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Water Requirements of Crops, with Special
Reference to Rice

By

Snr M. B. V NARASINGA RAOQ,
Paddy Speeielist, ' Coimbatore,

‘Bince all agriculture is dependent on water, it is not surprisng that
centres of ancient civilization have all been close fo perennial river
sjrsi-emé._ Later on, people have constructed dams and storage reservoirs.
to apfe&';i out the water supply from  these rivers more uniformly and
control the risk of periodical floods and  inundations. Tank systems are
also similar in their aim and execution, In any system of irrigation
however, one has to take into account the gquantity of water available and
the quantity needed by different crops at different stages of their life
eycle,

The present paper is a review nf the work done so far in India, on
the water requirements of ‘different crops, with special emphasis upon Rice,
as it is the most important amongst all our food crops. The material has
been culled out from various Annual Reports oi- different State Depart-
ments of Agriculture and Schemes financed by the Indian Council of
Agricultural Research (1).

The chief factors influencing loss of water from cropped fields are
(1) field evaporation, (2) transpiration by g:owing plants, (3, seepage
losses and (4) the preparatory treatments that the land had undergone,
such as flooding ete. These factors are in turn influenced by climatic
conditions, the nature of the soil and sub-goil, the depth of ground water
table, the length of the irrigation season and the agronomic practices in
vogue in the particular tract in question. Itis also to be kept in mind
that not only do different crops require different amounts of water but
that even the same erop needs different amounts of water at different
stages of its growth-period.

Amongst the factors that influence water losses, the nature of the
goil, the distributing channels and the distance of lead are important, as
they determine the “ transmission losses " as distinct from loss by evapo-
ration. = At Maruteru. in the Godavari deltz, the daily loss of water due
to transpiration was nearly 002 inch. . At Aduthurai in the Tanjore
delta, the loss by seepage amounted to 0-02 to (03 ineh per day, that from
evaporation to another 0-02 to 003 inch, while the loss from actual trans-
piration of the rice crop varied from -01 to ‘06 inch per day in different
secasons and years. Thus the aggregnte loss of water was nearly 0-1 inch

per day.
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An estimate of similar “evaporo-transpiration’ figures is gwen
below for.other crops, as reported by McKenzie Tayior (1} in an
investigntion on tho rise of water table in the Punjab in the Upper Chenaly
Canal area,

Crop. Water consumed (evapors-
trangpiration in inches)
Millet — -8
Maize 9
Cotiton 12
Todder 14
sugarcane ... 38
Rice - - 22
Rice (In Madras) 26 to 20 inches
(over a period of 135 days’
dumtmu}

1t would be clear fr om these data that rice is a crop that needs
large quantities of water, although it can adapt itscli {o some extent to
insufficient water supplies,

Singh and his co-workers in the Banaras University (2) observed
that there were three district periods of high water requirement in paddy,
the first during the secdling stage mteudmg over a period of 10 days, the
sccond during the pre-flowering stage covering about 25 days and the third
during the time when the grains are formed, f.'.m-'eriug a period of & or7 days,

Bihar : Isperiments (2) were conducted to And out the growth of
rice plants under varied conditions of water supply, viz,,

(1) Paddy soil with standing water
(2) Paddy soil under puddled ﬂﬂndibiﬂ!lﬂ _
(3) Paddy soil under a eracked condition

and it was found that paddy thrived best under puddled conditions. The
water requirements of lute or long duration varieties were (as would be
expected) definitely higher than that of early or medium duration varieties.

It was also observed that the water requu ements of drought-
resistant and flood:resistant- types of paddy were lower than that for
ordinary varictics of the same duration greuyp, the dr mxght«rc-mﬂtaut types
being the lowest in their water mqmraments

Both in late and in early varicties there was a gradual rise in water
requirements from the early stages upto the flowering stage, the maximum
being attained just before flowering. The actual water requirement just
prior to flowering was about two or three times the quantity required 10 to
15 days before Howering or the quantity required after flowering was over.,
Soon after flowering, there was a decrease in the water requirement.
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Manuring was helpful not only in enhancing yields ‘but also in
lowering the water requirement. It was further noted that plants receiving
farm-yard manure showed a lower water requirement than those receiving
artificials like ammonium sulphate.

" Once the rice plants had got well established they did not need
standing water, but only a moist soil surface for optimum growth and
yield. In pot-cultures watber-logging was found to retard growth and
tillering, but this aspect needs confirmation from field trials,

Assam: Ixperiments (2) carried out at the Karimganj Farm, to
find out the water requirements of rice under varied conditions, showed
that (1) the waler requirement was somewhat higher in loams than in
" clayey soils and(2) the water requirement was found to be the least in
unmanured plots and the highest in plots treated with Ammophos.

- In Bengal, the minimum amount of water for a successful crop of
rice was found to be 40 inches of total depth. A certain reduction in the
transpiration rate was observed in the case of rice plants manured with
phosphates and it was also noted thatin years of deficit rainfall
phosphates were definitely helpful in maturiug a erop that would other-
wise suffer from insufficient moisture.

It was also noted that excessive watering in the early stages of
growth was detrimental to tillering in the case of aus or autumn paddy,
but during the flowering stage frequent watering was necessary.

| Similar investigations by Sen (4) in the Calcutta University, have
shown 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 allowed. When the field was allowed to crack by drying
out, flowering was delayed in aus paddy. Tlooding the field after trans-
planting for a period of three weeks for aus varieties and somewhat
longer for aman or winter varieties that have a longer duration, followed
by subsequent de-watering, was beneficial to crop growth but during the
later stages of growth, drainage was essential for proper aeration,

The optimum water supply for maximum yields was found to vary
with different varieties of rice.

Hector (5) showed thut the transpivation rate was a warietal
characteristic which remains lairly constant for any given varicty over
a wide range of moisture levels. The rate of transpiration per unit area
of leaf smiace was markedly different between two varietics—one early
and the other lato, that were studied. The transpiration rate was ligher
in the éarly type. In the early type, the ratio of leaf to root was much
larger than in the late type and further the slomats, though neurly the
same in number per unit leaf avea, were also demonstrably larger in size.
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Experiments at Cubback in Origsa (2) indicated that wheze Arrigh.
tiona wére given in addition to rainfall, the paddy yields were improved;
Thus, two thmc aud four inches of water per acre were mzp;_:uhed 16
broadeast winter rice, in addition to the usual rainfall that was recewud'
during the growth period and it was found that 2 inches of "uxtm watr.r
gave the best yields. -

In Madhya Pradesh (3), experiments were sarriad hy Bal '{ ﬁ) with
medium and long ‘duration variefies, growing undér threc cundmm]s
namely, (1) with standing water, (2) watered when needed and  (3) no
irrigation, and in two types of soils ~“Dorsa” clay loams and in
« Matasi” sandy loams, The hest yields were obtained from the- late
variety growing in standing water, both in the clay loams and sandy
loams. In very heavy soils however, the rice crop showed belter growth
under well-drained conditions rather than when grown in standing water,

In Bombay, the water lost by transpiration during the life cyele. of
the 1:1dd3r plant was found to be equivalent to nearly 25 inches of rain.
fall, whereas Singh and his co-workers at Banaras calculated that the
qua;.utaty nsed up in transpiration and evaporation amounted to 274
inches of rainfall. In Assam, the experiments indicated that transpira-
tion rate was closely following the fluctuations in daily temperature,

This type of evidence does not however clarify the guestion as to
why a wet-puddled and submerged condition are necessary for good
growth in rice. It has been suggested that such submerged condition
provides certain constituents that are not available in semi-dry or
¢ merely moist "’ conditions, one such constituent being silicon,

In Madras, nﬂga,tmn exporiments have been carried out by the
Agrmultural Department ih this State, first to ascertain the quantity of
water required by cropsand then to find out the details of time and
quantity of water needed, to secure the maximum yields., Tu the case of
rice the total quantity of 'ﬁﬁ:m"'-:ras detérmined in the first' stage and in the
second epoch the best method of distributing a definite gquantity of water
over the life-time of the rice crop was sought fo be determined. .

Some of the early experiments were conducted in ryots’ fields;
some were with flow irrigation from eanals, while others .were carried out
with irrigation from wells. The aim of these early experiments was to
find-out how much water was needed and at what intervals it should be
supplied for different crops like paddy, cholam, ragi; cottow, cumbu,
groundnut and sugarcane. Later on, the cxperiments were confined to
Agricultural Rescarch Stations with larger areas and a more detailed set
of treatments,

The table below gives the duty of wator for different crops at
different stations in the Madras State (3), representing different tracts
and regions, The duty of water is the irrigation work which w. given



TWaier Requirements of Crops — Rice 543
quentity of woter can perform and is usually shown as the number of
acres-on which a crop ean be irrigated by a continuous flow of water at
the rate of 1 cubic foot per second.
TABLE I
Il!uty of water folr various crops

-

Agricultural Pericd Avorage
Research Sta- Region Soil Crop of duty of
“tion growth water

Marutern Godavari and’ Heavy, black Sugarcane Mar-Jan. 107
; Kriishna deltas clayey soil Banana, do. do. 136
. Rice first crop. June-Deec. 8L

Fice sec ond

.- “ercp. Fob-Mar. o4
Aduthurai © . Cauvery (old Light clay Rico-Kuruvai July-Oct. 68
.delta) {alluvial lonm) »» Samba °  Aug-Jan, 76
_ ' ys Thalaedi Oet=-Feb. a0
Pattukottai Gn uverg {N’Bw Sandy loam Ries-Kuruvai July-Oect. a7
Y Delta) » Samba Aug-Jan, 47
: ' . »+ Thaladi QOct-Teb. G7
Coimbatore  Canal fed, Black cotton Rice Aug-Fob. 6l
supplemented soils—ofa Ragi May-Sep. 130
by wella lighter type Sorghum May-Sep. 120
) Cotton Oct-April 190
Lower Bhavani Project areca Loose, gravelly Rice Aug-Feb. 40
sails,

‘Birnguppa Tungabhadra Heavy, black  Rice July-Dee. 60
. FProject area - cotion soils Sugarcang Mar-Fob. £a
Bajra June-Deg, 103
Ragi - July-Oect. 126
Groundnut Julyv-0Oct. 156
Sorghum ~  June-Sep. 163
Whent Nov.-Mar- 235
Cotton Aug-Mar. 265

The guantity of water needed for rice varies according to the
nature of the soil and locality, the state of the land prior to and at the
time of planting the crop, and the gunantity and distribution of the rain-
fall that is received during the life time of the erop. In certain special
tracts as in the sandy loams of the Pattukottai area, the duty of water
for the I{umwm' r:srop between J uly and October is as low as 37, whereas
1rr1gatmn watm and alsn gond rains hatween June to October, the cluty of
‘the first crop of paddy may be as high as 81. Even at Pattukottai, and
at Aduthirai too, the samba and thaladi crops have generaily a higher
duty of water than the Kuruvai crops.

‘At Coimbatore, where a long duration sambe type of rice is grown
under tank-fod irrigation, an aveorage of 51 inches of water is reguired
per acie in addition to the rainfall that is received during the growth' of
this crop.
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The duty of water in the heavy black soils of the Tungabhadra
Project aren works out to 60, whereas in the loose gmve]ly ﬁmla of - frh.ﬂl
Lower Bhavani Project area, the duty is only 40 for rice. :

The next series of experiments, which were continued from:1938
to 1942 are summarised in Table IT. The results - of these experiments.
though they are not very consistent. still serve 1o indicate the following
conclusions :— O e TR

At Maruteru  Agricultural Research Station (West Godavari
System) the results were not significant for the first erop in any year
but in the second crop season, it was noted that the yields were in pro-
portion to the quantity and frequency of water supplied. The control
plots which received the largest quantity of water nearly always gave the
highest yields. A similar result was noticeable in the sandy loams of
Pattukottai in the Cauvery Mettur Project area, though here too, the
results were not significant in all the seasons,. At Aduthurai, due to. the
fact that the plots where the experiments were laid out were all more or
less at the same level, water that was let into any one plot, got distributed
by mere seepage to practically all plots, so that no conclusions are
possible from the experiments at this Station. :

_ At Coimbatore, where the water supply for the rice crop is from
tank-fed channels, supplemented by well irrigation, the differences were
not significant in three out of five years, i, e,, when the rainfall was
normal or above normal, In years of deficient rainfall however, treat-
ment A i, e, 2" irrigation given at 3-day intervals, gave the best yield
and equalled the yield from plots that had standing water throughout.
Other treatments, receiving water at wider intervals recorded lower
yields,

TABLE II
First set of experiments
Treatments ' .
A—2"in 3 days E—4"in 12 days
B —2" in G days F—4" in 18 deys
C—2"in 9 davs G — Normal for & weeks and
D—4d" in 0 days 4" jn 12 daye
H — Normal — standing water
Results
Yield of grain — Single crop
Paddy Breecding Station, Coimbatore.
. Z teat D,
Year A. B ¢ D E F G H p g5 p—005
B 1938—30 2786 2458 2228 3004 2425 22509 3016 2815 Yes Eﬁﬁ'ﬁ

1939—40 2540 2663 2310 2819 2566 2394 2710 1300  No
1940—41 . 2106 1750 1806 2110 1925° 1663 1806 1950  No
1941—42 4320 38076 3117 4357 3121 2040 3714 4222  No
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Agricultural Research Station
Maruntern—First Crop

o B ! Z test 0.D.

I038—30 2100 8025 801G 2981 T190 2975 3086 3152

103940 2352 2481 2610 2201 2340 2057 2412 63 Yes 473
1940—41 2603 2844 2370 2710 2053 2233 2612 3025  Yes 888
1941°-42 ‘2370 S124 ‘2742 3363 3227 2712 8161 343¢  Yes 3703,

In a sccond series of experiments, from 1943 to 1947, (at tho
Agricultural Research Station, Aduthurai on Samba paddy), the treat-
ments were slightly modified, as-indieated in Table TII,

TABLE Il
1. Second set of experiments—Treatments

A 1" minus= rainfall Once in 34 days
E 1° igﬂﬂﬁﬂg ¥ wes T 31_ 1]
; 2° mious . s B
D: 2° ignoring ,, T 0
E 2" minas ' wen " T P
F 3" minus ' R .
G 4" minops - w ¥ '
H 3" of water atall {imes (Control).
Yield of grain
Year A B € D B T G ® Ztet ¢.D.

P—0:03 P00

- Paddy Breeding Station, Coimbatore.
1843—44 176% 1825 1G16 1028 1734 1481 1913 2047 XNo
1044—45 24067 2755 2717 1T183 26460 2725 2031 2525 * Ko
1835—40 2040 3107 ™07 3012 3201 2018 2069 . 2060 No

"Apgricultoral Rescarch Station, Aduthurai (Sambh)
1943 —44 - 2320 2350 2250 2300 2350 2350 2390 2370 No
1044—45 2530 2627 2506 2612 2400 2450 2353 2533 No
]Ei-l!'r—{iﬁ 306 4130 4250 3865 2000 4030 4040 4100 No

Agricultural Research Station, Maruteru.

1943—44

I crop 3118 J0D4 5133 3001 3245 2078 3004 3311 No

T crop 2451 2486 2474 2325 2302 24207 2354 2500 No

1944—15 _

T erop 4311 3280 3270 2070 30063 3205 3131 180 No

II erop o980 2320 2081 2238 2337 2054 2327 2520 Mo

1534540

T crop - 2200 2336 2328 u314 2340 2445 2895 2456 No

II crop TG0 1607 7932 1464 T2 1602 1662 2005 Yos 258
1540 —47

Ierop 2014 2011 2033 2014 20060 2002 3262 2082 No
1Y crop 1508 1587 . 1872 1430 1352 1481 1442 1783 Yes ags
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These trinls were carried out at Coimbatore, Aduthursi and Maru-
teru. The Coimbatore trials were inconclusive on account of the failure
of monsoons, A% NMaruteru, the control i. e., “depth of water kep‘b'

standing at all times ", gave the highest ym]ds in two first-erop scadons
and was on a par with the treatments receiving water at 3% days intervals,
All the treatments where water was supplied at 7-day intervals, recorded
poorer yields, At Aduthurai, the results of this series of experiments
too, were inconclusive in all the three years of trial,

In a third set of experiments commenced in 1948, the time of
- plunting was varied and the water allowed was given to d:ﬁ'e:rent depths,
this quamtlt}r being further split up into different phases of crop-growth,
The main indications from this series were that the yieclds were more
dependent on the time of planting, than on the quantity of water
supplied. The inter-actions between different planting periods and
different quantities of water supplied were also not significant.

Another set of experiment was carried out for 2 seasons (1946 and
1949) to find out how far drying out of paddy fields would affect the
ultimate yields as compared to the ryots’ practice of keeping a film of
water standing throughout the season. This intermittent drying out was
suggested as an anti-maldrial measure to aid in destroying mosquito larvae
that are usnally found in the standing water in rice fields. The resulis
indicated that yields were the highest in plots where water was always
kept standing, In the 1949 season, keeping the fields ‘dry’ for two
days appeared actually to improve the grain and straw yields. IKeeping
the field dry for three days before letting in water, had no adverse effect
on yields, but drying for 4 days was slightly harmful, while drying for 5
days was definitely so, lowering the yields by nearly 20% from controls.
A similar trend was noticeable in the straw yields also and it may be
concluded therefore, that paddy fields should not be kept without
standing water for more than three days at a stretch.

Trrigation experiments on rice have also besn conducted at the
Siruguppa Agricultural Research Station in the Tungahadhra Project
Area, These showed that irrigating the heavy, black, clayey soils of the
the Tungabadhra Project area did not lead, as apprehended at the outset,
to any rise of deleterious salts from the sub-soil to the surface as a result
of irrigation. It was also noted that a single erop of long duration rice
could be grown to better advantage in the Tungabhadra Project area,
than a double crop of two short-duration varieties. Where sugarcane was
grown in rotation with rice, both the crops were seen to be benefited on
account of the fallow period that intervenes once in two years, between
September to June, '

Another observation was that better yields could be secured when
rice was grown in the well-drained, shallower soils in the Tungabhadra
Project area, than on the stiff, black elayey soils where drainage was



Water Requirements of Crops— Rice 547

more difficult, In order to bring the land into proper condition, any
sysiem of eropping and. particularly so for rice, must include deep plough-
ing and drying oub of the soil during the fallow period. To this end it is
necessary -to devise an integrated system of co-operative planning in<the-
in the Tungabadhra Project area, according to a zonal pattern, so that
soil moisture could be maintained at optimum levels at the right time, in
the various places to be served by the Tungabhadra Project. And for
this, sufficient experimental data and basic knowledge regarding the
water requirements of different crop plants are essential, since wastage of
water-would only add to the sub-soil reservoir and lead to water-logging
and eventually reduce the usefulness of the irrigation system itself,

Discussion: It would be noted from the above summary of work
that the experiments so far conducted have all been more or less on
empirical lines, Numerous factors that are concerned in the water
requirement -of - crops have been omitted from consideration. The main
results from all the experiments reviewed so far are only that (1) rice
needs more water than any other agriculbural crop, (2j that more water
is needed by a rice of longer dura'ion than a short duration type, and
(3) that the guantity of water needed depends to a large extent on the
type of soil as well, = An integrated picture of the behaviour of the rice
plant-in regard to its water requirement is still lacking and a good deal of
further study is still needed to attain this end. The main lines along
which studies may be carried out are indicated below,

Three aspects are involved in any study of the water requirements
of crops, namely the soil, plant and the atmosphere and none of them
may be ignored in any scheme of investigation on this subject, parti.
cularly when paddy is the crop plant that is proposed tio be investigated ,
The rice plant is in several respects rather peculiar and differs from
other crops in requiring a special set of soil-watler condifions before
it can thrive.

In spite of the fact that it is one of the oldest and best studied
among crop plants, a number of problems remain still unsolved, such
5 (=

(1) how far puddled conditions arc essential or advantugeous
for rice growth, -

(2) how far the presence of an algal film is necessary for good
growth of rice

(3) the inter-relations of these with the water requirement of
rice plants at different stages of the life cycle.

(4) Basic knowledge regarding the water requirements of all the
different varictics (or al loast the most impertunt types)
under o stundard sct of goil, moisture and  atmospherie
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conditions (i, c., temperature, light and  humidity).: should:
be gathered first, before any attempt-is.made. to.extend the
study to the variations in water requirements brought about
by a different set of soil and moisture conditions; and also.
the effeet of different manurial treatments,

In view of the faet that no amount of care can duplicate in pot
cultures the same conditions that exist in the field, the findings from pot
culture studies have neecessarily to be verified and confirmed by - field
tests. However pot-culture studies may be made to approximate to
field conditions by making use of lysimeters of large surface and soil
capacity. A further advantage inthese will be that they can be kept
under controlled conditions of light, temperature and humidity so that
the experiments of one season can be repeated. in' other seasons with
a greater expectation of reproducible results. Under such conirolled
conditions, observations on the micro-climate in and around the crop
can be recorded and conclusions drawn therefrom, within a shorter period
of years than under field conditions.

1t is therefore suggested that this line of investigation- is one thas
merits serious attention if the problem of utilising the available water
:slippljr to the best advantage in crop production in'general and rice
production in particular, is to be solved in a satisfactory manner,

Acknowledgement : Thanks are due’to Sri T. R, Narayanan, Plant
Physiologist, for his helpful eriticisms in preparing this paper.
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