EFFECT OF RAINFALL ON THE YIELD OF RICE AND EVALUATION
OF WATER REQUIREMENT

by M. N. Basax, Department of Agriculture, West Bengal, Calcutta
(Communicated by J. N. Mukherjee, F.N.1.)
( Received February 16 read May 3, 1957 )

INTRODUCTION

Geographical distribution of rice-growing areas in the world over regions
of heavy rainfall in the relatively short period of the cropping season indicates
that water supply is probably the chief limiting factor to the growth and pro-
duction of rice. Knowledge about water requirement of rice is, however, meagre
and estimates are quite variable. In Japan, water requirement was estimated
to vary from 27.6 to 51.5 acre inches (Leonard, 1948) and in Thailand, it was
72 acre inches (Grist, 1953). In Louisiana and Texas, 38 to 60 acre inches of
water (Fortier, 1926) and in California, 60 to 72 acre inches were estimated to
be required for the crop. According to Roe (1950), water requirement varied
from 48 to 93 acre inches while Robertson’s reports on irrigation experiments
in Biggs indicated that average annual use of water for the 3-year period was
54 acre inches. In India with seventy-five million acres under this crop consti-
tuting about twenty-two per cent of her cultivated lands, there has hardly been
any work on water requirement of rice except determination of the transpiration
ratio (Hector, 1925-28; Singh et al., 1935; Ganguli, 1950; Ghose et al., 1956).

. An attempt has been made to evaluate the water requirement of trans-
planted rice from the effect of rainfall on yield. Determination has been made
of the water requirement of the crop for the entire growing season as well as the
different stages of its growth and maturity, and of the precise level of soil mois-
ture suitable for promotion of high yield. Loss of moisture from rice fields by
way of transpiration, evaporation, percolation and run off have been worked
out and correlated with water requirement. Physiological significance of the
depth and frequency of rainfall in flowering and fertilisation processes and the
nutritional réle of nitrogen supplied by rain water along with probable mechan-
ism of its absorption and utilisation have heen discussed.

Errect oF RAINFALL ON YIELD OF RICE

In course of manurial experiments on rain-fed transplanted rice, it was
observed (Basak, 1956) that even under apparently identical conditions, there
was considerable variation in the magnitude of yield obtained in different years
from same sets of plots under same sets of treatments and it was related to rain-
fall feeding the crop from transplatantion to harvesting (Table 1 and Fig. 1).
In fact, progressive increase in rainfall induced a fairly corresponding increase
in yield of grain and the effect of rainfall on yield was statistically significant.
These results gave a clue to the present investigations. [t was argued that if
data on grain yield of rice grown over a large number of years in regions under
varying magnitude of rainfall could be obtained along with corresponding data
on rainfall feeding the crop, it might possibly reveal a close correlation between
yield and rainfall and thereby suggest a way for evaluation of the water require-
ment of rice.
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TABLE |

Average yield of rice (Patnai 23) in mds. per acre

Burdwan Farm
Treatment

1951 1952 1953

Rainfall 29.6 inches  Rainfall 25.1 inches  Rainfall 35.9 inches

No manure

Manure

Grain Grain Grain
21.70 16.00 28.52
34,29 24,17 42.45

From the accumulated mass of published results (Dept. Agric. Ann. Rep.,
1924-42) of replicated unmanured varietal trials conducted on a group of six
heavy-yielding late-ripening varieties of rice at more than ten different experi-
mental stations located at different soil-climatic regions of the State, the data
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of variety-wise grain yield along with the correspondng data of rainfall feeding
the crop from transplantation to harvesting were compiled, classified and
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processed. The data of rainfall and grain yield were tabulated in seriatim in the
ascending order of magnitude of rainfall and the average was drawn up of rain-
fall at different domains and of the corresponding grain yield within that domain
(Table II). Positive correlation was found between yield and rainfall. Considering

TasLE IT

Awerage yleld of rice and amount of rainfall

Average rainfall (inches)

Average

Variety of rice No. of grain From During

experi- yield transplan- 30 days

ments (mds./acre} tation to before

harvesting  transplan-

tation
Bhasamanik 6 14.6 10.6 9.4
14 22.1 20.2 11.56
13 24.3 30.3 16.4
8 25.2 38.6 19.0
1 25.3 62.8 32.7
Dudsar 6 14.6 10.5 9.9
8 21.6 20.7 11.8
14 24.0 30.3 16.6
9 24.2 38.3 19.0
2 25.8 62.6 36.4
Jhingasail 6 13.8 10.6 9.5
12 21.8 20.1 12.8
6 22.8 30.1 16.1
7 22.0 36.8 19.7
1 25.6 62.8 32.7
Latisail 4 18.3 10.7 11.1
6 23.8 21.3 13.0
13 25.0 30.2 17.0
8 25.0 36.4 16.0
3 25.7 50.3 28.0
Indrasail 5 15.0 9.4 2.9
5 23.1 19.8 12.2
17 23.9 30.6 15.4
4 24.0 42.0 21.5
1 26.6 62.8 32.7
Nagra 1 13.1 22.9 6.2
1 24 .4 26.8 17.8
5 27.3 30.3 15.1
4 27.3 46.1 22.7

Correlation coefficient hetween average yield and average rainfall = 4-0.72

all the 29 values in the Table, the correlation coefficient between average
grain yield and average rainfall worked out at 4-0.72. From 18 values where
the rainfall total was within the domain of 30 inches, the corrleation coefficient
came out as -+0.82, which was highly significant. In case of the remaining
11 values, where rainfall exceeded 30 inches, the correlation coefficient was only
+0.54, which was not significant even at 5%, level. Inclusion of the values
relating to higher ranges of rainfall over 30 inches had thus reduced the corre-
lation coefficient from 4-0.82 to 4-0.72,
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Data of average rainfall at different domains and corresponding average
grain yield were plotted against each other and a set of six yield-rainfall curves
was obtained for six varieties of rice (Figs. 2 to 7). Yield-rainfall curves showed
that increaging amount of rainfall from ten to twenty inches induced a pro-
gressive and almost proportional increase in the yield of grain; with higher rain-
fall over twenty inches the increase fell off progressively till at the level of about
thirty to thirty-two inches, the curves were flattened off and continued to do
so till the highest level of sixty-three inches of rainfall was obtained. Any
additional rainfall over thirty to thirtv-two inches in the growing season did
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not exhibit any additional effect on yield. The minimum amount of rainfall
required to produce optimum grain yield in different varieties of rice was thus
calculated from the yield-rainfall curves,
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Variety of rice Minimum amount Grain yield
of rainfall inducing (mds. /acre)
optimum grain yield
{inches)
Bhasamanik 32 25.0
Dudsar 30 24.0
Indrasail 29 24.0
Latisail 28 25.0
Jhingasail 30 23.0
Nagra 31 27.0
Average for varieties 30 24,7

It was significant to observe that at the lower domain of rainfall (below
30 inches), yield-rainfall curves of rice exhibited a similar behaviour to yield-
water curves of upland crops but at the higher domain of rainfall, a completely
different one. In the case of upland crops under limiting supply of water, pro-
gressive increase in water application tended to increase production of dry matter
and yield of crops until a maximum was reached after which the effect was
completely reversed. A seven-year average yield-water curve for wheat at
Gooding, Idaho and a ten-year average yield-water curve for corn at Logan,
Utah, (USDA Bulletin no. 1340) showed that increasing water application in-
creased the yield of grain, although progressively slowly, till the maximum yield
was obtained for wheat at 2 acre-feet and for corn at 3.25 acre-feet after which
vield declined progressively sharply. Such a behaviour was also observed for
some other upland crops (Roe, 1950). But the yield of rice, after attainment
of a maximum, remained practically unaffected under increasing level of water
supply, as the yield-rainfall curves would show. Indeed the rice crop could
grow and flourish under moist, water-logged and even heavily submerged condi-
tions. The success of cultivation of deep-water varieties in certain low-lying
areas in India (West Bengal and Assam), East Pakistan, Burma, Thailand,
Cambodia and Cochin China, where the plants in their early period of growth
could withstand a rising colunm of flood water anything up to a level of twenty
feet above field surface and even survive temporal over-flooding (Grist, 1953),
was a testimony to the water tolerance capacity of the rice crop. This charae-
teristic water tolerance capacity, rare in field crops, was probably one of the
overriding reasons for its widest adaptations to the earth’s surface to provide
staple food for over half of its inhabitants.

EFFECT OF SUPPLEMENTAL JRRIGATION ON YIELD

Barlier attempt made by the workers in this Department (Chakravorty.
1937-42) to find out the effect of supplemental irrigation on rice yield was not
rewarded by any positive conclusions. Two typical transplanted water-logged
varieties of rice (Bhasamanik and Patnai 23) were grown in well-bunded repli-
cated plots under controlled conditions, one set of plots receiving normsl rain-
fall and the other set an additiogal amount of irrigation water applied at an
interval of a fortnight. Data of average grain yield and rainfall are given in
Table III. The results showed that supplemental irrigation apparently had
no beneficial effect on yield over mormal rainfall. But the minimum amount
of rainfall feeding the crop during any growing season was as high as 30.96 inches
and it was evident that this amount of rainfall was adequate to meet the water
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requirement of rice so that a higher dose of rainfall or irrigation water had no
influence on yield.

Tasre IT1

Effect of supplemental irrigation on rice cultivation
(Rice Research Station, Chinsurah, West Bengal)

Average yield of grain Average rainfall (inches)

(mds. per acre) during the growing period
Year Variety
No Irrigation No Trrigation
irrigation irrigation
1937-38 Bhasamanik 35.8 36.0 33.11 33.87
Patnai 23 37.5 36.4 ' »
1939-40 Bhasamanik 21.6 31.9 40.07 53.95
Patnai 23 26.7 30.4 » »
1940-41 Bhasamanik 29.3 29.5 30.96 38.09
Patnai 23 23.9 24.9 ' »
1941.42 Bhasamanik 24.7 21.6 39.74 43.26
Patnai 23 23.8 23.4 M »
Average of 8 experiments 27.91 29.26

WATER REQUIREMENT IN RELATION TO LOSS oF
Mo1sTuRE FrROM RiIcE FIELD

Estimation of moisture losses from rice fields during the cropping season
was attempted at elucidation of water requirement and soil-plant-water rela-
tions.

Loss OF MOISTURE BY TRANSPIRATION

In America, Briggs and Shantz (1914) calculated the average transpiration
ratio of rice as 519 in 1912 and 744 in 1913. In India, the average transpiration
ratio was found to be of similar order of magnitude (Hector, 1925-28; Singh
et al., 1935). Recent determinations of transpiration ratio of the same and allied
varieties of rice under comparable soil-climatic conditions gave an average of
626.6 (Ganguli, 1950). From the transpiration ratio, average optimum grain
yield (24.7 mds. per acre) and straw grain ratio of 1.5, transpirational loss of
water could be calculated as below :

Cured weight Dry weight
Grain—2038 1b 2038(1.00—0.15) = 1732 1b
Straw—3057 1b 3057(1.00—0.20) = 2446 1b
Total = 4178 1b
Roots at 4178 =380 1b
Total dry matter produced per acre = 4558 1b

The equivalent of the transpiration ratio of water of depth
over 1 acre
__ 4558 626.6 X 12

. 4558%626.6X12 _ 19 54 inches.
43,560 < 62.5 inches



AND EVALUATION OF WATER REQUIREMENT 23
LoSs OF WATER BY EVAPORATION

Information is not available regarding evaporational loss of moisture from
waterlogged rice fields during the growing season. Fundamental equations have
been developed recently (Penman, 1948), which would seem to subscribe to the
particular sets of climatic and field conditions as were normally associated
with cultivation of transplanted rice. Application of the micro-climatic data,
under collection in this Department for the last few years, to the Penman equa-
tion given below would render possible the calculation of the evaporational loss.

B = 035 (e,—ez) (140.0098 u,) mm. per day, where

E is the rate of evaporation,

e; is the vapour pressure of the water at the water surface,

eq is the vapour pressure in the bulk of air at the dew- -point, and

u, is the speed of the wind 2 metres above ground-level in miles per day.

Five-year average of micro-climatic data, collected on rice fields at the
State Rice Research Station at Chinsurah under this Department, along with
monthly rates of evaporation from waterlogged rice fields calculated from the
above equation and observed rate of evaporation from free water surface are
given in Table IV. Monthly rates of evaporational loss from rice fields during
the growing season of rice are summarised below :

TasLe 1V

Evaporation of water from waterlogged rice fields during crop growth
(Average of five years. 1951-35)

Month August Septomber October November  December
Mean temp. ( °F) 83.0 83.8 80.9 71.3 63.5
Mean humidity (%) 86.6 87.2 87.4 73.0 69.4

Vapour pressure of water
at 2 ft. above water
surface in rice field
(mm.) 25,3 25.7 2

ot

15.3 12,3

Vapour pressure in the
bulk of air at dew
point (mm.) 21.6 22.5 20.6 10,5 7.8

Mean velocity of wind
at 10 ft. above rice i
field (miles/hour) 3.72 3.09 2.26 1.57 1.58

Monthly  evaporation
from rice field (equa-
tion) (inches) 3.01 2,29 3.23 2.80 2,77

Monthly  evaporation
from free water sur-
face (inches) 3.94 3.92 4,12 5.66 6.22
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Evaporational Evaporational
loss of water loss of water
Month from waterlogged from free water
rice fields surface
(inches) (inches)
August 3.01 3.94
Neptember 2.29 3.92
QOctober 3.23 4.12
November 2.80 5.66
Decerber 2.77 6.22
14.10 23.86

Since the average date of transplantation was Aug. 10 and that of harvest-
ing Dec. [6 (Table V), the evaporational loss during the growing period was
calculated as 11.88 inches.

LoOss OF WATER BY PERCOLATION

The problem of percolation, which depended on texture, structure and chemi-
cal composition of soil and sub-soil, depth to water-table, hydrostatic pressure
of soil moisture and surface gradient, was further complicated in waterlogged rice
fields through formation of compact cluster structure brought about by puddling
of soils in soft and wet conditions under pressure. Puddling tended to make
soils impervious though, hydrostatic pressure of standing water and possible
movement of soil animals through soil profile could admit of slow percolation.
But there was no precise information about the rate of such percolation. Indica-
tion was, however., obtainable from the balance-sheet of monthly rainfall and
of corresponding moisture losses from rice fields. In addition to rainfall feed-
ing the crop from transplantation to harvesting, an additional amount of mois-
ture was available from puddled soil representing the difference between its
moisture content at transplanting and harvesting times. Soils could hardly
be puddled, unless the moisture content attained the saturation cupacity,
whereas the moisture content of soils at the time of harvesting of crop was some-
times above but usually below the fleld capacity, as was evidenced by the pheno-
menon of development of cracks. According to Kramer (1949), the moisture
content of clay loam soils at field capacity was about 43 per cent and at satura-
tion capacity 75 per cent of soils on dry weight basis. Hence

Depth of water per square inch . in 12x85 43 .
12-inch layer of top soil at field capacity 62.5 X 100 7.01 inches
Depth of water per square inch in 12-inch 12%x85_ 73 _ 11.91 inches
layer of top soil at saturation capacity 625 100 7

Additional amount of water available from puddled soils thus worked out
at 4.90 acre-inches and total minimum water requirement at 34.90 acre-inches.
Deducting the transpirational and evaporational losses, the loss by percolation
worked out at 10.46 acre-inches.

ErrecT oF DISTRIBUTION OF RAINFALL ON YIELD

The value of rainfall to agriculture depends as much and often more on its
distribution as on its absolute amount. Even under a given rainfall total in
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any growing season, the pattern of distribution that serves more closely the
physiological water need of the crop at the different stages of its growth and
maturity ovbiously gives a better crop response. Determination of the distri-
bution pattern that induced optimum crop production was, therefore, important
for assessment of water requirement at different phases of erop growth and ulti-
mate regulation of the dose and timing of water application in any irrigational
practice. It was also likely to give an indication of the extent of conservation
or run-off under similar and different ranges of rainfall totals. For this purpose,
the results were picked up of all those experiments where total rainfall feeding
the crop during the growing season was in the neighbourhood of 30 inches corres-
ponding to the point of inflexion of the yield-rainfall curves, monthly rainfall
distribution figures were tabulated and an average was drawn up (Table V).
Whether this pattern of distribution or any other was more conducive to yield
was a matter of considerable importance. Plotting of grain yield against monthly
rainfall and selection of distribution patterns recording some of the highest
individual yields revealed that the selected distribution pattern induced about
27.5 per cent higher grain yield than the average distribution pattern of 30 inches
or other ranges of rainfall totals (Table V).

Balance-sheets of loss and gain of water by rice fields in different months
of the growing season under different ranges of rainfall totals have been drawn
up on the basis of monthly rainfall and corresponding monthly losses of water
(Table VI), and the resulting levels of soil moisture including depth of standing
water on rice field have been graphically represented in Fig. 8 in order to bring
out their comparative effect on physiological behaviour of rice in relation to
vield. From Table VI, it would appear that under the selected distribution
pattern (pattern 2), the soil was a little above puddled stage in August and there
was a standing depth of about 2-3 inches of water in September and about
4 inches in October. Under distribution pattern 1 of same rainfall total, plants
endured a deeper submergence of 5 to 7 inches in September and more than
.7 inches in October corresponding to the period of active tillering. That the
moisture conditions prevailing in rice fields under pattern 2 were suitable for
optimum tiller formation had been demonstrated by Ghosh (1954) and other
workers of this Department (Annual Report, 1925-26) and elsewhere in India
(Sen, 1937; Singh ef. al., 1935), who had also shown that heavier depth of standing
water at earlier stages of growth (7-8 weeks) over the puddled stage progressively
suppressed tiller formation. Not only the number of tillers but also total leaf
area, total dry matter and grain yield, which were highest under water at soil
level, gradually decreased with rise of water level. Plant height and water
content of both stem and leaf were also found to increase with rise in water level
{Ghosh, 1954), thereby rendering the plants more susceptible to lodging. Deeper
water level also adversely affected meristematic activity at regions of tiller
formation and efficiency of utilisation of absorbed nitrogen in production of
dry matter. Choudhuri and Ganguli (1948) found that 3-4 inches submer-
gence during the growing period was best for tiller formation and grain yield.
In Japan, the standard depth of water on rice field during the growing period
was reporsed to vary from 1-2 inches (Grist, 1953).

The physiological réle of standing depth of water and requirement of soil
moisture during subsequent stages of growth relating to earing, flowering and
and fruiting was yet little understood. It was, however, shown by Chakladar
(1946), working on the influence of soil moisture on rice yield, that none of the
plants under 33 per cent saturation formed seeds though some of them had flowered,
while plants under 50-75 per cent saturation formed seeds. In both the distribution
patterns of 30 inches rainfall, there was standing water till the middle of November.
On the whole, 125 per cent saturation was maintained in soil under rainfall distri-



i~
A

AND EVALUATION OF WATER REQUIREMENT

€96 —
86 i
00701+
00°01 -+
000t
e —
ANt —re
86°8 -
00°01 +
00°01
68°1 +
(soyom)
[9AS] Py uo
,OT 1940 S9880]
Jouna Juimoye
I9)J8 8IN3SIOUL
[ros/aagem Fur

PuwIS Jo [oAST

8¢
69
8TT
01
4
0g
9%
g8
cor
B ]
09
z0t
£e1
£zl
_cof
LL
¢zl
61
PHI
eIt

{uoigeanges %)
auO U Stj3
Suwnp
QInSIowW
[los a8BI0AY

L6°¥ Ul oLl gLl IIN (sdep ¢1) "0y
96°L A 08'2 eL'G 080 "aoN
9e°8 19°3 £3°¢ T8 £9'81 390
G¥L £’ 6273 L' 88°0% *gdeg
0eL RE'T LE 6g'Z 38°8% (sdwp gg) “Iny €6°29
9% I 1971 9¢°1 £0°0 (shep g1) o0(1
£8°L £ 08°'Z 09°% 20'0 AON
¥'8 16°% £2°¢ 89°G 08¢}, 390
i PG 62'% 09°3 9881 -gdeg
12°8 39 10°g 89°3 0¥ 91 3oy
o 170 ac o ¥$0 62°¢ (8kup g) Anp 68'0v
({seypour)
1998M
Burpus}s
Jo [oaoy
[elquojog
€6°L— ey — 10°0 Tt 10°0 (sd8p g1) "ve(
89— €29 g¥y 10'¢ LLE N "AON
64°0— 19°8 2% £TE L8'C ez'e 900
LL ¥ 6% 5 63°C LL'G 19°L *qdeg
IR A At _18% R Gt 9T 796 (sdepgr)sny 6807
P88 £0°1 — 10°0 301 N (shep ¢1) "v0(Y
18°L— 68°'G — #8°0 Q0'E Ir-o AON
£0°¢— 060 0% LLG 11'G 50°1 300
g80 -+ LL'Y £FC 62°% %0°G 08°L -3deg
_FE0 Lias 6%°0 860 __I¥o 08°'1 (sdup g) "By _£T01.
68 9— (33 8%°0 $6°0 A 80°0 (s4wp g1} *v0(f
gag— 26°8 £F'c 08'% 69°¢ 061 *AON G uaegged
6L°gt 996 1972 £2°¢ e8¢ 626 390 (urerged
90y -+ %8 £9'G 65°% 69'¢ PILT "ydeg pegosieg)
oeert g8 LT 0T . 8¢n _ . 99°L  (sdepyg)Boy  £0'08
28— 6% 081 51 9g°I 90'0 (sdwp 91) o0
65°0~- ; Ve 08z 26°% 901 AON [ wieyysg
089+ L8 16°% £2'8 70 Ll 300 (uzeyged
P L F9°L £9°G 62'C 26°G 127871 ‘9deg [eiouen)
L6°E _90'9 6L°T £1'% RN £0°6 _(sdmp 7g) “8ny 8008
(seyour) ,
ypuour oyj oy uolg uory
3o puo ayg ~B]00I8 -rrodvAg] ~gardsuBdy, (soyour) (seyour}
18 eangstour (saysul) - [Bpursy QIO TjeyurBI
[1os/aeyem 2IN3SIOUL JO POy 90LI WIOJT Jo jeaey
Jurpueys SS0] [BIOL {sayoul) eanisIows JO S507]

Jo [eaer

PPy 201t wodf sasso] aungsious puv )vfups Apgguows fo 1aoys 2OUDIDG

TA ETAV],



28 M. N, BASAK :

EFFECT OF RAINFALL ON THE YIELD OF RICE

bution pattern 1, and 102 per cent saturation under pattern 2 during the month

of Novembher.
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FIG.8

At the level of 10 inches rainfall, the field was just at puddled stage in August
and September but standing water was dried up in early October before emer-
gence of ears took place. Soil moisture was reduced to 83 per cent saturation
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on average in October and to 46 per cent saturation in Nobemver. Moisture con-
dition in August and September was not quite unsuitable for tillering, though
available period for tillering was shorter due to slightly delayed transplantation
(August 26) caused by inadequacy of preceding rainfall. Delayed transplanta-
tion might affect yield (Dept. Agric. Anna. Rept, 1934-39; Ganguli, 1950),
though the main reason for abnormally low yield would seem to be inadequate
earing coupled with under-development of seeds due to grave deficiency of soil
moisture. At the level of 20 inches rainfall, there was suitable depth of standing
water in August and September for adequate tillering but at the fruiting stage
(Nov.), soil moisture was reduced to 69 per cent saturation. It would seem
to show that 69 per cent saturation during fruiting stage was not sufficient for
optimum grain formation. At the level of 40 and 63 inches rainfall, there was
plenty of moisture in the field at all stages of growth and development for ade-
quate tiller and grain formation. But heavier rainfall was likely to result in
so much accumulation of water on well-bunded rice field as to cause proportionate
run off.

It was thus evident that maintenance of certain specific levels of standing
water and soil moigture in rice fields at different stages of crop growth and matu-
rity was essential for optimum tillering and grain formation in a transplanted
rice crop. Such specific levels of soil moisture could scarcely be maintained under
field gonditions except through controlled irrigation and drainage. The overriding
influence of water control on the success of rice cultivation was sought to be
brought out in course of technical discussions on soil-plant-water relations at
the Fifth session of the International Rice Commission in Calcutta in November,
1956. Evidence was adduced that countries having controlled systems of water
supply consistently obtained higher outturns of rice than those growing the
crop otherwise under rain-fed conditions and instances were cited that water
control in Japan and Italy was primarily responsible for higher rice yields than
other countries of Asia including South East Asia and the world.

Errect oF FREQUENCY AND DEPTH OF RAINFALL oX YIELD

Average frequency of rainy days during different months in the growing
season and depth of showers per rainy day at 30 inches of rainfall total have
been calculated in Table VII.

Tasre VII

Frequency of rainy days and depth of shower (30 inches rainfall)

Average number Average depth
Month of rainy days of water
per month per rainy day
(inches)
August 20 070
September 16 075
October 7 1-02
November 1-5 0:70

Frequency and depth of precipitation (Table VII) at 30 inches rainfall did
not indicate run-off losses in view of lower level of standing water on rice fields
(Table VI and Fig. 8) in relation to height of protective bunds, though higher
rainfall ranges and even concentrated downpour on any or closely successive
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occasions could cause it. The estimated requirement of 30 inches rainfall would
?'ee]m to secure maximum possible conservation and utilisation of received rain-
all, :

The pattern of frequency and depth of precipitation in different months
of the growing season would seem to have important physiological bearing on
rice plants particularly relating to yield. Frequent light showers in August
and September helped in cooling the atmosphere of the hot summer and in
further lowering of temperature of leaf and stem surface through evaporation
of intercepted rains. Lower temperatures and higher humidity both contri-
buted to reduction of intensity of transpiration and oxidative catabolic pro-
cesses leading to more rapid fixation of dry matter; they also reduced evapora-
tional losses thereby effecting overall economy in water utilistion. On the other
hand, less frequent showers of heavier depth in October caused less dissipation
of moisture in the atmosphere and more accumulation in the field, which was
helpful in carrying the crop through the “‘critical stages’” of flowering and fruit-
ing. Besides, higher frequency of rainfall had a deleterious effect on flowering
and fertilisation. Choudhuri and Ganguli (1948) observed that while flowering
of rice was at its maximum between 10 to 11 A.M. and was finished before midday
in sunny days, in rainy days and even in cloudy weather flowering began late
and continued upto 3 to 4 P.M. The flowers opening in the afternoon were
likely to do so with their anthers already dried up (Burkill as quoted by Grist,
1953), thereby affecting the chance of enclosed pollens of bursting out and ferti-
lisation. High altitude angular bombardment of rain drops on opening flowers
and also accompanying wind could cause wasteful shedding of anthers in plenty.
These reasons, therefore, reflected the advantage of wider interval and perhaps
complete cessation of rains during the period of flowering for promotion of yield .

WATER REQUIREMENT FOR RAISING SEEDLINGS AND PRE-TRANS-
PLANTATION AGRICULTURAL OPERATIONS

Thirty days old seedlings were considered to be best for transplantation in
normal times (Dept. Agric. Ann. Rep. 1934-39; Choudhuri and Ganguli, 1948;
Roe, 1950), and hence water requirement for raising such seedlings was calcu-
lated. It was known that seedlings would grow well in a soil at or above field
capacity and that they would not grow at all unless the soil moisture was above
the limit of permanent wilting. From the moisture content of clay loam soils
at field capacity and at permanent wilting range and from the rate of evapora-
tional and transpirational losses of moisture during 30 days of growth of seed-
lings, minimum and adequate water requirement was calculated as in Table VII.

The results (Table IX) of field experiments on raising of 30 days old seed-
lings to suitable heights for transplantation (Dept. Agric. Ann. Rep., 1933),
showed that the amount of rainfall (108 inches) received by these seedlings
closely reconciled with the magnitude of adequate water requirement calcu-
lated in Table VIII (1074 inches). Adding up water requirement (4'90 acre-
inches) for puddling of a clay loam soil, already at field capacity, up to a depth
of 12 inches representing the puddling zone and the potential rhizosphere, the
total water requirement for the entire process of raising seedlings and conduct-
ing tillage and other pre-transplantation agricultural operations including puddl-
ing of soils was calculated at 15'64 acre-inches.

Water requirements for the above processes were also found out from the
field data by a different method. The amount of rainfall recorded during 30 days
of pre-transplantation period in individual experiments (Table II) were plotted
against the corresponding number of rainy days. The majority of points repre-
senting about two-thirds of the total number were found to cluster within the
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Tasre VIII

Water requirement for raising seedlings

Amount of water requirement

Nature of water requirement (inches)
Minimum Adequate
Water required to bring the Permanent wilting Field capacity
twelve-inch layer of surface point
80il to moisture level of 16 43
(12><1-36><1—60~> (12><1-36><1—06)
2-61 702

Water required to recompensc
evaporational loss in 30 days

in July (Penman equation) 341 3-41
Water required to recompense
transpirational loss in 30 days 031 0-31
Total 633 10-74
Tasie IX

Rainfall for raising seedlings (Experimental Farm~—Pabna, 1933)

Average
Date of Quantity of Age of Height of rainfall
Variety sowing in Niciphos seedlings seedlings received
seed-bed added/acre (days) (inches) (inches)
Indrasail 14-6-32 20 . N 31 16.0 11.2
20 1. PyOs

» ' Nil 34 13.5 12.3

Dudsar 3-7-32 20 . N 24 15.2 8.8
20 1. P,O;

" » Nil 29 13.5 10.6
Chinsurah 11 13-7-32 20 . N 29 13.0 10.0
{Bhasamanik) 20 1. P20s5

»” ” Nil 35 10.5 11.9
Average 30 13.6 10.8

orbit of a very small circle (Fig. 9) and the average rainfall calculated from
these clustered points was found to be 12.9 inches. ;Adding the moisture
content of field soils, which had never been completely dry but retained moisture
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not usually below the wilting range prior to this period, water requirement
worked out as 15°.5 acre-inches.
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R6LE oF RAINFALL ON NITROGEN SUPPLY

Rain water contains nitrogen, mainly as ammonium nitrate and nitrite
and partly as free ammonia (Partington, 1953), varying from 1 to 2 parts per
million parts. It is estimated that 30 inches rainfall can supply about 10 Ib.
of nitrogen per acre. In terms of 20 Ib rice grain obtainable per Ib. of nitrogen
applied in the form of manures and fertilisers at the level of 30 lb. N, per acre
(Basak et. al., 1957), 10 Ib N, of rain-water can, therefore, contribute to produc-
tion of at least 200 1b (2.5 mds.) of additional grain per acre and probably a little
more in accordance with the law of diminishing returns.

The supply of ammonium nitrogen in any downpour was obviously insigni-
ficant in comparison to its supply from waterlogged rice soils. The concentra-
tion of ammonium nitrogen, which was practically nil at flooding time, rose to
1.256 mg. per 100 gm. dry soil after 20 days of submergence and increased slowly
to the higher concentration of 2.5-3.0 mg/ 100 gm. dry soil with prolongation of
submergence (Basak, unpublished results). Thus in addition to maintaining
supply of ammonium nitrogen requirement of growing rice crop, 2 million Ib. of
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top soil contained 25-1b. of ammonium nitrogen per acre after 20 days of submer-
gence and higher amounts of 50-60 1b on prolonged submergence. Hence contri-
bution of any individual shower of rains to reflect any change on NH,—N con-
centration of soil in the rhizosphere was likely to be negligible. Under the
circumstances the assumption by rice plants of characteristic liveliness and vigour
coupled with deepening of colour closely following a shower would seem to indi-
cate that nitrogen of rain water was probably directly absorbed and quickly
assimilated by the intercepting leaves and growing parts of the plants as were
nearest to the foci of active systhesis and rapid deposition of dry matter. Recent
work on plant metabolism with suitable and radioactive isotopes has already
shown the occurrence of such direct absorption of nutritional elements (N,
P32 and K*?) by the leaves and their subsequent migration to and utilisation in
the requisite parts of plants (Thorne, 1955). Since only 35-40 per cent of nitro-
gen applied to water-logged soils was recoverable by a rice crop (Mitsui, 1955;
De and Digar, 1955; Basak ef al., 1957), such direct absorption of nitrogenous
nutrients was indicative of high level of efficiency and economy in assimilation
and utilisation of applied nitrogen than feeding it in bulk through the soil.
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SuMMARY

Attempt was made at determination of water requirement of transplanted rice from the
effect of rainfall on yield. Significant positive correletions were found between average grain
yield and average rainfall. The correlation coefficient was highly significant upto 30 inches
rainfall but at higher ranges of rainfall total, it was not significant. Similarly, the yield-rain-
fall curves showed that increasing amounts of rainfall over 10 inches induced a progressive
increase in grain yield till the optimum yield was attained at 30 inches rainfall total. There-
after, any additional rainfall did not produce any additional effect on yield. It was concluded
that water requirement of rice from transplantation to harvesting was of the order of 30 acre-
inches. Results of supplemental irrigation confirmmad these conclusions,

Loss of moisture from water-logged rice fields was determined for elucidation of the
physical and physiological basis of water requirement. Loss of moisture by transpiration
was calculated at 12.58 inches, by evaporation during the growing period from transplentaton
to harvesting at 11.88 inches and by percolation at the level of 30 inches rainfall during the
same period at 10.46 inches.

Patterns of monthly distribution of rainfall, during the growng period of rice, under
different ranges of rainfall total were studied to find out the phased water requirement at
different stages of crop growth. The ideal pattern of rainfall distribution that served the
phased water requirement for production of optimum yield was determined as follows :

August (21 days) .. .. 7.66 inche«
September .. . .. 1L14
October . . o929
November .. .. .. 1.90 ..
December (18 days) .. .. 0,08

Belance sheets were drawn up of monthly rainfall and corresponding monthly losses of
moisture by transpiration, evaporation, percolation and run-off so as to evaluate the resulting
lovels of soil moisture and standing water on rice fields during the different stages of crop
growth and maturity and their relative influence on yield, The ideal lovel of so0il moisture

D
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and standing water that contributed to optimum tillering and grain formation has been given
helow and the importance of water control on success of rice cultivation has been discussed.

August .. I 1o 2 inches of standing water
September .. 2to03 s . .
October .. 3to4 - o -
November .. 100 per cent saturation of soil moisture
December . . 30 ’ ' ’

Irequeney and depth of rainfall in different months of the growing season and their
physical influence on temperature control and water economy and physiological significence
on plant metabolism and crop yield were studied. Frequent light showers during the ear:ier
stages of growth from tillering to ear emergence and less frequent but heavier depth of showers
at subscquont stages were found suitable for promotion of vield. The effect of rainfall on
flowering and fortilisation has been discussed.

Water requirement for raising 30 days old seedlings and for tillage and other agricultural
operations including puddling of soils has heen found to be 15.5 acrc-inches, Thus the total
wator requirement for raising a good crop of transplanted waterlogged rice from the time of
<owing of seeds to harvesting of the crop has been calculated as 45.5 acre-inches.

Contribution of rainfall to supply of nitrogen in the nutrition of rice crop and the probable
mechanism and efficiency of its absorption and assimilation have heen elucidated.
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