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ABSTRACT

 The present study was carried out during 2014-15 in the Kullu district of Himachal Pradesh, 
which is situated between 31º52’00" to 31º58’00" North latitude and 76º13’00" to 77º44’00" East 
longitudes. The cumulative chill units hours available for apple crop were calculated by using UTAH 
model for the period of 1986 to 2015 and a decrease of 6.38 chill units (CU) hours per year was 
recorded at Kullu Valley of Himachal Pradesh.  Chill units for the last three decades i.e. 1986-1995, 
1996-2005 and 2006-2015 also revealed a decreasing trend of the order of 63.79 CU decreased 
per decade.Monthly accumulation of chill unit hours during the same period for each winter month  
(November, December, January and February) revealed maximum decrease of  2.186 CU per 
year was observed for the month of February. Trend analysis of last five years 2011-2015 showed 
there was a huge decrease of 14.98chill units per year. Data on apple productivity in Kullu district 
for last decade (2005-2014) showed a decreasing trend of the order of 0.183 tons/ha /year as per 
the regression equation y = -0.183x + 5.745. Thus the climatic conditions have been projected to 
become unfavourable for apple cultiivation in Kullu district for comming year. 
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INTRODUCTION

 Apple is one of the most impor tant 
temperate fruit crops in India which accounts for 
about 10 % of the total fruit production of the country. 
It accounts for 46 % of total area under fruit crops 
and 76 % of the total fruits production. The area 
under apple in Himachal Pradesh has increased 
from 3025 hectares in 1960-61 to 107686 hectares 
on 2013-141. However, decrease in productivity of 
apple crop in the recent years due to change in 
climatic conditions have become a serious concern 
of the growers in Himachal Pradesh. Apple trees 
develop their vegetative and fruiting buds in the 

summer and as winter approaches the developed 
buds undergo dormancy due to shorter day lengths 
as well as cooler temperatures. The apple buds 
remain dormant until they have accumulated 
sufficient chilling units (CU) during the winter 
season. When required chilling units accumulate, 
the buds grow in response to warm temperatures. 
Different combinations of the temperatures during 
the dormant phase and the duration of the chilling 
period fulfill the plant’s chilling requirements2. But 
due to lack of sufficient chilling temperatures during 
winter apple plant develops physiological anomalies 
viz. delayed foliation, reduced fruit set, increased 
buttoning and reduced fruit quality. Which affect 
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the yield and quality of apple fruit crop. Among all 
the productivity reducing factors, climate is one of 
the most important factor and difficult to manage3. 
Climate change has important implications on fruit 
crop production and apple is no exception. According 
to IPCC (2007)4, air temperature near the earth 
surface rose by 0.740 C from 1906 to 2005 and it 
could be increased as much as 6.40 C on average 
during the 21st century. If climatic factors such as 
temperature and precipitation change in a region 
beyond the tolerance of a species then distribution 
changes of the species may be inevitable5. According 
to Parmesan and Yohe (2003)6 plant species are 
shifting their ranges in altitude and latitude as a 
response to changing regional climate. In the present 
study Kullu district of Himachal Pradesh has been 
selected as a typical high mountain environment 
characterized by vertical zonation of eco-climatic 
zones. The altitude of the district ranges from 500-
5000 m above the mean sea level, but the habitation 
is only up to 3500 m. The total geographical area of 
the district is 5503 km2 and more than 80 % of the 
people are engaged in agricultural and horticultural 
activities. The objective of this study is to examine 
change in climatic parameters especially chilling 
units and associated changes in apple productivity 
in Kullu district of Himachal Pradesh.

MATERIALS AND METHODS

Study area
 The present study was undertaken during 
2014-15 in the Kullu district of Himachal Pradesh 

which comprises the major apple belt in the state 
and is famous for apple cultivation. The Kullu 
district is situated between 31º52’00" to 31º58’00" 
North latitude and 76º13’00" to 77º44’00" East 
longitudes. 

Agro-climatic conditions
 The district is characterized with cold dry 
weather. The maximum temperature varies from 
15.8°C in January to 32.8°C in June, whereas the 
minimum temperature ranges from 21.1° C in July 
to as low as 0.7° C in December. The upper regions 
experience snow and sleet fall while rains are 
confined to lower heights. Kullu district comprises 
of two agro-climatic zones i.e., mid hill sub humid 
zone (615-1800 m amsl, Zone II) and high hill wet 
temperate zone (above 1800 m amsl, Zone III).

Data collection
 The data on daily maximum and minimum 
temperature were collected for the period of 1985 to 
2015 from the regional office of India Meteorological 
Department, Shimla, for Bhunter meteorological 
station situated at Kullu district of Himachal. The 
temperature data for four winter months (November-
February) was used to calculate chill units. Apple 
area and production data from 1990 to 2014 was 
collected from the Directorate of Horticulture, Govt. 
of Himachal Pradesh, Shimla.

Chill unit calculation model
 The effective chill units for apple crop 
were worked out using UTAH model7. It quantifies 

Fig. 1: Cumulative chill units hours trends at Kullu for the period of 1986 to 2015
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Fig. 2: Chill units hours trends for November at Kullu for the period of 1985 to 2014

Fig. 3: Chill unit hours trends for December at Kullu for the period of 1985 to 2014

winter chill as the number of hours during the winter 
season, when temperatures are between 0 and 7.2 
0C 8,9.

UTAH model full range
1 hour below 32 degrees F = 0.0 chill unit
1 hour 32-36 degrees F = 0.5 chill units 
1 hour 37-48 degrees F = 1.0 chill units 
1 hour 49-54 degrees F = 0.5 chill units 
1 hour 55-60 degrees F = 0.0 chill units 
1 hour 61-65 degrees F = -0.5 chill units 
1 hour >68 degrees F = -1.0 chill units

Statistical Analysis
 Linear regression analysis was done to 
predict the chill units trends for the study area.

RESULTS AND DISCUSSION

 The requirement of chilling hours for apple 
standard variety is 800-11007and daily temperature 
of 70°F and higher for 4 or more hours received by 
the plant during the previous 24 to 36 hours can 
actually negate chilling in apple. Perusal of data (Fig. 
1) on accumulation of cumulative chill units showed 
a decreasing trend of the order of 6.385 chill units 
(CU) decreased per year as per the regression 
equation (y = -6.385x + 555.7).  Similar to the present 
investigations but with another location (Bajaura) 
in the same valley Aditya et al.,(2013)10 observed 
a decreasing trend in the chill unit accumulation of 
the order 8.201 chill unit decrease per year during 
1985-2009. Monthly accumulation of chill unit hours 
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Fig. 4: Chill units hours trends for January at Kullu for the period of 1986 to 2015

Fig. 5: Chill unit hours trends for Feburary at Kullu for the period 1987 to 2015

Fig. 6: Trend of Cumulative Chill Unit hours accumulation at Kullu for last three decades

was also calculated during the same period for four 
winter months, i.e. November – February, showed 
decreasing trends (Fig. 2-5). The maximum decrease 
of 2.186 CU per year was observed for the month 
of February followed by December (1.890 CU/year), 

November (-1.611 CU/year) and January (0.038 CU/
year). 

 The decrease in chill units may be due to 
the overall increasing trend (0.027oC per year) of 
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Fig. 7: Average five years trends of Cumulative Chill Units 
hours accumulation at Kullu during 1986-2015

 Fig. 8:Trend of cumulative chill unit hours accumulation at 
Kullu for last five years

average temperature over the period 1985-2014 
(Fig. 11) which resulted a decrease in chill units in 
the study area. The present investigations are in 
confirmation with the finding of Rana et al., (2009)11 
who reported that there was maximum decrease in 
chill unit accumulation for February month during 
the period 1986-2005 in the Kullu valley of Himachal 
Pradesh

 The study also revealed that the chill unit 
for the last three decades i.e. 1986-1995, 1996-
2005 and 2006-2015 showed a decreasing trend 
in the order of 63.79 CU decreased per decades 
as per the regression equation y = -63.79x + 584.4 

(Fig. 6). Data depicted in the Figure 7 revealed a 
decreasing trend of 32.44 chill units decreased with 
every five year as per the regression equation y = 
-32.44x + 570.3. The data on trend analysis of last 
five years (2011-2015) (Fig.8) showed a decreasing 
trend in the chill unit accumulation as per regression 
equation y = -14.98x + 487.3). The trend revealed 
that there was a decrease (14.98 CU/year) of chill 
units which indicated increase in both maximum 
and minimum temperature at faster rates during 
the recent years and is a serious threat as far as 
apple production is concerned. Data depicted in 
Figure 9 revealed a constant trend for the apple 
productivity in Kullu district during last twenty five 
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Fig. 9: Apple productivity trend  for
Kullu district of Himachal Pradesh

Fig. 10: Apple productivity trend  for Kullu district of 
Himachal Pradesh for the last decade (2005-2014)

years (1990-2014) as per the regression equation 
y = -0.000x + 4.176. The highest productivity (8.68 
tons/ha) was recorded during the year 1990 with 
the average annual maximum temperature (25.10C) 
and minimum temperature (10.6 0C) whereas it was 
lowest (0.38 tons/ha) during the year 2000 during 
which maximum and minimum temperatures were 
26.3 0C and 10.5 0C, respectively. This indicated that 
the temperature during the year 1990 might be the 
best for apple production and can be used as an 

index temperature range in the region. However the 
productivity of apple crop in the Kullu district during 
the last decade (2005-2014) showed a decreasing 
trend of the order of 0.183 tons/ha /year as per the 
regression equation y = -0.183x + 5.745 (Fig. 10). 
This indicates that the climatic conditions particularly 
temperature approaching towards unfavorable for 
the apple production in the Kullu valley of Himachal 
Pradesh in the recent years. The present findings 
were in accordance with the findings of Sen et al. 
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Fig. 11: Trend of Average temperature at Kullu district of 
Himachal Pradesh during 1985-2014

(2015)12 who reported that there was a decreasing 
trend in the apple productivity of the order of (0.016 
tons/ha/year) during the period 1985-2009 in the 
Kullu valley.

CONCLUSION

 Thus the climatic conditions for apple 
cultivation in Kullu valley would be unfavorable in 
coming years due to reduced chill units in the mid-

hill sub-humid zone of valley as a result of increase 
in surface air temperature. This may leads to shift in 
apple belt to higher altitude.
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