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ABSTRACT. The probability estimates of historical weekly rainfall (R) and potential evapotranspiration
(PET) records appeared to be a quite useful tool for studying the continuity of rainfall receipts. In the district
of Nadia in West Bengal, the probability of continuance of rain is fairly dependable after 19th week (7 to
13 May) and rainfed crops sown after this period will escape maximum risks of water deficits occurringin the
carly stage of crop growth before the -onset of monsoon. When available-water storage is considred with

ainfall through water balance approach the crop growth periods in different soils are augmented considerably,
ying in the range of May (19th week) to February (7th week). The longest water availability duration was
recorded in clay soil with 300 mm AWC, followed by in loam (250 mm AWC) and in sandy loam (200 mm
AWC). Water availability periods thus computed for different soils were compared with water requirement of
transplanted rice, evapotranspirations of jute and upland direct seeded rice and PET at 100 and 33 % levels.

Water availability periods for jute and rice-based cropping systems, have thus been identified, for soils of
different AWCs under rainfed condition.

1. Introduction Following the procedure of Cocheme and Franquin

In the district of Nadia, a bulk of net sown area
(64 9,) is still rainfed. The success of rainfed crop produc-
tion is dependent upon rainfall and/or stored soil mois-
ture in the root profile. During monsoon season (June
to September) due to high rainfall receipts crops are
not likely to undergo moisture stress but during pre
and post-monsoon seasons crops usually experience
water stress owing to scanty, variable and unpredi-
ctable rainfall receipts. There is thus great scope of
study the agroclimatic environment of the district by
taking into accout the historical and current weather
data and to identify the water availability period and
thereby to evaluate the feasibility of increasing cropping
intensity under rainfed condition.

(1967), an exhaustive study for finding out water availa-
bility period was carried out by India Meteorological
De(fartment using mean monthly values of rainfall
and potential evapotranspiration (Raman and Srinivasa-
murthy 1971). Of late, the duration of crop growth
period in dry farming tract of the counrty has been
indicated based on the concepts of moisture availa-
bility index and assured rainfall (Sarker and Biswas
1980 and Sarker et al. 1982). In the paper reported
hereunder an effort has been made to identify water
availability periods and thereby to find out production
potential under rainfed condition in different types
of soils of Nadia district in West Bengal, by taking into
account the probability estimates of weekly rainfall and
evapotranspiration and water balance for including
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rainfall and available stored water in soil during a
given week.

2. Materials and methods

The study was conducted for Nadia district waich is
situated between. Lat. 22° 53" &24° 07" Nand Long.
88° 10’ & 88° 45’ E. Major crops growa uadar rainfed
conditions in the district are jute, paddy, wheat, grain
legumes, and oilseeds. This district broadly has 49.4 77
sandy loam, 16.7 % loam, 25.5 7 clay loam and 8.49 clay
soil, In respect of laad situation, there are 3.27; uplaad,
88.7% medium land and 8.1 % lowland (Anon. 1934-85).

To represent the entire agro-climatic environment
of the district, the daily rainfall data of 45-year period
1940-1984) and mean potential evapotranspiration
gPenman) of Krishnagar have been collected from
India Meteorological Department. Rainfail on standard
week basis was calculated from 1 January. Weekiy
rainfall data calculated on standard week basis over
the entire 45-year period were used to obtain mean
weekly rainfall.

Under rainfed condition the crop water use or evapo-
transpiration(ET) is met by rainfall and available stored
water in the root profile. Hargreaves (1975) has shown
that a rainfall/potential evapotranspiration (R/PET)
value of atleast 0.34 is required to meet water require-
ment of dryland crops. He, further, held the opinion
that a dependable event of rainfall based on long-
term data is one where the rainfall ‘occurs with a pro-
bability of >0.75 (75%). Sivakumarand Virmani (1979)
conceptualised that at most stages of crop growth
the ratio of actual evapotranspiration (AE)/PET has
to be atleast 0.33 to meet the minimum crop water
demand. Assuming that AE demands could be met
by rainfall they had chosen a ratio of rainfall/PET
of 0.33 for their agroclimatic analysis for crop planning.
[n this study of water availability to crops the ratio
of 0.33 of R (weekly rainfall) and PET (potential evapo-
transpiration) has also been used.

The length of the water availability period witiout
considering the soil water storage at various probability
levels eithes for that amount of weelkly ramfall R>
PET or that which meets up one-thirds of PET,L e.,
R/PET > 0.33 has been computed. The soils of Nadia
district being mostly light in texture and flat in topo-
graphy, the runoff is usually low. However, during
rains of high inteasity some runoff will occur. In this
study, runoff has been assumed to be § ~of rainfall;
this has been deducted from the analysis of waler
availability for crop production.

The water balance equation is written as R—PET
+ W, = RO + Wy, where R is mean weekly rainfall,
PET is mean weekly potential evapotraaspiration,
RO is runoff and deep drainage and W, and W, are
the available-water storage at the beginning am)l at
the end of the week, respectively. IF R excje@s PET,
the soil water is recharged and when R — PET -I- W,
exceeds available-waler storage capacity _‘(,}\{VL ¥ it
is nssumed that Wy—=AWC and RO=R—PET + W, —
AWC,

On the other hand, when R—PET+-W, does not ex-
ceed AWC, i.e., when R< PET, the profile stored water
is used for meeting ET, Then the water balance equation
is written as Wy=R—-PET+W,. Under very limited
supply of moisture, even to the extent of 3§ of PET,
the consensus of opinion is that the plants will
survive. The values of available-water storage capacity
(AWC) as have been delermined by Water Management
Project of the Department of Agriculture, West Bengal
(Anon. 1974-75) have been used in the computation
of water balance. The AWCs per metre depth of soil
assumed for the analyses were 200 mm for sandy loam,
250 mm for loam and 300 mm for clay loam and clay
soils.

Following the above mentioned water balance metho-
dology, the week to week changes in soil water storage
have been calculated from l4thto 13th week. The crop
available water (WA) including storage and rain-
fall/metre depth of soil from 14th to 13th week was
computed by summing up the soil water storage at
the end of the previous week and rainfall received
during the given week for soils with 200, 250 and 300 mm
AWC. The water availabilities for different soils thus
computed were compared with (i) evapotranspiration
and water requirement of crops, viz., direct sceded up-
land ~and transplanted rices & jute and (if) with PET
and 0.33 PET through curves and the dates corres-
ponding to intersections of difierent water availability
curves with each of other curves were interpolated to
the nearest day. With the help of the water availabi-
lity diagram it is possible to calculate the water avail-
ability periods of transplanted rice, upland rice, jute
and other upland crops whose demands for water lie
in the range of PET and 0.33 PET. The estimated
values of water requirement of transplanted rice as
have been reported by Mitira ez al. (1978) have been
used. Sen (1977) in his studies on determinaton of
evapotranspiration of crops reported that ratios of
AE and PET at difierent growth stages of jute and up-
land direct seeded rice grown in kharif season do not
vary widely. Ratios of 0.79 and 0.89 of AE and PET
during the entire growth period of jute and upland direct
seeded rice, respectively, were found to be quite suffi-
cient 1o provide potential yield of the crops grown
under a set of crop management practices. On that
basis the values of 0.79 and 0.89 have been used to
multiply the PET to obtain the actual evapotranspira-
tion of jute and upland direct seeded rice, respectively.

3. Discussion

The plots of initial probabilities of the amounts of
the rainfall Lo meet one-third of the potential demand,
Le., R/PET > 0.33 and R > PET at Krishnagar are
presented in Fig. 1. It is seen from figure that the
lengih of the water availability period at 75% probabi-
lity level when R/PET > 0.33is 111 days extending
from I June to 19 Secptember; at R > PET, the water
availability period comes down to 59 days only ranging
from 24 June to 21 August. Since this methodology
of rainfall probability analysis does not include the
stored water in the root profile, the crop growth period,
thus, computed might be shorter than the actual, These
results can be useful for assessing the risks associated
with the sowing done in dry soils before rainfall receipts.
It will also be useful to predict as to whether the standing




POTENTIAL PRODUCTIVITY EVALUATION OF NADIA DISTRICT 243

crop in the field sown on receipt of rain will experience
water stress or not in the pre-monsoon season. In
the opinion of the experienced people, on receipt of a
good (20-30 mm) nor’wester shower, the cropping
season of this district can start. Monsoon rains usually
commence in the second week of June. When nor’
wester showers are delayed, farmers keep themselves
ready to utilize the first good showers in germinating
the crop seeds of upland direct seeded rice, pigeon pea,
etc by resorting to dry sowing ahead of rainfall receipt.
But owing to improper choice of time in most cases
crops sown through dry sowing fail. The results
depicted in Fig. 1 show that the probability of conti-
nuance of rain is fairly dependable after 19th week and,
therefore, the period from 19th to 2Ist week offers
an excellent time for dry sowing, because in subsequent
22nd week onwards there is a probability of getting a
rainfall amount of one-third of PET demand in 15 years
out of 20 years. Thus, although the probabiltiy ana-
lysis is not useful for identifying water availability
period for crop production, it appears to be a quite
useful and realistic method for evaluating the appro-
priate time for dry sowing in the years of delayed
nor’wester shower.

When the stored soil moisture is considered with
rainfall the length of the crop growing period is aug-
mented considerably. It appears from Fig. 2 that when
rainfall and soil water are considered together, the
water availability period exceeds the value of water
requirement of transplanted rice from 25th June to
13th December in 200 mm AWC soil, upto 2nd January
in 250 mm AWC soil and to 9th January in 300 mm
AWC soil, and thus, the water availability periods of
transplanted rice for soils of different AWCs are esti-
mated to be 172, 192 and 199 days, respectively. When
the actual ET of jute and upland direct seeded rice
are compared with water availability (WA) curves it
is seen that jute and upland rice sowing can be possible
after 22nd week (28 May-3 June) and when sown In
this period the crops can be ready for harvest in 40th
week (1-7 Octoberg during which a good yields of
jute and rice can be obtained. The points of inter-
sections of WA curves with each of PET and 0.33
PET help us delineate the upper and lower limits of
water availability of upland crops. The duration of
water availability periods at two levels of PET, ET and
water requirement of crops have been presented in
Table 1. This shows that even after growing jute and
medium duration (110-120 days) rice varieties there is

scope to grow another crop.

3.1. Crop planning

Matching or adjustment of water availability dura-
tion with the water demand of a crop gives an idea of
the suitability of the sequential or simultaneous crop-
" ping of 2 or more crops in a given soil-climate system.

g:o‘;n Table 1 it is further apparent that crop growth
period is longer in the soil with 300 mm AWC than
others with 250 and 200 mm AWCs. Higher the AWC,
the longer is the water availability period at the same
rainfall regime. Thus, the consideration of AWC of

soil for crop planning is very important.
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Fig. 2.  Water availability diagram of Krishnagar

(R=Rainfall; PET = Potential evapotranspiration;

WA = Water availability of 200, 250 and 300 mm
C soils;

WR = Water requirement of transplanted rice:

ET(J) = Evapotranspiration of jute; ET(D)=Evapo-
transpiration of upland direct seeded rice),

In Nadia district there are 3 types of land situations
viz., upland, medium land and low land. To ensure the
best possible utilization of natural endowments of
rainfall and stored moisture, appropriate crop planning
should be done for each soil and land situation.
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TABLE 1

Length of water availability (WA) period for crop growing under rainfed condition in three soil textural Sroups having different
available-water storage capacity (AWC)

Available-water storage capacity per metre depth with soil types

Sandy loam (200 mm AWC) Loam (250 mm AWC) Clay (300 mm AWC)
Particulars - A N e A — = Sy
Period Days Period Days Period Days
WA=PET 2 Jun to 5 Jan 218 2 Junto 6 Feb 250 2 Junto 9 Feb 253
WA>0.33 PET 12 May to 10 Jan 244 12 May to 13 Feb 278 12 May to 15 Feb 280
WA=WR 25 Jun to 13 Dec 172 25 Junto 2 Jan 192 25 Junto 9 Jan 199
WA=ET (J) 3 Jun to 30 Sep 120% 3 Jun to 30 Sep 120% 3 Jun to 30 Sep 120*
WAZET (D) 5Junto 2 QOct 120% 5Junto 2 Oct 120% 5Junto2 Oct 120*

WA= Waler availability including rainfall and storage; PET = Polential evapotranspiration;
WR=Water requirement of transplanted rice; ET(J)=Evapotranspiration of jute;

ET(D)=Evapotranspiration of upland direct seeded rice.

*Maximum duration of jute and upland direct seeded rice; there can be still varieties of shorter duration.

A low land or a medium land can provide available
water to crops for a longer period than the upland
situation due to accummulation of more water in the
former after being carried from the latter. In upland
situation having 226 mm AWC, a crop of jute or direct
seeded rice may be raised from 20th week (14-20 May)
followed by a suitable crop (grain legumes-peas, lentil;
oilseeds-mustard, linseed, sunflower) in rabi season
(Khan and Chatterjee 1985).

In medium and lowland situations having 216 mm
AWC, double croppings of transplanted rice in the kharif
season followed by peas or lentil or mustard or linseed
or sunflower or barley in the rabi season can be feasible
(Khan and Chatterjee 1986). The choice of crops should
be in agreement with water availability durations in

different soils.

4. Conclusion

It is concluded that double croppings under rainfed
condition can be possible in Nadia district. If the rainfed
crops are sown by 20th week they will face minimum
risks of water deficits occurring during their growth
period.
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