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ABSTRACT. The study examined the impacts of changing climate on productivity of temperate fruit crops
viz., plum, pear, peach and apricot in Himachal Pradesh based on climate information and farmers’ perception. Three study
sites representing different elevations viz., Shimla, Kullu and Palampur were selected to relate the chill units with temperate
fruit productivity. The climate element distribution over the period in each study site revealed an increase in the mean
temperature to the tune of 0.050, 0.019 and 0.046 °C per year in Shimla, Palampur and Kullu respectively in the past 3 to 4
decade. The rate of decrease of rainfall per year during winter season was -9.86 mm in Shimla, -11.1 mm in Kullu and -8.6
mm in Palampur leading to a decrease in chill accrual. The chill units calculated using the UTAH model showed a decline
of more than 4.97 chill units per year during December month, 0.64 units per year in January and 3.75 units per year in
February month in past 26 year period in Shimla district. The decrease of 1.73, 1.84 and 1.65 chill units every year during
December, January and February months were observed at Kullu. The decrease of chill units during December to February
ranged from -2.8 to -12.8 per year in Palampur were also observed. The significance of the slope of chill units was worked
out using Mann-Kendall trend test which indicated no significant trend for the December month for Kullu region and
January and February months at Shimla. Significant decreasing trends in chill units for January to February months for

Kullu, December month for Shimla and December to February months were observed at Palampur. The indications of
changes in climate have also been supported by the farmers’ perception in Kullu, Kangra and Shimla districts accounting a
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reduction in snowfall with an increase in temperature in past 20 to 30 years affecting the chill accumulation. The temperate
fruits pear, peach, plum and apricot showed significant increase in the production at the rate of 0.172, 0.064, 0.018 and
0.018 t/ha per year during the past two and half decade respectively. Thus, the decreasing trends in cumulative chill units
due to increase in temperature and reduction in rainfall in all locations varied from sub temperate climate in mid hills to
temperate in high hills did not affect the productivity of temperate fruits in Himachal Pradesh and a promising replacement

for apple shifting region in the face of climate change.

Key words — Temperate fruits, Chill unit requirement, Snowfall, Farmers’ perception, Climate change.

1. Introduction

Climate change is the major concern today with
serious implications for natural ecosystems, global
atmospheric  circulation, hydrological cycle, and
agriculture to a larger extent. The rates of warming in the
Hindu Kush Himalaya (HKH) region are significantly
higher than global mean warming of 0.74 °C over the last
100 years and warming rates are much higher in the high-
altitude regions than in the low-altitude regions.
Mountainous environments are considered sensitive
indicators of climate change (IPCC, 2007). The mountain
ecosystems are particularly vulnerable to climate change
due to dependence of the people on natural resources for
their livelihood, comparatively higher exposure to extreme
events and widespread poverty and marginalization
(Partap and Partap, 2002). The long term temperature
trends have revealed an increase in annual maximum
temperature in Himachal Pradesh where the rate of change
is +0.06 °C per year. The increase in maximum
temperature was also evident during the monsoon season.
However, the minimum temperature trends are
inconsistent. The rainfall trends during the annual
monsoon and post monsoon seasons have shown
decreasing trends for the duration of 1991-2010. Whereas
the summer rains have shown increasing trends (Rathore
et al., 2013). A wide range of mountainous agro climatic
conditions serve as rich repositories of large number of
horticultural commodities like fruit crops (Sub tropical to
temperate), flowers, vegetables, mushrooms, hops, tea,
medicinal and aromatic plants. Agriculture, horticulture
and animal husbandry are mainstay of the majority of the
population in the mountainous state of Himachal Pradesh
despite very small irrigated area. The horticultural crops
occupy 23 per cent area of total cultivated area of the state
(Anonymous, 2015). The contribution of horticulture
sector is about 7 per cent towards GSDP out of about 15
per cent by entire agriculture and allied sectors
constituting 48 per cent (Anonymous, 2013). The
significant contribution is towards employment generation
growth as a percentage of all agricultural employment
in HP increased from 0.9 per cent to 28 per cent
between 1983 and 2009 -10 (Kumar et al., 2011).

In Himachal Pradesh, the stone fruits like peach,
plum and apricot can be grown at an elevation ranging
from 800 to 1500 m amsl with an annual rainfall of 90-
100 cm while pear is commercially grown at elevation

between 1500-2700 m amsl with annual rainfall of 25-
40 cm. Due to sharp variations in the altitude even a very
small change in any climatic parameter can affect land
utilization and cropping pattern. In the past few decades,
the mountain areas of the state have been severely affected
by global climate change. The different development
phases like vegetative growth, flowering and fruit
development of stone fruits especially peach, plum and
apricot have been influenced by climatic vagaries (Thakur
et al., 2010). Low temperature and frost conditions during
fruit maturity period cause sub lethal injury or shriveling
of fruits thus causing heavy loss to the crop load (More
and Bhargava, 2010). Thus the effects of the elevated
temperature, unpredictable and irregular precipitation can
disrupt the normal growth and development of plant that
ultimately affect the crop production.

The present study aims to examine the impact of
climate change vis-a-vis production of stone fruit crops
grown of Himachal Pradesh through the analysis of
production and chill unit requirement. The information
obtained would provide a better understanding of chilling
requirement of stone fruit crops and the relation of chill
requirement with the production of stone fruits based on
climate information and farmers’ perception.

2. Data and methodology
2.1. Study sites

Three study sites representing different elevations
viz., Kullu, Shimla and Palampur in Himachal Pradesh
were selected to examine the perceptions of farmers for
climate change and to relate the chill units with temperate
fruit crops in the face of climate change. The study site of
Kullu district represents 1200-2500 m above mean sea
level. This elevation zone represents mid hill to high hills
and receives snowfall in high hills during winter months.
The region represents 16.04% of the total geographical
area of Himachal Pradesh. The ambient temperature
ranges between 7.9 °C and 25.6 °C. The elevation above
2200-3250 m amsl was represented by the second study
site of district Shimla represents 8.8% of the total
geographical area of the state. The area is having mid hills
to high hills. Mean annual temperature of the region is
15.4 °C. The third study site of Palampur located in
district Kangra represents 700-1500 m amsl. This study
site represents 8.4% of total geographical area of the state.
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The average temperature is highest during May (31 °C)
and lowest during February (4.9 °C).

2.2. Socioeconomic survey

The socioeconomic surveys were conducted in
Kullu, Shimla and Palampur regions of Himachal Pradesh
to examine how farmers in Himachal Pradesh perceive
climate change. Weather data from 1969-2015 was used to
measure the accuracy of perceptions of the farmers.
Perception of climate change was structured for three
valleys (Kullu, Shimla and Palam) with multistage
stratified sampling technique by knowledge of crop
climate interaction. Local perception of the climate
variables to temperate fruit production were noticed from
forty farmers from each region (19 marginal, 16 small and
5 large farmers from Kullu, whereas, 4 marginal, 9 small
and 27 large from Shimla and 15 small, 20 marginal and 5
large in Palampur) to discern farmers’ perceptions
regarding climate change. Perceptions were made on the
basis of gathered data of snowfall, temperature and
rainfall for two periods, viz., period-1 (2005-06) and
period-11 (1995-96).

2.3. Chill units calculation

The Cumulative chill units’ requirements of
temperate fruit crops for Kullu, Shimla and Palampur
were calculated using UTAH model which assigned chill
unit values to different temperature ranges (Byrne and
Bacon, 1992). UTAH model also introduces the concept
of relative chilling effectiveness and negative chilling
accumulation (or chilling negation) as follows:

1 hour below 34 °F = 0.0 chill unit

1 hour 37-48 °F = 1.0 chill units
1 hour 55-60 °F = 0.0 chill units
1 hour >65 °F = -1.0 chill units
1 hour 35-36 °F = 0.5chill units
1 hour 49-54 °F = 0.5 chill units
1 hour 61-65 °F = -0.5 chill units

2.4. Mann Kendall test trends analysis of chill units
& stone fruits production in Himachal Pradesh

The trends of chill units and temperate fruits
production (pear, plum, peach and apricot) for past two to
three decades in temperate fruit growing areas and total
productions of Himachal Pradesh were analyzed using
non-parametric Mann-Kendall trend test (Mann (1945);
Kendall (1975)) to verify the statistical significance of
trends. According to this test, the null hypothesis Hy
assumes that there is no trend (the data is independent and
randomly ordered) and this is tested against the alternative
hypothesis H;, which assumes that there is a trend.

The test statistic S is:
n-1 n
S:Z ngn (RJ— —Ri)
i=L| j=i+1

A positive (negative) value of S indicates an upward
(downward) trend. If the null hypothesis H, is true, the
statistic S is approximately normally distributed with the
mean and variance (c?) as follows:

p=0

2_ n(n-1)(2n+ 5)_th (i)i-1)2 +5)
18

o

The test statistic Zs is used a measure of significance
of trend. In fact, this test statistic is used to test the null
hypothesis, Hy. If |Zs| is greater than Z,,, where o
represents the chosen significance level then the null
hypothesis is invalid implying that the trend is significant,
while accepting H, indicates no trend was detected.

The trends of production of pear, plum, peach and
apricot were worked out for different regions to examine
the change in production of these crops at different
elevations.

2.5. Correlation studies

Correlation between the stone fruits production and
chill units requirement at the three study sites was also
worked out using the standard procedure.

3.  Results and discussion

3.1. Climatic elements distribution in temperate
fruit growing regions

(@) Kullu region: This region is known as the bowl of off
season vegetable of Himachal Pradesh. The apple crop
particularly in higher hills followed by other temperate
crops like pear, peach, apricot and plum dominates in this
region. The perusal of climatic data indicated that the
ambient temperature of this region ranged between 9.1 °C
to 36.7 °C around the years. Temperature during rabi
season hovers around 16.3 °C whereas during kharif
season average mean temperature remained below
32.2 °C. Mean annual temperature in Kullu Valley
showed an increase of 0.046 °C/year in last four decades.
During rabi season temperature showed increase in
temperature to the tune of 0.079 °C. Among months, June
to September, temperature showed decreasing trends.
Rainfall in the region showed an exceptional decrease of
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Chill unit trends in December month at Bhuntar (1969-2014) (Non Significant)

Chill unit rends in January month at Bhuntar (1970-2015) (Significant Decreasing)

Chill units

12783

Chill unit rends in February month at Bhuntar (1970-2015) (Significant Decreasing)

Chill unit trends in December month at Shimla (1990-2014) (Significant Decreasing)

Years

Chill unit trends in January month at Shimla (1990-2015) (Non Significant)

Years

Chill unit trends in February month at Shimla (1990-2015) (Non Significant)

Years

Chill unit trends in December month at Palampur (1980-2014) (Significant Decreasing)

Chill unit trends in February month at Palampur (1980-2015) (Significant Decreasing)

Years

Chill unit trends in January month at Palampur (1930-2015) (Significant Decreasing)

Years

1897 2006 2015

Figs. 1(a-i). Chill unit trends of December-February month at three study sites (Bhunter, Shimla and Palampur)
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TABLE 1

Farmers’ perception regarding climate change (Percent multiple response)

Particulars Shimla region Kullu valley Palam valley

Increasing temperature during summer 80 85 90
Prolonged summer season 48 66 62
Short summer season 8 10 5

Delay in the onset of rainy season 80 85 88
Uneven distribution of rainfall 96 88 98
Insufficient rainfall during rainy season 72 77 95
Delay in the onset of winter season 48 68 45
Very low temperature in winter season 12 - 10
Short winter period 88 94 88
Temperature above normal during winter 88 92 96
Reducing snowfall in winter 100 100 -

High humid weather 36 40 75
Increasing foggy days in winter 52 16 22
Increasing cloudy days in winter 18 16 15
Unpredictable rainfall 52 76 65
Threats of flood 50 88 -

High velocity winds - - 20
Mud slides - - -

High intensity of rainfall - 20 -

TABLE 2

Cumulative chill unit trends (Mean monthly model) equations for different months at Kullu, Shimla and Palam valley

Months Kullu valley Slope Shimla region Slope Palam valley Slope
January Y =-1.84x+273.7 -1.84 Y =-0.64 x + 399.3 -0.64 Y=-281x+3354 -2.81
February Y =-1.65x +186.4 -1.65 Y =-3.75x + 364.9 -3.75 Y=-1279x+626.9 -12.79
December Y=-177x+ 1745 -1.73 Y =-4.97 x + 380.0 -4.97 Y =-4.29 x + 207.0 -4.29

9.5 mm/year over the years. Rabi/winter season showed
decrease in rainfall to the tune of 11.1 mml/year,
conversely kharif season showed increase.

(b) Shimla region: The average annual rainfall of the
region varies between 951 mm to 1782 mm annual from
South to North over the years. The average mean
temperature of the region touched a minimum of 7.6 °C
whereas maximum temperature went up to 20.3 °C during
May and July month. The maximum and minimum
temperature showed increase to the tune of 0.08 °C and
0.061 °Clyear respectively during rabi season. Mean
temperature showed increase of 0.04 °Clyear annually.
Rainfall showed decreasing trend during rabi season by
9.86 mm and 1.65 mm per year during kharif season.

(c) Palampur: Long term monthly averages of rainfall
and temperatures for Palampur (1974-2013) indicated a
mean annual rainfall of 2300.6 mm, out of which 76.8%
was received during South Western-monsoon (June-
September), 4.3% in North Eastern-monsoon season
(October-December), 8.6% in winter season (January-

February) and 10.3% in summer season (March-May).
Climatologically, rabi season was more vulnerable than
kharif season. The monthly average rainfall registered a
decrease in rainfall during all the months except
October. Past 31 years database revealed a reduction in
rainfall during rabi season to the tune of 14.8 mm
(Rana et al., 2011).

The mean surface air temperature indicated
significant warming during February to April in all the
three locations thus inducing profuse flowering and
subsequently the fruit set. Also the decrease trends of
rainfall to the tune of 1.4 mm per year during these
months from the average of 86.5 mm were observed.
These findings regarding vagaries of weather have also
been supported by the socio-economic survey conducted
in these regions.

3.2. Farmers’ perception

The socio-economic surveys were conducted
in Kullu, Shimla and Palampur of Himachal Pradesh and
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TABLE 3
Results of Mann-Kendall test for cumulative chill units for different months at Kullu, Shimla and Palam valley and productivity of stone fruits

Study site , chill units month,

productivity & stone fruit Mann-Kendall Statistic (S)  Standard Deviation Z statistic (Zs) Trend
. . December -147 105.6 1.382 Non-significant
(CQL'J'I'IL:J)””S EILED January -229 105.6 2.159 Significant, Decreasing
February -191 105.6 1.799 Significant, Decreasing
. . . December -108 42.81 2.499 Significant, Decreasing
E:Shr:il:nll;r;'ts Shimla January -35 45.36 0.749 Non-significant
February -69 45.36 1.499 Non-significant
. . December -175 70.41 2471 Significant, Decreasing
Eg::grlglts Pl January -190 73.41 2.574 Significant, Decreasing
February -340 73.41 4.617 Significant, Decreasing
Plum (H.P) 32 22.2 1.396 Significant, Increasing
Plum (Study sites) 34 22.2 1.486 Significant, Increasing
Peach (H.P) 84 22.2 3.737 Significant, Increasing
Productivity Peach '(Study sites) 78 22.2 3.467 Significan.t, I.n.creasing
Apricot (H.P) 22 222 0.945 Non-significant
Apricot (Study sites) 42 22.2 1.846 Significant, Increasing
Pear (H.P) 48 22.2 2.116 Significant, Increasing
Pear (Study sites) 46 22.2 2.026 Significant, Increasing

summarized perceptions of the farmers with regard to
changing climate in Himachal Pradesh (Table 1). Farmers
to the tune of 100 per cent at Kullu and Shimla districts of
Himachal Pradesh perceived a definite reduction in
snowfall overtime during winter season. Reduction in the
intensity of snowfall and changes in timing of snowfall are
thought to be two important ways as to oscillate snowfall
events. According to farmers, late snowfall in February
and March occurs mostly as a mixture of sleet and rain,
resulting in lower temperatures and thereby a late onset of
spring. There was a perception that the temperature
distribution has undergone a significant shift in addition to
an overall increase in temperature. 85 per cent farmers of
Kullu, 80 per cent of Shimla and 90 per cent farmers of
Palampur noticed an increase in temperatures. 88 per cent
farmers of Kullu, 96 per cent farmers of Shimla valley and
98 per cent farmer’s of Palampur reported uneven and
insufficient distribution of rainfall during rainy season.
The farmers also opinioned that winter period has
shortened and there is delay in onset of winter season. The
other signs of climate change which were reported by the
farmer’s were prolonged summer season, delay in the
onset of winter season with short winter period, decrease
in snowfall in high hills, delay in the onset of rainy
season, insufficient and unpredictable rainfall imposing a
stress on ecological and socioeconomic systems.

3.3. Cumulative chilling units’ trends

In the present study, the trend analysis of chill units
was done with Mann-Kendall trend test for the pre bloom
period (December to February) essential for chill
accumulation. The z-statistics for Bhuntar region showed

no significant trend for the December month with Mann-
Kendall trend test. However, a significant decreasing trend
was observed in the chill units’ accumulation during the
January to February months at Bhuntar site for Kullu
district [Figs. 1(a-c)]. A significant decreasing trend was
observed in the chill units for the month of December
month for the Shimla site. The January and February
month however, revealed a non-significant trend in the
chill units at Shimla [Figs. 1(d-f)]. The non parametric
Mann-Kendall trend test analysis indicated significant
decrease in average chill units during December to
February month in the Palampur of Kangra district
(Table 3). The determination of the trend and z-statistics
revealed significant decreasing trend in chill units during
December to February month [Figs. 1(g-i)].

The data on cumulative chill units of Shimla and
Palampur also showed a decline of 3.75 and 12.79 units
per year respectively during the month of February. In
Shimla, the cumulative chill units showed a decline of
0.64 and 3.75 units per year during January and February
months, respectively. In Palampur, the cumulative chill
units during January were 2.81 and 4.29 units per
year in December. In Kullu valley, the cumulative chill
units showed a decline of 1.84, 1.65, 1.73 units per year
during January, February and December months,
respectively (Table 2). Vedwan and Robert (2001) also
concluded that in Kullu district the lack of early cold
during December and January adversely affected the
chill unit hours’ accumulation. Similarly, Rana et al.
(2011) and Verma et al. (2006) also reported decrease
in chill units’ hours in the apple growing areas of
Himachal Pradesh.



RANA etal. : IMPACT OF CHANGES IN CLIMATIC CONDITIONS ON TEMPERATE FRUIT PRODUCTION 661

Productivity trends of Plum in Himachal Pradesh (2001-16) (Significant increasing) Productivity trends of Plum in study sites (2001-16) (Significant increasing)
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Figs. 2(a-h). Productivity trends of Plum, Peach, Apricot and Pear in Himachal Pradesh and study sites (Shimla, Kullu and Kangra)

3.4. Production of temperate fruits in Himachal
Pradesh

The temperate fruits like pear, peach, plum and
apricot showed increase in the production at the rate of
0.172, 0.064, 0.018 and 0.018 t/ha per year during the last
ten years. The Mann-Kendall trend test analysis revealed a
significant increasing trend (Table 3) in the production of
pear, peach, plum and apricot in the study sites and state

thereby exhibiting that the decreasing trends of chill units’
hours did not influence the production of these fruit crops
to a much extent [Figs. 2(a-h)]. The decrease in chill units
affects the temperate fruits such as apple growing on
higher altitudes with higher chill requirement (Rana et al.,
2011). The preferred range of weather parameters
for apple cultivation is now shifting towards higher
altitudinal regions such as Kinnaur where changes
in climate are becoming favorable for apple growing.
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Verma et al. (2006) also evaluated the chill units and
production relationship for the Kinnaur district and found
that the region was becoming more suitable for apple
cultivation owing to the increasing trend in temperature.
Rai et al. (2015) mentioned that chill unit hour’s
requirement for peach, pear, plum and apricot were 200 to
1200 hours compared to 1000 to 1500 hours for apple.
The farmers’ perception also revealed decrease of 18.2
and 3.3 per cent per farmer area under apple in Kullu and
Theog valley respectively.

4. Conclusions

During past three to four decades, the cumulative
chill units showed a decrease in different study sites
representing different elevations with sub temperate in
mid hills to temperate climate in high hills in Himachal
Pradesh. The reductions in cumulative chill units during
winter months ascribed due to increase in temperature and
reduction in rainfall. However, the productivity of the
temperate fruits viz., pear, peach, plum and apricot
corresponding to study sites and state productivity showed
significant increase due to large range of cultivars having
low cumulative chilling units requirements compared to
apple. Thus, the decreasing trends in cumulative chill
units due to increase in temperature and reduction of
rainfall in the locations having sub temperate in mid hills
to temperate climate in high hills proved to be positively
benefited temperate fruits in Himachal Pradesh which is a
promising adaptation for apple shifting region in the face
of climate change.

Acknowledgements

Authors are thankful to ICAR for funding the ad-hoc
research project entitled “Impact, Vulnerability and
Adaptation of Mountain Agriculture to Climate Changes
under the NPCC project and CSKHPKYV, Palampur,
Himachal Pradesh, India for providing the necessary
facility to carry out the research work. The contents and
views expressed in this research paper/article are the
views of the authors and do not necessarily reflect the
views of the organisations they belong to.

References

Anonymous, 2013, “Himachal Pradesh economic survey, 2013-14”,
Indian Horticulture Database, National Horticulture Board,
2013.

Anonymous, 2015, “Economic survey of Himachal Pradesh, Department
of Economics & Statistics”, Himachal Pradesh, 41-45.

Byrne, D. H. and Bacon, T. A., 1992, “Chilling estimation: its
importance and estimation”, The Texas Horticulturist, 18, 8,
8-9.

IPCC (Intergovernmental Panel on Climate Change), 2007, “Climate
Change 2007: The Physical Sciences Basis”, Contribution of
working group | to the fourth assessment report of the IPCC.
Cambridge, Cambridge University Press.

Kendall, M. G., 1975, “Rank Correlation Methods™, 4™ edition. Charles
Griffin, London, U.K.

Kumar, A., Kumar, S., Singh, D. K. and Shivjee, 2011, “Rural
employment diversification in India: Trends determinants and
implications on poverty”, Agricultural Economics Research
Review, 24, 361-72.

Mann, H. B., 1945, “Non-parametric test against trend”, Econometrica,
13, 245-259.

More, T. A. and Bhargava, R., 2010, “Impact of Climate Change on
production of fruit crops in arid regions”. In: “Challenges of
Climate Change - Indian Horticulture”, (Eds. H. P. Singh, J. P.
Singh and S. S. Lal), 76-84.

Partap, U. and Partap, T., 2002, “Warning signals from the apple valleys
of the Hindu Kush-Himalayas - Production Concerns and
Pollination Problems”, (Ed. A. B. M. Shreshtha).

Rai, R., Joshi S., Roy S., Singh, O. and Samir, M., 2015, “Implications
of changing climate on productivity of temperate fruit crops
with special reference to apple”, Journal of Horticulture, 2,
p135.

Rana, R. S., Bhagat, R. M. and Kalia, V., 2011, “Impact of climate
change on apple crop in Himachal ~ Pradesh”, Journal of
Agrometeorology, 13, 2, 97-103

Rana, R. S., Singh, Man Mohan, Upadhyay, S. K. and Sharma,
Rohit, 2011, “Impact of climatic conditions on temperate
fruit crops of Himachal Pradesh”, In: “Climate Change
and Fruit Production”, (Eds. W.S. Dhillon, P. S.
Aulakh, Harminder Singh, P. P. S. Gill and Nav Prem Singh),
162-170.

Rathore, L. S., Attri, S. D. and Jaswal, A. K., 2013, “State Level
Climate Change trends in Indian Meteorological Monograph”,
No. ESSO/MD/EMRC 102/2013. Published by MoES, IMD,
GOl.

Thakur, B. S., Sharma, G. and Dev, K., 2010, “Impact of climate change
on temperate fruit production in Himachal Pradesh”, In
proceedings of National Seminar on “Impact of Climate Change
on Fruit Crops ICCFC-2010” October 6 to 8" organized by
PAU, Ludhiana, p101.

Vedwan, N. and Robert, E. R., 2001, “Climate change in the Western
Himalayas of India: A study of local perception and response”,
Climate Research, 19, 109-117.

Verma, K. S., Mankotia, M. S., Bhardwaj, D. R., Bhardwaj, S. K.,
Thakur, C. L. and Thakur, M., 2006, Annual progress
report of the project “Impact Vulnerability and Adaptation of
Mountain Agriculture to Climate Change”, ICAR, New Delhi,
India.



