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Abstract: A study was conducted on the changes in long-term climate parameters of Kullu valley on the basis
of annual as well as monthly rainfall, maximum and minimum temperatures recorded during AD 1962 to 2004.
Further, an analysis of the impact of climatic changes during 1981 to 2004 was done on the seed yield of
cabbage var. Golden Acre in the upper Kullu valley in Hindukush Himalayas. For this, average monthly
maximum temperature and rainfall data of May (pod setting period) and monthly average maximum temperature
data  of  March-April (period of bolting and flowering) were analyzed. It was observed that the average
maximum temperature of May rose by 1.58°C. The minimum temperatures for the months of April and August
rose by 2.03 and 2.165°C, respectively. From 1981 to 2004, around 40% reduction in seed production per unit
area was noted. The relative humidity during the month of May did not have any significant effect on seed
yield. Correlation coefficients between mean monthly rainfall during May and seed yield (r= -0.49), mean
maximum temperature during April and seed yield (-0.36) and maximum temperature during May and seed yield
(-0.39) indicate that when temperature rise, it affects seed production of cabbage adversely. Also, if rainfall
increases during May, the seed yield is reduced. It has also been observed that the rainfall during August has
decreased and during September it has increased resulting in late onset of autumn thereby suggesting that the
planting of cabbage should also be delayed at least by a fortnight to avoid incidence of soft rot and increased
seed yield.
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INTRODUCTION any change in climate over time, whether due to natural

Policy makers have tended to regard climate as a hand the United Nations Framework Convention on
constant factor. This is partly because meteorological Climate Change (UNFCCC), in its Article 1, defines
impact on seed production, so far, has been comparatively climate change as: “a change of climate which is attributed
small and partly because climate has traditionally been directly or indirectly to human activity that alters the
defined as “the average weather”. Over the 20  century composition of the global atmosphere and which is inth

there has been a consistent and large scale warming of addition to natural climate variability observed over
land and ocean surface. The global mean surface comparable time periods” [1].
temperature has increased by 0.6°C (0.4-0.8°C) over the The recent climate changes are perhaps of the
last 100 years. Climate change in IPCC (Intergovernmental greatest importance to agriculture and in the light of
Panel on Climate Change) usage refers to a change in the various reports on impact of climate change inter alia on
state of the climate that can be identified (e.g. using crop performance, forest cover and species composition
statistical tests) by changes in the mean and/or the of forests in different parts of the world, these changes
variability of its properties and that persists for an demand more attention. The impact of global climate
extended period, typically decades or longer. It refers to change  on agriculture has recently become a subject of

variability or as a result of human activity. On the other
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Table 1: Seed yield of cabbage var. Golden Acre in North Western Himalayas

Year Yield (q/ha) Changes (%) Cumulative change (%)

1981-85 3.96±1.48 - -

1986-90 3.36±1.32 -15.01 -15.01

1991-95 2.42±1.33 -27.86 -42.87

1996-2000 2.36±0.58 -2.77 -45.64

2001-04 2.24±0.68 -4.88 -50.52

Fig. 1: Decreasing trend of seed yield of Cabbage var. Golden Acre in Kullu valley

increasing importance. Most studies, however, confine been declining in recent years (Fig. 1). As much as more
their enquiries to the physical domains concentrating than 50% reduction in seed yield/ unit area has taken
mainly on representing the change in various physical place between 1981 and 2004 (Table 1).
factors affecting temperature and rainfall. Moreover, the The study was undertaken at Sarsai Farm of IARI
studies done so far have almost restricted their analyses regional station Katrain, located in Kullu valley of
to the impact of environmental modifications on plant Himachal Pradesh, a Himalayan state in northwestern
growth rates, CO  intake etc. and there is paucity of India between 31°21’N and 32°59’ N latitudes and 76°49’E2

literature on the response of various seed crops to and  78°59’E  longitudes.  The  elevation ranges from
climatic changes. Hence, it was thought necessary to 1000-6500 m above sea level. A normal weather pattern of
carry out an investigation of micro-level effects of climate the valley as recorded at Naggar experimental farm is
changes on macro-ecological level. presented in Fig. 2. It may be called temperate monsoon or

Cabbage crop was chosen for the study as an typical eastern China climate with two peaks of
indicator crop for several reasons. First and foremost, precipitation [4]. It can be classified as warm temperate
cabbage can flower and set seeds only in temperate eastern margin climate, which is characterized by a warm
climate where it gets a chilling temperature of 4.5-10°C for moist summer, a cool dry winter and moderate rainfall.
8 weeks [2]. Therefore, since the beginning of first This is adequate for all agricultural purposes. The rainfall
systematic effort to produce cabbage seeds in 1948, Kullu distribution exhibits two distinct peaks: one in March and
valley because of its distinct climatic conditions has  been another in July-August. There is no month without
strongly linked to the cabbage seed crop. For instance, precipitation. As presented in Fig. 2 the wettest months
timing  and  amount  of  snowfall,  mild   summer  and are in summer with more than 40% of the annual rainfall
well-distributed rainfall have a significant impact on the falling in March and July-August. The cold alpine air
quality and quantity of seeds produced. Moreover, IARI streams bring considerable snow on peaks and in upper
Regional station at Katrain is an important centre of part of the Kullu Valley. Another feature of this climate is
breeding and seed production of cabbage. Recently it has the great annual temperature range. There is a temperature
developed a cabbage hybrid, which is the first by the difference of 16°C between June and January. The area
Indian Public Sector [3]. However, it has been observed has undergone an obviously perceptible change of
lately that the seed yield of cabbage var. Golden Acre has weather cycle. 
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Fig. 2: Annual weather of Kullu valley as recorded at Naggar farm

This study seeks to answer under mentioned expected in those watersheds with surface reservoir
questions: capacity for one season, while several consecutive years

1. What are the changing climatic parameters with agricultural production on long term irrigated areas that
which a seed crop has to reckon with in Kullu Valley? depend mainly on surface water supply. 

2. What is the extent of change in each of weather The Golden Acre variety of cabbage has been
phenomena studied? popular since its release in India and has been in

3. How far the changing climate is responsible for seed constantly in demand all over the country. The station
crop and its performance? has been receiving demand for breeder as well as IARI

MATERIALS AND METHODS is by far the most popular open pollinated variety of

A study on the changes in long term averages in only agency entrusted with production of breeder seed of
climatic parameters of Kullu valley was conducted on the this variety. 
basis of average monthly maximum temperature, monthly Monthly   average   maximum   temperature  and
minimum temperature and monthly rainfall recorded during rainfall   data   of   May   (pod   setting  period)  and
AD 1962 to 2004. An analysis of impact of climatic monthly average   minimum   temperature   data of
changes during 1981 to 2004 was studied on the seed March-April (period of bolting and flowering) were
yield of cabbage var. Golden Acre in upper Kullu valley in analyzed. Air temperature is a common climatic
Hindukush Himalayas since the data regarding seed yield determinant  in  agriculture  and  is  probably  the  most
of cabbage var. golden Acre is available only from 1981 widely  used atmospheric indicator of both short and
onwards. long-term climate fluctuations. Hence, maximum

Since in Kullu valley like other mountainous tracts, temperature of all the 12 months for the years 1962 to 2004
water reservoir is in the form of snow on the peaks, was analyzed. Temperature and other important climatic
extreme weather fluctuations generally have great impact variables are given fuller discussion in following
on water supply; they directly affect surface irrigation paragraphs. The package of practices of cabbage seed
water supply in summer. If winter precipitation is below production has remained the same throughout the period
normal for one year, serious effect on production may be of study.

of below normal precipitation may seriously reduce

(truthfully labeled) seed regularly for over last 50 years. It

cabbage cultivated in India and IARI RS Katrain is the
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RESULTS AND DISCUSSION affecting the soil moisture regime, it has an important

A multiple regression analysis of seed yield on increasing trend of annual snowfall has been found. In
various weather parameters established that the reduction some years instances of late snowfall have been seen.
in yield/ha over the years is affected by these factors to Late snowfall affects the process of pollination indirectly
an extent of 60% (data not given). In other words, 60% of [6]. An immobilization of bees takes place due to low
the change in yield can be attributed to the change in temperature brought about by late snowfall.
climatic parameters. The traditional weather calendar of Statistical analysis of last 41 years rainfall record at
local Kullu valley farmers representing an ideal type or Naggar   indicates  an  increasing  trend  of  annual
pristine type has been compared with the present cycle of rainfall  and  hence  of annual precipitation (Fig. 3 and
weather by Vedwan and Rhoades [5]. The increase in Table 2).
extreme weather phenomena such as cloudbursts, flash As compared to 1963-72 there was 5.22 cm more
floods, long spells of drought during monsoon etc. has rainfall per annum during 1995-2004; the month of April
been observed quite frequently in the recent past. The alone accounts for an increase of 1.81 cm. Since this is the
outcomes of our analysis of the weather parameters period of grand post-vegetative growth, this may actually
during 1963-2004 and study on effect of changing climate help development of healthy leaves and sturdy branches.
on seed production of cabbage is presented below. During May the rainfall has exhibited a declining trend as

Precipitation: Amount of snow determines the length of the   period  when  maximum  pollination  and  seed
chilling   period  and   thereby   the  bud-break.   Besides setting  takes  place. It is positively correlated with seed

bearing on the temperature regime as well. A very slightly

far as long-term averages are concerned (Fig. 4). This is

Table 2: Average temperatures (°C), rainfall (cm) and percent changes in temperatures and rainfall at Sarsai Farm in Kullu valley in North Western Himalayas
Average Maximum Temperature (°C) Average Minimum Temperature (°C) Mean Rainfall (cm)
--------------------------------------------------------- ------------------------------------------------------- -----------------------------------------------------
1963-1972 1995-2004 Difference 1963-1972 1995-2004 Difference 1963-1972 1995-2004 Difference

January 11.0 11.6 0.6 0.9 1.8 1.0 6.6 6.4 -0.3
February 12.7 12.8 0.1 1.7 3.1 1.4 10.1 9.4 -0.8
March 17.2 17.4 0.2 5.1 6.2 1.1 11.1 12.1 1.0
April 20.0 22.3 2.4 8.1 9.5 1.4 8.5 10.3 1.8
May 24.9 26.5 1.6 11.1 13.1 2.0 6.3 6.2 -0.1
June 28.2 27.5 -0.7 15.8 17.2 1.4 6.8 8.6 1.8
July 26.9 28.6 1.7 17.6 19.9 2.3 12.4 12.6 0.2
August 25.2 27.4 2.3 16.9 19.0 2.2 17.0 15.4 -1.6
September 25.5 26.1 0.6 13.2 14.8 1.6 8.7 10.1 1.4
October 21.7 23.8 2.1 8.5 9.7 1.2 2.2 3.1 0.9
November 17.4 19.2 1.8 4.5 6.1 1.6 2.8 3.0 0.2
December 13.7 14.4 0.7 2.3 3.2 0.9 2.8 3.6 0.7
Annual 244.3 257.6 13.3 105.5 123.7 18.2 95.7 100.9 5.2

Fig. 3: The change in rainfall over the years at Naggar farm
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Fig. 4: Decreasing trend of rainfall during the month of May over the years

Fig. 5: Impact of May Rainfall on pod setting of cabbage var. Golden Acre

Fig. 6: Graph showing trend of Rainfall during the month of June over the Years

Fig. 7: Impact of June rain on seed Yield of Cabbage var. Golden Acre
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Table 3: The variations for maximum temperature during April, May and June months over the years.

June Changes Cumulative May Changes Cumulative April Changes Cumulative

Year (°C) (%) change (%) (°C) (%) change (%) (°C) (%) change (%)

1981-85 28.1±0.8 25.3±1.2 21.1±1.7

1986-90 27.0±0.4 -3.9 -3.9 24.2±1.1 -4.2 -4.2 20.6±1.2 -2.4 -2.4

1991-95 28.9±2.7 7.0 3.1 25.3±1.7 4.5 0.4 20.0±2.6 -2.9 -5.5

1996-2000 28.0±1.3 -2.8 0.3 25.9±0.7 2.4 2.8 23.1±1.8 15.6 10.1

2001-04 25.8±3.4 -7.4 -7.1 26.6±1.4 2.6 5.4 21.7±2.4 -6.1 4.0

Fig. 8: The average monthly minimum temperature Fig. 9: The average monthly maximum temperature
during 1963-2004 during 1963-1972 and 1995-2004

yield (r= 0.49) (Fig. 5). On the other hand the average months of April and August ,respectively were found.
sunshine hours during May has remained constant. The average annual minimum temperature has gone up by

June accounts for 1.79 cm rise in the annual rainfall 1.52°C over the years. Although the December and
(Fig. 6). The rainfall during the June was found to be January minimum temperatures have gone up, there has
deleterious for cabbage seed yield (r= -0.36) (Fig. 7). been no significant effect of this change implying that the
Another notable observation is that the first peak of crop still gets sufficient chilling to induce bolting and
rainfall (March) has gone higher and the second peak flowering. Although, Sambandamurthi and Sundaram [7]
(August- September) has shifted slightly towards the recorded seed set in Golden Acre at Kodaikanal where
right suggesting thereby delayed onset of autumn (Fig. 3). minimum temperature during Nov-Dec. and Jan were 10.6,
It has been observed by the authors that in some cabbage 10 and 7.9°C ,respectively, but the yields were reduced. 
varieties e.g. Pusa Mukta delayed onset of winter leads to The minimum temperature of March and April don’t
bursting of heads. Crevices thus formed and damaged appear to have any significant bearing on seed yield of
leaves are conducive to infection by pathogens resulting cabbage as the correlation coefficient (r) between mean
in increased incidence of soft rot. It may therefore be minimum temperatures for March and April and seed yield
suggested that the planting of such varieties should be were as low as 0.00029 and –0.13 ,respectively. 
delayed at least by a fortnight. The mean maximum temperature of all the months

Temperature: Temperatures affect the flux of water month of February, it has remained almost stagnant over
vapour. Hence, it is important for determining plant water last 43 years. The average maximum temperatures have
status, soil moisture status and irrigation practices.  The been almost constant through the years for the month of
average minimum temperature showed an increase during February, where a minuscule increase of 0.08°C has been
1962-2004 for all the months (Fig. 8). The highest increase recorded between 1963-72 and 1995-2004. The average
in average monthly minimum temperature was recorded for maximum temperatures of all other months have shown an
the month of July; it was as high as 2.3°C. For the month increasing trend. The highest increase in average
of January it was 0.97°C. The increase for this parameter maximum temperature was observed for the month of April
was the least for December (0.89°C). A relatively higher (2.37°C) from 1963-72 to 1995-2004. Interestingly, it has
rise in minimum temperatures (2.03 and 2.165°C) for the shown a gradual decline in the month of June. 

except February and June has increased (Fig. 9). For the
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Fig. 10: Impact of April maximum temperature on pod concomitant loss of wild habitat leading to a situation
setting of cabbage var. Golden Acre summarized as ‘less insects available to pollinate more

Fig. 11: Impact of May maximum temperature on pod 63% with Colletotrichum sp. In the light of above
setting on cabbage var. Golden Acre observations, the problem is likely to aggravate further. 

For May an increase of 1.58°C in average maximum environmental factors on seed production of late
monthly temperature was observed. The May maximum Cauliflower in Kullu valley between 1958 and 1965 and
temperature is very important as far as seed yield is noticed a great variation in the quantity of seed produced
concerned. It appears that a mean maximum temperature (0 to 291.25kg/ha) as well as the duration of rainfall and
of 25°C is very crucial and as soon as the temperature snowfall. High mean maximum (16.43°C to 18.93°C) and
increases beyond this mark a sharp fall in seed yield was minimum temperatures (4.67°C to 6.83°C) during October,
observed (Table 1 and Table 3). November and December induced good vegetative

Correlation studies indicated (Fig. 10 and Fig. 11) that growth. Fluctuation in temperature in February when
seed yield exhibits significant negative correlation with curds are formed did great damage and reduced the seed
mean monthly maximum temperature of the months of yield by 49.17 to 100%. Heavy rainfall and snowfall in
April and May (r= -0.37 and -0.41 ,respectively). An January and February were very harmful to seed
almost similar increasing trend for the month of August is production. They suggested that seed production was
apparent. The month of September, October and better at lower altitudes (1200-1450m). 
November have also become hotter (Table 2). This is the Arya et al. [6] studied the effect of temperature on
period of vegetative growth of cabbage. cabbage seed production at Kalpa in Kinnaur (H.P) during

Relative Humidity: The average relative humidity for the seed production should be taken up where the
months of April, May and June had shown increasing fluctuations in temperature are not very wide.
trends over the years. However, its impact has been Various effects of climate change have been reported
negligible on seed yield. by several workers. Kudo et al. [13] reported that high

CONCLUSIONS timing of bud break, flowering, seed production and other

Since the IPCC’s first report in 1990, assessed the number, size and orientation of the leaves and it might
projections have suggested global averaged temperature change the depth of plant roots. Moe and Guttormsen [14]

increases between about 0.15 and 0.3°C per decade from
1990 to 2005. This can now be compared with observed
values of about 0.2°C per decade, strengthening
confidence in near-term projections [8]. A sea change in
the environment of this valley also has taken place during
the period of study. The most notable and disturbing
among them is dwindling population of honeybee in wild
fauna– which can be ascribed to several factors like
increase in area under apple orchards, indiscriminate use
of insecticides in the valley in apple orchards as well as
commercial vegetable fields, change in climate and

crops’ [9, 10].
One thing that clearly comes out of it is warmer

winters, early springs and additional summer rains, which
favour growth and survival of fungal pathogens.
Gangopadhyay and Mathur [11] during an investigation
into the intensity of mycoflora on vegetables seeds in
Kullu valley reported 95.8% infection of Alternaria
brassicicola on cabbage seed and 100% infection of
Verticillium sp. in brinjal. Further, capsicum seeds were
found to be infected up to an extent of 80.5% with
Verticillium sp., 68-80% with Fusarium moniliforme and

Gill and Singh [12] studied the effect of

1971-77. After analysis of the results, they suggested that

temperatures can change a plant’s phenology - the annual

things linked to seasonal climate change. It can also alter
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observed that premature bolting and flowering were location, while few study the interrelation ship between
prevented in short day conditions (10h) at temperatures global climate and global food production. The major
below 12°C-15°C. However, under natural long day issue now is to translate this knowledge into terms that
conditions (15h-17h), bolting was prevented above 15°C. can be used in agricultural planning and policy making.
The  sharp  decline  in seed yields between the years Climate fluctuations must be considered for seasonal
1991-1995 was perhaps due to abrupt increase in maximum periods for assessing yields in order to be useful to
temperature during the month of June. Until the late 1980s agriculture. There are limitations imposed by the sampling
seeds of cabbage var. Golden Acre were produced quite errors associated with climatological records of finite
easily in Bajaura in lower Kullu valley but the attempt to duration. While it is always possible to extrapolate the
produce seed of the same variety at Bajaura in 2007 met climate change over regions with similar relief it would be
with failure. The plants bolted but no viable seed was more prudent to establish weather stations throughout
produced owing to rapid rise of temperature at the time of the Himalayas in order to correlate the weather
pollination leading possibly to pollen abortion due to observations with local crop performances and changes
high temperature. This may be suggested that the therein, if any.
potential cabbage seed production area should be shifted
northwards with rise in temperature. REFERENCES
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