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Impact of rainfall on area and production of rabi oilseed cropsin Himachal Pradesh
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Abstract

The present study was carried out to assess thactnap rainfall on the spread, production and ysebdfirabi oilseed crops in
Himachal Pradesh during the past forty years (18%8 2007-08). Year-wise trend analysis in rapgseastard indicated a
significant increase in area, production and prtiditg while a significant decrease was observetiriseed with time. Pentad-
wise shift indicated 71.7% increase in the areseunapeseed-mustard durin gentad over st pentad which might be due to
92.6% increase in rain fall durind'$entad over %L pentad. The technological inputs including imprwearieties resulted in
105.6% increase in production and 20.4% increagedductivity. Pentad-wise shift in rapeseed-mustrea also exhibited a
significant positive correlation with rainfall. lmseed, pentad-wise shift indicated a drastic cédn in area (78.8%), produc-
tion (89.3%) and productivity (51.2%) durin§j pentad over Sipentad. There was a negative and non-significamelation of
area with rainfall. The study indicates that un@énfed conditions, the farmers preferred rapeseadtard over linseed. Linear
regression analysis indicated that the increassasonal rainfall may not be the sole reason fea axpansion in rapeseed-
mustard. On the other hand, a much part of vanatioarea as well as production in linseed appebesdue to variation in
seasonal rainfall.
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Oilseeds being a rich source of fats and vitamins, crops contribute a significant proportion to theiagtural

occupy an important position in Indian agricultuesion- GDP. The per capita consumption of edible oilshia toun-
omy and daily diet. The diverse agro-ecologicalditions try has witnessed a steep rise due to rise in ptipol
in the country are favourable for growing the seedible change in life style, rising per capita income, imlity of

oilseeds (groundnut, rapeseed-mustard, soybean; sun cheaper edible oil, luxuriant intake of edible oilad the
flower, sesame, safflower and niger) and two noibled consumer friendly import tariff policy which hasstéted in

oilseeds (castor and linseed). India is the fifttyést vege-  dependency on imports to meet the additional requént.
table oil economy in the world, next only to USAqiia, The area expansion in oilseeds during the lastama half
Brazil and Argentina and has an annual turnoveabmfut decades was a major source of growth in oilseeadugtion
INR 80000 crores. India accounts for 12-15% of esilis (Hegde, 2012).

area, 6-7% of vegetable oils production, 9-11%hef tbtal In Himachal Pradesh, the major oilseed crops (eguks
edible oils consumption and 14% of vegetable ojponts. mustard, sesame and linseed) are grown over arofie0

India has imported 51% of her requirements at aetoogt thousand ha. Of which nearly 74.6% area is occulpyathbi

of INR 56910 crores during 2013-14 (Anonymous, 2015  oilseed cropsiz.,, rapeseed-mustard and linseed. Rapeseed-
India ranks first in the production of groundnsecond in mustard group of crops are grown over an area®ttfu-
rapeseed-mustard and fifth in soybean and thilseed sand ha with a total production of 2.4usend tonnes



and productivity 267 kg/ha (Anonymous, 2012). Based
upon the average data over the past ten years {4998
2007-08), rapeseed-mustard and linseed crops have a
counted for 59.8 and 12.5% area under total oiseetil
contributed about 63.8 and 7.0% to the total odsegro-
duction in the state, respectively. The presengstigation
aims to understand the inter-relations between gdsiin
spread, production and productivity adbi oilseed crops
vis-a-vis rainfall pattern during past forty years (1968t69
2007-08).

Material and M ethods

The area, production and productivity statistics of
rapeseed- mustard and linseed for forty crop seas@ne
taken from the ‘Statistical Outline of Himachal &esh’.
The data on winter rainfall for the same period eveol-
lected from Indian Meteorological Department, Pufie.
quantify whether trends appear particularly sewvknéng a
particular time interval of the reference peridae whole
period was split into eight pentads (five yepesiod
each) viz, 1968 - 69 tdl972-73, 1973-74 to 1977-78,
1978-79 to 1982-83, 1983-84 to 1987-88, 1988-89.9@2
-93, 1993-94 to 1997-98, 1998-99 to 2002-03 and3ZADO
to 2007-08 and the spatio-temporal changes in gnes,
duction and productivityis-a-vis rainfall were worked out.
Year-wise trend analysis was done for area, priclueind
productivity by following Mann-Kendall (Mann, 194&nd
Kendall, 1975) non-parametric trend test. This &aisti-
cal method used to study the spatial variationtantporal
trends of hydro-climatic series. A non-parametesttis
taken into consideration over the parametric omeesiit
can evade the problem roused by data skewnessh(Smit
2000).

Mann-Kendall trend test: The test is often used in hy-
pothesis testing (e.g. existence of trends) andetbes,
considered as confirmatory data analysis tool.

Let: x, ...., X, be a sequence of measurements over time,
to test the null hypothesis,

Ho : X, ...., X, come from a population where the random
variables are independent and identically distedut

Hi © X, ..., % follow a monotonic (e.g. increasing or
decreasing) trend over time.

The Mann-Kendall test statistic is calculated as

n-1 n

S=Y Y sgn; - x,)

k=1 j=k+1

where

1 if X; =%, >0
sgn(X; —X,) =40 if X; =%, =0
-1 if x;-x,<0

Sis asymptotically normally distributed.
The mean and variance of S are given by

E(s)=0

{n(n—l)(2n+5)—zp:tl(tl -2, +5)}

if ties

Var (S) = 1
{n(h-nn+ 5)?
18

noties

wherep is the number of tied groups in the data set apd

is the number of data points in tfik tied group. A positive
value of S indicates that there is an upward (increasing)
trend (e.g. observations increase with time) wiiike nega-
tive value of S means that there is a downwardrédsing)
trend. IfSis significantly different from zero, then based o
the data kK can be rejected at a pre-selected significance
level and the existence of a monotonic trend carabe
cepted.

S is a count of the number of timgs x >0 for j > k, more
than x_ X

The maximum value of S (called it D) occurs wherx; <

e <X

Kendall's tau is defined as tau = S/D where

\/{“(”‘]) S -])} (“(”’D) if ties
D= 2 = 2

n(n-J
2

notie:

A positive value oftau indicates that there is an up-
ward (increasing) trend while a negative value tad
means that there is a downward (decreasing) ttémal is
significantly different from zero (e.g. value < B.@t 5%
significance level or < 0.01 at 1% significancedythen
based on the data, (H can be rejected at a pre-selected
significance level (alpha = 5%) and the existen€eao
monotonic trend can be accepted. Besides, Sen’geSlo
Estimator was used for the determination of tremd a
slope magnitude (Sen, 1968).

Crop Dominance Index (D;): Dominance indices were
calculated for depicting the expansion of cropshvtiine
(Tonhasca, 1993).

D; = Ni / N, whereN; is the spread (thousand hectares) of
theith crop and\t equals the total spread.

Linear regression analysis: Linear regression models
were estimated with all residuals and fit plots evauto-
generated using SAS Software. Simple correlatiors wa
used to study association among different variafffesse
and Sukhatme, 1985).



Results and Discussion

Crop-wise area, production and productivity (averag
of forty crop seasons) revealed that the rapeseeiam
occupied T position in terms of area (7.4 thousand ha),
production (2.6 thousand tonnes) and productivdg2(kg/
ha) followed by linseed which exhibited an ared & thou-
sand ha, production 1.6 thousand tonnes and piigduct
335 kg/ha (Fig.1). Perusal of individual year'sadegvealed
that in rapeseed-mustard, the maximum area (9.Jstral

oduction (000" t)/

g
H
4

hectares) and production (4.9 thousand tonnes) wnere
corded during the year 1999-2000 while in linsemaxi-
mum area was covered during 1972-73 (6.9 thousa)d h
and the maximum production (3.7 thousand tonnes) an
productivity (561 kg/ha) were recorded during 1973-

Fig 1. Area, production and productivity odbi oilseed
crops in Himachal Pradesh

Trend analysisin area, production and productivity
Year-wise trend analysis indicated a significant in
crease in area, production and productivity in sepe-
mustard (Table la). A gradual increase in area ffo
thousand ha during®™lpentad (1968-69 to 1972-73) to 9.1
thousand ha during last pentad (2003-04 to 2007v8)
also noticed (Fig. 2). Pentad-wise trend analyle &ndi-

Productivity

Pentads

cated a significant increase in area while no tiergoduc-
tion and productivity was observed (Table 1b).

Table 1a. Year-wise trend analysis in area, production amdipct

Fig 2. Pentad-wise rainfall, area, production and prodgicti
ity in rapeseed-mustard

ivity ofrabi oilseed crops

Variable Mann-Kendall's Kendall's Tau Var. (S) p value Interpretation
statistic (S) Two-tailed test
Rapeseed-mustard
Area (000’ha) 573.0 0.705 7908.3 <0.0001 Increasiend
Prod. (000’tonnes) 361.0 0.444 7913.0 <0.0001 bing trend
Productivity (kg/ha) 178.0 0.217 7924.7 0.047 lasiag trend
Linseed

Area (000’ha) -737.0 -0.906 7912.3 <0.0001 Decrepsiend
Prod. (000’tonnes) -566.0 -0.701 7892.7 <0.0001 réasing trend
Productivity (kg/ha) -425.0 -0.522 7909.7 <0.0001 eckeasing trend

Pentad-wise gradual decrease in production frém 1
(1.8 thousand tonnes) td"4entad (1.2 thousand tonnes)
followed by rapid increase thereafter up b gentad (4.5
thousand tonnes) was observed and as a resultemd in
production and productivity of rapeseed- mustard wnali-
cated by Mann-Kendall's trend test. On the otherdh#oth
year-wise and pentad-wise trend analysis indicatsigjnifi-
cant decrease in area, production and produciiviipseed.

Pentad-wise per cent shift in area, production, produc-
tivity and rainfall
Rapeseed-mustard

Pentad-wise percent shift indicated that the area
under rapeseed-mustard showed an increase of 71.7%
during 8" pentad over i pentad (Table 2). Since majority
of therabi crops are raised under rainfed conditions, the
increase in area might be due to 92.6% increasarifall



Table 1b. Pentad-wise trend analysis in area, productionpraductivity of rabi oilseed crops

Variable Mann- Kendall's Tau Var. (S) p value Interpretation
Kendall's Two-tailed test
statistic (S)
Rapeseed-mustard
Area (000’ha) 26.00 0.929 0.000 0.000 Increasiagadr
Prod. (000’tonnes) 14.00 0.500 0.000 0.109 No trend
Productivity (kg/ha) 10.00 0.357 0.000 0.275 Natre
Linseed
Area (000’ha) -28.00 -1.000 0.000 <0.0001 Decrepsiend
Prod. (000’tonnes) -22.00 -0.786 0.000 0.006 Desingetrend
Productivity (kg/ha) -20.00 -0.714 0.000 0.014 [Rasing trend
Table 2. Pentad-wise change (%) in area, production, pradtycand rainfall inrabi oilseed crops
Change during Area Production Produc- Area Produc- Productiv- Rainfall
tivity tion ity
Rapeseed-mustard Linseed
2" pentad overlpentad 0.0 -5.6 -3.2 -4.5 10.7 41 0.41
3 pentad over™ pentad 22.6 5.9 -22.3 -12.7 -41.9 -31.6 67.2
4" pentad over"3pentad 7.7 -25.0 -34.9 -3.6 -27.8 -24.5 -31.6
5" pentad over @ pentad 17.1 133.3 103.6 -24.5 154 44.8 17.2
6" pentad over 8 pentad 7.3 28.6 21.0 -15.0 -26.7 -14.6 2.4
7" pentad over % pentad 3.4 25.0 19.6 -32.4 -45.5 -19.7 -18.4
8" pentad over ¥ pentad 0.0 -17.8 -16.6 -39.1 -50.0 -8.5 71.2
8" pentad over®ipentad 71.7 105.6 20.4 -78.8 -89.3 -51.2 92.6

and technological interventions including improvwetie-
ties during the corresponding period which resulied
105.6% increase in production and 20.4% increaggan
ductivity. The percent shift in area also showesigmifi-
cant positive correlation with quantum oébi rainfall
(r=0.86) which indicated that nearly 74% variationarea
sown was due to rainfall variations. Earlier stsdi@ com-
parative performance of karan rai, an important bremof
rapeseed-mustard group, indicated that though,tdated
seasonal rainfall contributed towards the seedyigét,
about 30% or more if received during flowering todp
formation phase, increased the yields to a largéene
(Prasad and Kumari, 2006).
Linseed

A drastic reduction in area from 6.6 to 1.4 thousan
ha was recorded. The production as well adymtivity

also declined from®ito 8" pentad (Fig. 3). Pentad-wise
per cent shift also indicated a drastic reductiomiea by
78.8% thereby the reductions of 89.3% in productiod
51.2 percent in productivity were registered durigiy
pentad over 3 pentad (Table 2). The shift in linseed area
showed a negative and non-significant correlatiath w
seasonal rainfall (r= -0.68) which indicated thatarty
44% variation in area covered was due to rainf8iudies

on changes in the precipitation were also conduesstier
(Mondal et al., 2012 and Rahman and Begum, 2013) but,
no such studies have been carried out in the dthier-
ever, similar studies were carried out in rapeseadtard

in Haryana (Singtet al., 2004) and wheat (Kauat. al.,
2006) and rice (Sing# al., 2006) in Punjab on district-
wise basis wherein only spatio-temporal trends vetue-
ied. The increase in area from 5.3 to 9.1 thousendnder



rapeseed-mustard and decrease in area from 6.64t0 1
thousand ha in linseed during 1968-69 to 2007-@8rb}
indicated that the farmers prefer rapeseed-mustaet
linseed under rainfed conditions. Dominance Indkso a
exhibited an increase in area over years undersesoe
mustard while a drastic reduction in linseed spreads
observed during past forty years of study (Fig. 4).

Regression analysis: Regression is often used to look for
empirical relationship between two variables. liesrto
model the area and production fluctuations basedaom
fall, different linear regression models were fitteoth for
rapeseed-mustard and linseed with area/productolY a
(dependable variable) and rainfall as X (indepehdan-
able or predictor) and graphs were auto-generalmuga
with residuals and fit plots. The results indicasad up-
ward slope having positive and non-significanttieleship
(F=3.83) between rapeseed-mustard area and seasonal
rainfall viz,, if average rainfall increased by 1 mm, average
area is predicted to increase by 0.00668 units.il&im
trends were also observed with production and aHinf
having non-significant F=1.21 which indicated tlaasig-
nificant portion of variation in area and produatiof rape-
seed-mustard was not due to changes in season#dllrai
(Fig. 5a).

All the residuals exhibited evenly scattered patter
and the average of residuals was zero which shahed
the residuals appeared to be fairly normally distied.
Thus, the linear models fitted the data well. imséed, a
significant negative relationship (F=9.52) with domard
slope was observed between area and seasonallrainfa
if average rainfall increased by 1mm, average &rgae-
dicted to decrease by 0.0109 units. Similar trewese
observed between production and rainfall with digant
F=10.27 indicating that a significant portion ofiation in
area as well production are explained by variatiosea-
sonal rainfall in linseed (Fig. 5b).

There appears a limited scope to bring additiored a
under oilseeds as the demand for land to produlcer ot
remunerative crops will continue to rise due to ylafion
increase. The strategies such as adoption of hadiyg,
drought tolerant, photo- and thermo-insensitiveietas
with multiple resistance, supply of quality seedge wof
germplasm resources, adoption of farmers’ partionya
breeding approach and efficient transfer of variagso-
techniques from lab to land are imperative to imprthe
production and productivity of oilseed cropsthe state
(Kumariet al., 2006).
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Fig 4. Year-wise Dominance Index in rapeseed-mustard and
linseed spread

The findings from the present investigation conefid
that the rapeseed-mustard crop showed a significant
crease in area, production and productivity whikgaifi-
cant decrease was observed in linseed area, prodwetd
productivity from 1968-69 to 2007-08 viz., fortyars of
study period. Seasonal rainfall recorded 92.6 pet -
crease during this period. Per cent shift in rapése
mustard area exhibited a significant positivereiation
with seasonal rainfall while a non-significant niga
correlation was observed between per cent shidtéa and
seasonal rainfall in linseed. Linear regressionlysisa
indicated that though, the relationship was positpret, it
may not be the sole reason for its area expansioage-
seed-mustard. On the other hand, both area andigtiod
exhibited a significant negative relationship watsasonal
rainfall based on regression analysis which suggestat
a much part of variation in area as well as pradacap-
peared be due to variation in seasonal rainfdlhseed.
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