.+l in.+i in.+ 
t in·+i in.+i in. 

4 in.+2 in.+ Ii in.+ Ii in.+ 1 fa. 
+1 in.+t in.+t in. 

4 in.+4 in.+2t in.+2i in.+l in. 
+ I i'}.+i in.+t in. 

4 in.+4 in.+4 in.+3 in.+3 in.+ 
2 in.+2 in.+2 in. 

1 in.-2 ·54 em. 

Total 
water 
in in-
chC!! 

8 
12 
16 
24 

8 

12 

16 

In regard to the actual date of irrigation 
controlling the frequency we ha,.ve to go by 
the field condition, the nature of the colour 
and crop growth and we have also taken 
care to see that the field moisture content 
does not approach the wilting zone condi
tion. 

hperimental Results 

(1) The maximum yield averaging 3.68 
tonnes per hectare (40 md. per acre) has 
been available, which is 50 per cent above 
the yield from the controlled plot-which 
is only 2.39 tonnes/ha. (26 md. per acre) 
or in other words, the difference in yield 
between the irrigated and non-irrigated plot 
is 50 per cent more other conditions remain
ing equal. 

(2) In the particular experiment the maxi
mum result on an average has been obtain
ed .by 9 irrigations of 7.6 cm. (3 in.) each, 
i,~" 68.6 cm. (27 in.) in all as also by an 
application of 53.3' cm. (I6t in.) of water 
with higher dozes in the earlier stage 10.2 
cm. + 10.2 cm. + 6.3 cm. + 6.3 cm. + 
2.5 cm. + 2.5 cm. + 13 cm. + 1.3 cm. + 
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1.3 cm. = 41.9 cm. (4 in. + 4 in. + 2!- in. 
+ 2t in. + 1 in. t 1 in. + ! in. + i in. 
+ t in. = 161 in.) 

(3) The earlier application of heavier ddse 
contributes to better yield per acre. For 
example, a total application of 21.6 cm. (St 
in.) in the form of 5.1 cm. (2 in.) distribution 
in earlier stages and 1.3 cm. (t in.) distri
bution at later stages has been more effec
tive than a total distribution of 22.S cm. (9 
in.) with 2.5 cm. (1 in.) application through
out. As a matter of fact, the 21.6 cm. (St 
in.) application with increased dose in the 
earlier stages has given as much result as 

343 cm. (131 in.) with 9 equal doses of 3.8 
cm. (I! in.) each. 

(4) The optimum and best result seems 
. to have been achieved by an application of 

41.9 cm. (16t in.) of water in the doses of 
10.2 cm. + 10.2 cm. + 6.3 cm. + 6.3 cm. + 
2.5 cm. + 2.5 cm. + 1.3 cm. + 1.3 cm. + 
1.3 cm.=41.9 cm. (4 in. + 4 in. + 2t in. + 
2t in. + 1 in. + 1 in. + i in. + ! in. 
+t in. = 161 in.). This has given about 3.68 
tonnes per ha. (40 md. per acre) virtually 
equivalent to what has been obtained by an 
application of 6S.6 cm. (27 in.) of water in 
9 applications of 7.6 cm. (3 in.) each. 



STUDIES ON WATER REQUIREMENTS OF CROPS 

by 
D. Doddiah* 

Introduction 

With the creation of more and more irriga
tional supplies, their strict regulation and 
timely distribution for maximum economy 
require greater and careful consideration. As 
the bulk of the stored water is utilised for 
growing crops, judicious use of water cannot 
be effected unless we know the needs of diffe
rent crops. Over-irrigation is as bad as under
irrigation. In the absence of reliable data, the 
tendency is to use more water than is neces- ~ 
sary. With such use, there is not only wastage 
of water, but there are other ill effects such 
as water-logging, salt efflorescence, etc. Opti-' 
mum utilisation of available supplies and also 
the supplies to be built up in future, therefore, 
depends to a large extent on a knowledge 
of the .requirement of water by various crops 
and application of this knowledge with neces
sary executive, educative and legislative 
measures. This paper deals with a review 
of the various factors that affect the, water 
requirements of crops, present status of the 
knowledge and future planning for a better 
and more rational utilisation of irrigational 
supplies. 

Factors Affecting Requirement of Water 
by Crops 

The factors that influence the quantity of 
water required by crops directly or indirectly 
may be grouped under the following heads :
(a) Factors pertaining to Climatology 

(i) Rainfall, its incidence and its distri-
bution during the crop period, 

(ii) Temperature, 
(iii) Wind movement, 
(iv) Soil evaporation, and 
(v) Relative humidity. 

(b) Factors pertaining to Soil and Topo
graphy 
(i) Type of soil, its texture in relation 

to moisture storage capacity, 

(ii) Soil fertility, 
(iii) Sub-soil water-table and, 
(iv) Slope of the ground .. 

(c) Factors pertaining to Cultivation 
(i) The system of irrigation adopted, 
(ii) Drainage conditions, 

(iii) Types and quantities of manure sup
plied, 

(iv) Extent of mechanisation in the 
operations, 

( v) Size of irrigation beds, 
(vi) Time of sowing, 
(vii) Preparation of land surface, 

- (viii) The variety of seeds, and 
(ix) Double cropping and inter-cropping. 

(d) Factors pertaining to the Water Supplied 
(i) Incidence and depth of irrigation, 
(ii) Quality of water, both chemical and 

physical, and 
(iii) Methods of delivery of w;ter to the 

field. 

(e) Factors pertaining to Socio-economic 
Conditions 
(i) Superstitious practices, 
(ii) Educative propaganda and publicity, 
(iii) Insurance against crop failure, 
(iv) Incentives, 
( v) Legislation. 

The number and variety of factors indicate 
that a comprehensive and continuous study 
spread, perhaps, over a period of years and 
in various parts of the country is required. 
Brief review of the work that has so far been 
carried out to find out the effect of the various 
factors either individually or collectively on 
the quantity of water required by crops IS 

given below. 

(a) Factors pertaining to Climatology 

Rainfall during' the crop period lowers irri
gation requirements provided the amount at a 
time is more than 1.3 cm. (0.5 in.). If less, 
it may add little to soil moisture .for plant 

-Director, Mysore Engin~ering Research Station, E;rishnarajasagar, Mysore State, 
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transpiration and will be lost by evaporation. 
Winter and spring precipitation may enable 
moisture to be stored in the soil for utilisa
tion in the early part of the growing season. 

The rate of consumption of water by any. 
crop in a particular locality is probably affect
ed more by temperature ,than by any otht'r 
factor. While abnormally low temperatures 
may retard the plant growth, unusual high 
temperatures may produce dormancy. Trans
piration is influenced both by temperature 
and also by the area of leaf surface and 
physiologic needs of the· plant as related to the 
state of maturity. Higher water use is asso
ciated with high temperature, low humidity 
and long sunny days. 

Evaporation from plant and 'soil increases 
more rapidly with the movement of the wind. 
Hot dry winds and other u{lusual wind condi
tions during the growing period ~ affect the 
amount of water use. 

,l. (b) Factors pertaining to Soil and Topo
graphy 

Clay and f!ne textured soils hold more 
water than coarse soils. The loss of water 
sustained by the plant in the process of trans- . 
piration necessitates a corresponding repleni
shment absorbed from the soils. Conse
quently, for proper development and health 
of plants the soil should be capable of deliver
ing the required quantity of water to the 
plants. But as the moisture content decreases, 
the soil particles develop a force or back-pull 
by the virtue of which they tend to retain 
their water. A stage is then reached when 
the plant roots cannot take water fast enough 
to satisfy their transpiration requirements. 
Frequency of irrigation should be such that 
such a condition is not allowed to develop. 

Fertility is defined as the quality of soil to 
aid plant growth by supplying nutrients in 
desirable proportion and amount. It can be 
varied by the application of different manures 

both in~rganic and organic. Different types 
of manure and dosages have to be supplied 
depending u~on the: type of crop. . Manure 
undoubtedly 1l1creases the growth height 
tiller number and total dry matter per plant. ' 

Experiments have ·shown that there is corre
lation between low water requirements and 
high yield and between high water. expendi
ture and high degree of fertility. In general, 
the fertility of soil by the addition of manures 
reduces the quantity of water required for 
unit dry matter production but enhances the 
total quantity of water transpired by the crop. 

(c) Factors pertaining to Cultivation . 

The system of irrigation may be either con
tinuous or intermittent. Studies indicate that 
intermittent' supply is more fruitful . than 
continu )us supply. It gives scope for aeration 
of the area and the root zone. Studies in the 
Mysore Engineering Research Station, have 
shown that if, instead of supplying. conti
nuously water for paddy crop, it is supplied 
only for 5 days in a week, the yield is not 
only diminished but on the other hand it 
increases slightly. 

Experiments have been ,conducted to investi
gate whether different varieties of the . same 

. crop show appreciable difference as regards 
their water' requirements. It has been. found 
that some varieties are more efficient in this 
respect. Further, results indicate varieties of 
the same crop differ widely in their water 
requirements [Tables I(a) and I(b)] .• Table 
II gives' the relevant efficiency of I water 
requirements of different crops taking sugar
cane as one. 

This wide range in water requirements 
among varieties of the same crop reveals the 
possibility that strains which are still more 
efficient in the use of water than those now 
grown can yet be evolved emphasising con
tinued experimentation. 

I fABLE I(a) 
. Wate, Re'l"i,emenU of Different Varieties of Wheat at Banaras. 

Variety of crop plant 

Wheat Pma 12 
Wheat Kanpur 13 
Wheat Pwa 4 
Wheat Pusa 52 
Average 

Period 
of 

growth 

Dec. 6 March 4 

" 

Average 
dry 

matter 
per plant 
in grams 

21 ·670 
19 ·620 
17 ·810 
17·840 
19 ·235 -

Average 
grain 

yield per 
plant 

ih grams 

6·360 
7 ·840 
5·690 
5·640 
6·382 

Average Transpiration ratio 
transpi. based on 
ration~ 

per plant Dry matter Yield 
in kilos in grams' in grams 

8·2G4 381±6 1299±9 
7·893 402±7 1007±ll 
7 ·479 420±5 1314± 14 
7·676 430±3 1361 ± 16 
7·828 408 1245 
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Variety of crop plant 

Pusa 12 
Kanpur 13 
Pusa 4 .. 
Pus .. 52 

Crop plant 

Sugar-cane 
Wheat 
Cotton 
Potato 
Rice 
Mustard 

Yaar 

1951 
1959 
1960 
1561 
1562 
Mean 

1958 
1959. 
1960 
1961 
1962 
Mean 

1958 
1959 
1960 
1961 
1962 
Mean 

1958 
1959 
1960 
1961 
1962 
Mean 

TABLE I(b) 
JUlatiu, EjJicieMY ~ Water Relfuirements of Different Varieties of Wheat. 

TABLE n 

Relative efficiency 

1·00 
1·06 
1·10 
1·13 

Relative EjJicitnC)l oj Water Requirements of DiffmntCrops. 

Relative 
efficiency 

Crop plant of water 
require-
ments 

1·000 Barley . 

1·894 Pea 
1·941 Oats 
2·059 Tobacco 

2·410 Linseed 

2·427 

TABLE m(a) 
Vllriation of Tempera/ure, Rainfall and Humidi!JI.in Ja/lUary, 1958-1962. 

Temperature Rainfall 

M.D. of M.D. of M.D. of M.D. of M.D. of 
itbemax. the min. the max. the total the max. 

in 24 hr •• rainfall 
during 

themontb 

-0·24 0·34 -0·16 -0·29 2 
0-36 0·S4 -0·16 -0·29 -s 

-0·24 0·S4 -0·16 -0·29 -s 
0·36 -1·S6 0·42 0·71 2 

-0·24 0-34 0·06 0-14 2 
30·24 14·66 0·16 0·29 93 

TABLE m(b) 
Variation in April, 1958-62. 

-0·8 0·6 0·10 0·35 -0·6 
0·4 0·7 0·68 -2·29 -4·6 
0·8 -1·0 -0·72 -0·28 -0·6 
0·9 -0·5 0·59 -0·66 -0·6 
0·4 0·1 0·87 2·17 7·4 

35·22 19·88 1'326 3·052 86·6 

TABLE m(c) 
Varia/ion in July, 1958-62. 

0-8 0·9 -0-22 I -0-29 -2-6 
-2-0 -0·8 -0-35 -0·11 -2-6 

1·3 0-3 0-53 0·11 2-4 
-3·1 -0-3 0·43 1·65 2·4 

3·3 0·3 -0·37 -0·24 0-4 
30-3 19., 0·952 2·356 94-0 

TABLE m(d) 
Variation in October, 1958-62. 

1·1 -0-1 -0·15 0·13 -0-6 
-0-5 0·4 -0·19 -3·44 3·4 

1·1 0·8 0·61 0-18 8·4 
0 -0-1 -0·19 ·0·89 8·4 

0-6 1 -0 -0-()7 .-2,23 10·4 
30·52 19·0 1·502 5·618 86-6 

M.D. : Mean Deviation. 

Humidity 

M.D. of 
the min. 

-12·4 
-8·6 
--4·4 

2·6 
5·6 

62·4 

-3-4 
-1·9 

5·6 
-1-4 

2·2 
64·4 

-)·4 
0-6 

-2·4 
5·6 

-2·4 
65-6 

2·4 
3·4 

-7·6 
1·4 
0-4 

72·6 

Relative 
efficiency 
of water 
require-
menta 

2·788 
2·841 
3·135 
4·128 
4·371 

M.D. of 
tl1e 

average 

-2·42 
S·18 

--4·62 
-0·42 
+4·28 
78·12 

-1·9 
-2·2 

1·3 
0·6 
2·3 

77·12 

-0·7 
1·4 

-1·4 
3·3 

-2·7 
7948 

-1·2 
3·0 

-3·4 
-0·6 

2·1 
82·76 
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(d) Factors pertaining to the Water Supplied 

Studies by Uttar Pradesh Research Station 
on the periodicity and depth of· irrigation 
6how significant effect on the water require
ments and yield. For instance, 10.2 cm. (4 in.) 
depth of irrigation at an interval of 3 days for 
sugar-cane gave the maximum yield. . 

Silt and salts present in water will also 
affect the water requirements and yield. Im
proved and economical use of water will be , 
better appreciated if water is measured and 
supplied on payment. The quantity above as 
prescribed minimum may be charged. 

(e) Factors pertaining to Socio-economic 
Conditions 

Socio-economic factors have also a bearing 
on the use of irrigation supplies. Practices 
which are sometimes governed by supersti
tion and prejudices come in the way' of im
proved methods conducive to econOlllY in the 
use of water being adopted. Weaning the 

'\rots away from such practices may i>e possi
ble by patient and continued education and 
intelligent propaganda. . It may sometimes be 
necessary to introduce an element of compul
sion where persuation fails when it is in the 
interest' of the community as a whole. 

An analysis of the review indicates that the 
factors that affect the requirement of water 
by crops are many and varied. The factors 
coming under, the first group cannot be con
trolled. It may however be noted that the 
totality of the effect of climatological factors 
in a given area and during corresponding 
months year after year does not vary appre
ciably as indicated in Table III (a-d). 
The factors in the second group may change 
over a given area in a period of year or two 
because of the agricultural practices. The 
"factors coming in the other three groups can 
be controlled to a large extent. 

Studies have reached a· stage when it is 
possible to say generally the nature and the 
extent of the effect of various factors on the 
water requirements pf crops. Some are res
po~sible for increasing the water requirement 
whIle others help to decrease that quantity, 
It may not be necessary and even practicable 
to evaluate the effect of each factor on the 
water requirement individually but the effects 
of two or more and specially of those which 
can be controlled require to be subjected to 

continuous investigation both basic and 
applied. 

.. Basic Research 

Basic research is necessary where the effect 
of a single factor requires to be evaluated 
keeping others constant. Rigid control and 
elaborate instrumentation may be necessary. 
The following aspects among others, require 
continuous study: 

(a) Variation in the consumption of 
water during different stages in the 
growth, viz., seedling, vegetative, re
productive, etc., of various crops. 

(b) Evolving different varieties-early 
maturing, blast resistant, salt resi; 
tant, deep water resistant, insect resis
tant, etc., hybridization. 

(c) Maximum yield vmu! optimum 
yield. 

(d) Combination of fertilisers to give 
maximum yield with minimum con
sumption of water. 

, (e) Optimum spacing, fertiliser place
ment, etc. 

(I) Weed control. 

Applied Studies 

Field study connotes experimentation 
making use of large areas. It may be 4.0 hec
tares, 404·6 hectares .< 10 acres, 1000 acres) or 
more. . The entire area receiving supply from 
a pipe outlet or commanded by a small distri
butary may be utilised. 

The amount of water supplied for irrigation 
should be sufficient Ito meet the demand of 
the crop plants for transpiration and losses 
due to evaporation, seepage and percolatioJl. 
For proper and healthy- growth of the plant, 
certain moisture in the soil should' be main
tained. To maintain this quantity, at ~ll 
times, one should know two important soil 
moisture properties, viz., field "capacity and 
permanent wilting point. Field studies 
should, therefore, be directed to find out 
reliable methods for obtaining these values so 
that incidence and depth of irrigation could 
be adjusted to maintain the optimum moisture 
content in the soil. 
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Field Control for Irrigation Requirements 

Engineers are familiar with the 'Field 
Control' in connection with the construction 
of big engineering works. Irrigation as 
practised in India with such vast land, water 
and human resources may be considered as 
the biggest venture. It is, therefore, time to 
think of establishing 'Field Control' for con
trolling and regulating the supplies of water 
according to the needs of the crop and as 
esti~ated by a knowledge of the soil moisture 
constants. For a given crop on a given :lrea' 
and with the aid of data available from basic 
and semi-field studies and instrumentation 
already developed, this should be possible. 

In some of the studies made on water 
• 'requirement of crops, by the Agricultural 

Department, in Mysore, irrigation by judge
ment has given the highest yield. This indi
cates· that like an experienced embankment 
inspector, an agronomist may be able to tell 
when irrigation has to be resorted to and to 
what extent. Such field control may be ap
plied to selected reaches to begin with. These 
reaches should be adjacent to those irrigated 
without any control. The owners of lands 
selected for field control may have to be ,as
sured of as much yield as his neighbour with
out field control would get. Both the et:lgi
neers and the agronomist are required to pool 
their resources to established and operate 
such 'Field Control' units. 

Conclusions 

For optimum utilisation of available sup
plies of water and those that are being created 
by the investment of emr!:s of rupees, year 
after year, a thorough knowledge of water 
requirement of crops is indispensable. 

While basic research might continue, the 
application of irrigation practices conducive 
to the realisation of the optimum use of 
water requires to be put into practice in the 
irrigated areas. Coordinated efforts of both 
the engineer and" the agronomist are required 

in the practical application of the knowledge 
already available on the subject. Establishing 
and operating 'Field Control' units with neces
sary staff and instrumentation for this purpose 
seem to be urgent· 

Irrigation practices which are proved to be 
benefidalshould be insisted upon for adoption 
by offering incentives and awards. if necessary. 
Where persuation fails benevolent compulsion 
seem to be urgent. 
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PHYSIOLOGICAL STUDIES ON WATER RELATION OF RICE 

f?y 
s. K. Dlltta aDd P. K. SeD. 

Knowledge- of water !elation at various 
phases of growth and development of rice is 
necessary for making proper utilization of 
irrigation and fertilizer. But, unfortunately 
the fundamental facts regarding the desira
ble soil-water relationship during the growth 
of the crop has not been properly evaluated. 
Rice is considered to have differential water 
re'iJirements at different phases of growth 
and development and such differences vary 
according to varieties and prevailing climatic 
conditions. Water requirements also show 
variations due to .application of fertilizers. A 
thorough investigation is, therefore, highely 
essential to study the response ,of the rice 

."( plants under different conditions. Determina
tion of its optiuum water require.ment, and 
the critical stages of watering and interrela
tions of watering with the important 'major 
nutrient factors are of much practical· 
importance. 

With the view to elucidating differences in 
water utilization due to growth phases, varie
ties and climatic factors, and to determine 
physiological processes, ;.~., transpiration rate, 
osmotic pressure of leaf tissues and anatomical 
peculiarities of the plants as may be related to 
differential water relations and the differential 
capacities of the different varietill to tolerate 
drought with, a minimum of adverse effect, , 
the present investigation has been taken up in 
the Department of Agriculture, Calcutta Uni
versity .ince 1%0.· Experiment. were 
carried out in each of the three rice growing 
season (November-April), and (3) Summer, 
(June-December), (2) Spring, i.e., Boro 
seasons, tlift., (1) Winter, ;.~., Amon season 
i.e., Aus season, (April-July). This investiga
tion may in due course develop into an im
portant line of research on the physiological 
genetics of rice with reference to its water 
relations. 

The effects of water supply in each season 
have been studied in pot culture under vary-' 

ing conditions of water, m~intained in suitably 
constructed cemented tanks (Sen, 1937) a~ 
different stages of growth. 

Three basic soil water conditions are as 
follows :-

( 1) Dry: Pots in dry tanks, watered 
regularly to maintain a certain condi- ' 
tion of soil moisture in order to 

, prevent wilting of the plants. 
'(2) Saturated: Pots in tank having water 

up to soil surface. 
(3) Submerged: Pots in tank having 

water 7.6 em. (3 in.) (submerged-I) 
and 15.2 cm. (6 in.) (sub,merged-II) 
above soil surface. 

The, varying levels of watering' treatments 
are chosen on the basis of results of certain 
previous experiments carried in India (Singh 
et al 1935, Sen 1937, Ghosh 1949 and 1954). 
The six different watering treatments based 
on the above mentioned soil-water conditions 
are as follows :-

(a) Dry throughout. 
( b) Dry during germination, and pre

tillering, saturated from tillering to 
flowering, dry again during post

, flowering. 
(c) Dry during germination, saturated 

during pre-tillering, submerged-I 
during tillering and pre-flowering, 
saturated again during flowering and 
dry finally' during post-flowering. 

(d) Saturated throughout. 
(~) Saturated during germination and 

pre-tillering, submerged-I during til
lering and pre-flowering, saturated 
again during flowering and dry 
finally during post-flowering. 

, , 

(I) Saturated during germination, sub
merged-I- during pre-tillering, sub
merged-II during tillering and pre-

• Department of Agriculture, Ca\CI&Ua Unlver.ity, Caic1Itta. 
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flowering, submerged 
flowering and saturated 
during post-flowering. 

during 
finally 

The optimum effect of watering treatment 
tt e" in respect of growth and yield has been 
confirmed irrespective of seasons and varieties. 
Interesting effects of watering treatments on 
varietal differences in growth and yield have 
also been observed. - These informations sug
gest appreciable economy in water-duty in 
rice crop. Among the three seasonal groups 
Boro has given maximum tillering and yield, 
Aus minimum and' Ami!ln, tl1e main season 
crop, occupying intermediate position. 

Studies on. the osmotic pressure of· leaf
tissues have revealed varietal differences as 
well as differences due to watering treatm~nts .. 
Osmotic pressure decreases with increase in 
the level of water. Variations in the micro
climate have also shown effect on osmotic 
pressure of the leaf-tissue. Among the three 
seasonal groups of rice Aus shows maximum 
osmotic pressure, Boro intermediate and 
Aman minimum. 

Transpiration rate has shown differences 
due to watering treatments as well as due to 
varieties. Rate of transpiration is inversely 
proportio.nal to the osmotic pressure of leaf
cells. It is also influenced by. the micro
climate. Rate of transpiration is maximum 

during the phase of growth between peak
tillering and pre-flowering. It falls during 
the boot-stage but shows a rise again during 
an1:hesis, thereafter it falls steadily. Thus 

v~ra~1SPiration .c~rve shows two humps indi
catmg the cntlCal stages of water require-

ents. Leaf-water content shows a direct 
relatioriship with the rate of transpiration.
Among the three seasonal rice groups Aus 
shows maximum transpiration rate, Boro 
intermediate and Aman minimum. 

The anatomical studies reveal that the diffe
rent levels of watering have pronounced 
effects on the cellular structure of plants. 
Some of the varieties from the three seasonal 
groups of rice show their greater ecological 
adaptability to a wide range of soil-water 
variations. 
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OPTIMUM REQUiREMENTS AND UTILIZATION OF WATER FOR 
IRRIGATED CROPS IN GUJARAT STATE 

by 

D. D. Gopani* 

Water is the limiting factor in crop produc
tion in Gujarat State and, therefore, the State 
has provideq Rs. 6,674 /a/(./lS for multipurpose, 
major, medium and minor irrigation projects 
out of a total provision of Rs. 23,500 lakhs in 
the Third Plan. 

Raheja (1961) worked out water require
ments of cotton, ground nut, rice. wheat, bajra 
(Pennisetum typhoides) and jowar-(Sor
ghum vlugare) crops of India as 7,6.2, 63.5, 
139.7, 61 and 50.8 cm. (30, 25, 55, 24 and 20 
in.) respectively. In U.S.1\. cotton in Califor
nia needs 61 to 76.2 cm. (24 to 30 in.) 
while in Arizona, annual water use of this 
cotton is considered as 101.6 cm. (36.4 in.). 
Matlock mep.tioned 63.5 cm. (25 in.) as' 
water requirements of ground nut. In Turkey, 
Beyce and Boyaci (1962) mentioned 480 to -
692 mID. as consumptive use of _ cotton crop 
and 462 to 563 mm. for groundnut crop. In 
Iran, 89·9 cm. (35.4 in.) water is applied to 
cotton (Iravani, 1962). 

Out of 98.7 lakh hectares (224 lakh acres) 
under cultivation in Gujarat State, nearly 50 
per cent is situated in tracts which receive less 
than 76.2 cm. (30 in.) annual rainfall, 
mostly from last. week of June to first 
half of September and that also is un
evel}ly distributed. Famine and scarcity 
are experienced often in parts of the State 
which upsets the stabilised and planned 
production of agricultural crops. Before plan 
periods, the State had only 2023.43 hectare 
(5000 acre) under canal, 12.93 lakh hectare 
(7 lakh acre) under well and 39659.2 hectare 
(98,000 acre) under tank irrigation making a 
total 349648 hectare (8,64,000 acre) under 
ungation. This has been increased to 
6.68 lakh hectare (16.5 lakh acre) during 
1960-61 which includes 5.54 liakh hectare 
(13.7 lakh acre) under well irrigation. It is 
calculated that when full benefits from all 

*Agronomist. College of AgricultUIC. Junagadh. 

irrigation projects included in First and Second 
Plans and Ukai and- Narmada Projects are 
obtained, the total area brought under irriga
tion including minor irrigation projects will 
work out to only 20 per· cent 19.42 lakll 
hectare (48 lak h acre) of gross cropped area. 
During the Third Plan period, additional 7.00 
lakh hectare (17.3 lakh acre) irrigation 
potential will be created as under :-

Major projects 271819 ha. (6,72,000 acre) 

Medium projects 163898 ha. (4,05,000 acre) 

Tub-wells, tanks, etc. 97529 ha. (2,41,000 acre) 

Surface wellS, engine 
pumps, etc. 165921 ha. (4,10,000 aCre 

The multipurpose projects of Ukai, Kadana, 
Narmada and spillover of Mahi and Kakara
para Projects will create additional potential 
of 6.68 lakh hectare (16.5 lakh acre) during 
the Fourth Plan. 

Objectives 

In any irrigation project, we are mainly 
concerned ~ith _ improving the degree to 
which we understand our basic problems and 
with disseminating the results of research. 
As per recommendations of Fourth NESA-
Irrigation Practices Seminar held at Ankara 
in 1962 the field irrigation research should 
consist of :-

. (1) Irrigation practices _ consisting of 
timing of irrigation, irrigation 
methodsl and farm irrigation system~. 

(2) Agricultural practices consisting of 
cropping patterns and crop rotations. 

The Trial-cum-Demonstration Farms start
ed in 1958-59 and afterwards in the areas of 
command of the - major, medium and tube-
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well irrigation projects, undertook: research 
as under:-

(1) To find out suitable irrigation prac
tices consisting of irrigation require
ments, i.e., number of irrigations and 
their intervals. 

(2) To find out the suitable varieties of 
crops that give good response to 
irrigation. 

(3) To find out agrol)omic and cultural 
practicei for highly responsive 
varieties. 

(4) To introduce new irrigated crops as 
supplements or substitutes of crops 
grown in the tracts. 

The details of these Trial-cum-Demonstra
tion Farins are given in Table I and Figure 1. 

The results of these two-three years cannot 
be considered conclusive. Howeyer, -liome 

experiments have indicated definite trends as 
discussed hereafter. 

Experbnental 

Cotton 

The cotton crop occupying 18.21 lakh ha. 
(45 lakh acre) in the State, belongs to the 
species of herbaceum, hirsutum and arboreum. 
The first two start reproductive stage after 
ceasation of S.W. monsoon by September and 
mature by February-March. The supplemen
tary post-monsoon irrigations are considered 
beneficial for maximising production. The 
expcrimemnts laid OUt on this crop are dis
cussed below : 

EXPERIMENTS OF NUMBER OF IRRIGATIONS 

(a) The experiment of herbaceum 2087 
cotton laid out at Bardoli, R.hol~-ad 
and Kim having six replications 
randomised is given in Table II. 

T.un"l 

il. ADn .. a1 
No. Stations District Soil sroup Soil type rainfo.ll 

in in. 

1. Chikhll Surat B~ack (deep) ,Clayey 67 

2. Bardoll .. .. .. 58 

s. Kl", .. .. .. 48 

4. lUlolwad .. .. " 
55 

!I. Dabboi Baroda Ii4ixture of black Clay loam 47 
aDd Alluvium 

6. TAura .' . Kaira Alluvial Loamy 36 

7. Dehgam Ahmedabad It Sandy loam 55 

8. Pilwai Mehsana It " 
32 

9. Chanasma .. .. " 
27 

10. Deesa ;-. Banaskantha .. " 
28 

II. Halwad Surendranagar .. Sandy 23 

12. Kukda .. Medium black Loamy 24 

13. Jamnagar Jamnagar Alluvial Sandy 20 

14. Ulllraia BhaYnagar Mixture of black and 
coaltal all .... i .. m 

Clay loam 29 

'. , 
15. Talaja .. Medium black 

" 30 

16. ' Juna&adh Junagadb Black 
(Medium calcareous) 

.. 40 

1 ID-Z·~ • .... 
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FIGURE 1 I IrrilJation Researoh in Gujarat State. 

, TABLE II 

Tield of Seed·Cotton In kg.laere. 

Treatment 

No irri"ation 
5 irri"ations at 2 weeks interval 
4 irri"ationl at 3 week, interval 
3 irrigationl at 4 week! interval 

Difference exhibited by the treatments 
reach significant level of 5 per cent at Bardoli 
during 1961·62 and at Kholwad during 1960· 
61 and 1962-63 years. The irrigation increased 
the yield significantly but among numbers of 
irrigations there wa; no significant difference. 

Treatment 

No irrigation 
3 irri!!ations 
5 Irri!!ations 
7 irri,ations 

Bardoli Kholw .. d [(im 
1959.60 to 6~·63 1960·6 1 to 62·63 1960·61 to 62·63 

355 
361 
363 
375 

353 
512 
482 
461 

327 
334 
843 
3~3 

(b) The experiment was laid out on Hir

sutum Deviraj cotton at Halwad with SIX 

replications randomised which yielded 
results as under on average of 1958-59 to 

1962-63. 

Yield ofseed·eotton 
kg·/aere 

222 
287 
289 
2!l4 
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The difference between no-irrigation and 
irrigation was lIignificant during 1958-59 and 
1962-63 because irrigation increased the yield. 
Yields due to 3, 4 and 5 irrigations were 
nearly same. 

( c) The experiments on irrigation-cum
spacing trial with Deviraj cotton were laid 
out at Umrala, Jamnagar, Kukda; Pilwai, 
Thasra, Kim and Junagadh during 1962~63 in 
split plot design with four replications. 'The 
one year results on these farms are given in 
Table III. 

Two irrigations at Jamnagar, Pilwai, Kim 
and Thasra, three at Kukda and four at Juna-' 
gadh proved desirable. Spacing 1.8 m.XO.3 m. 
(6 ft. Xl ft.) proved optimum at Jamnagar 
and Kukda and 0.9 m.XO.3 m. (3 ft.X1 ft.) 
spacing at other places. 

(d) Manurial-cum-irrigation experiment 
laid out at Umrala on arboreum cotton Sanjay 
(C.J. 73) in split plot design with six replica- /' 

tions during 1962-63 yielded results as given in 
Table IV. 

One and two irrigations increased the yield 
by 21 and 42 per cent respectively. The 
response to fertilizers is also positive speC!~Aliy 
with tW? irrigations. 

( t') The results of the other cultural and 
manurial experiments under irrigation can be 
summarised as under ;-

(i) Potash and phosphoric acid had no 
effect in increasing the yield of Her
baceum 2087 and Hirsutum Deviraj 
cottons at Kim and of 2087 cotton at 
Kholwad. 

(ii) Nitrogen up to 100.8' kg/ha. (90 lb. 
per acre) increased the yield of 2087 
an<;l of Deviraj cotton at Kholwad and 
Kim. The hybrid cotton yielded 
better when 27.22 k,g. (60 lb.) N was 
applied at Thasra and 13.6 kg. (30 
lb.) N at Pilwai (Table V). 

TABLE m 

Number of irrigations 

2 
3 
4 

Fertilizer in lb. per acre 

NO PO 
N20 PIO 
N40 P20 
Mean 

NO 
N 30 
N60 
N90 

. 

Tield ofSee4-C.II.n in kg. ier lIero. 

Kukda Jaxnnagar Junagadh 

255 191 65', 
301 178 671 
263 169 730 

TABLE IV 

Tield of Seed-Collon in kg. per aer •• 

No irri-
. gation 

187 
163 
179 
176 

TABLE V 

rieJd of Seed-Col/on in kg. per acre. 

2087 cotton 1960-61 
to 1962-63 

Kholwad Kim 

321 276 
378 310 
450 344 
507 392 

Pilwai Kim Thana 

872 576 435 
853 584 438 
866 595 442 

1 irri- 2 Ini- Mean 
gation gadoDJ 

206 264 219 
216 300 226 
217 319 238 
213 261 

Deviraj Hybrid cotton 
1959-60 to--
1962-63 1961-62 to 1962-63 

Kim Thaora Pilwai 

296 
385 292- 505 
497 332 493 
596 331 508 
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In treatments of time of application of N 
from sowing to flowering in one dose or split 
doses, the performance was nearly same in all 
treatments. 

(iii) In spacing requirements, 0.9 m. (3 
ft.) at Kim, and 1.2 m. (4 ft.) at 
Kholwad for 2087 cotton and 1.8 m. 
XO.6 m. (6 ft.X2 ft.) at Thasra and 
Pilwai for hybrid cotton pr(,ved to be 
optimum spacings. 

(iv) Sowing of 2087 cotton at normal time 
at Kim and early sowing in 1st week 
of June at Kholwad yielded better 
than late sowing. 

(v) Green manuring between cotton 
rows showed significant increase in 
yield in 1%0-61 out of four years 
from 1959-60 to 1%2-63 under trial 
at Halwad. 

(vi) Application of 10 cart loads of farm-_ 
yard manure per acre increas~d the 
yield of 2087 cotton at Kholwad and 
Kim and of Deviraj cotton at Khol
wad .. 

(vii) Cotton as an entire crop proved 
economical at Halwad and Kholwad 

. as coxppared to mixed cropping. 

Wh~at 

Wheat occupies nearly 4.05 /ilkh hectares 
(10 lakh acres) in the State. Nearly half of 
this area is under irrigated wheat taken as a 
second crop after Khari! bajra; groundnut or 
early paddy. 

The complex experiment of varietal·cum
seedrate-cum-irrigation-cum-manurial trial 
~as laid out in confounded and split plot 
designs at Jamnagar, Thasra, Kholwad, Kim, 
Bardoli, Dabhoi in 1%0-61 and at Halwad, 
Junagadh, Kukda and Pilwai in 1962-1963. 

. Results of this experiment are presented in 
Table VI. 

(a) Treatments of number of irrigations 
. were III I2 and Is. 
5, 7 and -9 at' Jamnagar, Thasra, Bar-
doli, Halwad, Kukda. . 

7, 9 and 11 ~t Pilwai. 
. 9, 11 and 13 at Junagadh. 

3, 4 and 5 at Kholwad, Kim and 
Dabhoi. 

The level of nitrogen and phosphoric acid 
tried were 0, 33.6 and 67.2 kg.fha. (0, 30 and 
60 lb. per acre). The results are given in 
Table VI. 

TAJILE VI 

rie/d of Wh<at in kg. per ac", dru t. Irrigations in Presen" Bnd Absen" cif Nitrogen. 

NO NSO ~ N60 Mean NO N30 [if f NEO , Mean 

Kholwad (1961-62 to 1962.63) Dabhoi (1960·61 to 1962.6S) 

I, 309 430 4B9 409 612 7B4 BI7 73B 
I, 360 520 579 486 698 779 756 744 

I. 374 568 6'3 545 6118 733 684 762 
Mean 348 506 587 660 765 812 

Thasra (1960.61 to 1962-63) Jam.agar (1960-61 to 1!l62-63) 

I. 533 845 9'4 791 225 372 405 334 
I, 547 868 1055 823 227 3!19 475 367 
I. 546 8!l1 1077 838 241 424 492 3M 
Mean 542 868 -1042 231 398 458 

Ha/wad (1962-63) Kukda (1962-63) 

I, 337 544 605 495 294 317 347 319 
I, 335 547· 660 514 328 406 443 392 
1. 333 590 722 548 360 4BB 531 460 
Mean 335 560 662 327 404 440 

Pilwai (1962·63) Junaglldh (1962-63) 

I. 545 667 756 656 I, 1100 1189 11'4 llii! 
1. 541 772 848 720 III 1105 1254 1247 1262 

I" 578 783 871 744 III 1180' 1218 1256 I2Il 
Mean 555 741 B25 1128 1220 1226 
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Kholwad: There was linear increase in 
yield from 3 to 5 irrigations but the magni
tude of increase was enhanced in presence of 
33.6 and 67.2 kg./ha. (30 and 60 lb. per acre) 
of N. . 

Dabhoi: Practically little difference was ex
perienced between irrigation treatments from 
3 to 5 irrigations. Without nitrogen 4 irriga
tions proved optimum. 

T hasra : Seven irrigations proved to be the 
optimum requirement in presence of 33.6 and 
67.2 kg./ha. (30 and 60 lb. per acre) of N. 
because without nitrogen 5 to 9 irrigations 
gave nearly same yield. 

Jamnagar: Seven· irrigations without nitro
gen did not increase the yield over 5 irriga-. 
tions. In presence of nitrogen there is linear 
increase in yield up to nine irrigations. 

Halwad : Without nitrogen 5 to 9 irriga
tions gave same yield. Every additional irriga
tion increased yield in presence of nitrogen. 
In the experiment conducted from year 1959-
60 to 1961-:62 irrigations 5, 7 and 9 did not 
show any significant difference in yield. 

Kukda: There was increase in yield in 
linear order from 5 to 9 irrigations. The 
magnitude of this increase was enhanced by 
application of nitrogen. .. 

\ 

Pilwai: Nine irrigations can be considered 
as optimum requirement of the crop. With
out nitrogen 7 and 9 irrigations did not differ. 

Junaga.dh: Eleven irrigations proved to be 
optimum requirement of the crop when nitro
gen was applied. Without nitrogen number 
of irrigation requirement rose to 13. 

Kim: Three to five irrigations yielded 
nearly same result in presence and absence of 
introgen. 

Dabhoi: Three, four and five irrigations 
yielded respectively 700, 748 and 762 kg. 
grain per acre on average performance from 
1960-:61 to 1962-:63 (Table VII). 

Takini! into consideration the increase in 
yield 33.6 kg./ha. (30 Ib per acre) of P.O. 

- would be economical at Kim and Thasra, 
while 67.2 kg./ha. (60 lb. per acre) P,O. alone 
increased the yield at Thasra only. Nitrogen 
up to 67.2 kg./ha. (60 lb. per acre) proved 
economical at Kholwad, Jamnagar, Thasra 
and Halwad while up to 33.6 kg./ha. (30 lb. 
per acre) at all places. In the previous experi-

TABLE VB 

NO 
N 30 
N60, 
Mean 

.NO 
NSO 
N60 
Mean 

NO. 
N 30 
J( 60 
Mealll 

J(O 

.If S' 
J(,50 
Ilea. 

Tield of Grain in kg. fm am Jut ,. Nil"t .. nil PI"s/l"'ric Aeid «l.ne and in C.m.in«tiQn 
(allr«, •• f .. «SIns Nne., trial). 

PO , Sf) '60 llean PO '_30 ~60 

!Ulo1wad (1960-61 to 19t12-63) Kim (1960-61 to 1962-6S) 

320 358 362 347 264 317 SSG 
462 512 546 507 335 385 443 
520 601 637 586 352 433 4'7 
434 490 515 317 378 425 

Thalra (1960-61 to 1962-63) J ... na~ar (1!60-61 t8 1~62-63) 
469 541 615 542 213 US 237 
7!111 881 '22 1367 315 426 454 
9113 1045 1102 1043 366 4'5 51i 
750 1326 880 298 3l1li 402 

Ha1wad (1962-63) Kukda (1962-63) 
322 331 352 335 310 298 .374 
507 553 620 660 362 414 432 
592 684 711 662 372 451 499 
474 523 561 348 388 435 

Juna~adh (1962-6') 
10115 1124 1171 1127 
1166 126. 1226 1220 
l1S1 1241 130. 1227 
1127 1211 1235 

llean 

306 
388 
429 

231 
3!!1I 
459 

327 
403 
441 
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ment conducted from 1958-59 to 1961-62, nitro
gen and p,o. singly increased the yield signi
ficantly when doses tried were 0, 20 and 40 
in case of each. 

In combination of 33.6 and 67.2 kg./ha. 
(30 and 60 lb. per acre) of N, 33.6 kg./ha. 
(30 lb. per acre) of p.O. 'would be economical 
at all places, while 67.2 kg./ha. (60 lb. per 
acre) p,o. may prove economical at Thasra 
and Kukda. 

At remaining places of Dabhoi, Bardoli and 
Pilwai only nitrogen increased tlle yield eco
nomically up to 67.2 kg.fha. (60 lb. pe.r acre) 
of N as given in Table VIII. , 

The results of other cultural and manurial 
experiments (1959-60 to 1961-62) can be sum
marised as under :-

(1) Application of 10 Cl. F.Y.M. per 
acre increased the yield significantly 
in two years out of three years at 
Junagadh and in all three years at 
Halwaa. 

(2) Application of 9.07 kg. (20 lb.) N 
increased the yield at Umrala signi
ficantly while P,O. application signi
ficantly increased the yield up to 44.8 
kg./ha. (40 lb. per acre). The inter
action of Nand p,o. proved non
significant. 

(3) Seed rates 44.8, 67.2 and 89.6 kg./ha. 
(40, 60 and 80 lb. per acre) did not 
exhibit significant differences at Hal
wad, Umrala and Junagadh. 

(4) Sowing of wheat during first fort
night of November proved signifi
cantly" better, especially over sowing 

in middle of October at J amnagar 
(1958-59 to 1961-62). 

(5) In placement of N fertilizer, applica
tion of fertilizer 5.1 cm. (2 in.) on 
either sides increased the yield signi
ficantly at Junagadh and Thasra over 
broadcasting, drilling or placement 
5.1 cm. (2 in.) on one side, while at 
J amnagar the different methods of 
placement of N fertilizer treatment 
did not differ (1961-62 to 1962-63). 

(6) If the irrigation is given 10 to 20 days 
after sowing, soaking of land before 
sowing proved desirable at Junagadh 
(1961-62 to 1962-~3). 

Paddy 

Paddy occupies 5.66 lakh ha. (14 lakh acre) 
of land in the State. Out of this area 0.811akh 
ha. (2 lakh acre) are grown under irrigated 
paddy and rest under rainfed paddy. The 
transplanted paddy at Chik,hli is given about 
3 irrigations while at Bardoli about 9 irriga
tions are given to the crop. 

The results of various agronomic and cultu
ral experiments on paddy are summarised 
below:- . 

(1) Varietal-cum-fertilizer experiment on 
paddy (transplanted) at Bardoli 
(1959-60 to 1962-63) and Chikhli 
1960-61 to 1962-63). . 

Response of N was highly signi
ficant at both the places. At 
Bardoli 44.8 kg. Nand 22.4 kg. p,o. 
per hectare (40 lb. N and 20 lb. p,o. 
per acre) did not increase the yield 
significantly over 44.8 kg. (40 lb.) N 
alone. Later yielded 379 kg. of 

TABLE vm 
'Yield in kg. per acre due 10 Nitrogen (average oflhe seasons under trial). 

Dabhoi Bardoli Pilwai 

NO 660 568 556 

N 30 765 709 740 

N60 812 814 825 

20-1 CIlI & P/69 
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more yield over no manure. At 
Chikhli the increase in yields due 'to 
44.8 kg. Nand 44·8 kg. N+22.4 P,O. 
per hectare (40 lb. Nand 40 lb. N + 
20 lb. p,o, per acre) were respectively 
390 and 447 kg.jacre over no fertili
ser and were significant. All varieties 
tried showed nearly same perfor
mance. 

(2) Effect of graded doses of N, P and K 
with different spacings in trans
planted paddy at Bardoli and Chikhli 
(1959-60 to 1962-63). 

All the factor interactions behaved 
non-significant at both places. 

Application of 44.8 and 89.6 kg. 
N per ha. (40 and 80 lb. N per acre) 
increased the yield to the extent of 
407 and 457 kg. per acre respectively 
over no nitrogen at Bardoli and 447 
and 544 kg./acre respectively over no 
nitrogen at Chikhli, which were 
significant. 

The differences in yields due to 
three doses of P,O, as well as K'O 
were non-significant. Spacings 15.2 
cm., 22.9 cm. and 30.5 cm. (6 in., 
·9 in. and 12 in.) between rows exhi
bited no difference. 

(3) Cultural-cum-fertilizer experiment on 
transplanted paddy at Chikhli (1960-
61 to 1962-63). 

All the interactions proved non
significant. 

Planting 15 days before normal date and 
narrower spacing of 15.2 cm. X 15.2 cm. 
(6 in x 6 in.) proved desirable. The diffe
rence in yield between different number of 
seedlings per hill was non-significant. 

Difference in yields due to application of 
N levels was highly significant over control. 
The yield due to aPl?lication of 44.8 kg.fha. 
(40 lb. per acre) N 1l1creased the yield by 
461 kg. per acre. 

Oth~r crops 

(1) Three post-monsoon irrigations to 
Malvan IOf!Jar at Pilwai did not show bene
ficial eff~ct during 1%1-62 and 1962-63. 

(2) Three irrigations at Halwad and Jam
nagar increased the yield of gram by 258 and 
138 kg. per acre respectively during 1960·61 
to 1962-63. . 

Further research on irrigation requirements 
in t,erms of acre-inch study of economics of 
sugar-cane, virginia tobacco, hybrid maize, 
vegetable and irrigated oil seeds and spices 
crops are under study as new introduction 
according to tract. 

Conclusions 

(1) At least three irrigations for herbaceum 
and hirsutum cottons and two irrigations for 
arboreum proved necessary to increase the 
yield. Nitrogen increased the yield up to 
160.8 kg.fha· (90 lb. per acre) in case of her
baceum and hirsutum cottons and up to. 
67.2 kg./ha. (60 lb. per acre) of N in case 
of hybrid cotton. Application of 10 cart loads 
of farmyard manure proved essential and 
effective for irrigated, cotton. Green manuring 
was also effective at Halwad. 

(2) For wheat crop at Kholwad there was 
increase in yield up to 5 irrigations which was 
more economical when 67.2 kg.fha. (60 lb. 
per acre) of N was applied. At Thasra, 
Jamnagar, Halwad and Kukda the yield in
creased economically up to 9 irrigations provi
ded 33.6 to 67.2 kg.fha. (30 to 60 lb· per acre) 
of N was applied. Pilwai required 9 irriga
tions with 67.2 kg./ha. (60 lb. per acre) of N 
while Junagadh needed 33.6 kg./ha. (30 lb. 
per acre) of N with 11 irrigations for 
good harvest.' 67.2 kg./ha. (60 lb. per 
acre) nitrogen combined with 33.6 kg./ 
ha. (30 lb. per acre) of p.Os are need
ed for good yield at Kholwad, Kim, 
Thasra, Jamnagar, Halwad and Kukda. For 
Junagadh 33.6 kg./ha. (30 lb./acre) Nand 
33.6 kg./ha. (30 lb. /acre) p,O. proved to be 
a good combination. At Dabhoi, Bardoli and 
Pilwai, 67.2 kg./ha. (60 lb. per acre) nitrogen 
gave good harvest. Sowing wheat in middle 
of November proved best at Jamnagar. 

(3) There was increase in yield of paddy 
up to 89.6 kg./ha. (80 lb. per acre) N 
but 44.8 kg./ha. (40 lb. per acre) N was 
found to be an economic dose for Bardoli. 

(4) There was effective increase in yiele! by 
three irrigations in gram at Halwad and Jam
nagar. 
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PRE-IRRIGATION SOIL SURVEY AS AN AID TO ASSESS OPTIMUM 
REQUIR'EMENTS OF WATER FOR IRRIGATED CROPS 
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SYNOPSIS 

Adoption 0.[ a d~ty o~ a new irrig~tion projett requires very careful consideration 
and a!lfa~tors like sOil, C~lmate, sub-sod water-table and drainage efficienty have to be 
born m mind. A gener.allsed formula has been. put forth for adopting deltas for 
different crops for working out the duty on the baSIS of data collected from the pre-irri
gation soil surv~s. 

Introductory of la~ing down. so~e broad principles for 
In -the wake of canal irrigation during the adoptIng deltas In different irrigation projects 

last half a century, large tracts of fertile land ~~Ich. should be based on the results of pre-
have either become water-logged and/or deve- IrrIgatIOn soil surveys. 

loped highly saline-alkaline soil conditions. In Pre-irrigation Soil Surveys Completed 
order to safeguard against such undesirable 
developments it has been accepted that pre- T~b~e I. gives .the list of projects for which 
irrigation soil survey should be carried out pre-IrrIgatIOn sOlI survey was carried out in 
in all new project command areas. Such a C.~. & P.C· and reports written for the 
soil survey should not only serve as a guide gUidance of the project authorities. 
for assessing the agri-irrigational potentialities TABLE I 
of the land surveyed but also help to assess 
the water requirement of crops. An effort 
has been made in this paper to bring out the 
work done by the Central Water and Power 
Commission in the field of pre-irrigation soil· 
survey and how the information thus collect
ed could be of help in assessing the water 
requirements of the area keeping m 
view the aspects of water-logging and 
development of saline-alkaline soil con
ditions.A review of work done abroad 
on consu~ptive use of irrigation water and 
the work done on water requirements of crops 
in India have also been given. In the light of 
the experience gained during the last fifteen 
years 011 pre-irrigation soil surveys and making 
use of the data available on water require
ment of crops a broad formula on tlelta to 
be adopted for calculating water duties have 
been sugcrested. The main object of the sug
gestion is'" to focus attention on the desirability 

State 

(1) 

Assam 
Bihar-Nepal .' . 
Bombay (now 

M"h"rashtra 
& Gujarat) . 

Project 

(2) 

Kopilli 
Ko.i 
Gangdak 
Broach 
Kakrapar 
Sabarmati 
Bah 
Bargi 
Barna 
Halali 
Hasdeo' 
Jonk 
Kasyari 
Ken 
Korar 
Nagda NaHan 
Parbati 
Pareri 
Punasa 
Raigon 
Sagar 
Tawa 

• Assistant Research Officer, Central 'Water & Power Commission, New Delhi.' 
•• Director (S. & C. M.), Central Water & Power Commission, New Delhi. 

Gross area covered by 
soil survey 

LAkh acres Lakh hectares 

(3) (4) 

3·25 1·30 
32·00 12·90 
14·00 5·60 
20·60 8·30 
9·00 3·60 
3·00 1·20 

12·28 0·52 
9·00 3·60 
2'52 1 '00 
1·36 0·55 
6·45 2·60 
3,25 1·30 
0·55 0·22 
1·36 0.55 
1·87 0·75 

0·42 0·17 
1 ·18 0·48 
0·10 0·04 
1·56 0·63 
0·18 0·07 
1 ·18 0·48 
9·32 3·70 
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TABLE I-Concld. 

(1) (2) (3) (4) 

Unchera 0·12 0·04 
Upper 
Mahanadi 3·40 1·37 
Wainganga 2·05 0·82 

Orissa Hirakud 8·00 3·20 
Mahanadi 
Delta 11·41 4·60 

Rajasthan . Rajasthan 
Canal 94·20 38·10 

W. Ben!aI W. Bengal 
Project 32·00 12·90 

Total . 274·61 110·59 

Some more projects are under investigation. 
Statement. at Appendix A gives a brief sum
mary of the pre-irrigation soil survey reports 
for some of the major irrigation projects in
vestigated during the first three Five-Year 
Plans. 
Work done on Water Require1Uimt of Crops 

Theoretically the water requirement of a 
plant is the one which it tak~ up through its 
roots and subsequently loses through transpi
ration but from the practical angle, out of the 
water supplied to the crops, some of it will be 
absorbed through its roots and the remaining 
portion will be lost through percolation into 
the lower soil strata as well as lost through 
evaporation from the soil surface. Again an 
Irrigation Engineer has to allow for the transit 
losses in the form of evaporation from water 
surface in the canal and distribution system 
and the percolation losses through the bed and 
sides of the canal. 

The work, of water requirement of crops 
in a big country like India with such varying 
soil and climatic conditions is very stupen~ 
dous. Sub-soil water-table and drainage effi
ciency of the region have important role to 
play in the water requirement of crops. Pre
irrigation surveys have been conducted in such 
a way that maximum information on these 
essential points is available for the area 
surveyed. 

Consumptive Use of Water 

Irrigation Engineers in the West have 
worked on the practical aspect of consump
tive use of water. ~he term consumptive use 

is defined as the quantity of water in acre-feet. 
per cropped acre per year absorbed by the 
crop and transpired and used directly in the 
building of. plant tissues together with that 
evaporated from the crop producing land. 

~ ~ 

Lowry e) has shown that consumptive use 
bears a straight line relation with tempera
ture. Again Blaney-Criddle C) has putforth 
another method of calculating consumptive 
use of water. 

LOfllry-Johnson Method 

According to this method the water require
ment bears straight line relationship with 
'effective heat'. Growing season is the period 
during which the day temperature remains 
above 32°F and effective heat is worked out 
as under from the data for Pinedal Wyoming 
area during 1951· Growing season June 12 to 
September 11. 

Period 

June 12-30 
July 1-31 (-48 X 31) '. 
AuCUSt 1-31 (-46·9 X 31) 
September 1-11 

Tot.;t 

'Effective heat' of 4.294. 

To/al ~ "aily day 
degrees 

848 F 
1488 
1454 
504 

4294 

The' water requiremen~ works out- from 
Figure 1 is 0.45 m. (1.5 ft.). 

Blaney-Criddle Method 

According to this method the consumptive 
use depends upon average temperature availa
ble during Sunlight hours and growing span 
lof the crop. It is assumed that the normal 
precipitation during growing season is con
sumptively used by the crop. 

U=KF 
• where U =Consumptive use 

K =Coefficient 

F=Consumptive use factor 

K is worked out for different crops for 
particular areas. 

Tomilson (8) worked on these two methods 
and found that Lowry-Johnson method gave 
higher values than the actual whereas the 
Blaney-Criddle tallied with his values. 
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FIGURE 1 : Relationship between the effective heat and water use. 
(Data from Lowry-Johnson method). 

Work done in India 

Although extensive work has been done in 
different parts of the country, considerable 
work still remains to be done in order to 
cover the wide variation of the soil and clima
tic factors. 

Dr. Leather e) was the poineer in India to 
initiate work on water requirement of crops. 
Most of the work has been done through pot 
culture experiments and as such the water 
requirements thus .determined may not be 
applicable in determining the water duty of 
the ctOP but they serve as useful guide. Lately 
actual field trials are being conducted to simu
late more closely the actual field requirements. 
Major experiment on field scale was first 
started at the Rasalawal (Lyall pur ) Agricul
tural Farm (Pakistan). 

Water Requirements of Various Crops 

Rice 

The general notion that rice requires stand
ing water throughout is not correct. Singh(G) 

and his co-workers have calculated the water 
requirements for evapo-transpiration as 
69.7 cm. (27.4 in.) and in Bombay as 63.5 cm. 
(25 in.). Sen (U) has proved that dewater
ing conditions are essential for better rice 
yieH BalC) also showed that non-submerged 
crop had better growth. SubramaniamC), 
however, found that swamp soils provide 
better conditions for silicon assymilation. 
Recent researches in Japan have, however, 
indicated that aeration of the root-zone 
through sub-soil pipes 'has resulted in higher 
yield of rice crop.' 

Wheat 

Sweet lands (non-saline-alkaline) soils 
require about 33 cm. (13 in.) and saline-alka-
1i~e require 45.7 cm. (18 in.). It has been 
shown in Punjab that increased irrigation 
causes mottling on poor sandy soils only and 
not on rich soils. 
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Cattail 

Seedling, pre-flowering and flowering stages, 
are most critical stages from the irrigation 
point of view. 27 to 39 in. (68.6 cm. to 
99.1 cm.) of delta including rain is the re
quirement of cotton varying with varieties. 

Sugar-cane 
Singh and CO.(6) workers have shown by 

pot experiments that minimum requirement 
of water for sugar-cane is 114.3 cm. (45 in.). 
The water Fequirements with a manurial 
dose, of 68 kg. (150 lb.) is.about 228.6 cm. (90 
in.). in Madras whereas if the irrigation is 
304.8 cm. (20 in.) it adversely affects yield. The 
water requirement of the crop are maximum 
during the growth and flowering periods and 
minimum during maturing period. I 

Similar work has been done on other crops 
like tobacco, potato, barley, maize, jowar, 
linseed, pea, mustard, etc.,' but in these cases 
the requirements have been worked out in pot 
culture experiments. Only for the last few 
years, experiments on field scale have been 
taken up. 

Pre-irrigation Soil Survey as an Aid for 
devising the Most Optimum Water Duty 

The brief description of the work done in 
the field of water requirement of crops is 
illustrative of the fact that for adopting delta 
values for different crops in different climatic 
zones of the country, an Irrigation Engineer 
has to take into account all the factors like 
soils, climate, salinity-alkalinity, sub-soil 
water-table, drainage efficiency of the area, 'etc. 
In order that some uniform standards are 
available for assuming deltas for different 
projects, following formula is suggested for 
consideration. However, necessary correction 
for the rainfall is to be made :- ' 

.6.=G+ CTox + Cs.1t + CT• nlP' +CWater'Table 

.6.=Delta to be adopted 

Q=Standard delta from the table 

C Tcx =Correction for texture 

Cs•1t =Correction for salinity apd alkalinity 

Tcmp,=Correction for maximum and mini
mum temperatures 

C W",er.'"ble =Correction for sub-soil water
table. 

Table giving the standard crop deltas 
1. Wheat 
2. Sugarcane 
3. Rice . 
4, Cotton 
5. Jowar . 
6. Maize 
7. Bajra . 
8. Vegetables 
9. Gardens 

10. Mustard 

10 
60 
60 
30 
10 
12 
8 

25 

Correction table for different factors. 

Texture Sa Lini ty-a lka lilli ty 

(1) Light-sand I pH below 8. 5-salts 
sandy ~ -2 above '2% +2 
sandy loam) 

(2) Clayey Silt! } +2 pH above 8. 5-salts 
SandY clay Clay . above .2% +5 

Temperature. 

Maximum day tempe- +2 pH above 8.5-salts 
rature above'llOoF below .. 2% +2 

Minimum night tem-
perature below 36°F +2 

Sub-soil water-table 
within 5 ft. (1.5 m.) of 
G.L. -5 

, Between 5-10 G. L. -3 

" 10-20 -2 

Delta worked on the basis of above 
assumptions for Rajasthan Canal Project with 
the aid of soil survey data (Table II) works 
out as under for two types of lands, i·e., sandy 
and salin&-alkaline. 

Sandy soils 

for Wheat=1O+2+0+2+0=14 in. and 
15 in. have been adopted for the project . 
For Sugar-cane=60+2+0+2+0=64 in . 
and 63 in. have been actually adopted. 

For Cotton=30+2+0+2+0=34 in. and 
36 in. have been actually adopted. 

Delta for rice: It will only be grown on 
saline-alkaline soils. 

60+0+2+0=64 in. and 66 in. have been 
actually adopted. 



TABLE n .... 
U1 

Prt-i"igation soil SUfvt;J summa,y ,harl for the major irrigation projats lnr.tsligalti by Centr.l W' aU' and p~wtr Commission. 
..,.. 

SI. 
Area surveyed Salient soil features Salinity- Calcium Manuri- Crop Sub-soil water Drainage 

0 
Xo. State Project River 

texture-Soil crust alkalinity carbonate al statuI pattern (post conditions Recommendations 
irrigation) Quality Table Table >-0 laU Lakh topography, etc, problems coutent .., 

acres acres premon- pOlt-mon- ..... 5000(ft.) soon is: (ft.) 
is: 

~----------------- C 
2 3 4 5 6 7 8 9 19 11 12 13 14 15 16 is: --------- :;c 

10-20 5-8 Generally (I) Provision of ttl 
.'\Si:lln Kopilli Xopilli 3·25 1·3 Lateritic loamy with fairly Acidic soils. Nil PeDr Rice, Jute, Good 

~ deep soi J crust and flat Maize, Su-1 good but an efficient surface 
topograpy garCane, Rabi poor in and sub~surface ..... 

pulses. some areas. drainage. ~ 
ttl 

(2) Creen manuring - is: 
ttl 

(3) Line in more 
Z .., 

acidic patches rn 

Good Grecn manuring. 
:> 2. Bihar. Kosi Kosi 32 12·9 Sandy loam to loam with Area being light Nil Poor Rice, Jutc, Good 10-12 5-7 Z shallow to moderately textured . is ,"\thcall. 
t:l deep so i I crust. Area highly leached 

ii flat. and as such no d salinity prob- .., 
lem. ..... 

t""' ..... 
Fair Provision of 

rn 3. Bombay (Now Broach Narm3d" 20·60 ; 8·3 Black cotlon soil with About 10% Prcscot Poor Cotton, Jowar Brickish 20-30 15-20 good :> )'laharashtra deep soil crust. Topo- area has bieh Ricc, Wheat, in many drainage very j & Cujarat) ,raphy undulating'. salinity. Sugarcane. - wells. essential. 
0 

g·O 3·6 Clayey soils becoming 10-20 5-10 Fair Provision of 200d 
Z 4· Do. Kakrapar Do. ~{ain area free Present in Fairly Cotton, JoU'ar Good 

lighter with depth. from salini ty moderate GGod \Vheat. draina~e in 0 Deep soil crust and but highly to bi,h coastal area ~ flat to pO!!iraphy. saline pat- percenl. essential. 
~ ches alon~ age. 

!:Ca shore :> only. .., 
5_ Do. Sabat.nati Sabarmati 3·0 Upper arCas undulating About 10 % area Brickish Goodin up- Provision of good 

ttl 1'2 Hieh throucll~ P •• r Cotton, Wh('at, :;c lower areas nat with has high sali- out. Jowt.r, Ba;:rll. per but not drainage and I i~ht textured but nity. so in lower. green manuring. ~ deep crust~d soils. 0 :;c 
e. ~radhya Bargi Narmada 9·0 3·6 Black cotton soil bcco~ Saline patches Do. . Poor Cotton \Vheat, Do. 15-20 5-8 Good Saline patches need 

..... 
~ Prad'!sh ming liqht~r with are there. Sugar~cane. reclamation. 
~ depth. l)~cp crusted 

but undulating. 8 
:> 7. :-.radhya Barwah Narmada 1.2 The soil is mostly loamy- No Salinity pro- Low to LLich Poor Wheat, Sugar- Good to 7--20 5-8 Good Efficient drainage 
.., 
I:::J Pradesh to clay loam with vari- blem. cane, Cotton. Fair. and us. of green t:l able soil crust and Jow.,. manUres and undulating terrain. 

fertiliurs recom~ () 
mended. :;c 

0 U. ~fadhya Hasdo Hasdo 6'4-5 2·6 Clayey soil with deep soil No sal inily pro~ Prescnt throu .. Poor for Wheat, Rice, Good 10-20 5-10 Good Gre!'n manuring 
'tt 
en Pradesh crw;t. Area is 11at but a blem. ghOUl but N&P. Sugarcane. and fertilisation slope of 4- to 5 ft. per below 2%. recommended . • milc. 



." 
9. ~faUhra PraGesh Jonk J""k ::;.::!5 1,3 ,M05tly clayeY-Joil crust No. such pcob. Present in Good \Vloteat, Cotton, Good >10 Ncar Good 

I Good drail'1arc 
shallow to deep. Sli. blem. Jow to high Sugarcane. ground conditions !!.e ghtly undulating to- contents. level. maintained. 

n pography. 

t>:l ..... "Il 
R- IO Madhya Pradesll Parbati Parbati 5·00 2 ·60 Light loamysoil with va- GeneraUy there Low to high Fairly Good Wheat, Rice, Good >20 Good & the project i. ~ , rying soil crust. Partly is no sa.linity Cotton, Su- still under invcsti- t>l 
~ gravely and rocky. problem. garcane, galion, final re- I 
." Area is fairly fiat. .]oUlllr. port not yet pre- .... 
"" pared. ::6~' 

>~ 
II ~fadhya Pradesh. . Narmada Punasa 1·56 O'~3 Heavy black soil-undu- Some sa.line High through .. Poor witla Wheat, Cot- Good 20 5-8 Good Sal ine patches be 

>-l Q 
t>l > latingterrain with fairly patche. are out. r~spect to ton, Su. tackled properly. ~ >-l deep :'Ioi! crust. there and need N&P. garcane. Efficient drainage .... 

proper .ha.od- be provided. I'%j 0 li.,. 0 Z 
~ fA ..... 0 

12 Madhya Pradesh . Tawa Tawa. 9·32 3·7 Heavy soil with deep soil Genorally therc Low to high Go.oI Wheat, Ricc, Good >10 Ground Fair Efficient drainage ~ .... 
crust. is D.O sa.linity Cottoo, Su- level to be ensured. ~ t"' 

problem. garcanc,J'" .... 
Q '" w.r. e > ~ >-l t;j pj 

13 Mldhya Proldesh • Upper :\(3..' Mah.aadi 3·40 1 .. 37 _ Clayey with undulatinc Only very .mall Do. Fair Cotton, Y,UJ." Go.d 30 20 Good Ditto. 0 ><: hanadi topography. Generally areas have Wheat. 
. deep :'Ioi! crust but lome hieher laliQity • 0 > rocky areas arc also ~ CIl ' 

there. 0 > 'tl 
CIl Z 
'>:I > 

14' MadhYa ,Prado •• Upper Waia- W.ia Gaa,a 2·15 0'82 BlaCk CottOIl soil witIL No problem of Generally low. Wheat, Cot- Goad 5-10 30 Good De.raile_d soil ~1ll'Vey 0 .... 
Ganga. fairly deep to deep loil s.Iiaity. ton, Sugar- In the post uriaa ... ~ 0 

crust. cane, JQWIl', tioll period. >-l >-l 
~ 0 
t>l > 

15 Madhya.Pradosh . Hirakud Mahaaaoli 1'0 0'4 Rocky and gravely with. No ,ali.ity pro- LGW to high MediUM to Do. GoO<! 20 5 Good Area being rock" Z CIl 
CIl 

shallow soilcruat. bl .... HiaIoN.P. efficient draina, t>l t>l 
Hia_ le• be ensured. ::6 CIl 

CIl 

.... 0 
,Hirakud Mahaa.oIi 8·' 3·2 Loamy soils-"ropo~.phy De. VerylDw P •• r :Rice, Ground- Good 15 6 Good Drainage of lowe" ~ 'tl 

16 Orissa . >-l undulating shallow to Jlut pulses, areas be ensured .... .... 
fairly deep soil crUit. wheat. Green manurin« 

Q 

~ and fertilization. > 
>-l is: .... 
0 
~ Orw.. :Mahanadi MaIoaaacii II·4j 4'6 Clayey with fiat topa- Sal ini ty Problem Very low. P •• r Rice, Sugar" Good 10 5 Fair Being a . . delt.aic 

Z 
17 Delta. graphy. Deep loilcNlt. alone iC&ah.Oro eanc, M.mI ;g~ area prOVJSJOJl Of wr. efficient drainae 

called for. C .£ .... 
t>l i:l 
n is: 

~tIsaD SutIej S4·2. SI'1 Sand to sandy .Sanddunc Hichiyalkaline K Ilnkar in alka ... V_rypo.r Wheat, mus-- Highly 100 10. 
>-l tr:I 

18 ~utba,a. The area will ae •• CIl Z Canal. areas with Aard alkaline patde. are' line patchel tard,joWar, salillc green maBuril1~ >-l patches in bc&weea the JlMtiOIit. &. GyPsum ,34jrQ, Cot- and fertilizatioa. CIl 
sand dUD ... inlight sandy lon, Rice Dune recJama - 0 areas. for alkal iQO tion will have to 

patchel. be done • '>:I .. ..... 
Non.-There are a large .umber of comparathol,. smaller projecb, soil survey reporta whick are anilable but they have aot bean iacJuded ia this Statem.ent. 

(.11 
(.11 
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No rain compensation is required in the 
case of Rajasthan whereas suitable reduction 
for rain depending upon its distribution is to 
be always made. ~ 

Th~ proposed formula is just a basis to 
device some standard method for fixing deltas 
for different . crops on various irrigation 
projects taking the help of soil survey data 
and climatic factors. This is the usual proce- ' 
dure followed at present but the approach is 
more personal rather than being based on 
some standard basis. 

Concluding Rem.arks 

Pre~irrigation soil survey for 30 major irri
gation projects investigated during the First, 
Second and Third Five-Year Plans covering 
an area of over 110.88 lakh ha. (274 lakh 
acres) have been cartied out by the C.W. & P. 
Commission. A review of work done on water 
requirements of crops in the West and India 
has shown that water requirements of crops 
have direct relation to temperature and soil 
condition. A new formula accounting for 

all the factors like temperature, soil, alk.ali
nity-salanity, water-table (te., have been sug
gested for adopting deltas for different crops 
in new irrigation projects on the basis of pre
irrigation soil survey d ... ta. 
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DISCUSSIONS 

The Symposium began with the Chairman's 
opening remarks in which .the importance of 
the subject of Water Re.qUlreme~ts of. Crops 
was pointed out. He said that discussions of 
papers would be tak,(:n up subject-wise and 
crop-wise, as btlow : 

I. Water Requirements of Specific Crops 
, i.e., (i) Rice, (ii) Wheat, (iii) Suga~

cane, (iv) Gram, (v) Potato, (Vt) 
Cotton. 

II. Cropping Patterns. . . 
III. Relationship between Water RequIre-

ments, Evaporation and Rainfall· 

IV. Soil and Soil Moisture Studies. 

V. Optimum Water use. 
I. Water Requiremeuts of Specific Crops 

(i) RICE 

The General Reporter (DR. MOKHTA .. 
SINGH) then gave a resume of the papers both 
for those selected for discussion and those 
circulated for information. Gupta and Bhatta
charya(l) had reported the results of an ex
periment conducted at Dhanauri, (U.P.I.R.I.) 
with six irrigation depths [0, 7.6, 11.4, 15.2, 
19 and 22.8 cm. (0, 3, 4, 5, 6, 7.5 and 9 in.)] 
applied at three intervals (2, 2.5 and 3 weeks) 
in combination with three nitrogen levels. 
Experiments were conducted in 1962. They 
concluded that maximum yield was obtained 
with four irrigation treatments of 19 cm. (7.5 
in.) each applied at 2.5 week intervals. Thus 
the total water requirements including 86.1 
cm. (33.9 in.) 'of rainfall was 162.3 cm. (63.9 
in.). The authors had attempted to ,calculate 
evapotranspiration by a formul;t advocated by 
the Iowa Institute of Hydraulic Research 
and had concluded that the calculated value 
of depth agreed fairly well with the experi
mental results. Contrary to these results, the 
finding of Pandey (8), emanating from ex
periments on light irrigations on Am-an paddy 
carried out over 5 years at Bikramganj, Bihar, 
clearly showed that rainfall of 76.2 cm. (30 
in.) from sowing in the nur~ery to maturity 
was adequate (exclusive of the amount needed 
for puddling) and irrigations were without 
effect. In the experiment reported by Chow
dhury and M. Singh (2) also, no re~ponsc to 
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supplemental irrigations after plant establish
ment in the case of transplanted paddy was 
recorded at Delhi. Although high water-table 
(30 cm.-60 cm.) would partly account for the 
absence of response to irrigation in the ex
periments at Delhi, yet Pandey's experiments 
showed that ,irrigation was without effect 
under conditions of low water-table 1.8 to 
4.8 m. (6 ft. to 16 ft.) because of well distri
buted rainfall· In view of these results, it 

, would be of interest to discuss the factQrs 
which might have led to the response to -
19 cm. (7.5 in.) deep irrigations in the 
experiments by Gupta and Bhattacharya 
(1). Banerjee (24) had referred to the 
results of an experiment on time and 
frequency of irrigation on Aus paddy at 
Kalyani (West Bengal) indicating that the 
best and optimum results were obtained by 
41.91 cm:. (l~ in.) of water in doses of 10.2, 
10.2,6.35,6.35,2.54,2.54,1.27,1.27 and 1.27 cm. 
( 4 1 21 1 1 1.' 1. d 1.' ). . 4, ,22, 2' , ,z, z, an 2 Ill. In successive 
irrigations. However, one would normally 
expect that deeper irrigations would be req~ir
ed in periods of high water demand which 
generally synchronised with maximum vege
tative growth. In fact, Dutta and Sen (26) 
had mentioned that rate of transpiration was 
'maximum during anthesis. The treatments 
corresponded to certain moisture 1evels at 
different stages of plant growth. Chaudhry 
and R. S. Singh (4) in their revittw of Water 
requirements of rice had also cited a ~umma
rised statement of Rao that water reqUIrement 
just prior to flowering was about 2-3 times 
the quantity required about 10-15 days before 
flowering or the quantity required after 
flowering. This review also referred to vary
ing results obtained by different ",:,o.rk~rs 
regarding the need for submergence III nce 
and the depth of submergence. Much of the 
evidence in favour of submergence seemed to 
be from countries in temperate regions (Japan, 
Philippines and Italy). It was mentioned that 
water requirements varied between wide 
limits in California viz., [0.9-2.4 m. (3-8 ft.)]. 
This was a very big range and needed an ex
planation. Chowdhury and M. Singh (2) had 
suggested on the basis of the results of a preli
minary experiment that if weeds were control-
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led and the problem of low temperature, as 
met with in temperate regions did not exist, 
irrigation at or near field capacity would 
suffice. They had advocated a thorough investi
gation of the problem by proper techniques 
which would be discussed at this Symposium. 

The effect of manuring with f.armyard 
manure, sulphate of ammonia, super-phos
phate on transpiration ratio was reported by 
Chaudhry and Mahapatra (3). The;. experi
ments were conducted for three years. In 
general, manuring had little effect on transpi
ration ratio of rice, contrary to the results 
generally obtained in the case of crops other 
than rice, (Mariakulandai, 21). Ganguli in 
earlier experiments got similar results· It 
was interesting to enquire whether dry weight 
increased or ncR as a result of manuring. 

DISCUSSION 

GUPTA (S. N.) informed that the U.P. Irri
gation Research Institute was associated with 
experiments on water requirements of three 
principal crops of U.P., viz., rice, wheat and 
sugar-cane, for nearly two decades since 
1942-43. The experimental wor~ from 1942-43 
onwards was taken up primarily 'with a view 
to stUdy two major aspects on which the 
entire experimental layout was based, namely, 
(i) depth and (ii) interval of irrigation which 
would give maximum and optimum yields of 
these crops with a view to help the irrigation 
engineers to determine optimum requirements 
of water for the various types of crops, so that 
it would be possible for them to revise duties 
in respect of needs of projects and avoid 
wastage of water. For rice, a gist of the 
results given in the paper was stated. . 

The actual experimental technique had been . 
re6rientated with a view to get over short
comings in the old approach namely: 

(i) Lack of soil classification, 

(ii) Variation of irrigation treatments due 
to incidence of rainfall. . 

(iii) Lack of soil-moisture measurements. 

Three new approaches were now being 
tried at the Government Agriculture Farm, 
Dhanauri, viz., (i) soil moisture depletion 
below field capacity at specified levels, 
(ii) .continued submergence and (iii) sub
mergence with drainage. 

Two points called for serious attention: 

(1) Whether in the present context of 
their experimental work, it was possi
ble to adopt revised figures of . duty 
for principal crops both for better 
utilisation of water on existing irriga
tion systems and economical framing 
of the projects. 

(2) What effort was required to educate 
the cultivator to adopt these practices, 
as he was still adopting the age old 
method which involved considerable 
wastage of water because of over
irrigation. 

In: a paper presented by Shri A. P. Bhatta
charya for the Fifth Congress on Irrigation 
and Drainage, attention was drawn to the 
state of over-irrigation to the extent of 30 
per cent in the case of principal crops of U.P. 
This practice of wastage of water for irri
gation was a serious matter and it was obli
gatory to devise means to check it. 

GULHATI (N. D.) wanted to know the 
absolute measure of the yield and the reason 
for low. yields. 

MUKHTAR SINGH stated that levels of manu
res were already under study and it was not 
possible to include more treatments in the 
experiments. Generally, the yields were 
quite high. 

BHATIACHARYA (A. P.) stated that the num
ber of waterings was changed from 3 t04 
during 1961-62 owing to change in rainfall. 
Regarding levels of nitrogen, it had not 
been mentioned. in the paper that the schedu
led doses of nitrogen did not include 18.14 kg. 
(40 lb.) of basal dressing consisting of green 
manure and com~osit manure. 

WALTER 0.) stated that results· in his 
paper were based on printed reports. 

Roy (S. E.) commenting on Gupta and 
Bhattacharya's paper (1), enquired as to why 
depth of rainfall was not incluued while plan
ning irrigation treatments and calculating 
consumptive use· 

TALATI (R. P.) commenting on the same 
paper (1) said that as the rainfall had such 
an important role in total water requirements, 
the pattern of rainfall type of irrigation and 
quality of irrigation water should also have 
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been studied. Referring to drainage ditches 
mentioned in the paper, he felt that flumes 
should have been provided therein. He was 
of the opinion that the formula used in the 

.. paper should have been based on experiments 
conducted in India. Coming to Chaudhry's 
paper (4), he felt that results were vibrated 
due to high water-table which supplemented 
water requirements and so the value of the 
experiment was lost. The effect of weeds and 
tillage was not studied in Chaudhry's paper. 

MUKHERJEE (B. K.) commenting on Gupta 
and Bhattacharya's paper (1), remarked that 
the concept of duty pointed out therein was 
a little different from the terminology used by 
the officers of the Department of Agriculture. 
This was not clarified in the paper. The dura
tion of tlle crop, whether it was an early or 
late variety, as also information regarding 
water-table had not been supplied. He felt 
that water requiremen,ts should be specified 
more clearly during various stages of plant 
growth, because cultivators failed to get ade
quate water at the transplanting stage. At 
Nagina, water requirements of rice were 
found to be 101.6 cm. (40 in.) for early paddy 
and 127.00 cm. (50 in.) for late paddy, so it 
was not understood as to why water require
ments for Dhanauri were so high. 

SOOD (M. L.) said that rice should not be 
considered in such general terms as had been 
done in tlle papers under review. The experi
ments should take note of the availability of 
supplies, existing rainfall conditions, variety 
of seed, manure, etc. 

BALESHWAR NATH wanted to know as to 
what physical phenomenon warranted conti
nued submergence of the paddy fields when 
water was actually needed by the root zones 
of the plants to procure nourishment. He 
said that instead of continued submergence 
irrigations could be provided intermittently 
and quoted that in one of the research papers 
received from U.S.S.R., it was pointed that 
'5 days submergence and two days break in 
the rice crop yielded better results. \ 

He also queried if the occurrence of storms 
at the time of maturity of rice crops was of 
any significance. A proposal of changeover 
from Aman to Aus, i.e., from late to early 
paddy in Bengal was subjected to that obser
vation. 

KHuRsAU (N. V.) commenting on Gupta 
and Bhattacharya's paper (1), said that he did 
not follow as to why the interval had been 
taken as 17 days. In the south, there were 
millions of acres under paddy which were 
irrigated by the submergeJ;lce method during 
the whole of the growth period. It was felt 
that submergence was better than intermit
tent irrigation. In Maharashtra, water was 
supplied to paddy at intervals of not less thall 
7 or 8 days. I.C.A.R. gave a method of cal
culating optimum interval, takin2 into consi
deration concepts of field capacity and wilting 
point. Calculating by this method" optimum 
interval worked out to be 9 days instead of 
17 days. If the interval was taken to be 
17 days, it was necessary to increase the depth 
correspondingly say to 31.8 cm. (12.5 in.) in
stead of 19.5 cm. (7.5 in.) to make up for 
the evapotranspiration losses unless there be 
any rainfall contribution durin2 each 
irrigation. 

SATWANT SINGH said that tllere was a 
great impact of the cropping rotation on rural 
economy and they should introduce pasture 
and legume which would reduce the intak,e of 
artificial manuring. Doses of 0, 9.7, 18.14 kg. 
(0, 20,.40 lb.) of nitrogen appeared- to be 
too small. Regarding submergence, it was 
the general experience that it might ~e nece
ssary to have submergence in the first month 
and intermittent irrigations subsequently. If 
they grew Basmati i:ice in D.P., chances of 
Rabi were likely to be better. Cost of culti
vation should be reducedl and for this some 
legume should be introduced· In Australia, . 
'where the yields were much higher, ttiis was 
being practised successfully. The economics 
of farming had to aim at producing two 
crops. Efforts were necessary for effecting 

, gain in protein content by better agronomic 
practices which would lead to an improve
ment in the quality of the yield. A large per
centage in India had rice as their staple food, 
so the problem of balanced diet for the rice
eating population was an important one which 
could be solved thus. One method of im
proving the quality, of yield was the applica
tion of artificial manure for which they 
should not aim at marginal and sub-marginal 
doses but on maximum and optimum doses. 

PANDEY (H. N.) related some of the acti
vities on the subject in Bihar. He said that 
there were three irrigation research stations 
functioning there, 'including' - the - one at 
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Bikramganj where apart from studying the 
schedule of water from the soil characteris
tics, the problem was also being tackled not 
only from agronomical principles but also' 
from th~ point of view pf irrigation engineer
ing, and soil physics. Two' more irrigation re
search stations have been sanctioned which are 
in the process of being established. Economic 
aspects, which influenced the water require
ments of crops and yield therefrom, were also 
under study at Bikramganj during the last 
five years. Regarding the point as to whether 
AU$ paddy would be affected by storms, he 
said that this would be the case if the matu
dty of the crop coincides with the Hasta 
Nak.shtra which fell between 24 September 
to 7 Octobt;:r. Till a year back irrigation 
applied with the soil moisture concept, up to 
a depth of 0.9 m. (3 ft.) root zone gave a yield 
of below 0.37 tonnes (10 ruaunds) but when 
the required depth of irrigation of 35.6 cm. 
(14 in.) was applied 8-10 days before puddl
ing in 2 to 3 applications 12.7 cm.+12.7 cm.+ 
10.2 cm. (5 in.+5 in.+4 in.), the yield, went 
up to 1.12 tonnes (30 maunds). Experiments 

, were in progress with late Aman paddy for 
different soils. The problem of seepage and 
deep percolation losses in controlled experi
ments was being solved by fixing 0.9 m. 
(3 ft.) partition walls, 0.6 m. (2 ft.) below 
ground level and 0.3 m. (1 ft.) above ground 
level. He next related some problems in the 
Kosi command area where water-table was 
between· 1.8 to 2.4 m. (6 to 8 ft.). At the 
Irrigation Research Station, Madhepura, Kosi 
belt), 18 piezometers were installed 4 years 
ago, where 'readings were being taken fort
nightly. It was noticed that in some cases the 
water-table almost rose up to the ground 
surface at the end of August. Crops failed 
even with such a high water-table and no 
effect of organic matter was noticeable on the 
survival of crops. Legume wa~ 'being st~died 
as a rotational crop in a 7-year rotation. He 
felt that the term 'Duty' should be used in 
accordance with the common terminology. 

CHATURvEDI (R. S.) said that from a per-
'usal of' the experimental work of water 
requirement~ 'of rice, it was clear that they 
were either purely agr.onomic or water re
quirements vis-a-vis, canal rostering as in U.P. 
experiments in which the irrigation engineers 
were directly interested. He felt that the 
approach of S. Banc:rji, howsoever : usc:ful it 

might be for the agronomists, was impossible 
in canal irrigated areas and was of no intereSt 
to the irrigation engineers. He felt there 
should be a common approach. For instance, 
when the optimum interval was one week, it 
wa~ of interest to investigate how much dam
age was' done to the crop when the interval 
was kept as two weeks. Rice was essentially 
an aquatic crop which was happy in water. 
There was no point in trying the field capacity 
~pproach, for any amount of rainfall had never 
damaged rice and he felt that too much water 
could never be given to rice. According to him, 
harm was due to an increase in temperature , 
and not due to water. Regarding Basmati 
rice, he knew that according to the cultivator 
even 32 irrigations were not good enough. 
What was necessary for its plant growth was 
that there should be no rise in temperature 
of water. He again stressed the fertility of 
soil-moisture depletion approach for grow
ing rice, as this crop thrived in heavy or clay 
soils, which had 40 per cent water in 
pore space and any reduction to the" level of 
say 25 per cent was disastrous. He was sur
prised at the experiments conducted at LA.R.I. 
New Delhi, where in root zone depth was 
below the water-table. He felt that any varia
tion in depths of irrigation from 20 to 50 cm. 
as was tried in these experiments was mean
ingless as the crop was grown on water deriv-' 
ed from the water-table in which irrigation 
treatments had absolutely no effect. He 
advocated research on the proper variety of 
rice, the temperature and the pattern of daily 
rainfall. Coming to fertilizers, he was in 
agreement with the findings of H. N. Pandey 
of Bihar which had shown that the effect of 
fertilizer was almost negligible. Bihar experi
ments ha<;l clearly shown that rainfall was the 
main,factor for plant growth for rice. Affinity 
of water was so clear· Nothing could be said 
about the proper level of fertilizers as doses 
below 28 kg./ha. (25 lb. per acre) for nitro
gen' had not' been tried. 

SIDHU (T. S.) said that he had known the 
Kosi area which was' surveyed by him in 
1949-50. Water-table was so high in Purnea 
and Saharsa Districts, while soils were so 
light. He felt that while new Irrigation 
Research Stations were being set up in Bihar, 
it should be borne in mind that these should 
be representative of the various soil types 
occurrin~ in Bihar alon~ with conditions of 
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water-table. Too much percolation loss or 
high water-table vitiated experiments on 
water requirements of crops, he said. 

BHA'ITACHARYA CA. P.) commenting on 
H. N .. Pandey's paper (8), felt that instead of 
trying combined levels of nitrogen and 
phosphorous they should have been tried' 
separately for nitrogen and phosphorous. 
Regarding the figure of 96.5 cm. (38 in.) for 
water requirements of rice as found by H. N· 
Pandey at Bikramganj, he. felt that this was 
not in conformity with the views held by 
Dr. Mukhtar Singh in his General Report 
wherein he had mentioned that. water 'require
ments of rice could be met with by keeping 
the soil moisture at the field capacity level. If. 
the growing season was taken as 120 days, 
water requirements were found to be 152.4 cm. 
(60 in.) assuming that an irrigation at the 
rate of 1.3 cm. (t in.) per day would main
tain the crop at the field capacity level. Com
menting on Dr. P. K. Sen's paper, pe wanted 
to enquire as to how far pot culture studies 
could be useful as he was not sure whether 
plants grown in pots could .simulate. field 
conditions. Moreover, evapotranspiration 
meas~rements were likely to be unrealistic and 
evaporation was likely to be particularly high. 

CHOPRA (M. R.) (CHAIRMAN) said tl;1at he 
felt that the variables in these experiments 
should be as few as possible. It was desirable 
to start the work in a realistic manner in cer
tain blocks where the conditions were analo
gous to those obtaining in the field. Accord
ing to him, experimentation with too many 
variables might yield results after a long time. 
He recommended that there should be some 
experiments in which the effective water lost 
should be studied under conditions of rainfall 
existing in the draft. 

GUPTA (S. N.) replying to the comments 
on his paper, said that he had already men
tioned that soil moisture deficit approach was 
g?ing to be tried now which would take cog
mzance of both rainfall and depth of irriga
tion. He felt that this might be a more 
scientific !lPproach for applying water than the 
old system of applying of -irrigation at fixed 
intervals. The term 'Duty' used' in his paper 
was in accordance with the terminology adop
ted by Iowa Institute of Hydraulic Research, 
and it was for bringing out a comparison with 
the approach adopted at Iowa that the term 
had been used. Water-table at Dhanauri, 

where the experiments were conducted, . was 
2.7 ill. (9 ft.) below ground level. In the 
experiments that were under progress on rice, 
depth of irrigation would be governed by the 
extent of soil moisture in accordarice with the 
standard formula. He pointed out that in his 
pap~r both maximum and optimum yields had 
been given, which were 3,600 and 3,300 kg. 
per hectare respeCtively. 

BANERJI (S.) commenting on H. N. 
-Pandey's paper, said that a point had been 
made out therein that the rainfall was regular 
for a period of 5 years and no harm to the 
crop was likely to accrue if rain did not fall 
during Hasta Nakshtra, i,~" between 21 
September and 10 October. He felt that the 
problem of patterns of rainfall was not as sim~ 
pIe as indicated in the paper. 

, 

MUKERJEE (B. K.) said that he agreed with 
the Chairman that too many variables should 
not be tried for working out the ideal -ap
proach. But it was to be remembered that 
rice grew under so many variables and it was 
not possible to leave the major factors. Coming 
to figures for water requirements, he pointed 
out that they varied so tremendously within 
a State. For example, it was mentioned in 
J. Walter's paper that water requirements of 
rice (!t Coimbatore were 215.9 cm. (85 in.) 
including rainfall. For the same station, it 
was found by Narsingh Rao that for· the 
Samba variety, the figure for water require
ments excluding rainfall was 129.5 cm. 
(51 in.). But rainfall had to be taken cogni~ 
zance of, the pattern of rainfall being more 
important. For Madhya Pradesh, he had 
studied water requirements for Chattisgarh 
and light Kalhar soils. His finding was that 
much more water was needed in the case of 
loamy soil. Late varieties consumed less water 
in heavy soils. What he wanted to stress was 
that it was meaningless to lay down water 
requirements for a region or a State, for: soil 
was a very important factor governing water 
requirements. 

FRAMJI (K. K.) said that information 
regarding. water requirements of' crops in 
period of short supplies, particularly for the 
Indo-Gangetic plains, would be of the greatest 
value. It is during these periods of shortages 
of supplies that water requirements could be 
curtailed and the spread-over of available sup
plies could be used to the greatest overall 
benefit. 
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PANDEY (H. N.) said that experiments were 
being conducted on Aus paddy at Bikramganj 
in the Sone command area which was a dry 
belt and at other irrigation stations in Bihar. 
It was found that the sowing of Aus paddy 
in June gave almost the same. results as for 
late Aman. He was trying the sowing of Aus 
in tht first week of May, :.J.i a result of which 
water. requirements went up to 114.3 cm. 
(45 in.). For Bora paddy which was grown 
under standing water in Bihar; no experiments 
were possible on variations in irrigation treat
ments. Regarding Hasta Nakshtra, which is a 
critical peri.od for the late Aman. and corres
ponded to pre-flowering stage, it was observed 
that failure of rains in this period invariably 
led to a failure of the crop. It had been notic
ed that during the last 25' years there were 8 
or 9 drought years; during this period causing 
widespread failures of late· Aman paddy in 
Bihar. Regarding the question of irrigating 
rice at field moisture levels below field capa
city, he drew the attention to the recommen
dations given in the book by Nagai according 
to which field capacity should never be allow
ed to fall below 95 per cent. The optimum 
temperature for rice was 32°C and soil was 
silty there. 

MUltHTAl!. SINGH replyin~ to the comments 
of his paper (2), said that it was a controver
sial issue as to whether irrigation should be 
applied on rice grown with water-table above 
the root zone. For transplanted paddy, con
trol of weeds was a necessity and this was 
possible by submergence which could be with
stood by the crop· Physiologically, it was 
under investigation whether rice really needed 

, water under such conditions and the point 
was under study. 

. SRINIVAS (L.) mentioned about the findings 
of two California scientists on the problem of 
flooding of rice fields. Physiological study 
showed that under conditions of submergence 
depth of two or 7.6 cm. (3 in.) above the soil 
was made free from air and the nitrification 
of plants was reduced thereby. It was indi
cated that intake of magnesium was higher in 
nitrate nitrogen than in ammonical nitrogen. 
Submergence accordingly destroyed a har
mone of the plant,namely, indol acetic acid 
which was reduced by excess of magnesium 
under conditions of submergence. This could 
only be made up by artificial spraying of the 
harmone. 

(II) WHEAT 

DR. MUltHTAlt SINGH (General Reporter) 
gave a resume of papers on Water Require
ments of Wheat. Two· irrigations, one at 
flowering and the other at milk stage, were 
generally found to be adequate to mature 
wheat iIi u.P. (Mehrotra and his ass.ociates-
5, 6 and 7). In some cases as in the central 
and western parts of U.P. the need for three 
irrigations was indicated. Information regard
ing depth of water-table would be useful 
for these papers. The role of nitrogen 
in bringing down water needs was 
brought out. In Gujarat, the number of irri
gations needed varied with places (Gopani, 
27)· Optimum number of irrigations were 
found to be 3 at Dabhoi (Baroda), 5 at Khol
wad (Surat) and Thasra (Kaira), and as many 
as 9 at Jamnagar, Halwad (Surendernagar), 
Kukda (Surendernagar), Pilwai (Mehsana) 
and Junagarh. On' sandy soils, more 
irrigation was needed. From observations 

. on the utilisation of water in Gujarat, 
Talati (16) recorded that 5-6 irrigations 
were commonly given to wheat under 
tube-well irrigation. More frequent irrigation 
to wheat in Gujarat as compared with 
northern India could be partly ascribed to 
high evaporation and milder winter in Guja
rat. But the difference seemed to be too large 
to be accounted for by these factors alone, 
particularly because the soil in many parts of 
Gujarat was heavy and the growing season 
was relatively short. The causes of varying 
irrigation requirements within Gujarat also 

~ needed explanation. The depths of irrigation 
and delta were not given for the experiments 
conducted in Gujarat. It was possible that the 
invidividual irrigations were very light .and 
there could be scope for reducing the irriga
tion frequency by increasing the depth of indi
vidual irrigation. At Delhi, Dastane and 
Mohinder Singh (23) had given water require
ments of wheat as 360 mm. inclusive of rain-
fu~ . 

In the experiments conducted in D.P. 
(Mehrotra and R. G. Singh, 6) ana in Guja
rat (Gopani, 27) optimum irrigation 
frequency was found to be conducive to 
higher response to nitrogen as compared 
with infrequent irrigations. 

DISCUSSION 

DHANAK (G. G.) felt that too much empha
sis had been laid in these papers on results 
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from the laboratory and demonstration farms 
wherein conditions would naturally be diffe
rent from those in the fields. In Gujarat' 
there is volumetric supply of irrigation under 
tube-wells for which there is enougv. systema
tic data. There was no significant difference 
in the out-turn of wheat between 5 and 7 
waterings. The'total water requirements were 
met by 2466.96 cu. m. (24 acre-in.) supply 
with an optiml:lm dose of manure. 

. TALATI (R. P.) said that while there was no 
significant difference between 4 and 7 irriga
tions, 5 irrigations seemed to be optimum for' 
Gujarat for which the delta was found to be 
45.7 cm. (18 in.). Winter rainfall was practi
cally nil in Gujarat. 

BALEsHWAR NATH said that attempts were 
being made to raise transplanted wheat in 
some of the Eastern ~States, namely Bengal, 
Bihar and Orissa. He wanted to know from 
experts if transplanted wheat had been tried 
successfully in foreign countries. • Recently, 
he checked some of the results on transplant
ed wheat in Burdwan, where he found the 
work to be in a preliminary stage. Coming to 
high watering needs I of wheat in Gujarat, he 
felt that this was attributable to the low reten
tive capacity of soils in Gujarat as compared 
to those in the Punjab. He wondered if abun
dance of available supplies made the cultiva
tor use more water. In some of the reports 
(Report of the Indian Irrigation Commission, 
1901), he had come across a recommendation 
according to which 8 to 10 waterings were felt 
to be optimum for well irrigation at the rate 
of 3.8 cm. (It in.) per irrigation. He felt 
that 8 irrigations 3.8 cm. (It in.) each, should 
suffice for w:heat in Gujarat. 

MUKERJEE (B. K.) said that observations 
had been made on water requirements of 
~heat for a number of regions in Gujarat. For 
Illstance, at Ambreli with 10 irrigations of 
7.6 cm. (3 in.), i.e., with 3083.70 cu. m. 
(30 acre-in), the increase in yield was as 
hi~h as 60 per cent, whereas at Jamnagar 
~Ith the. sa~e treatment the corresponding 
Illcrease III Yield was only 27 per cent. This 
was an interesting information on the basis of 
which it could be said that a general 'figure 
for water requirements of wheat for Gujarat 
did not make any sense. What he wanted to 
brin!? out .was that while specifying water 
reqUirements all factors should be taken into 
account. Thus he had come across figures for 
22-,\- cm & P/69 

a region for which water requirements work~ 
ed out to 19.1 cm. (7.5 in.) by well irriga
tion, while the same figure came to 33.5 cm. 
(13.2 in.) with canal 'irrigation. So the source 
of irrigation had also to be takten into account 
while considering water requirements. Similar 
remarks applied for the methods of irrigation. 

MUKHTAR SINGH s;id that the figure of 
76.2 cm. (30 in.) of irrigation of wheat for 
Gujarat appeared to be rather intriguing for 
he wondered as to how evapotranspiration 
losses would be accounted for. 

CHOPRA (M. R.) (CHAIRMAN) said that it 
was because of this that he felt that soil 
moisture must be considered in these studies. 

MUKHTAR SINGH said that it was true that 
water requirements could be high for sandy 
soils out the large difference between 25,4' and 
76.2 cm. (10 and 30 in.), as reported for 
Gujarat, could not be accounted for by mere 
variations in the type of soils. 

BHATTACHARYA (A. P.) supplied some infor
mation regarding experiments on water 
requirements of wheat conducted at the u.P. 
Irrigation Research Institute. According to 
these, two irrigation treatments of 7.6 cm. (3 
in.) were found to be the best for Eastern and 
Western V.P., but for ~outhern V.P., the opti
mum depth was 10.2 cm. (4 in.), the number 
of treatments being the ~ame. For soil mois
ture deficit approach, he said that experiments 
had been conducted at the V.P. Irrigation Re
search Institute in 1%2-63 by applying irriga
tion in various combinations at different stages 
of plant growth. He said that application of 
irrigatioQ in this manner needed expert opi
nion from plant physiologists for determining 
the stage of plant growth at a partkular time 
on account of which he felt that the applica- . 
tion of irrigation in accordance with soil mois- \ 
tur~ deficit would probably be better than this. 
He sought clarification on this point. Coming 
to R. P. Talati's paper, he said that while the 
average water requirements in Gujarat were 
of the order of 45.7 cm. (18 in.) that for 
Bardoli were only 30.5 cm. (ll in.). 

Roy (S. E.) felt that in all the papers presen
ted at the Symposium too many variables were 
being attempted on account of which the ex
perimental technique suffered. Simplification 
was possible on the lines indicated in his 
paper based on the modern concepts, taking 
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'into consideration the relevant factors. The 
aim of the experimental technique should be 
to bring out the correct index· From the 
references included in his paper, it was possi
ble to reduce the number of variables to six. 
In all .these experiments, rainfall pattern was 
important, the more so the average pattern 
and also the minimum expected losses in five' 
years. This afforded useful information in 
rostering; for which a pre-requisite was 
knowledge regarding evaporation rates, data 
on which was lacking. An indirect index was 
possible by adopting the climatological 
approach for consumptive use .. _ . Information 
regarding rainfall patter!). and soil was essen
tial as also that on expected deep percolation 
losses and run-off. From the monograph 
given in his paper, it was possible to arrive at 
simplified means. Their importance arose 
from the point of view of ~vailability of sup
plies. When it was not possible to apply 
irrigation at the scheduled date, a better solu
tion was to put in higher depths at longer 
intervals or smaller depths at lower inter~als 
according as the supplies were available. It 
was imperative however, that evaporation data 
should be disseminated freely, for which 
the assistance of the India Meteorological De
partment was essential. 

MALIK (A. K.) said that the India Meteoro
logical Department had only 34 evaporation 
stations of its own in the country. The 
department did not have adequate facilities 
to supply freely, evaporation data of even 
these 34 stations. If the Irrigation Engineers 
help to convince the Government of India 
that more evaporation recording stations 
should be set up in India, and after the~e 

. stations have been set up, the India Meteoro
logical Department will be in a better position 
to meet the requirements of Irrigation En
gineers, for evaporation data. 

MUDGAL (S. C.) said that one method of 
obtaining useful evaporation data was to set 
up Class 'A' pans in each farm and research 
station, which would supply enough evapora
tion data. 

CHATURVEDI (R. S.) said that Dr. Mehrotra's 
result confirmed earlier experiments conduct
ed in V.P. wherein entire rostering was based 
on one irrigation in kor period which occur
red in November or December. Dr· Mehrotra's 
experiments confirmed the findings arrived at 
jn earlier experiments in V.P, namely, one 

watering alone was good enough for wheat. 
80 per cent of the crop could be saved with 
one timely irrigation alone. For Western V.P., 
another irrigation was needed, which would 
give 95 per cent yield. For Gujarat, it had 
to be remembered that the little peninsula of 
Saurashtra had wide variations in rainfall 
from 25.4 to 152.4 cm. (10 to 60 in.) unlike 
those in V.P. wherein the climate was mostly 
humid and sub-humid. 

. MUKHTAR SINGH drew attention to the 
paper by Mehta and Shekhawat (10) in 
which it had been found that any delay in 
irrigation of more than 5 to 6 days at matu
rity stage affected the yield significantly while 
a delay in early irrigation had no such effect. 
This was in contravention to the observations 
of R. S. Chaturvedi that rainfall ana soil 
patterns were the governing factors. 

CHATURVEDI (R. S.) said that for V.P., rain
fall and soil patterns were such as to be con
ducive to give optimum yield for wheat with 
one irrigation alone, which was not the case 
for Rajasthan. 

GUPTA (S. N.) said that R. S. Chaturvedi's 
comments were confirmed in V.P. 

SATWANT SINGH commenting on results of 
experiments for the last 8 years at Nasirpur 
said that 50 per cent higher wheat yields were 
obtained with the addition of phosphates to 
green manure. Cultural practices invariably 
lead to higher yields. Thus legume in crop- . 
ping pattern gave 50 per cent higher yields. 
It was found that phosphates hastened matu
rity, potash also being helpful. It was found 
that early sown wheat gave better results. 
Variables were taken care of by the statisti
cian. A study of the rainfall pattern showed 
that winter rainfall was not as erratic for the 
Indo-Gangetic plains as was the case for sum
mer rainfall. It was essential to have one irri
gation in March. This was found to improve 
food values as well besides improving the 
quality of straw. Greater accent was neces
sary on long-range agronomic practices. 
Coming to cropping patterns, the best combi
nation was of two food crops, one fibre crop, 
one legume· Seed rate had also been studied. 
It was found that half of the fertilizer 
fixed with seed and another half applied with 
first watering gave best results, 
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SIDHU (T. S.) commenting on· Talati's 
paper (16), said that he had also worked out. 
a formula in his paper. Regarding the results 
of Guajarat, he was afraid that they might err 
on the higher side. ~ 

KHURSALE (N. V.) said !;hat the growth 
period of wheat in Maharashtra was 4t 
months and the total irrigation requirements 
were 40.6 cm. (16 in.) to which may be added 
5.1 cm. (2 in.) of rainfall. Commenting on 
Talati's paper (16), he felt that with an 
increase in the number of waterings there 
should be an increase in depth which was not 
the case in TaIati's findings and called for elu
cidation. 

DINESH MOHAN said that the experiments 
on the subject should have a bias towards 
farmers needs. He recommended a simple 
device such as an ordinary Dalda tin filled 
up to a certain depth whose water-level obser
vations could give an idea of the evaporatiQn 
where frQm evaporatiQn IQsses CQuid be 
known. Thus if the farmer was prQvided 
with .only QIre Dalda tin and a plastic scale he 
could get an idea .of the evapQr61tiQn and eva- . 
potranspiration therefrom which, could be 
usefully applied for knQwing the water needs 
.of his crQPs. 

PANDEY (H· N.) said that in Bihar .water 
requirements of wheat CQuid be met 
with just tWQ irrigations totalling 15.2 cm. 
(6 in.) in depth. One irrigatiQn was tQ be 
applied in December, i.e.} one month after 
sowing, a secQnd at the preflowering stage' 
when the plant was 55 .or 60 days .old. Experi
ments <:onducted .on irrigatiQn treatments in 
cQmbination with applicatiQn .of inQrganic and 
.organic fertilizers indicated that irrigatiQn 
alone had a significant effect upon yield. 
While .one irrigation increased the yield by 
60 per cent, two irrigations brQught about a 
100 per cent increase. Yield was of the .order 
.of 23 tQ 2.7 tQnne/ha. (25 tQ 30 maunds 
per acre). Studies were alsQ carried out .on the 
reiatiQn between evaporation and water re
quirements for the Rabi crop .. It was found 
that the amount of irrigatiQn required was 33 
per cent of evaporatiQn whQse nQrmal value 
was fQund tQ vary from 48.3 tQ 53.3 cm. (19 
tQ 21 in.). This was in cQnfQrmity with other 
Rabi crops like winter maize. FQr hQt weather 
crops, 'water requirements were 50 per cent 
of t.otal evaporati.on. Commenting .on high 
wattr requirements in Gujarat, he felt that 

the soil might be sandy there with a low 
retentive capacity. He did nQt agree with 
the recQmmendations regarding the depth 
of irrigation as 3.8 cm. (Ii in.) which 
was not practicable as water would nQt 
reach the farther end of the plot. Irri
gatiQn at 30 percent available SQil mQisture 
was quite good fQr wheat. Coming tQ the 
questiQn of transplanting, he said that while 
the CQst per acre for this was Rs. 200 against 
Rs. 100 for drilled wheat, the yields were 
actually much lQwer being .only 0.6 tonnes 
(16 maunds) against 2.3 tonnes (25 maunds) 
fQr drilled wheat. As transplanted wheat was 
nQt fQund tQ be pr()fitable, this was abandQned 
in Bihar. 

SooD (M. L.) said that like rice studies .on 
wheat shQuld be related tQ mQnsoon rainfall, 
availability .of supplies, frequency .of water
ings, winter rainfall, SQil cQnditiQns and whe
ther 'paleQ' (pre-sQwing irrigatiQn) was needed 
.or nQt. 

MAHIDA (U. N.) felt that eCQnQmics shQuld 
be the criteriQn fQr all these studies, whether 
it was a questiQn .of water depth .or watering 
intervals. He drew attentiQn tQ an article in 
the InternatiQnal JQurnal of HydrQlQgy, Publi
catiQn NQ. 28, wherein it was stated that the 
water used was proPQrtiQnal to leaf area. 
While this was true fQr PQt culture studies, 
this was nQt bQrne .out from field results 
because .of the cooling effect .of neighbQuring , 
plants. The cQncept advQcated by Penman 
.on the subject was wQrth cQnsideratiQn and 
it was fQr the agrQnQmists tQ check this up. 

MU.KHTAR SINGH then cQmmended .on the 
Penman approach. He said that there were 
tWQ fundamental assumptiQns involved there
in, viz.} (i) the crQP was cQmpletely cQvered 
with SQil, (ii) mQisture was unlimited. The 
crop then transpired water like a free-water 
surface. These tWQ cQnditiQns were nQt appli. 
cable fQr the field, because irrigatiQn was 
applied when the SQil m.oisture was belQW 
field capacity and conditiQns were not similar. 
The interval depended UPQn the depth .of rQQt 
zone system. The PQint was elucidated with· 
examples .of PQtato, cottQn, paddy. Penman's 
CQncept was quite CQrrect. AccQrdingly, irri
gatiQn was nQt"tQ be applied abQve field capa
city. ApplicatiQn .of water in this manner 
.only made the prQjects unnecessarily expensive 
because water which was nQt needed by the 
crop went down .only tQ raise the water-table. 
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MAHIDA (U. N.) said that he himself com
pletely agreed with what Dr. Mukhtar Singh 
said but would like to emphasize that it is 
necessary that the criticism levelled against 
irrigation engineers, as a result of Penman's 
findings; be answered on appropriate occasions 
at the proper assemblies. , 

MUKHrAR SINGH said that fortunately varia
tion was not so high in the case of wheat. 
Results for U.P., Punjab and other places were 
more or less in agreement. In new areas, 
however, some adjustments were needed. 
Ultimately it was necessary to adopt the soil
moisture approach. Regarding the question 
of stages of plant growth, pointed out by 
A. P. Bhattacharya, he stated that after all 
only three or four irrigations were to be appli
ed and so no harm would accrue if the stages 
of plant growth were accepted for the appli
cation of water for irrigation. But for areas 
like Gujarat. where 8 to 9 irrigations were 
needed, soil-moisture regime had to be adopt
ed for deciding the time of irrigation. About 
Pandey's point in which he gave out water 
requirements as 30 per cent of evapotraJ,1spi
ration, he felt it was probably to irrigation 
requirement [stated as 15.2 cm. (6 in.) by 
Pandey] to which he referred in his paper. 
Then again the actual contribution cif irriga
tion could even be less. It- was possible that 
only 10.2 cm.or 12.7 cm. (4 in. or 5 in.) of 
irrigation might be needed and the rest might 
be over-irrigation. 

PANDEY (H. N.) replied that wheat was 
grown in the first week ofe November. From 
actual measurements, it was found that there 
was adequate moisture to the extent of 75 to 
80 per cent of available soil moisture at root 
zone before the sowing of wheat, which 
amounted to 267.25 cu. m. (2.6 acre-in.) of 
irrigation. Owing to low temperature, evapo
ration was low, being to the extent of 5.1 to 
6.4 cm. (2 to 2.5 in.). 256.97 cu. m. (2.5 acre
in.) were applied at the end of one month, 
followed by another irrigation after a month. 
This was adequate for the plant for one month, 
i.e., up to the middle of January. No irriga
tion was necessary after the end of January 
when the crop was at the milk stage. 

- . 
RoY (S. E.) commenting on the problem of 

stage of plant growth, said that Handricks 
and Hanson had reported; as per reference 7 
of his paper, that if they took. dimensional 
ratio of consumptive use, with evaporation 

rate using 100 units of stage of growth, solv
ing percentage-wise, a remarkably uniform 
curve was obtained between the two quantities. 
This had an important bearing with the Pen
man's approach. It was possible from this 
curve to determine soil moisture deficit at 
any time ·for any crop; using consumptive use 
evaporation rate ratio. The curve was sub
stantiated from experimental results. In this 
curve, the coefficient attained a value of 50 per 
cent at late flowering stage, being unity at the 
beginning and going up to 100 at the end. 
Knowing the extent of deficit at any stage, it 
was possible to know the depth of application. 
With this approach adjustments in rostering 
could be made with the aid of this curve on 
the basis of availability of supplies. 

TALATI (R. P.) commenting on papers 5, 6 
and 7 felt that measurements of irrigation 
water should be accurate in all irrigation 
experiments, which was not taken cognisance 
of in the studies. It was essential to have 

I such devices as standing wave flume for such 
studies. This defect had been noticed by 
him in the experiments at Gujarat as well 
owing to· whi£h standing wave flumes were 
set up therein. Regarding a POilU raised about 
the low wateripg needs of wheat at Bardoli 
he said that it was due to the fact that rain
fall there, was 1473 cm. (58 in.) against 
58.4 cm. (23 in.) at Thasra. The soil at the 
experimental stations in Gujarat varied from 
sandy loam to silty clay. 

MUKHTAR SINGH intervening,; said that 
there was no relationship between the number 
of irrigations and type of soil. 

TALATI (R. P.) added that the experiments 
were taken up in Gujarat only recently and 
the drawbacks were being taken care of. 

OTHER CROPS 

FRAMJI (K. K.) (CHAIRMAN) called upon 
the General Reporter to introduce the subject. 

MUKHTAR SINGH gave his general remarks 
on papers on sugar-cane, potato, cotton and 
other crops. 

SUGAR·CANE 
I 

Kulkarni and Gokhale (15) had reviewed 
the water requirements of sugar-cane as work
ed out by different methods, viz., (a) pot cul
ture for the period 1929-34, (b) field scale 
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experiments at Hadapsar and Padegaon, 
(c) quantity of water used in relation to yield 
on soils of varying types in sugar-cane factory' 
areas in Western Maharashtra and (d) water 
used under well irrigation as recorded during 
soil survey work. In pots, it was estimated 
that 91.4 cm. (36 in.) of water were used by 
transpiration, the same amount being consu
med by evaporation and about half as much 
could be reckoned as lost in drainage for a 
normal 1129 tonnejha. (45 tons/acre) crop. 
In field experiments, the optimum was 241.3 to 
254 cm. (95 to 100 in.). In the studies on 
water utilisation, 304.8 cm. (120 in.) of water, 
as measured at distributary head, was used. 
Under well irrigation, the average water used 
was 287.02 cm. (113 in). If 15 per cent water, 
estimated as lost in transit, was added to this, 
the water requirements agree fairly well with 
the estimates obtained by other methods. It 
might be discussed at this Symposium as to 
how the data of annual yield in acre-inches 
as giyen on page 12 of the paper was 
computed. 

POTATO 

Pushkarnath and Swaminathan (17) had 
concluded that: (a) 8-9 days irrigation inter
val was optimum for potatoes in North India, 
(b) 2569.75 cu. m. (25 acre-in.) delta gave 
better performance than lower and higher 
irrigation delta, (c) three irrigations in growth 

. phase, four during tuberisation and two during 
maturity were required irrespective of the 
duration of varieties. The interaction between 
irrigations an~ nutrients was rather complex. 
Moolani and Hukkeri (18) had reported the 
results of an experiment, conducted on the 
basis of water regime concept, on laterite soil 
at Kharagpur. They found that 44.5 cm. 
(17.5 in.) of irrigation water or 45.2 cm. 
(17.80 in.) total water were required for 
obtaining the best yield. 

COTTON 

Experiments on Deviraj cotton at 7 centres 
in Gujar.lt showed that two irrigations gave as 
good performance as higher irrigations at 
Jamnagar, Pilwai, Kim and Thasra, but three 
irrigations at Kukda and four at Junagadh 
appeared to be the best (Gopani, 27). 
Arboreum cotton at U merala and Horbaceum 
cotton at Kholwad were also benefited by sup
plemental irrigation. At some centres, viz., 
Bardoli and Kim, the response of Horbaceum 
cotton to irrigation was inappreciable. In 

general, irrigation requirements of the crop in 
Gujarat varied between 15.2 to 25.4 cm. (6 to 
10 in.) (Talati, 16). The low irrigation 
requirements of the crop could be ascribed to 
high rainfall received in the monsoon season 
and good moisture storage capacity of the 
soil. If rainfall was included, the water 
requirements would be comparable to that in 
Delhi, which was stated to be 980 mm. by 
Das~ane and Mohinder Singh (23). 

Doddiah (25) had found that early varieties 
of cotton had lower transpiration ratios or 
were more efficient users of water. 

Raheja (22) had dealt with theoretical as
pects of irrigation and stressed the importance 
of knowing optimum levels of all factors. 

Mariakulandai' (21) had brought out the 
inter-dependence of irrigation and fertilizers 
for maximizing production of cotton by the 
experiment conducted at Siriguppa. 

Papers had been received on linseed from 
Anand and tobacco from Rajahmundry. 

DISCUSSION 

SWAMINATHAN gave some details of experi
ments on potatoes. Interval between irriga
tion treatments was found to have a more 
significant effect, while the effect. of 
depth of irrigation was not so . pronounced 
due to lateral seepage and low plot size. 
Energy concept was being introduced in the 
studies. 20 to 25 days were found to be the 
period of maturity. Interaction was detected 
between irrigation and level of nitrogen at 
45.4 kg. (100 lbs.) of nitrogen per acre with 
90.7 kg. (200 lbs.) of nitrogen and more 
frequent irrigations.. With higher doses of 
nitrogen, toxic effected was I noticed .. There 
was reduction in response to potassium with 
two water uses. 

U. Cropping Patterns 

FRAMJI (K. K.) (CHAIRMAN) said that the 
papers on cropping patterns and water require
ments vis-a-vis weather factors were being 
taken up first. He then asked the General 
Reporter to make the report for these two 
subjects. . I 

MUKHTAR SINGH introducing the subject of 
cropping patterns, first touched upon the 
points covered in the papers namely, by Patil 
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(9) and Mehta and Shekhawat (10). Patil (9) 
had ana1ysed the data on current utilisation 
of water in relation to yield in red soils of 
Bangalore District (Mysore) and worked out 
input-output relationships in case of different 
irrigated crops· From the point of view of 
allocation of water between crops, the use of 
irrigation water was highest for paddy as com
pared to garlic, onion, potato, beans. It was 
concluded that returns were the lowest for 
paddy. He haa concluded that it was highly 
profitable to grow cabbage, potato and garlic 
and among cereals it was better to grow ragi 
rather than paddy. The levels of irrigation 
adopted by farmers were indicated for diffe
rent crops and it was found that water was 
extravagantly used in paddy. It needed to be 
clarified as to how measurement of irrigation 
water was undertaken in the survey and 
whether optimum use of water was consistent 
with optimum allocation of other resources as 
well. 

Mehta and Shekhawat (10) had referred 
to the distribution of crops under different 
water allowances in Chambal commanded 
area. The paper referred to the low utilisa
tion of irrigation potential. It was stated that 
information was lacking regarding water 
requirements of crops. Special problems of 
the area were mentioned in the paper. It 
was stated that cropping patterns were based 
on water allowance, . capacity factor, water 
requirements of crops, Kharif /Rabi ratio, etc. 
It would have been useful if a detailed proce
dure as to how different factors were to be 

- taken into account was given and if it was 
indicated how the proposed cropping patterns 
would lead to a better utilisation of water .. 

Malik (19) had discussed the variability of 
rainfall with place and time in India. From 
irrigation point of view, he had drawn atten
tion to the values of rainfall under different 
meteorological conditions. Limits of rainfall 
in 80 out of 100 years were shown. A point 
was brought out regarding the feasibility of 
this. Rainfall was to be considered on the basis 
of effective rainfall. He had suggested that 
duration of wet season as given in Table IV of 
·his paper together with watering needs of 
crops would provide· a scientific basis for 
determining irrigation needs of different areas, 
This needed clarification. A discussion of the 
procedure for evaluating effective rainfall, 
would have been useful. 

Dastane and Mohinder Singh (23) had sug
gested the use of climatological approach to 
evaluate water requirements.· They had given 
monthly values of potential evapotranspira
tion at Delhi calculated by Thornthwaite's 
formula and corresponding rainfall to indi
cate the periods of water surplus and water 
deficit. It was necessary that these estimates 
should be related to consumptive use to be 
more precise. It was worth consideration 
whether Thornthwaite or Penman formula 
should be adopted. Ayyar and Padmanabha
murthy (11) had reported the relationship 
between water losses from wheat fields and 
pan evaporation. Strangely enough, A.E.T./ 
pan evaporation was higher in· germination 
and tillering stages than in elongation 
(growth) stage. Normally the ratio was 
expected to be higher during peak period of 
vegetative growth. 

DISCUSSION 

BHATrACHARYA (A. P.) -commenting on 
Patil's paper, said that it would have been 
better if an overall picture regarding the 
augmentation in actual crop production as a 
result of the switch-over in cropping pattern 
suggested in the paper had been given. Com
menting on Mehta and Shekhawat's Pilper, he 
said that it had been stated that the irrigation 
potential in the Chambal commanded area 
was 0.24 million ha. (0.6 million acre) while 
the irrigation utilisation in the first two years 
was reported to be 0.04 million ha. (0·1 mil
lion acre). It had not been stated in the 
paper as to what part of the big gap between 
irrigation utilisation and irrigation potential 
was likely to be covered as a .result of the 
change in the cropping pattern, suggested in 
the paper. ' 

MUKERJEE (B. K.) commenting on Patil's 
paper (9), said that values of acre-inches of 
water used for each crop had been given but 
it was not mentioned as to whether the use of 
so much water would lead to maximum yield 
or optimum yield. In other words, it was 
necessary to know the response of water appli
cation to yield. 

},{UKHTAR SINGH said that in Table V of the 
paper figures for irrigation and yield had been 
given. 

MUKERJEE (B. K.) said that this was not 
sufficient as, unless it was known whether the 
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yield was ·optimum or maximum, results were 
not much of use. 

MUKHTAR SINGH replied that it had been 
clearly mentioned that for paddy higher 
levels of irrigation had no effect on yield, 
rather the increased use of water for irriga
tion led to a decrease in the yield. It was not 
the case for other crops, on the basis of which 
it was coneluded that water was being used 
extravagantly in the case of paddy. 

MUKHERJEE (B. K.) again commented that 
on page 5 of the paper, optimum allocation of 
water had ,been worked out againstprofita
bility along with input-output ratios. But it 
was important to know the percentage increase 
in yield per acre-inch of irrigation. 

MUKHTAR SINGH said that results were 
based upon a survey in which it had been 
ascertained as to whether high or low levels 
of irrigation were being used and what were 
the corresponding yields, presuming other 
conditions to be the same· He commented 
that the retJ.Irns had been given from a rupee 
spent on irrigation. No inf~rmation had been 
given regarding the other input factors such 
as fertilizers, etc. 

BALESHWAR NATH enquired as to whether 
the measurement of water, done in Patil's 
paper, was made.on volumetric basis or it was 
supplied from canals or from wells. 

MUKHTAR SINGH said that he was not sure 
whether the quantity of water was measured 
accurately. 

BALESHWAR NATH said that the cost element 
of water should have been taken into consi
deration. 

MUKERJEE (B. K.) said that presumably 
the survey related to Visvesvaraya Canals 
which had difficult soils and wherein varia
tions in soils were high. It was doubtful 
whether the wide variations in soil conditions 
had been taken into consideration in the 
survey which had mentioned the broad classi
fication as laterite soil. 

MUK~AR SINGH said that it had been pre
sumed III the paper that other conditions (like: 
soils, etc.) w(!re the same. 

DODDIAH (D.) remarked that the region 
considered in Patil's paper was not in the (iom-

mand of Visvesvarya Canals but round aboul 
Bangalore. 

MUKHTAR SINGH said that it had been speci
fied in the paper that the survey referred to 
tank and well irrigation. 

CHATURVEDI (R. S.) commenting on Mehta 
and Shekhawat's paper (10), said that there 
were several difficulties, because information 
was lacking about cropping pattern, 'soil and 
agronomic conditions as accepted by the 
authors. He felt that investigations regarding 
Chambal Canals should have been started 10 
years ago, but even now they shoul~ not wait. 
Instead of having one Research Centre at 
Kota, it was necessary to undertake field 
studies all over Rajasthan. 

MUKHTAR SINGH informed the _ gathering 
that the Research Centre had been sanctioned 
by the Government of India more than one 
year ago, funds had been placed at the dispo
sal of the States, but it was fbr the States to 
take steps for starting the Centre and decide 
whether a particular station was representa
tive or not· He felt that time should not be 
wasted by the States and they should take 
more interest in such schemes. The Govern
ment of India undertook the responsibility of 
starting the Research Centre, but it was for 
the States to set up four Regional Centres 
under each Centre, although the Government 
of India was prepared to render cent per cent 
assistance. . 

TALATI (R. P.) said that there should have 
been no difficulty in locating soil types. The 
matter should not be delayed. It was for the 
Centre to issue the directive to establish a 
Research Centre but the State Governments 
should feel the responsibility to take up this 
work. 

MUKHTAR SINGH intervening said that so 
far only trial-cum-demonstration centres had 
been set up by the States. 

TALATI (R. P.) said that the urgency of the 
matter should be realised for soil conditions 
might get worse by waiting. 

MUKHTAR SINGH said that it had been repor
ted that proBlems had already come up in the 
form of rise in water-table and drainage, etc. 

TALATI (R. P.) said that there were so many 
soil specialists i~ the country. If there was 
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any difficulty regarding soil specialists, some
body could be sent from Gujarat and it might 
be possible to collect information regarding 
soil types without any delay. 

BALESHWAR NATH informed the gathering 
that detailed studies had been carried out for 
the 'Chambal some years back by the Plan 
Projects Committee (Planning Commission). 
Detailed recommendations were made regard
ing agricultural production for the field., 

MUKHTAR SINGH said that pilot. schemes 
had been worked out for the Chambal at 
Kota and~ also Ganganagar but no progress 
had been made so far. 

RANBm SINGH said that some steps have been 
taken to select the site for the Irrigation 
Research Centre in the Chambal commanded 
area· Siniilar action had been taken for the 
Ganganagar area. But he was not aware of 
the latest progress. 

Regarding arrangements for carrying out 
investigations on irrigation pr~ctices, water 
requirements of crops, etc., some work was 
being taken up at Borkhera Farm. 

GUPTA (S. N.) enquired how far experi
mentation was possible for trials for double 
cropping and also as to what area should be 
required for startirrg trials on double crop
ping. He' would like to know if it was possi
ble to start this work in conjunction with 
studies on water requirements of crops. He 
was interested in this problem both from the 
point of view of economics and water utilisa
tion. He also felt that certain areas should be 
selected in the field for taking up work 
regarding this. 

M~KHTAR SINGH said that cropping pattern 
studies were not feasible by experimentation, 
because the second crop could never be the 
experimental one as the effects of growirig the 
first crop would persist in the experimental 
fields. It was, however, possible to calculate 
combinations of cropping patterns after find
ing water requirements of crops. 

SOOD (M. L.) said that he had a problem 
regarding cropping pattern in M.P. wherein 
the area irrigated from Govt. works was 
about 0.405 million ha. (1 million acre) out 
of which 0.324 million ha. (0.8 million acre) 
lay in Mahakoshal where irrigation was con
fined to late paddy. The irrigation season fQr 

this was from the middle of July to the end 
of October. After this, the entire irrigation 
system lay idle. He was eager to find a solu
tion to this problem. If the cultivator took to 
early paddy, yields dropped considerably, 
almost from (30 maunds to 15 maunds per 
acre). . With late paddy, wheat yields were 
extremely low. Adoption of winter rice in
volved the consumption of a lot of water 
which could not be justified in relation to 
low irrigation rates. He was, therefore, keen 
that some guidance should be given to the 
cultivator of M.P. about this: 

MUKHTAR SINGH pointed out that similar 
problems existed in Bihar. 

PANDEY (H. N.) then gave an account of 
cropping patterns in Bihar where not only two 
crops but even three had been grown, includ
ing two paddys and one wheat. Regarding 
Aus paddy, although yields were not lower, a 
lot of damage was caused by Gundhi bug. 
The cultivators were not used to chemical con
trol of the same, so Au.r paddy was not popu
lar. He had successfully tried combinations 
of AUf and winter maize. Even maize plant
ed in December or January with local varieties 
gave quite good yields. He had tried paddy, 
wheat, maize as well as two paddys and gram 
or hot weather maize· His suggestion for 
Madhya Pradesh was, therefore, that paddy 
should be fo!!owed by winter rp.aize which 
should succeed if the minimum temperature 
normally did not fall below 40°F. 

MUKHTAR SINGH suggested onion as an alter
native for combination with paddy but this 
was not suitable for a large area. 

I 

BALESHWAR NATH enquired about the area 
where the trials of H. N. Pandey had been 
undertaken. 

MUKHTAR SINGH informed that this was for 
Shahabad District. 

PANDEY (H. N.) said that winter maize 
. which had been ·adopted as a Rabi crop in 
preference to wheat or gram gave yields as 
high as 1.87 to 2.23 tonnes (55 to 60 maunds). 
Moreover the crop possessed an adoptability to 
stand under conditions provided irrigation 
facilities were available. 

BALEsHwAR NATH enquired as to whether 
maize could succeed in West Bengal. 
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MUICHTARSINGH said that maize was an 
ideal crop to be followed after paddy. He had 
already recommended maize for West Bengal, ,. 
Orissa, Madhya Pradesh and Rajasthan in his 
tour report. He was not in favour of late 
wheat, as the sowing of 0.037 tonnes (one 
maund) of. seed could yidd only 0.074 to 
0.11 tonne (2 to 3 maunds) of wheat .. 

MuIIDA (U. N.) enquired as to how late 
maize could be taken up. 

MUKI-ITAR SINGH said that it could be grown 
even in January. 

GULHATI (N. D.) enquired about water 
requirements of maize. 

MUKHTAR SINGH said that tills was of the 
order of 2055.80 cu. m. (20 acre-in.) for winter 
maize. 

TAUT! (R.P.) gave some information 
regarding results for Gujarat wherein a com
bination of paddy-hybrid maize liad been 
tried. The yield of the latter was 1360 kg. 
per acre. According to him, maize nad a 
great future. 

PANDEY (H. N.) said that trials had been 
cOllducted on maize ever since 1959. He gave 
the reference of an article by him on the sub
ject in Indian Farming, October, 1%1. 

SooD (M. L.) enquired as to whether he 
could take it that it was the opinion of the 
Hoose that rice coul(f be followed by maize. 

MUlt.I-ITAIt SINGH suggested investigations 
through pilot projects .. He had been surprised 
te find that maize was tried' even in Scotland. 

TALATI (R. P.) felt that one practical diffi
culty regarding this would be the supply of 
manures. When maize was to be sown after 
rice, tillage had to be done and applications 
of large quantities of manures were necessita
ted. The problem of dearth of manure could 
be solved only by application of organic 
manures. Another problem for this would be 
the question of the adoption of different 
varieties of paddy. 

MUKHTAR SINGH said that it should not be 
difficult to get manure when the country was 
having big plans for the manufacture of ferti
lizers and he would be surprised if the uilisa
tion of manures would itself pose a problem. 
23··-4 em & P/69 

. ANAND (D. B.) enquired as to whether 
market could be found for so much maize· 

MAHIDA (U. N.) remarked that it could be 
consumed in starch factories which would be 
set up with increased production of maize. 

GULHATI (N. D.) said that maize could .be 
utilised as a cattle feed. 

FRAMJI (K. K.) (CHAIRMAN) said that tile 
combination of rice followed by maize was 
certainly worth trying and felt that large scale 
trials should be conducted for this. 

BALESHWAR NATH enquired about the soil 
requirements of maize. 

MUKHTAR SINGH replied that generally heavy 
soils under well-drained conditions were best 
for maize. For Rabi; there was no problem of 
excess water. Maize did need irrigation. 

SOOD (M. L.) said that the projects in 
Madhya Pradesh were designed for one crop 
only, but the Government was being persuad
ed to adopt two crops, although it was not 
known still as to what second crop should be . 
taken up. ' 

TALATI (R. P.) said that maize was grown 
in Panch Mahal District in Gujarat in large 
areas which had light soils. But there was a 
Kharif crop. 

In. Relationship between Water Require
D1ents, Evaporation and Rainfall 

FRAMJI (K. K.) (CHAIRMAN) invited com
ments on three papers on the subject of water 
requirements in relation to evaporation and 
rainfall. 

DISCUSSION 

MALIK (A. K.) regarding effective rain
fall, he said the subject was not brought up in 
his paper, although mentioned in the general 
reporter's summary about his paper .. He said 
that amongst the important factors affecting 
effective rainfall were intensity of rainfall and 
soil permeability. No large scale experiments 
had been conducted in India on effective rain
fall. There were many equations for calculac 

ting effective rainfall, e.g., Thornthwaite, 
Ryder, etc . . Due to the lack of an adequate 
network of 'stations with self-recording rain
guages, there were 'difficulties in the 
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calculations of effective rainfall, as in the 
absence of self-recording rain-gauges, inten
sity of rainfall ;:ould not be obtained. 

FRAMJI (K. K.) (CHAIRMAN) said that the 
Symposium would no doubt be interested in 
the proper evaluation of effective rainfall and 
dependable rainfall. He invited comments on 
these aspects of great importance of irrigation 
engineers, who would like to hav~ some 
guidance on this important subject. 

Roy (S. E.) said that comments had been 
given on similar lines in his paper. More data 
was needed on climatology to put Irrigation 
Engineering on a scientific basis. For this, 
three curves were needed urgently, namely: 
(1) normal rainfall distribution curves by 
weeks, (2) minimum rainfall distribution, by 
weeks expected in 5, 10, 15 years so that some 
idea could be had regarding expected 
droughts, (3) variability ot rainfall from year 
to year for every week during normal crop 
season. It was very necessary to have inten
sity of rainfall'records wherefrom it might be 
possible to derive some universal prediction 
formula for effective rainfall. He felt that 
graphs should be prepared for homologous 
regions in the country. He c;xpressed difficulty 
in the collection of data, particularly regarding 
intensity of rainfall, from the India Meteoro
logical Department wJllch should make such 
information more easily accessible. 

BHATIACHARYA (A. P.) mentioned about 
some studies on cycle of rainfall carried out in 
a number of districts in D.P., for which proba
bilities of extreme rainfall had been worked 
out. I 

GULHATI (N. D.) suggested that a resolu
tion should be drafted regarding important 
lacuna in rainfall data and necessary steps for 
meeting the deficiencies. 

FRAMJI (K. K.) (CHAIRMAN) welcomed this 
'as a good suggestion. 

ANAND (D. B.) said that regarding coverage 
of rainfall the India Meteorological Depart-

. ment had issued recommendations pertaining 
to floods on the question of rain-gauges within 
the catchment. He/knew that there was already 
a move on the part of th'e India Meteoro
logical Department to make further recom
mendations on the subject. 

GULHATI (N. D.) felt that for each b:!.sin, 
data should be studied and processed by the 
project authorities; this should not be the 
responsibility of the India Meteorological De
partment. Only the collection of data should 
be on a centralizs:d basis. 

FRAMJI (K. K.) (CHAIRMAN) said that the 
need for the resolution was not so much on 
the issue of adequate coverage, but for the 
where-withal to make up the data ~n the 
intensity of rainfall and on evaporation. The 
study proposed by Shri Gulhati for each basin 
should be aimed at determining the lacunae 
due to the insufficiency of self-recording raill
gauges ,for obtaining data on intensity of 
rainfall and for evaporation measurement 
stations. 

BANERJI (S.) said that recommendations had 
been made by the India Meteorologic:!.l De
partment for the setting up of 1,200 rain
gauging stations, both ordinary and self-record
ing. But the setting up of the stations was the 
responsibility of States. He mentioned that no 
information had been supplied by the States, 
except .Madhya Pradesh, regarding the imple
mentatIOn of the recommendations of the 
India Met~orological Department. Regarding 
self-recordmg stations, whose installation 
should have been completed by tlle end of the 
Second Five-Year Plan, not much had been 
done to carry out tlte implementation. For 
evaporation, for which 75 recording stations 
had been recommended by the India Meteoro
logical Department, the position was the same. 
He said that the supply of information by the 
India Meteorological Department was not al
ways possible owing to lack of funds. He was 
very happy at N. D. Gulhati's resolution 
which would strengthen the hands of the 
India .Meteorological Department by having 
a s~eclfic recommendation from the irrigation 
engmeers. 

BALESHWAR NATH remarked that in 
Northern India, dew was nature's gift. He 
wa?ted to know about its part in soil conser
vatIOn and effects, if any, on water require
ments. 

MUKHTAR SINGH said that qualitatively dew 
~ad .some effect which might be statistically 
slgl11ficant, but it was guite small and not 
being considered so far. 

, 
GULHATI (N. D.) enquired if any measure

ments were being undertaken for dew. 
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BANERJI (S.) said that the supply of 
information by the India Meteo.rologica~ 
Department was not always possible owing to 
lack of staff. . 

MALIK .( A. K.) opined tpat dew is not. d:
posited on soil, but on plants from wher~ It IS 
evaporated off. During the day, mOIsture 
was breathed out by soil, while during the 
:night, moisture was breathed in ?y th~ soil 
which has reached the hygroscOPIc mOIsture 
conditions. Dew may have an indirect effect 
on evapotranspiration by tending to incre~se 
local humidity, particularly on days WIth 
little wind. 

Roy (S. E.) said that recent research had 
shown that dew could cut down the evapora
tion rate and had what is known as 'oasis' 
effect. So, from the microclimatic point of 
view, evapotranspiration was affected by dew. 

BHATIACHARYA (A. P.) commenting on N.G. 
Dastane's paper, said that Thornt~waite for
mula had been recommended for the climato
logical approach. Studies had been carried out 
at th~ U.P. Irrigation Research Institute, 
Roorkee on climatological approach using a 
number of standard formulae including those 
of Thornthwaite, Penman, Blaney; Lowry
Johnson, Hargreaves and Van Bavel. Penman 
and Blaney-Criddle formulae both gave best 
results, out of which the latter is preferable in 
view of the simplicity. Commenting on 
Ayyar and Padmanabhamurthy's paper (11) 
he said that Black Belani Atmometer had been 
recommended for the determination of poten
tial evapotranspiration. Potential evapotrans
piration was connected with evaporation by a 
formula containing a constant which could be 
determined for any place. As pan evaporime
ten were in wide usage for the determination 
of evaporation he did not understand the idea 
of introducing a new device for working out 
potential evapotranspiration. 

Roy (S. E.) commented that gravimetric 
method, adopted in Ayyar and Padmanabha
murthy's paper (11) was very difficult. So he 
suggested the use of Piche's evaporimeter. In 
view of its inexpensive nature, it could be 
bought rapidly and put in Stevenson's Screen. 
Four to six Piche's evaporimeters would be 
good enough. It would be free from the trou
ble with evaporimeters .which were disturbed 
by trees and animals, which also was the case 
with the atmometer recommended in the 
paper. 

BANNER]I (S.) commenting on Dr. Roy's re
marks, said that Piche's evaporimeter was now 
being given up. In view of the fact that their 
recording was dependent upon a number of 
personal factors.· Even a slight pressure on the 

. clip vitiated results. 'Open pan evaporimeter 
was undoubtedly the best approximation to 
field conditions, but the disturbing factor of 
birds and animals and the electrical gadget for 
measuring the water-level going out of order 
was there. Gravimetric approach was rather 
costly and not manageable. So he felt that the 
atmometer should be given atrial. 

MUDGAL (S. C.) said that the difficulty re
garding the disturbing factor of Class 'A' land 
pan by birds might be met with by putting a 
wire net above the pan. 

Roy (S. E.) said that he felt that Piche's 
evaporimeter should not be considered to. be 
a substitute for pan evaporimeter. According 
to Israelson, six Piche's exaporimeters gave as 
good readings; if not better, as those by opell 
pan evaporimeter. Even the cost of six Piche's 
evaporimeters worked out to only 1/6th of 
that of a pan evaporimeter. 

FRAM]I (K. K.) (CHAIRMAN) called upon 
the General Reporter to give a resume of the 
discussions held on the papers on cropping 
pattern and water requirements, evaporation 
and rainfall. 

MUKHTAR SINGH while giving a resume, said 
that much useful discussion had been carried 
out on the two subjects. An important p~int 
which had emerged was the adoption of 
maize as a second crop. He felt that this might 
take the shape of a recommendation. Regard
ing the two papers. 9 & 10 by PatiI, Mehta 
and Shekhawat, he felt that the basis of adop- . 
tion of the cropping patterns recommended 
in the papers had to be understood more fully 
and some points needed clarification, which 
could not be done in the absence of the 
authors. Coming to climatology, he felt the 
subject to be of importance. Even in England 
where there was practically no irrigation, the 
climatological approach was tried scientifi
cally. He recommended this as an interim 
study for all irrigation projects where estimates 
for water requirements could be given by the 
water-budget method. An important sugges
tion had come out from N. D. Gulhati re
garding the filling up of lacuna pertaining to , 
the recording of rainfall and evaporation. 
He could not understand as to how 



174 OPTIMUM REQUIREMENTS AND UTILISATION OF WATE~ FOR IRRIGATED CROPS ' 

evapotranspiration worked out to be hig~er DISCUSSION 
during germination and tillering than dunng SIDHU (T. S.) said that soil surveys had been 
elongation in Ayyar and Padmanabhamurthy undertaken for 30 irrigation projects, covering 
studies. 11.08 million hectares (27.4 million acres). 
, PADMANABHAMURTHY (B.) intervening, said Reports were summarized int~ a brief ~hart 
that no explanation had been sought, regard- giving s;:tlient features. The studies were aimed 
ing this point. at deciding the feasibility of irrigation for 

soils within the commanded area of project. 
MUKHTAR SINGH continuing, said that it wad It was possible that ameliorative measures 

time that this point! was looked .into ~n might be called forth for some soils. Regard-
explanation sought thereof. Regardmg Pl~he ina arid and semi-arid regions, studies had 
evaporimeter, he felt that this coul~ not give be~n taken up 'on sub-soil water-table, salinity 
a true picture of evaporation, as, bemg kept and alkalinity, which were very important in 
inside 'Stevenson's screen, this brought out only such regions. For humid and sub-humid re-
the drawing power of the air. gions, like Kosi and West Bengal, the problem 

IV. Soil and Soil Moisture Studies of rise in water-table was not as important as 
for arid and semi-arid regions. How soil sur
veys could lead to better cropping pattern was 
indicated in his paper (28). A simpli1ied for
mula was given with the aid of which delta 
for different crops under different conditions 
was worked out. Correction factors would be 
needed for soil texture, salinity, alkalinity, 
temperature and sub-soil water-table. Deltas 
had been worked out for the Rajasthan Canal 
on this basis. The results tallied fairly well. 

FRAMJI (K. K.) (CHAIRMAN) called upon 
the General Reporter to present his report re
garding the papers on the subj~ct. 

MUKHTAR SINGH reading out his General 
Report said that Dr. Rai Choudhary (20) had 
suggested the criteria of pH, soil texture, 
water holding capacity, exchangeable salts and 
suggested the determination of. cr.iter~a of th.e 
Snell's classification for pre-lrngatton soli 
surveys. He had further recommended mecha
nical analysis of soils and the determination. of' 
available nutrients of water to assess the SUIta
bility of soil for irrigation. He had suggested 
five groups of soils and recomme.nded that 
classification of soils should be SUItable for 
agronomists and engineers. 

Sidhu and Cuddou had also presented a 
paper on the same subject, i.e., pre-irrigation 
soil .mrveys. Mudgal (12) while giving mois
ture characteristic curves of the three soils, 
had indicated the practical utility of such 
curves in planning irrigation experiments. 
Work had been undertaken for Bazuria clay, 
Rehovot sand and Bichpuri sandy loam. 
Moisture tension and moisture percentages 
were worked out within available range of 
soil moisture from the field capacity to the 
permanent wilting point. The curves were 
hyperbolic in shape. According to Mudgal, 
these curves would eliminate the use of mois
ture and tension measuring devices. Such de
vices would still be useful in conveniently 
following moisture tension for scheduling 
irrigation in experiments. 

'FRAMJl (K. K.) (CHAffiMAN) then called 
upon authors to offer comments on their 
papers. 

MUDGAL (S. C.) said that'it was not meant 
that gypsum and tensiome~ers should be done 
away with altogether. The recommendation!; 
in his paper pertained only to such areas in 
which there were no facilities for gypsum 
blocks and tensiometers. For such areas, 
curves of the pattern indicated in his 'paper 
(12) could be drawn in some laboratory, such 
as LA. R.I., easily and the work could be 
carried on thereafter with the aid of those 
curves. He gave figures for values of atmos
pheric pressure corresponding to field capacity 
given by a number of research workers. He 
wished to seek the opinion of experts present 
in the Symposium on the subject. 

MUKHERJEE (B. K.) commenting on Ray 
Choudhury's paper (20), said that while a 
list of 4 factors had been given for evaluation 
for soils, the same had been elaborated where
in two more investigations were recommend
ed. It was important to have pre-irrigation soil 
surveys, but it was essential to know the true 
criteria for determining the suitability of an 
area for irrigation. It was worth knowing whe
ther there was an impervious pan in soil pro
file 1.2 to 1.5 m. (4 to 5 ft.) below the ground. 
Although the depth to water-table had no 
bearing on changes in water-table, information 
regarding the latter was pertinent. According 
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t~ him it was important to have information 
regarding the soil profile up to a depth of 
1.8 m. (6 ft.). Commenting on Mudgal's paper" 
(12), he said that he was unable to appreciate 
practi,cal implications of arranging the values 
of moisture retentive power for the tluee soils 
considered in the paper in a descending order, 
for different groups of soils could not be con-

, nected in the same way as had been done by 
the author. 

MUK~TAR SINGH explained the significance 
of soil-moisture energy concept and elaborated 
as to how on the basis of this irrigation was 
to be applied within the range between field 
capacity and wilting point. 

MUKERJEE (B. K.) felt the energy concept 
to be quite useful and recommended that this 
should be propagated more extensively among 
soil workers, as, this would be of great impor
tance in crop planqing. 

HOON (R. C.) commenting on Dr. Ray 
Choudhury's paper (20), explained the way in 
which samples were collected. He discussed 
the methods used in carrying out soil surveys. 
In his opinion, sampling should be done up 
to a depth of 2.4 to 3.0 m~ (8 to 10 ft.) or the 
sub-soil water-table whichever was less and 
extended .to any hard pan which might be 
met with. For agronomists, a depth of 45.7 cm. 
(18 in.) was allright for soil sampling, but 
for. irrigation engineers, this was quite insuffi
cient. It was important to have complete in
formation regarding sub-soil water-levels. 
While the practice was to collect the informa
tion from adjoining wells, it was better in 
some cases, particularly where there were no 
nearby. to sink wells and have water-table 
readings once a month or fortnight through
out the year. The information regarding fluc
tuations in water-table had to be correlated 
with respect to the texture of the soil which 
might be determined by m~chanical analysis. 
He felt that data regarding plant. nutrients 
should be collected only when cropping 
pattern was to be decided. He suggested that 
the ~ata collected by T. S. Sidhu pertaining 
to sot! surveys for over 10.9 million hectares 
(27 million acres~ should be compiled in a 
volume or memOIr and made available to 
soil workers. 

~AHID~ (U. N.) enqUIred as t~ the whether 
SOIl claSSification maps haa been prepared 
and made available. Commenting on Dr. Ray 
Choudhury's paper (20), he felt that it was 

important to have information· regarding first 
permeable stratum which was not mentioned 
in the paper, on which depended the design 
of sub-soil drainage channels. He recommend
t:d soil sampling up to a depth of 2.4 to. 3.0 m. 
(8 to 10 ft.) as this data was needed for de
signing land drainage system. Fertility studies ' 
were felt to be too elaborate by him. . 

MEYDO remarked that soil sU,rveys should be 
a must in all irrigation projects. Commenting 
on T. S. Sidhu's paper (28) he said that no 
mention had been made· about frequency of 
soil sampling. It was to be remembered that 
soil characteristics varied rapidly. While pre
irrigation surveys were meant for s'pecified 
purpose, e.g., drainage, which was to be fol
lowed frequently, it was important that fre
quency of soil sampling .mould be decided 
before hand. Commenting on Dr. Ray Chou
dhury's paper, he said .that the tests mentioned 
were inadequate in some points. While agri
cultural and fertility surveys should extend up 
to 45.7 cm. (18 in.) soil sampling should go 
on Up to 2.4 to 3.0 m. (8 to 10 ft.) for drainage 
surveys, beyond which water should not rise. 
Information regarding first impervious strata, 
drainage capabilities of soils, salt contents of 
drainage watei' was important. Soil surveys 
were to form a continuous process. All, agency 
had to be set Up for keeping a watch on soil 
conditions, water-table, salinity and making an 
evaluation from time to time. 

SIDHU (T. S.) mentioned that fluctuations of 
water-table were observed in selected wells 

. monthly for tluee or "foui' years as a part of 
pre-irrigation survey. . , . 

MEYDO said. that this was not . necessary. 
Water-table was. to be observed more exten
sively where it was high. 

SIDHU (T. S.) said. that this was' done with 
a view to study the quick changes in the 
water-table during monsoons with a view to 
determine the durability of soils. Although the 
grid squares were generally 404.69 to 809.78 
hectares (1,000 to 2,000 acres) this was reduced 
even to 40.47 ha. (100 acres), if necessary, in 
the event of any doubt. . . 

BHATTACHARYA (A. P.) said that some infor
mation had been collected by him from 
National Vegetable Research Station, Welles
bourne, Warwick, U. K. according to which 
field capacity corresponded to 0.03 atmosphere 
in some cases, so it was not safe to lay dowQ 
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a range of 0.3 to 1· atmosphere for field capa
city for universal usage as had been done in 
Mudgal's paper (12). 

Roy (S. E.) referred to Robinson and 
Baver's work wherein means had been sug
gested on the basis of pore size distribution. 
Where the curve flexed the corresponding 
value could be taken as that for pF. For deter
mining the tension corresponding to field 
capacity, standard tables were being used in 
America on the basis of pore size distribution. 
He mentioned some omissions in Dr. Ray 
Choudhury's paper (20) regarding the tests 
to be adopted for. pre-irrigation soil surveys. 
He was referring to slope group. 

MEYDO said that this had already been done 
in Gujarat. 

Roy (S. E.) continuing, said that infiltra
tion rate constant, omitted in Dr. Ray Chou
dhury's tests, should also be taken into consi
deration. Structure should be determined from 
the tension tables, wilting point from available 
moisture contents. Soil analysis was not neces
sary at every depth. The depth could be divid
ed into three zones, out of which 'B' horizon 
might be more important than the 'A' hori
zon. Leaching requirements which might be 
needed after the determination of the salt con
tents were also to be considered. Water-table 
fluctuations had to be studied regularly for 
obtaining information regarding sub-soil· 
water-table. It was not necessary to study sub 
soil and water-table conditions up to 2.4 or 3.0 
m. (8 or 10 ft.). As. a matter of fact, water
table below 1.1 m. (3.5 ft.) actually lowered 
the yield. In Holland, the depth of water-table 
was controlled even when the depth was up 
to 1.2 m. (4 ft.) below the ground. So soil 
surveys were needed only up to 2.1 m. (7 ft.) 
below the ground, for standard drainage dit
ches never went below 2.1 m. (7 ft:). 

CHATURVEDI (R. S.) said that it was impor
tant to study the availability of water vis-tl--vis 
salinity, besides the variation of pF value with 
variability of soil contents according to the 
energy concept. Osmotic pressure was an im
portant factor in these studies, on account of 
which it :vas necessary to study the quality of 
water which. would affect osmotic pressure ir 
the plant. In view of the complexity of the sub
ject, .it Was imp6rtant that some leading agro 
nom 1st should comeforth to standardize this 
work. It was possible that high water require~ 

, ments in Glljarat might be explained by study
ing the soil contents. He had found that wheat 
could be grown in some alkaline soils with a 
number of waterings. 

MUOGAL (S. C.) said that total soil moisture 
stress was the sum of soil moisture tension 
plus osmotic pressure in soIT solution. This was 
most important for saline soils. Regarding the 
figure of 0.Q3 atmosphere for field capacity, 
he did not understand how this could be so 
low for at this stage even saturation point 
would be crossed. 

OSTERKAMP (Holland) confirmed the re
marks of Dr. S. E. -Roy. There were places in 
Holland where the water-table was maintain
ed 0.6 to 1.2 m. (2 to 4 ft.) below the ground. 
He felt that infiltration irrigation or irrigation 
with root zone depth within the water-table, 
which had been mentioned in one of the 
papers (2) would lead to salinity danger and. 
accumulation of salts in top soil. This was 
being managed in Holland by sub-soil drain
age. Infiltration ratio, 'K' factor was determin
ed in Holland under field conditions with 
saturation soil moisture by the auger hole 
method. Accumulation of salts could be done 
away with by leaching. 

HOON (R. C.) said that Dr. Roy's point re
garding stratification of soils in 'A' and 'B' 
horizons was feasible only in forest soils which 
contained organic matter and not in agricul
tural soils. In stich soils it was important that 
soil surveys were carried out up to 2.44 m. 
(8 ft.) or water-table whichever was nearer 
unless some hand pan was met with which 
might not be probed. It had to be remember
ed that if salinity was not pushed below 2.44 
m. (8 ft.) it would come up by itself. To 
ensure that salinity did not exist up to that 
depth, soil surveys had got to be carried out 
up to a depth of 2.13 m. (7 ft.). A better 
practice was to dig a pit and study the soil 
characteristics therein in detail. 

BALESHWAR NATH felt that it was necessary 
to lay down certain specific criteria for guid
ance of irrigators with regard to dosage of 
irrigation based on requirements of soil as· 
revealed by detailed ~0i1 surveys. He stated 
that vast areas in the Punjab which have be
come water-logged in recent years must have 
been subjected to wrong and unscientific irri
gation applications. The errors committed in 
the application of water to water-logged areas 
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in the Punjab will prove extremely useful if 
they are brought out. It was a pity that such" 
large extent of areas were lost in spite of 
highly developed technical knowledge avail~ 
able in the State of :Punjab. 

Soop (M. L.) ~aid that he knew that no soil 
surveys had been done in the Punjab. Due to 
partition, reclamation activities could not be 
taken in hand there. 

FRAMJI (K. K.)' (CHAIRMAN) informed the 
House that there were regular five yearly soil, 
surveys in Sukkur Barrage area in Sind. 
Water-table observations were also taken re
gularly both in the pre-m:onsoon and post
monsoon periods. These data are used for 
determining the suitable crops for the areas 
as well as the effects of rice irrigation. 

JAIN (J. P.) said that only spring level read~ 
ings were observed in U.P. and. not in Sind. 

BALESHWAR NATH informed that rice irriga~ 
tion was on the increase in the Ptinjilb and 
so water-table was going up. 

TALAT! (R. P.) informed about the soil 
maps, containing hydro-isobars which werc~ 
made in old Bombay State 40 years back, 
which were useful for the irrigator. Maps of 
different sizes were u~d, for the sanction 
of blocks as also drainage capability. Pre-irri~ " 
gation soil surveys had to, contain information 
particularly for water~table, during khart'j and 
rabi, electrical conductivity, texture or permea~ 
bility. 

FRAMJI (K. K.) (CHAIRMAN) called upon 
the General Reporter to give a resume of the 
discussions. 

MUKHTAR SINGH commenting upon the dis~ 
cussions, 5,aid that the important tests regard~ 
ing pre-irrigation soil surveys, which had come 
out as a result of the discussions, should be 
(i) soluable salt contents, electrical conducti~ 
vity, exchangeable sodium percentage, water 
holding capacity, depth of soil, information 
regarding hard pan, permeability. Regarding 
water-table, the minimum frequency of obser~ 
vation should be twice a year, pre-monsoon 
and post-monsoon, and if possible,' once in 
between. Regarding available nutrients, he felt 
that this could be adjusted by proper soil 
management, but a study of the soil physical 
constants was important. The suitability of 
pre-irrigation soil surveys had been fully 
agreed upon. While pre-irrigation surveys 

might be simpler, post-irrigatio~ sUrveys had 
to contain more detailed information. Moi~ 
ture tension studies were also necessary, a 
knowledge regarding moisture capacity bet~ 
yveen field capacity and wilting point being 
Important. Quality of irrigation waters had 
also to be studied. Regarding soil moisture 
characteristic curves, the variations had already 
been explained. He said that saturation point 
existed only at zero atmospheric pressure and 
it was possible for the soil moisture to attam 
the value of 0.03 atmospheric pressure. The 
value for clay soils was of the order of 0.05. 
Usually the value of 0.1 to 0.15 was taken for 
field capacity. Previous data had to be colIect~ 
ed in this connection. ' , 

FRAMJI (K. K.) (CHAIRMAN) said that it 
was, fully agreed upon that no irrigation pro
jects should be taken up from now onwards 
without pre-irrigation soil surveys. , 

V. Optimum. Water Use 

FRAMJI (K. K.) (CHAIRMAN) then called 
upon the Gener:V. Reporter to introduce the 
subject. Dr. Mukhtar Singh then read out the 
General Report. I 

Kumra (14) had given a detailed account, 
of the methods of economising water use by 
careful attention to the principles of reduction 
of water losses in conveyance, distribution and 
application in the field. He had also stressed 
the importance of coordination of irrigation 
requirements vis-a-vis rostering of channels. 
He had also referred to the existing pro
grammes of research, training and demonstra
tion in water use. Doddiah (2) had also em~ 
phasized the need for field control for con~ 
trolling and regulating supply of water ac
cording to crop needs. Walter (13) had re~ 
ported that better results could be obtained by 
delivering water at intervals in large volumes 
than by delivering a constant flow for a defi~ 
nite period by the adoption of a rotational 
system. 

The scope and limitations of the suggestions 
could be considered at the Symposium. As 
there were no discussions, the Chairman closed 
the subject b~ thanking the General R~porter. 
Future Programme 

MUKHTAR SINGH commenting upon future 
programme of work on the subject, felt' that 
work should be organised on a more scientific 
basis, ~e questi?n of, cropping pattern being 
taken mto consIderatIon. In this connection, 
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the suggestion from Bihar regarding the adop
tion of a second crop could be tried. The ques
tion of collection of meteorologlcal data was 
already going to be taken up by the Sub
Committee framed on the subject. He recom
mended that greater use should be made of 
the climatological approach for the determi
nation of water requirements .. 

DISCUSSION 
FRAMJI (K. K.) (CHAIRMAN) said that as 

there was a lot of variation in the methods 
followed by research workers at various sta
tions it was important that steps. should be 
taken for a standardization under the guid
ance of Dr. Mukhtar Singh. 

MUKHTAR SINGH replied that a Committee 
had already been formed on the subject by the 
Indian Council of Agricultural Research. A 
note had been prepared by him ana circulated 
to eminent irrigation engineers and agricultu
ral scientists. Defects in the previous approach 
had been pointed out therein ap.d a pro
gramme had been chalked out for future ex-
perimentation. Comments had . been invited 
and he had still to redraft the note incorporat
ing the suggestions received on the subject. 
Dr. B. K. Mukeriee who was present in the 
Symposium had been asked by I.C.A.R. to 
compile a review of the past work done on 
the subject. Deliberations of the Symposium 
would be helpful to Dr. B. K. Mukerjee in 
his work~ w.hile taking stock of the past work 
and indicating future progralIU\le of experi
mentation, it was pointed OUt that it was for 
the States t.o implement the recommendaions 
without which no progress was possible. 

ANAND (D. B.) said that while a lot of 
progress was being made on research work on 
the subject, there being 37 stations .under 
I.C.A.R. besides 5 in project areas, as also 
State Research Stations, some 'Coordination was 
needed on the subject so that substantial pro
gress could be made regarding field applica
tion of such factors as were of interest to the 
irrigator, e.g.; level of irrigation, interval bet
ween irrigation treatment, etc. So far no ready 
solutions were available o.n the subject. While 
it was a $ood thing to know about optimum 
levels and frequencies of irrigation, which 
cQJlldpossibly be applied only by private irri
gators having tube-wells, it was impossible for 
the irrigation engineers to apply water at the 
time and up to the quantity recommended. It 
was, therefore, important that one should 

know what percentage of the optimum yield 
would be obtained if alterations were made in 
optimum levels in accordance with practical 
considerations. 

MUKHTAR SINGH s.aid that it was certainly 
possible· to work out suitable levels from opti
mum to lower figures. But still it was impor
tant that work on experimentation should be 
continued to gain more knowledge. 

ANAND (D. B.) said that he agreed that ex
periments should be continu~d. What he felt 
was that practical solutions should be availa
ble. He was facing some problems such as 
those by M. L. Sood in Madhya Pradesh. He 
referred to the Vidarbha area and Gujarat 
where the problem of growing a winter crop 
was baffiing the irrigation engineers. 

MUKHTAR SINGH recommended . water 
balance studies in this connection. It was im
portant to know water requirements for any 
region on .the basis of which it was possible 
to lay down criteria for the utilisation of avail
able irrigation waters. 

ANAND (D. B.) said that rough and ready 
results wete needed immediately regarding 
water requirements for various regions in the 
State with respect to local soil and climatic 
conditions. It was desirable to have a table for 
every region. Recommendations 'slloufd include 

. multi-cropping patterns as als.o the quantity of 
water requireafor each crop keeping practical 
considerations in view. 

MUKHTAR SINGH said that this could be done 
by the climatological approach. 

FRAMJI (K. K.) (CHAIRMAN) said that what 
was being stressed was that up-to-date informa
tion which was available on the basis of irri
gation research could be circulated. 

SOOD (M. L.) wanted that a comprehensive 
note should be drawn up regarding the me
thods involved and equipment required for 
pre-irrigation soil surveys. 

MUKHTAR SINGH said that this could be 
done. 

SIDHU (T. S.) intervening, said that a circu
lar had been issued by the Central Water and 
Power Commission to all State Chief Engi
neers eliciting information on the subject, but 
the response had been poor. The manual on 
pre-irrigation surveys was in preparation 
under a directive from the Planning Commis
sion. 
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Resolution 

Noting 
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essential to meet such demands 
particularly in view of the large 
increase in the irrigation poten~ 
tial of our country; 

• 

that the existing networks of re~ 
cording rain-gauges and evapora~ 
tion measuring stations in India 
are very inadequate for the pur~ 
pose of proper planning of Irri~ 
gation and Agriculture on a 
Scientific basis; 

Recommends that urgent steps should be taken 

Considering that the above basic dal.l are 

by the Government of India to 
fill up the lacunae in the existing 
networks of self recording rain~ 
ga~ges and evaporation measur~ 
ing station. 
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