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ABSTRACT. The study presents a technique for ¢
10 years data from 1977-1988 except 1984 and 1987,

of different component

omputing soil moisture balance of paddy crop based on
¢ from ;1grometeoro!og§cal observatory, Raipur. Values
s of the moisture balance have been determined and discussed. The stress values have

been used to estimate possible yield reduction by devising an yield index.

The study revealed that water demand of the plant is largest between tillering and reproductive stages. Dry
matter production appears directly related to the consumptive water use, A significant association is observed

between the vield index and the actual rice yield,
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1. Introduction

Crop production and cropping pattern in tropics
depends mainly on the water availability, in contrast to
temperate regions where temperature governs the type of
crop and length of growing season. In view of availability
of abundant water in brief spells during monsoon season,
with longer periods experiencing dry weather, it becomes
imperative to synchronise the crop growth to this period.
Rice is a staple food for millions of people in India and
has been cultivated for thousands of years. Yield though
moderate, widely fluctuates from year to year due to
variations in the rainfall. Water shorfage is a serious
constraint often drastically bringing down the yield.

Rapid progress in recent years in soil moisture and
evapotranspiration studies has confirmed utility and use-
fulness of water balance technique. Water balance de-
pend not only on the climatic variables that regulate the
water supply to the crop, but also on water use by the
crop (or transpiration), and water evaporating from the
ground surface (i.e., evaporation), on the physical and
chemical characteristics of the soil like, water holding
capacity, the crop specie (leaf area of the crop. distri-
bution of stomata on the leaf) etc. Determination of the
balance between amount of water entering the system and
the quantity that leaves it at a given time and location,

help to indentify periods when a crop should be trans-
planted or when it could experience stress. In short,
accumulative water balance method can be used in
monitoring the crop growth and estimating the yield.

[ In the present analysis, water requirements of rainfed
paddy crop has been computed from water balance
technique. This has been used to monitor crop res-
ponse to soil water availability and the yield.

2. Data

The study pertains to Raipur (21° 14" E, 81° 39'N)
located at an elevation of 248 min Chhatisgarh region
the traditional rice bowl of Madhya Prade:h. Paddy is
grown in this region on mostly rainfed culture during the
kharif <eason. Weather data for the years 1977 to 1988 of
agrometcorological observatory at the stat ion has been
used. Data for 1984 and 1987 was not used as it was not
found reliable. From the daily observations weekly totals
of the various agrometeorological parameters were
worked out from the date of transplanting to harvest. The
rice yield data pertains to the observatory farm at
Raipur.

The soil texture around that observatory is silty Joam
containing 459 silt, 309 sandand 259, day. The bulk
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density of the profile was found 1.6 gmjem®, The effective
root zone of the crop was taken as 30 cm. As such the
soil moisture at saturation. at feld capacity and wilting
point were found 141. 98 and 53 mm vespective'y. The
available water. taken as the difference between the
so'l moisture at field capacity and wilting po'nt worked
out as 45 mm,

The soil profile a1 Raipur has been found homogene-
ous up io the root zone (i.¢. 30 cm) Such homoge-
neous soil profile with uniform texture would have [ittle
distinct horizonation (Baver et al. 1972) and title lateral
movement of water. The bund height ‘n the compu-
tations was taken as 100 mm.

3. The soil water balance

The salient features of the technique are as follows -

(7)) The paddy field is bunded on all sides up o a
certain height.

(ii) At the time of transplanting soil s at  sa(u-
ration and the field contains water up to the
bund height.

(7if) Transpiration proceeds throughout the crop
growth period at the potential rate.

(iv) Excess rainfall after meeting the plant require-
ment is deemed to 2O as seepage. percolation
and run-off.

(v) Crop experience stress when the crop water
requirement exceed available soi) moisture

The basic equation is
St =Su - P, —WR,--5P. _ Ro. ()

where. the suffix i stands for value at the beginning of
the ith week and (7—1). theend of previous week.

Here, Srepresents soil moisture, P the rainfal]. H'R the
‘water requirement, SP, seepage and percolation losses
and RO, the run-off.

- In the_methodology, the soil moisture S; in the jith
week. is compared with soil moisture n the previous
week S ;. rainfall ‘P water need WR; and seepage/
percolation loss SP. It is further assumed that in the
beginning of the Crop season, soil profile is saturated
which is generally the case at the time of transplanting
and subsequent 2/3 weeks. .

. The plant water requirement is computed by multiply-
ing potential evapotranspiration PET by crop coefticient
K, for the week. The PET values were computed from
Penman-Monteith formula. The K. values were taken
from Tomar and O'Toole (1979) for weiland rice in
Asian countries and given phasewise in Table |.

The weekly seepage/percolation loss s caleulated as
below :

SP, 0 (2)
for §;, < .5,

SP; = 0.5 SPA4, (S, . Se(S, - 85y) (3)
for §, -~ S; <°8§.

WD H. . DAS

SP, 0.5 8P4,
forS;, - 0

1.5 SPA(S, S)VH (4)

Where. 5, s the s0il moisture at saturation. Sy
's the so:l moisiure at field capacity, and SPA, seepage and
percolation ‘ndex for the ith week. SPA i« assumed as |
m the computaticn

The available soil moisiure, S, s tiken as the difference
beiween the soil moisiure at the field capacity §, and the
wilting point. 5,

Flooding RO, is presumed to occur above the bund
height when soil moisture in the ith week exceed the sum
of §,. the soll moistureat saturation and A, the bund
h&.‘:ghl.

ie, i8S, S 100

v

then. RO, - §, (S, - 100)
The meihod described above isa modified form of
that propounded by Olderman and Frere (1982).

4. Critical values of soil moisture

Concepi of critical soi! moisture has been introduced
in the study, The critical soil moisture value in the jth
week, S, is the lower limit of soil moisture content
appropriate for the phenological growth stage of the
crop.

In the first three weeks of transplantation the cri-
tical value of soil water content is assumed as (S,425)
mm. This value enables the plant to avoid competition
from the weeds. During the period of maximum vege-
tative growth till full heading, S ,; is assumed equal to
S, During the last 4 weeks of the phenological cycle,
i.e., grain formation and ripening, the critical values are
calculaied from the moisture at the wilting point and the
available soil moisture as shown below :

k=8, | 018 (5)
sipce 8§ S, Ay

“ 1

Eqn. (3). therefore. becomes -

Sy 03 §;

0.7 5, (6)
The values ol eritical soil maisture content for different

phenological phases are also given in Table |,

FABLE 1

Characteristic values of water balance parameters

Developinent stages K. Syt F
Transplanting 1.1 166 0,2
Tillering 1.2 141 0.5
Vegetative srowth 1.4 141 1.0

Reproduction 1.3 85 0.7

For a wypical cron season, the  water balance
shown in Table 2
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TABLE 2

Calculation of soil moisture balance and yield index

Soil moisture parameter (mm)

Crop vield parameter

Week after e ——————— A T ST,
transplanting Si_, P WR; SP; RO; Si Yi, Y Yi
1 141.0 18.2 47.0 3.5 0.0 108.7 100 0 100
2 108.7 69.6 37.0 0.9 0.0 140.7 100 o 100
3 140, 7 231.9 35.3 3.5 93.1 241.0 100 0 100
4 241.0 85.5 31.9 11.6 42.0 241.0 100 0 100
5 241.0 66.3 7.0 11.6 17.7 241.0 100 n 100
6 241.0 33.3 33.6 11.6 0.0 229.1 100 - 0 100
7 229.1 271 45.5 10.7 0.0 199.9 100 0 100
b 199.9 45.9 40.9 8.3 0.0 196.7 100 0 100
9 196.7 0.0 50.1 8.1 0.0 138.8 100 0 100
10 138.8 17.0 47.1 3.3 0.0 105.7 100 0 100
11 105.7 0.0 51.0 0.7 0.0 54.3 100 0 100
12 54.3 0.0 48.0 0.0 0.0 6.0 100 7.3 92.7
K 6.0 3.4 47.0 0.0 0.0 0.0 92.7 7.1 863
14 0.0 36.6 37.3 0.0 0.0 0.0 86.3 5.7 81.6
15 0.0 0.0 37.0 0.0 0.0 0.0 81.6 1.1 80.5
16 0.0 0.0 33,1 0.0 0.0 0.0 80.5 1.8 79.2

5. Results and discussion

5.1. Water balance parameters

The evapotranspiration of paddy at Raipur has been
observed 1o increase consistently up to heading stage and
then follow a declining trend.” The transpiration loss
during transplanting is found equal to 5-5.5 mm per
day. The demand gradually goesup to 6-7 mm per day
(sometimes as high as 8 mm) during vegetative growth
and flowering. While reviewing literature on rice eva-
potranspiration. Tomarand O’ Toole (1979) found that
the crop attains highest values of 4-7 mm per day at the
heading time. During the last phase of the crop growth
the evapotranspiration diminishes to 5 mm or less. Trans-
piration follows a trend similar to that of evapotrans-
piration,

Seepage and percolation rates are generally much high-
er on initiation ofrains after the dry season than those
that prevail after the soil is recharged. Wickman and Sen
(1978) observed it to increase 10 times after a paddy
field was dried. In this study, the ceepage and percolation
losses worked out as 1-2 mm/day. It compared favour-
ably with the values given by Guerra er al. (1990)
for rice fields in Phillipines.

Other things remaining constant, run-off is directly
related to rainfall. Run-off was mostly observed during
transplanting, tillering or initial vegetative growth stape
when normally heavy rainfall occurs over southeast
Madhya Pradesh in association with monsoon depre-
ssions. The weekly amount of run-off varied from 5-10
mm to as large as 40 mm per day. Nearly 10% of the
total water loss (evapotranspirative, seepage and run-
off) is accounted for by the seepage and percolation losses
in the study. On the other hand the run-off, when ob-
served, contributed to nearly 50%, of the soil water loss:
in some cases it was as large as 80°% of the water loss,

A comparison of water lost due to seepage plus run-off
with rainfall revealed that the former account for nearly
half of the total rainfall during the Crop season, ;

5.2. Crop response factor

In order to find out how the crop responds to the water
balance. the following relationship between the actual
yield ¥, in a year and the maximum yield ¥,, observed
n the sample, was adopted:

Y"/ Ym == K!' (l'—ull?)"u’m (7)

where, W, are the number of weeks of stress, W,, the
duration of crop growth in weeks (from transplanting
to phy«iological maturity) and K, the Crop response fact-
o1 (¢f. Doorenbos and Kassam 1979), Accordingly, if the
crop did not experience any stress in any of the weeks,
the yield could be K, times the maximum yield produced
or in other words this would be the potential yield,

When the dry matter yield of the paddy crop was con-
sidered, the mean values of K, was found as 1.22. This
means when the crop is raised in unstressed conditions,
the highest yield could be nearly 1/4 more than the maxi-
mum yield observed in the past.

5.3. Dry matter-water requirement relationship -

The water requirement paddy crop vary according to
variety, soil type, percolation and seepage losses, length of
growing season etc. The water use is a function of pre-

vailing meteorological conditions.

The total moisture need (XY=2 WR), WR; being
water requirement in the ith week worked out in the water
balance from transplanting to maturity was correlated
with the yield of total dry matter produce, (V. q/hec).
The following relationship could be established :

Y =0.15x ' 1.0,

(r = 0.51) (8)
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The correlation was found statistically significant.

On the basis of the Eqgn.(8) the expected yield
for selected values of water need has been calculated.
It was observed that when the water need is 300 mm,
the dry .matter production is 76 g/hec. The production
goes up by 15 q/hec for every 100 mm of water need
above 500 mm.

The water need thus appears low and could be attri-
buted to :

(i) the short growth period considered in the study.

(i) the maximum water need does not necessarily
mean high dry matter produce, and

(i) different strains of rice used in different years
in the study.

Another factor which must be borne in mind in this
connection is the fundamental defect inthe regression
approach that the dependence of crop yield on climatic
factors is usually far too complex to be described ade-
quately by a linear regression ona few gross measures
of climatic var ation (IRRT 1976).

5.4. Yield response in relation o stress

One of the advantages ol the soil moisture balance
described above is that it enables to estimate the extent
to which the water necds of a crop is met at any stage of
its development and growth. Itcan then be expressed asa
yield index. The crop is assumed to experience stress
when the soil moisture content in any week S; is less
than S,. This would imply that the development
of the crop is retarded n some way to a degree depending
upon its growth stage and the extent of the sfress, result-
“ing in reduced yield.

In the study the yield reduction Y,;due to stress in the
ith week is calculated from the moisture deficit (which is
taken as the .d flerence between the actual available soil
moisture and the water requ rement) divided by the total
water requirement and expressed as @ pereentage. as
shown below :

y Sap 3 F,o< 100

i WR, i

where. F; is the d mensionless weighing factor for the
ith week taken as per Olderman and Frere (1982).
Values for F, for different phenological phases are
given in Table 1.

The vield index ¥, in the first week is taken as 100.
This gels progressvely reduced asthe critical soil mois-
ture becomes less than S.

The yield ‘ndex 's cumulative, 7.¢., reduction ‘n yield
in a week s subtracted [rom the ndex of the previous
week (o get the yield index for the week. /e,

}.J = )rr 1 ,u

The method is similar to the one used by Frere and
Popov (1979). Computaton ol the yield index is illus-
trated in Table 2.

In order to find if the index proposed in the study
. really represents conditions during growth and the final

sxp H. P. DAS

vield. the actual yield from the observatory farm was
regressed with the value of the index observed at the end
of the crop season. The following relationship could be
obtained :

i f 35001 7 20671.3, (r 0.67) 9
where, Y is the grain yield in kg'hee and Y is the yield
index.

The correlation was found «tatistically significant at
57/ level.

Thus. it appears possible to progressively monitor the
crop growth as the season progresses and estimate the
yield immediately at the end of the crop season from the
vield index.

6. Conclusions

Using soil moisture budget technique, the study fur-
nishes weekly soil moisiure balance parameters and also
brings out the crop response to moisture stress. It also
provides a method to estimate yield fromyield reduction
due to moisture stress, This approach could be useful
in monitoring crop growth and the yield as the crop
develops to physiological maturity.

The following results also emerge from the study

(/) Maximum moisture demand. about 6-7 mm per
day is noticed during the vegetative growth
stage ol the paddy plant.

(i) Scepage and percolation losses occur  generally
during transplanting and early tillering phases.
g I E 2 2 1

(iii) Secpage and run-off together, could be as high
as half of the total rainfall during the paddy crop
season.

(iv) Potential for ‘nereasing paddy output by at
least 259 exists n the region
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