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ABSTRACT

Proper rain water management is vital for successful raising of crops in the rainfed regions,
since crop production in a vast net sown area of the country is still dependent upon rainfall. So,
proper understanding about distribution pattern of rainfall resources analyzed through modern
agroclimatic methods at micro-level is required for efficient crop planning under rainfed condition.
In the present study, daily rainfall data of Gaya district of Bihar for the period from 1969 to 2006
were analyzed through several approaches for identifying water availability period for crop plan-
ning in the district. Based on the results of the investigation, suitable crop planning for the district
has been suggested. The average annual rainfall of the district is 1112.1 mm received in 56 rainy
days. Of the total annual rainfall, monsoon, post monsoon, winter and summer seasons contributed
86.5, 6.1, 2.9 and 4.5 %, respectively. The coefficient of variation of monthly rainfall from June to
September ranged from 39.1 (July) to 72.3 % (June). Monthly rainfall during July and August is
relatively more dependable as shown by lower CV values. Rainy season starts in the district during
25 standard meteorological week (SMW) and terminates during 42 SMW and thereby, providing
with an average length of rainy season of 16.6 weeks. At 75 % probability, referred to as a probabil-
ity of obtaining an assured amount of rainfall for crop planning under rainfed condition, at least 25
mm rainfall could be expected from 27 to 33 SMW. Weekly average rainfall during 25-38 SMW
ranged from 32.9 to 89.7 mm. After 38 SMW, the amount of rainfall decreased drastically. Moisture
availability index (MAI), initial and conditional probabilities of rainfall for critical limits of 20 mm
and 30 mm have been computed for suggesting better rainfed crop planning in the district. Crop
water demand and irrigation requirement for kharif rice during various phenological stages have
been worked out. Results of trend analysis in respect of rainfall over different seasons and length of
growing season have also been reported.
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INTRODUCTION

In Bihar, agriculture is largely dependent on the performance of southwest monsoon and hence
the studies on the variability in the rainfall amount, its distribution, probability of occurrence of
effective monsoon, prediction of assured rainfall at different probability levels and wet spell during
rainy season are of paramount importance especially under rainfed condition for determining ap-
propriate sowing time and suitable cropping system. Thus, it is necessary to identify duration of
water availability for crops sunder rainfed condition for selection of suitable crops and their variet-
ies matching with the water availability period. Rice is a very important kharif crop in Bihar. In the
recent years, kharif rice production has been a gamble owing to erratic monsoon system. Moisture
is a limiting factor for successful cultivation of crops. In such background, a study on rainfall vari-
ability, probability analysis and moisture availability period assumes significance for evolving bet-
ter crop management strategy under rainfed condition. Several authors have carried out rainfall
analysis for crop planning at district level (Ramana Rao et al., 1979; Sarker and Biswas, 1980;
Gupta et al., 2010). In the present paper, an attempt has been made to work out trend and statistics
of annual, monthly, seasonal and weekly rainfall in Gaya district of Bihar and to suggest suitable
crop planning for the district on the basis of rainfall probability, water availability period and crop
water requirement.

MATERIALS AND METHODS

Daily rainfall data for the period from 1969 to 2006 of Gaya district was collected from Direc-
torate of Statistics & Planning, Govt. of Bihar. The rainfall data (1969 to 2006) of the district were
analyzed to obtain annual, seasonal and monthly rainfall, rainy days and accumulated rainfall dur-
ing different phases of growth of kharif rice were computed. Using this database, expected weekly
rainfall at different probability levels (10, 25, 50, 75 and 90 %) was computed with the procedure
followed by Sarkar and Biswas (1986). Initial and conditional probabilities of receiving 20 and 30
mm rainfall per week were computed following the method as suggested by Robertson (1976).

Initial probability : P(D)= Probability of dry week, P(W)= Probability of wet week,

Conditional probability : P( W/W)= probability of wet week followed by wet week :
P (D/D) = Probability of dry week followed by dry week, P(D/W)= Probability of dry week fol-
lowed by wet week, P(W/D)= probability of wet week followed by dry week.

Normal potential evapotranspiration (PET) was estimated through modified Penman method
(Dorenbos and Pruitt, 1977). Moisture availability index which is the ratio between expected rain-
fall at different probability levels and potential evapotranspiration was estimated with the method
given by Hargreaves (1971). According to Hargreaves moisture availability index (MAI) concept,
moderately deficient period was considered when MAI e" 0.34 and adequate moisture availability
when MAIe" 1.0. Weekly PET values were multiplied by crop coefficient (Kc) to determine weekly
water requirement (WR) of the rice crop. 3 cm continuous standing water in the rice field has been
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considered and added with water requirement of the crop. Crop coefficients were used under light to
moderate wind condition as suggested by Doorenbos and Pruitt (1977). The growing season of rice
crop was divided into three growth phases viz. vegetative phase ( transplanting to 50 % booting
stage) during 28 to 38 standard meteorological weeks (SMW), reproductive phase ( 50 % booting to
50 % flowering stage) during 38 to 41 SMW and ripening phase ( 50 % flowering to maturity stage)
during 41 to 44 SMW. To demonstrate the trend of rainfall, best-fit equations involving years,
rainfall and rainy days were developed.

RESULTS AND DISCUSSION

Variability in rainfall

Gaya district receives an annual rainfall of 1112.1 mm in 56 rainy days with a coefficient of
variation of 24.7 %. About 962.0 mm rainfall is received during monsoon season in 46 rainy days
with a C.V. of 26.7 %. Post monsoon, winter and summer season receive 68.1 mm, 32.0 mm and
50.0 mm rainfall respectively with C.V. of 90 %, 95 % and 79.9 % respectively ( Table 1). Annual
rainfall is showing increasing trend; rainfall increases by 3.1 mm/year. With increasing rainy days,
annual rainfall amount exhibited increasing trend (Fig. 1 & 2). The association between them was
highly significant (Fig. 3, r = 0.67*%, significant at 1 % level ). During kharif season, the month of
June, July, August, and September receive 155.5 mm, 316.3 mm, 292.3 mm and 198.2 mm rainfall
respectively (Table 2). The highest C.V. (72.3 %) was observed in the month of June followed by
September (53.3 %). The month of July showed lowest C.V. (39.1 %) indicating rainfall during July
and August (C.V. of 46.2 %) is quite dependable as C.V. values are well below the critical value of
50.

Water availability period

Moisture availability indices according to Hargreaves’s moisture availability index (MAI)
concept, moderately deficient period is considered when MAle" 0.34 and adequate moisture avail-
ability when MAIe" 1.00. According to this concept, water availability period in Gaya district at 50
and 75 percent probability with MAle" 0.34 was found to occur from 24 to 40 SMW and 27 to 37
SMW respectively. Water availability periods with adequate moisture at 50 and 75 percent prob-
ability with MAIe" 1.00 were estimated from 27 to 37 SMW and 30 to 34 SMW respectively
(Fig.4). If an MAI of 1.00 in a week is considered as sowing week, sowing/transplanting could be
undertaken in 27 and 30 SMW in 50 percent and 75 percent probability respectively.

Rainfall probability & crop water requirement

Kharif growing season starts in the district during 26 SMW and terminates during 42 SMW
with an average duration of 112 days of length of kharif growing season (Table 3). At 75 percent
probability, which is an assured amount of rainfall for crop planning, at least 25 mm rainfall could
be expected from 27 to 33 SMW (Table 4). At least 40 mm rainfall could be expected during 26-36
SMW except 33 and 34 SMW at 50 percent probability. Weekly average rainfall during 25-38 SMW
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varied from 32.9 to 89.7 mm. After 38" SMW, the amount of rainfall decreases drastically. Results
of analysis regarding initial and conditional probabilities of rainfall for critical limit 20 and 30 mm
showed that the probability of receiving 20 mm rainfall per week was more than 70 percent during
26 to 36 SMW except week numbers 34 and 35 (Table 5 ). The probability of a week being wet
followed by a wet week (20 mm rainfall) was very high during the corresponding period except
week number 34. Likewise, the probability of getting 30 mm rainfall per week was more than 70
percent from 26 to 33 SMW except week number 30. The probability of a wet week followed by a
wet week ( rainfall limit 30 mm per week) was more than 70 percent from 26 to 35 SMW except
week numbers 30 and 34.

In case of short to medium duration rice crop, weekly water requirement and water demand
have been worked out ( Table 6). Kharif rice needs 645.7 mm water including 3 cm standing water
in the field during entire vegetative phase ( transplanting to 50 % booting). The water requirement
with 3 cm standing water was 224.4 mm during reproductive phase ( 50 % booting to 50 % flower-
ing stage) and 221.4 mm during ripening period from 50 % flowering to physiological maturity
stage. At 75 % probability, the amounts of irrigation to be applied to the crop during vegetative
phase were computed as 149.7 and 387.0 mm at 50 and 75 percent probability respectively. During
reproductive phase, the amounts were 170.7 mm and 209.7 mm at 50 and 75 percent probability
respectively. Results showed that during ripening period, most of the water requirement of the crop
requires to be fulfilled through irrigation ( 205.7 mm) at 50 percent probability and 217.7 mm at 75
percent probability. Thus, there should be good provision of irrigation water from 50 % flowering to
raise kharifrice crop as chances of rainfall drastically decreases. Gaya being mostly an undulating
topography and receiving most of the annual rainfall during monsoon season (86.5 %), there is
scope for rain water harvesting and supplemental irrigations for both kharif and rabi crops. Such
information on rainfall probability, water availability and water requirement of crops would be
useful in avoiding moisture stress to crops at critical phenological stages with provision of irriga-
tion. Rainfall during vegetative phase of rice crop showed slightly decreasing trend (Fig. 5). How-
ever, during reproductive and ripening phase, increasing trends were observed with significant in-
creasing trend during reproductive phase. ( Fig. 6 & 7).

Crop planning

At 75 percent probability, which is an assured amount of rainfall for crop planning, at least 25
mm rainfall could be expected from 27 to 33 SMW. Beyond this period, the kharif rice may face
water stress at reproductive to maturity stage, which can be managed by providing supplemental
irrigations. At 50 and 75 percent probability levels, water availability periods with MAlIe" 1.00 (
adequate moisture) were 11 weeks ( 27-37 SMW) and only 5 weeks ( 30-34 SMW) respectively.
The results on crop water requirement, water availability and rainfall probability analysis suggest
that where feasible it is recommended to grow short duration rice varieties and low water requiring
crops only during kharif season in the district. In upland and medium land conditions, kharif maize
has good production potential. There is need of harvesting surplus rain water during monsoon sea-
son for supplemental irrigation during both kharif and rabi seasons.
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Table 1

Characteristics of seasonal rainfall in Gaya district

Season Parameters Minimum | Maximum | Mean SD CV (%)
Monsoon Rainfall (mm) 534.7 1628.8 962.0 256.6 26.7
Rainy days 33 66 46 8.4 18.2
Post Monsoon Rainfall (mm) 0.0 216.3 68.1 61.3 90.0
Rainy days 0 10 3 2.5 83.7
Winter Rainfall (mm) 0.0 118.9 32.0 30.4 95.0
Rainy days 0 7 2.8 2.3 80.2
Summer Rainfall (mm) 2.8 146.4 50.0 39.9 79.9
Rainy days 0 11 4 2.7 66.6
Table 2

Observed minimum, maximum, mean and standard deviation and coefficient of
variation of monthly rainfall

Month Minimum Maximum Mean S.D C.V.
(mm) (mm) (mm) (mm) (%)

January 0.0 74.9 17.3 21.1 1221.1
February 0.0 63.3 14.7 18.2 123.8
March 0.0 68.0 10.4 15.6 149.9
April 0.0 102.2 13.2 20.3 154.2
May 0.0 123.0 26.4 31.1 118.1
June 17.8 411.4 155.2 112.1 72.3
July 113.5 599.6 316.3 123.6 39.1
August 65.9 647.3 292.3 135.0 46.2
September 43.1 579.0 198.2 105.7 533
October 0.0 210.7 57.4 59.8 104.3
November 0.0 48.5 6.9 14.6 211.6
December 0.0 329 3.8 7.5 194.8
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Table 3
Duration of kharif growing season in Gaya district
Year Start week End week Duration in Rainfall
weeks (mm)
1969 27 45 18 1096.1
1970 24 40 16 725.7
1971 26 42 16 1161.6
1972 27 47 20 839.4
1973 24 38 14 907.5
1974 27 42 15 837.7
1975 26 41 15 812.5
1976 24 38 14 1145.0
1977 26 51 25 1107.8
1978 24 43 19 1467.9
1979 26 48 22 738.0
1980 25 42 17 912.7
1981 27 39 12 714.9
1982 28 45 17 697.4
1983 26 43 17 1008.3
1984 24 36 12 1450.5
1985 27 42 15 1129.5
1986 26 40 14 921.3
1987 26 36 10 1212.7
1988 25 43 18 704.0
1989 24 50 26 677.4
1990 24 39 15 1240.2
1991 24 38 14 752.5
1992 28 39 11 498.8
1993 27 43 16 773.9
1994 25 40 15 887.3
1995 25 52 27 1102.2
1996 25 39 14 667.2
1997 26 48 22 1102.0
1998 27 42 15 1007.5
1999 24 42 18 1130.6
2000 24 38 14 1061.7
2001 25 40 15 1497.2
2002 26 42 16 1038.1
2003 26 43 17 1179.7
2004 25 42 16 696.2
2005 26 40 17 705.5
Mean start = 26 SMW Earliest = 24 SMW | Latest = 28 SMW SD = 1.3 Week
Mean end =42 SMW Earliest = 36 SMW | Latest =52 SMW SD= 4.0 Week
Mean duration = 16 weeks | Min dur = 10 SMW | Max dur =27 SMW SD = 3.9 Week
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Table 4
Weekly rainfall amount at different probability level in Gaya

Weekly rainfall (mm) for the probabilities of

SMW 90 % 75 % 50 % 25 % 10 % Mean(mm)
23 0.5 2.8 11.7 32.6 65.1 234
24 1.1 5.0 17.5 43.9 83.0 31.2
25 22 7.5 21.1 46.8 82.5 329
26 6.0 17.9 46.1 96.2 163.9 68.4
27 9.5 26.0 62.8 125.8 209.2 89.7
28 12.2 26.9 55.1 99.1 154.1 71.0
29 18.4 33.0 574 91.8 1324 67.3
30 7.8 20.1 46.4 90.2 147.2 64.1
31 18.7 34.5 61.4 99.8 145.5 72.9
32 16.7 30.6 54.2 87.8 127.6 64.0
33 23.0 40.0 37.8 106.4 151.5 78.5
34 6.0 15.7 36.7 71.9 117.9 50.9
35 5.6 16.7 42.9 89.4 152.1 63.5
36 11.1 25.0 52.1 94.5 147.9 67.6
37 3.0 10.0 28.3 62.6 110.2 44.3
38 1.7 7.2 23.7 57.5 106.8 41.0
39 1.0 4.5 15.1 37.2 69.7 26.2
40 0.2 2.0 10.8 34.8 74.8 25.9
41 0.2 1.0 4.1 11.1 21.9 7.3
42 0.1 1.0 5.8 19.2 41.7 14.0
43 0.1 0.9 4.5 14.2 304 10.0
44 0.5 0.8 1.3 1.9 2.6 04
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Fig. 1: Variability in annual rainfall in Gaya district

T -
-
i) 4 V= 00535x° - 212255+ 200475
. . R: = 0.3152 .
g0 -
= L
E ah 4 *e .
g . . it e
- T—— i e
Z S0 o * ¢ * . ‘. . *
g * . > *
2 4 .
30 -
1“ i r L] r ] ] i il
1968 1973 1978 1983 I9N% 1993 199% 2003 2008
Year

Fig.2: Trend in annual rainy days in Gaya district

BIOGLOBIA / 108



VOL 1 (1) : 2014 Sattar et. al. ISSN NO : 2349-5626

Lipy -

- M
= ¥=0.0237x + 30.632 -
= - =
S 0 R? = 0.455 "
E -0 » *
B 1 -
- . e _—
3 6 A ‘e ¢ *
E , 5 #
S0 - . o d‘ &
40 - * L *I-
j‘l L] L] L]

250 500 750 1000 1250 1500 1750 2000

Annual rainfall ([mm)

Fig. 3: Relationship between annual rainfall and rainy days in Gaya district
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Fig. 4: Water availability period at different probability levels in Gaya district.
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Fig. 5: Variability in rainfall during vegetative phase of rice crop in Gaya district
350 -
300 - Y = 0.245x7 - 972.08x + 964186
R = (L1489
250 4 & ¢
B
— > L o
= 150 4 * -~
B * . . .
s wod{ *%,. ¢ *
= . T— PR - o *
30 * - * *
- * ¢ -
“ T '._Ll'. T s T
19646 1976 1986 1994 2
Year
Fig. 6: Variability in rainfall during reproductive phase of rice crop in Gaya district
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Fig. 7: Variability in rainfall during ripening phase of rice crop in Gaya district
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Table 6. Weekly water requirement & irrigation demand of Kharif rice in Gaya

SMW PET (mm) K. WR+30 mm Expected rainfall Irrigation water (mm)
standing (mm) at to be applied
water probability at probability
50 % 75% 50 % 75%
28 28.3 1.10 61.1 55.1 26.9 6.0 342
29 254 1.10 57.9 574 33.0 0.5 249
30 25.1 1.10 57.6 46.4 20.1 11.2 375
31 28.6 1.10 61.5 61.4 34.5 0.1 27.0
32 28.7 1.10 61.6 54.2 30.6 7.4 320
33 24.5 1.10 57.0 37.8 40.0 19.2 17.0
34 26.7 1.10 59.4 36.7 15.7 22.7 43.7
35 28.1 1.05 59.5 42.9 16.7 16.6 42.8
36 26.8 1.05 58.1 52.1 25.0 6.0 33.1
37 25.0 1.05 56.3 28.3 10.0 28.0 46.3
38 24.5 1.05 55.7 23.7 7.2 320 48.5
39 24.1 1.05 55.3 15.1 4.5 40.2 50.8
40 25.2 1.05 56.5 10.8 2.0 45.7 54.5
41 25.6 1.05 56.9 4.1 1.0 52.8 55.9
42 249 1.05 56.1 5.8 1.0 50.3 55.1
43 24.1 1.05 55.3 4.5 0.9 50.8 544
44 22.0 1.05 53.1 1.3 0.8 51.8 523
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