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ABSTRACT. Crop water availability was worked out for deep black soil region of Bijapur area
based on daily water budgeting. Though Bijapur received low rainfall annually, the precipitation
received in the months of June, July and August was sufficient for soil moisture accretion and provided
a favourable soil water environment for the crop growth of post rainy season at 75 per cent probability.
Further rains from September onwards help in improving the moisture condition. A high correlation
coeflicient of 0.8359 was obtained between the soil moisture available at the end of 37th week
(16 September) and accumulated rainfall upto that period. The probability of receiving sowing rains
during 37th to 41st weeks was favourable. If crops could be established by October, it was found that

the soil moisture environment will be optimum to meet the water requirements of rabi crops on the

average in 3 out of five years,
1. Introduction

The success of post rainy season crop in dry
lands depends on its sowing at a time when soil
moisture is adequate and on providing sufficiently a
long moist period for successful completion of its
life cycle. Hence, a complete and quantitative under-
standing of the natural resources particularly soil
moisture and its dependence on rainfall is required for
development of suitable crop strategy in these areas.
With this in view, an attempt is made to understand
the soil moisture availability and its variability due to
monsoon rainfall in deep black soils of Bijapur,

Bijapur region is situated in the northwestern part
of Karnataka, between 16 deg. 59" N latitude and 75
deg, 43" E longitude and at an elevation of 574 mts
amsl. This region is characterised by low and uncertaiy
rainfall with high evaporative demand. Soils of this
region are derived from Deccan trap. They are black
soils of the order of vertisols, with varying -depths and
moisture holding capacities. In the shallow soil region
of this area, crops are grown on the rains received
during monsoon season and in deep black soil region,

mostly rabi crops are grown, The farmers of this loca-
lity generally keep the land fallow during the rainy
season and crop it during post rainy season on the
residual moisture stored in soil profile, which is
believed to be more assuring.

2. Material and methods

The daily rainfall data from 1901 to 1982 and daily
data on maximum temperature, minimum temperature,
relative humidity of morning and evening hours, wind
speed and cloud amount for the period from 1965 to
1982 for Bijapur station were collected from the Indian
Meteorological Department. Daily potential evapora-
tion was computed for all the years (1965-82) following
Penman’s equation (1948). The values 0.33 and 0.41
(Ganesan 1970) were used for the constants a and b
in the calculation of incoming radiation as suggested
by Doorenbos and Pruitt (1975).

. Daily water balance estimates using daily rainfall as
input to the soil moisture storage and esfimated eva-
potranspiration as withdrawls, were carried out for
the period from 1965 to 1982 to evaluate the soil mois-
ture regime at the end of each day. by following
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TABLE 1

Mean monthly rainfall, coefficient of variation and potential
evapotranspiration at Bijapur (1965-82)

Rainfaft (mm)

Mean Mean
Month monthly cv monthly
rainfall PET
(mm? (%) (mm)
Jan 0.5 221 115.2
Feb 3.2 331 134.7
Mar 2.9 135 180.1
Apr 24.7 87 196.4
May 40.3 84 219.4
Jun 86.5 74 166.9
Jul 77.7 63 149,2
Aug 83.2 73 144.8
Sep 170.6 49 129.6
Oct 112.8 84 127.3
Nov 35.1 191 107.5
Dec 4.7 159 101.5
Total 642.2
TABLE 2

Seasonal distribution of rainfall (1965-82)

Mean
Period seasonal Cv % to annual
rainfall (%) total
(mm)
Period 1
Apr-May 64.9 57 10
Period 2
Jun-Aug 247 .4 38 k]
Period 3
Sep-Nov 318.5 49 49
Total annual rainfall 642.2 mm,
CV among years 31 per cent.

Thornthwaite and Mather (1955) technique. For this
purpose, water available in the soil to plantis generally
considered to be that between the field capacity und
wilting point and an available water capacity of
250 mm was considered for the black soils of Bijapur
as reported by Suryanarayana er al. (1984). As per
their computation, 225 mm was the value arrived at,
as the available water for these soils, but for com-
putational convenience it was considered as 250 mm.
From the estimated daily available soil moisture, the
moisture availability at the end of each week for all
the years was computed.

A linear regression, equation model of the form
) == a 4 bx between the soil moisture available at
the erd of 37th week (16 September) and the accumu-
lated rainfall upto 37th week, was fitted to understand
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Fig. 1. Crop water availability and rainfall

the dependence of soil moisture accumulation on the
rainfall of the prior period.

Based on these estimated available soil moisture at
the end of each week the following observations were
made and available crop water environment was dis-
cussed for developing a suitable crop strategy.

3. Results and discussions

3.1. Rainfall

Monthly rainfall (average of 1965-82) during the
study period, coefficient of variation (CV) and monthly
potential evapotranspiration (PET) are presented is
Table 1.

The year to year variation in rainfall in these dry
areas was more. A lowest rainfall of 292.0 mm during
1972 and highest amount of 953.0 mm during 1975
was recorded. :

The rainfall received during June-November is
considered to be important in these location for the
soil moisture build-up and hence for crop production.
The yearly rainfall is divided into three categories based
on the period of its occurrence, to understand the
effectiveness of the rainfall of each period in soil
moisture accretion. The rainfall during the three periods,
respective CV are presented in Table 2.

Though, 49 per cent of total annual rainfall is
received during September-November, the rainfall of
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TABLE 3
Probability of occurrence of high amount of rainfall in a single day
* of different months (_1930-81)
Amount of rainfall Total No.
. (mm) of rainy
Month e —A — days
20 30 40 (>2.5mm)
May 27 20 10 5 3
Jun 35 24 14 8 5
Jul 23 16 10 8 6
Aug 34 23 13 10 5
Sep 46 35 22 12 8
Oct 41 27 15 10 6

June-August seems to be more reliable and effective
in building up the soil moisture for the rabi season,
The rainfall during remaining period will be useful to
further substantiate the soil moisture availability for
better performance of post rainy crops.

3.2. Soil moisture

The average weekly soil moisture behaviour in 100
cm soil profile of the black soil region of Bijapur and
weekly average rainfall is presented in Fig. 1. It can
be observed that during April and May, when the air
temperatures are high and evaporative demand is at
its highest, the soil moisture reaches as below as 10
mm. Generally moisture accumulation starts from the
initial showers as indicated by the increasing trend in
the soil moisture curve (Fig. 1).

Preliminary results of land and water management
studies which are being conducted under different soils
of Bijapur indicate that, runoff was minimal in deep

black soils region during the early rainy period as .

compared to the shallow soils despite their variable
slopes (Belgaumi 1984). The deep cracks that develop
during summer allow less intense initial showers to
enter the soil. Further, the rainfall duration of these
dry areas, which are situated in a rain-shadow region
for both the monsoon winds, is of short in nature, of
low amount and hence of less intensity. The probability
of occurrence of high amounts of rainfall (15 to 40
mm) in a single day in different months of the rainy
season was worked out (Table 3). In the initial stages
of monsoon season (June-August) the probability of
receiving a rainfall amount of 15 mm or more in a
single day is of the order of 25-35 per cent of the
total rainy days during that period. Frequency of high
intense storms in the initial period is less and hence a
high probability of contribution to soil moisture.

From the Fig. 1, it can be observed that the soil
moisture build up is a continuous process right from
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Fig. 2. Soil moisture accumulation and rainfall (1975)
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Fig. 3. Soil moisture accumulation and rainfall (1972)

the initial shm_vcrs of the monsoon rains (23rd week)
and by the middle of September (37th week) the soil
is recharged to 75 per cent of the maximum available
waler, Soil water regime of 100 mm and more persists
fora substantial part of the season and continues upto
;he m:ddlp of December. A full soil recharge of
_St_mm 1s not uncommon, if individual years are
considered. I'ypical cases of available soil moisture
d_umg high rainfall (1975) and low rainfall (1972)
Situations were presented in Figs. 2 and 3, to have an
insight into the variation in soil moisture accumulation
In extreme cases. During 1975 (RF 953 mm) the soil
moisture build up was observed right from 26th week
onwards. The 50 per cent available moisture regime
of 125 mm and above, presisted for a period of about

-25 weeks, during rabi season (23-49th week). How-

ever, in the year 1972, rainfall of only 292 mm was
received and the moisture recharge had never reached
50 per cent of maximum storage. In addition, the
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TABLE 4
Weekly probabilities of various levels of available soil moisture (AWC 250) in black soils of Bijapur (years 1965-82)

|_evels of soil water (mm)
100 125 150
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TABLE 5

Occurrence of sowing rains for rabi cropping around Bijapur
(1930-80) region

Amount of rainfall (mm)

Standard Dates ; e

week No, 5 10 15
37 10-16 Sep 62.7 56.9 43.1
38 17-23 Sep 70.6 64.7 58.8
39 24-30 Sep $2.3 78.7 70.6
40 17 Oct 70.6 66.7  56.9
41 8-14 Oct 62,7 54.9 5l..0

superimposition of rainfall in the crop season over the
available soil moisture indicated no occasion, of sowing
rains for post rainy crops was recorded during 1972,
However, occurrence of such situation (<< 500 mm)
of low rains and hence of low available water, during
post rainy period were only 28 per cent in these tracts.

In order to assess the persistency of the occurrence
of satisfactory soil moisture regime, probability of
occurrence of different amounts of available water in
each week was worked out (Table 4). By the end of
39th week the possibility of moisture recharge to 175-
200 mm was of 61 per cent and during 40th week,
50 per cent probability of soil being fully recharged to
field capacity was observed.

To assess the degree of dependence of soil moisture
accumulation by 37th standard week (16 September)
on the rainfall the moisture accumulated at the end
of 37th week was correlated to the accumulated rain-
fall of 23-37 weeks; using a linear regression model.
The results of the regression equation was as follows :

y = —20.7476 - 0.4679 x

where, v = available soil moisture at the end of
* 37th week.

x = Accumulated rainfall (in mm) of 23-37 week

A high correlation coefficient (r) of 0.8359 was

observed and it was found significant at 1 per -cent
level. The coefficient of determination (%) is 0.6988,
indicating 70 per cent of the variation in the available
soil moisture could be explained by the variation in
the accumulated rainfall during the period earlier to
37th week.

3.3. Crop strategy

Hargreaves and Christiansen (1974) and Hargreaves
(1975) established that the crop water requirements
during initial stages would be as low as 0.25 of avail-
able water and increase to about 0.8 at pre-flowering
stage, and finally drop to 0.3 at maturity, On this
basis, Virmani (1975) estimated total water requirc-
ment as 210 mm of ET for post rainy season crops
for Hyderabad region. The results of water balance of

Bijapur black soils show that in about 60 per cent of.
the years there would be adequate water in the soil
by the end of 40th week, Though the probability
of adequate soil mojsture environment after 37th week
onwards was high, the surface layer (upto 15 cm)
of the soil may be void of moisture due to its proxi-
mity to atmosphere. So the sowings can be planned
soon, after the first good shower of 10-15 mm during
the month of September, which can soak the top soil.
Planting at the start of rains or even before the receipt
of rains (in anticipation) and thereby providing better
soil moisture environment for the development of root
system in later stages of the crop growth was reported
to produce high yields (Gwynne 1964). This demands
at least a good probability of favourable rainfall
situation to take up sowings at the earliest opportunity.
To assess this, percentage probability of occurrence of
different amounts of rainfall (as'crop sowing rains)
during 37 to 41 weeks was worked out and presented
in Table 5.

The probability of occurrence of favourable sowing
rains for early rabi cropping is high under Bijapur
rainfall conditions. Ramana Rao et al. (1979) reported
92 per cent probability of sowing rainfall in Bijapur
region before 30 September. Once a crop was esta-
blished by October first half, the crop is well supplied
with soil moisture for subsequent crop growth and to
meet its moisture demands during crictical periods.

Grain yields of Sorghum trial (Mugathi variety)
collected from Dryl Agriculture Project (Anony-
mous 1980); in relation to moisture stress was analysed
to examine the availability of favourable crop soil
environment at different stages of the crop growth. It
was observed that among all the stages of the crop,
final yield was strongly correlated with favourable soil
moisture situation at boot leaf stage and flowering
period as indicated by their respective high correlation
coefficients of 0.9352 and 0.9971, This was well sup-

ported by _the observation of Nix and Fitzpatrik
(1969). 7 | n itzpatrik

From the aht?lve i_{:-.sulits, it can be concluded that a
Crop,sown at the first favourable opportunity durin
September, would be well supported by fgrourabl%
crop water availability environment during its further
growth. Given a 75 per cent of favourable soil water
environment, productivity of the black soil areas of
Bijapur region would be entirely dependent on the
crop management alone.
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