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Abstract: The study aimed to investigate the productivity and weather relationship for the apple growing areas of
Himachal Pradesh viz., Kalpa, Bhuntar and Shimla in district Kinnaur, Kullu and Shimla, respectively. The results
revealed that pre bloom period (November to February) in the year 2009-10 remained cooler. The minimum tem-
perature of 0.4 to 0.9, 1.0 to 1.1°C and 1.9 to 2.2°C and maximum temperature of 6.7, 1.0 to 1.1 and 1.7°C were
lower in Shimla, Bhuntar and Kalpa region, respectively compared to 1995-2009.. The maximum temperature for the
chill accumulation months of November, December, January and February during 2009-10 showed 13 to 19 per cent
lower compared to 1995-2009. The average pre bloom rainfall during 2010 was 39 to 57 per cent higher than 1995-
2009 indicating sustainable bloom period. The 3 to 4°C temperature rise during March 2010 (19 to 24°C) as com-
pared to 1995-2009 (16 to 21.4°C) coupled with 52 per cent higher precipitation benefited the crop in profuse flower-
ing and hence good fruit set. The average maximum temperature during the post bloom period (May-June) in 2009-
10 was 1°C higher compared to the previous years coupled with 23 per cent higher rainfall resulting in an highest
productivity. The highest productivity (8.57 MT/ha) during 2010 which was 58 per cent higher than the previous
years can be ascribed due to the favorable low temperature in pre bloom period and increase in the temperature in
the month of March along with adequate rainfall in the bloom and post bloom period.
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INTRODUCTION variables as is evident during the past few degaties
productivity of the fruits in the state has alsdiun
enced. The decreased productivity of apple orchiards
the recent years due to change in climatic conustio
has become a serious concern of the growers in Hi-
machal PradeshDue to the erratic weather conditions,
some parts of state dominated by apple were now fal
ling low in terms of being commercially productive
(Vedwan, 2006). Extending and fully integrating the
'knowledge of climate and weather can optimize agri-
cultural production with maximum use of weather re-
sources and minimal damage to environm@rite year
2010 witnessed the highest productivity attainethe
past 15 years due to the favourable climatic coomst
Therefore, the present study was envisioned tdlsee

Apple Malus domestica) is the major fruit crop of the
state occupying about 49 per cent of the total area
der fruits and 72 per cent of total area under &rate
fruits, contributing about 85 per cent of totalifrpro-
duction in the state (Anonymous, 2015). Area under
apple as well as that under total fruits increageer
time and total apple production has also increaded
the rate of 9.15 per cent per annum (Anonymous
2009). Climatic conditions viz., temperature andexa
availability are important signals controlling thetive
growth of the crop and therefore, affect the fiped-
duction. Climate not only limits for growth of aogr
but also determines to a great degree the consistdn
productivity and the quality. Therefore, changes in h > =i -
long term environmental conditions can have enor-C8use of highest apple productivity in relationtie

mous impacts on plant diversity patterns and delete Veather parameters.

ous effects on human systems. Climate change haﬁﬂATERIALSAND METHODS

many facets including changes in long term tremds i ) o
temperature and rainfall regimes as well as yegets ~ The study area included the three sites in apme/gr
variability. With the change in the average climati Ing districts of Himachal Pradesh viz., Bhuntar in
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Kullu district (1200-2500 m above mean sea level),and various weather parameters was also worked out
Shimla in Shimla District (2200-3250 m above meanusing standard procedure.

sea level) and Kalpa in Kinnaur district (2300-6860

above mean sea level) representing different atavat RESULTSAND DISCUSSION

with large area under apple cultivation (Fig.1).eTh The apple productivity data depicted in Fig. 2 indi
weather parameters affect apple crop at the differe cated that the year 2010 was the best crop yeaash
stages from dormant to maturing stage. The weathell5 years with highest productivity of 8.57 MT/ha
parameters such as maximum temperature, minimunjyhich was 58 per cent higher as compared to mean
temperature and precipitation for the period of3.89  productivity of 1995-2009. The analysis of weather
2010 for the months of November to June were anagata revealed an increasing trend in maximum and
|ysed. The weather data collected from Meteorohﬂgic minimum temperature and an irregu|arity in preap|t
Centre, Shimla was divided into pre bloom period tion pattern over the years.

(November to February) essential for chill accumula Climatic element trends in different apple growing
tion, bloom period (March to April) and post bloom regions
period (May to June) which determines the fruit set Shimla region (District Sh|m|a) The average mean
The trends for each parameter were computed usingemperature of the region touched a minimum ofG.4°
fortnight mean values on seasonal scale. The weathgyhereas maximum temperature went up to 25.5°C dur-
data of year 2009-10 was compared with the averageéhg 1995-2009. The annual average rainfall for the
data for period 1995-2009 to evaluate the magnibfde duration of 1995-2009 varied from 4880 to 13890 mm.
change in climatic factors vis-a-vis productivifhe  |n the year 2009-10, maximum temperature (15.5 to
apple area and production data of 1995-2010 for the16.6°C) showed a decrease of the order of 3-4°G com
three study sites and overall productivity dataHof — pared to the mean value of 1995-2009 period during
machal Pradesh was taken from the State Horti(ﬂ]lturthe months of November to February (pre bloom pe-
Department, Shimla and the productivity trendsth@  riod) which are essential for a good chill accurtioka
past 15 years were analyzed. The weather datdéor t (Fig. 3a). A decline of 6°C in December month was
study sites was averaged to represent the averag@rther noticed in maximum temperature of 2009-10.
weather of Himachal Pradesh as these sites are th’ﬁhe minimum temperature also showed a decline of
main apple producing areas from different distrists 0.4 to 0.9°C during November and December and a
Himachal Pradesh. Correlation between productivity|jower magnitude of 0.1 to 0.8°C in the pre bloom pe
riod in the year 2009-10 (Fig. 3b) compared to 1995
» 2009. The temperature started rising to a favorable
k-2 range (16 to 19°C) during the month of March toiRpr
(bloom period) (3 to 4°C higher) which was helgftil
the induction of dormancy and ensuring plentifolf
Kaipa ering in apple. The apposite temperature conditian
further benefited by the rainfall (150.0 to 243.6njn
which was 25 per cent higher during the bloom pkrio
(Fig. 3c) and 35.1 per cent higher in January month
than the period of 1995-2009. Singhal. (2009) also
concluded that pre bloom and bloom temperatureup t
20°C and 150-200 mm precipitation is most bendficia
for chilling and flowering in apple crop. Thougheth

Fig. 1 Study sites representing different agro climatic conditions of temperature in Shiml_a region during_the post °b|00m
Himachal Pradesh. period (May to June) in 2009-10 remained 0.7 tod.5
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higher (24.7 to 26.5°C) as compared to 1995-2009
period (24 to 25°C) but was accompanied by 458.0 mm
rainfall which was 54 per cent higher compared to
1995-2009 and hence a good fruit set was obtaimed i
. 2009-10. The highest productivity (22.8 MT/ha) for
j the Shimla region in the year 2009-10 (Table 1) can
/. thus be attributed to the favorable climatic caiodis
/ during the year.
5 % Bhuntar region (District Kullu): The perusal of cli-
matic data indicated that the mean annual maximum
B S S & N & temperature of the region remained between 16.7 to
VS B e 32.7°C in the period 1595.2000 which was 0.8 (630

Apple Productivity trends

Productivity (tons/ha.)

O P N W A OO O N 0 ©
R S R S TR R R

P R PSPPI PSP PS PR

higher than 2009-10. Adityat al., (2012) revealed
from the study conducted at Kullu district of Hi-
machal Pradesh that the decrease in chill unitstaue

Fig.2 Apple productivity trendsin Himachal Pradesh (1995-2010).
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an increase in temperature adversely affectedghkea chill requirement. The rainfall amount of 40.6 and
productivity in past and half decade. The analysi 56.8 mm in November and February was higher during
indicated that the maximum temperature during the2009-10 as compared 1995-2009. The further rise of
chill accumulation period (November to February) in temperature 2.0 to 3.0 °C during the month of March
the year 2009-10 remained in a range of 16.1 th°20. 2010 followed by 86 per cent higher rainfall (780
(Fig. 3d) which was 3 to 5°C lower and 1.0 to 1.1°C 515.0 mm) (Fig. 3f) ensured good flowering and the
lower in November and December and minimum tem-fruit set. The mild summer season in 2009-10 with
perature (1.1 to 5.9°C) was found to be 0.3 to@.0° minimum temperature remaining below 18°C and 31
lower than the pre bloom period of 1995-2009 (2.1 t percent higher rainfall (193.0 to 599.0 mm) as com-
6.1°C) (Fig. 3e). The minimum pre bloom temperaturepared to 1995-2009 resulted in a good fruit set.
ranged between 1.0 and 6.0 °C contributes maximunmAwasthi (2006) in his study on temperate fruits ob-
to the chilling requirement of apple (Byrne and 8ac  served that most favorable temperature for fruitise
1992). The congenial winter temperature along &ith apple is 15-22°C. Thus the optimal weather durfre t
precipitation of 173.6 mm (91 per cent higher) et year 2009-10 resulted in the highest productivity o
February month of 2009-10 resulted in completion of Bhuntar region (9.69 MT/ha) than the previous years

Table 1. Productivity (MT/ha) of apple in different appleogving sites of Himachal Pradesh (1995-2010).

Y ear Shimla Bhuntar Kalpa
1995-96 12.2 4.17 4.28
1996-97 7.00 4.55 5.71
1997-98 134 6.26 411
1998-99 1.20 0.46 1.90
1999-00 16.6 4.13 5.21
2000-01 6.10 1.99 4.36
2001-02 11.9 5.19 4.93
2002-03 14.4 6.12 4.08
2003-04 14.8 8.43 7.56
2004-05 13.7 8.04 7.81
2005-06 7.00 2.44 7.38
2006-07 14.4 8.65 7.48
2007-08 134 4.08 9.52
2008-09 6.7 2.81 6.47
2009-10 22.8 9.69 10.03

Table 2. Increase/decrease in apple productivity (per darfimachal Pradesh (1995-2010).

Year Productivity (M T/ha) Increase/decreasein productivity (per

centage)

1995-96 541 0

1996-97 5.50 2

1997-98 4.26 -21
1998-99 6.85 27
1999-00 0.88 -84
2000-01 1.94 -64
2001-02 4.26 -21
2002-03 5.46 1

2003-04 6.12 13
2004-05 6.10 13
2005-06 2.92 -46
2006-07 6.26 16
2007-08 5.24 -3

2008-09 2.81 -48

2009-10 8.57 58
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Fig.3 a-l . Weather trends (maximum temperature, minimum teaipex and precipitation) in different study sit&hifnla, Kalpa and Bhuntar
and H.P.) of Himachal Pradesh (1995-2010).

(Table 1). Ranat al., (2011) also studied the meteoro- per cent compared to 1995-2009. The minimum tem-
logical data for the fruit growing areas of Kullmca  perature in 2009-10 revealed a decrease of 1.2{€2
found increasing temperature trends during Febrteary during November and January and an increase db0.5
April which induced profuse flowering and subse- 2.3°C during the bloom period as compared to 1995-
quently the fruit set. 2009 (Fig. 3h). The rainfall received in floweripg-
Kalpa region (District Kinnaur): The climate of this  riod ranged between 163.0 and 453.0 mm (86.8 per
region is cold and dry. The maximum temperature incent higher than 1995-2009) enabled optimal flomgpri
the region remained lower over the past years (1995for the region. The minimum temperature during post
2009) ranging from 5.2 to 13.0°C in the pre bloom bloom season was 1.0°C higher and maximum tem-
period. The pre bloom period in the duration of 399 perature remained above 22.0°C (0.5°C higher) com-
2009 was accompanied by a winter precipitation ofpared to 1995-2009 followed by 11.5 per cent lesser
105.0 to 345.0 mm fulfilling the chill requirement. rainfall of the range of 355.0 to 525.0 mm ensuimg
Conversely, a higher precipitation (521.0 to 58%r0) good fruit size and quality (Fig. 3i). The produit

and low temperature remaining below 12°C in theof Kalpa region indicated a rise in the past deaaitle
flowering period in some years was obtained. Tlie cl highest productivity of 10.03 MT/ha in the year 200
mate of Kalpa region however, witnessed a slight in 10 (Table 1) due to the beneficial climatic corafis.
crease in the temperature since past few years. Th€ermaet al. (2006) evaluated the chill units and pro-
maximum temperature in late pre bloom in the yearductivity relationship for the Kinnaur district afmund
2009-10 observed between 8.7 to 13.8°C which waghat the region was becoming more suitable for eppl
1.0 to 2.0°C higher than the 1995-2009. Subseqgentl cultivation owing to the increasing trend in tenmer
during the bloom period maximum temperature to theture.

tune 17.9 to 19.8°C was observed (Fig.8 g) whick wa Weather conditions of Himachal Pradesh: In order
also higher by 1.5 to 3.5°C. The rainfall to thaewf  to further explicit the climatic conditions affentj the
127.5 to 502.0 mm was received during pre bloomproductivity, average weather data of the threeleapp
period of 2009-10 which revealed an increase of807 growing sites for decisive months for chill accumul
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Table 3. Correlation matrix of productivity with season wisveather parameters of apple growing regions of
Himachal Pradesh (1995-2010).

Shimla Bhuntar Kalpa
Season _Temperature Rainfall ——— CmPErature ;oo —emperature - e
Maximum Minimum Maximum Minimum Maximum Minimum
ey o NV -0.46x 050 008  -050* 009  -008  -010  -0.89* -0.01
ig’r‘)’m (Mar- 0.30 0.28 -0.21 0.14 0.36 0.25 0.53* 015  -0.19
Post bloom 0.38 0.23 0.05 -0.11 -0.33 0.25 -0.07 050+  -0.04
(May-Jun)

* significant at 5 percent level of significance

tion, flowering and fruit set in apple for the poatiof different meteorological components during various
1995-2010 were studied. The maximum temperaturegphenological growth stages on the productivity pf a
during the pre bloom period oscillated between 11.8ple. Therefore, the increase of 58 per cent inpite

and 19.6°C in 1995-2009. The weather data clearlyductivity of the state in the year 2009-10 sincst 56
connoted 13 to 19 per cent decrease in the maximumgears can be attributed to the favourable climathis
temperature for the months of November, Decemberyear (Table 2). In an another study it was reeegiat
January and February during 2009-10 which was 0.7minimum temperature of November, January and Feb-
3.1, 2.5 and 0.8°C lower compared to 1995-2009, retuary and maximum temperature of March and Octo-
spectively (Fig. 3j). The analysis indicated deseeaf  ber are most important factor to predict the appéd

0.9, 0.7, 0.3, 0.4 and 0.9°C in the minimum tempera in Kullu district of Himachal Pradesh (Sest al.,

ture of November, December, January, February an@015).

March, respectively in 2009-10 (Fig. 3k). The agera Correlation studies. The correlation was worked out
pre bloom rainfall recorded during 2009-10 (93.5 to between productivity and the season wise values of
326.3 mm) was 39 to 57 per cent higher than 1995weather parameters (Table 3). The maximum tempera-
2009 (48.9 to 213.7 mm) signifying a sustainableture (-0.46) and minimum temperature (-0.50) in
bloom period. The 3 to 4°C rise in temperature wiZh ~ Shimla region during pre bloom period showed a nega
per cent higher precipitation of 270.7 mm during th tive and significant correlation with productivitydi-
month of March 2010 compared to last 14 years beneeating an increase in temperature to negativelyaohp
fited the crop in establishing profuse floweringdan the productivity. A positive correlation of maximum
hence a good fruit set. The average maximum temperg0.30) and minimum temperature (0.28) with produc-
ture during the post bloom period (May-June) in thetivity was obtained for the month of March signifgi
year 2009-10 remained between 29.0 and 33.0°Ghat a rise in temperature to be beneficial for phe-
which was 1.0°C higher compared to the previousductivity. The post bloom period revealed a positiv
years. The rise in post bloom temperature was fol-correlation between maximum, minimum temperature
lowed by 23 per cent higher amount of rainfall,gath  and rainfall implying an increase in temperature an
between 324.0 and 736.0 mm compared to 1995-200%ainfall to raise the productivity. The weather grae-
resulting in an optimal fruit set, good fruit siamd ters of Bhuntar region showed positive correlati@en
quality (Fig. 3l). More and Bhargava (2010) alsg-su tween productivity and maximum (0.14) and minimum
gested that low temperature and frost conditiomindu  temperature (0.36), rainfall (0.25) for bloom perio
fruit maturity period can cause sub lethal injuny o and negative correlation for temperature of posoiv
shriveling of fruits thus causing heavy loss to thep period indicating the rise in summer temperature to
load. The maximum temperature (18.0 to 24.5°C) dur-dwindle the productivity. The productivity of Kalpa
ing bloom period of 2009-10 was in proximity to the region revealed a significant correlation with migim
year 1998-99 (17.0 to 23.3°C) which was the secondemperature (-0.89) of pre bloom period. The maxi-
highest productive year (6.85 MT/ha) in the last 15 mum temperature in bloom period showed a positive
years. The precipitation also remained moderatigur and significant correlation (0.53) indicating theog-

the past 15 years only at some points it was higker ing suitability of the region for apple productiohhe

in the year 2004-05. post bloom period revealed negative correlatiorhwit
Ranaet al., (2014) indicated from their study that ap- maximum and minimum temperature and rainfall.

ple and other fruits registered 12.1 and 59.8 gert c .
higher productivity during heavy snowfall event of Conclusion

2004-05 in Himachal Pradesh in comparison to 2003-The study clearly revealed that temperature in eppl
04 which lowered down the temperature during winter growing regions of Himachal Pradesh remained lower
period. during the chill accumulation period and startesing
These conditions indicated conclusively the role of (3 to 4°C rise) during the month of March, accompa-
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nied by a good amount of rainfall in bloom and post 18: 8-9.

bloom period of 2009-10 which resulted in overall More, T. A. and Bhargava, R. (2010). Impact of Clienat
apposite conditions for profuse flowering, gooditfru Change on production of fruit crops in arid regiois.
set and hence contributing to the plenteous praduct Singh, H.P., Singh, J.P. and Lal, S.S. (eds.), IGhgés
ity compared to 1995-2009. It was realized from th of Climate Change- Indian Horticulture. pp 76-84. .
study that the minimum temperature ranged betweenRana’ R.S., Singh, M., Upadhyay, S.K. and Sharma, tRohi
0.4 and 4.9°C, maximum temperature of the range of (Cfgg; )6f|rmr?gcﬁ;ldg?:ggsﬁ_mlﬂl:tl%r;]si”gz twg.eritgitak
10.9 to 16.4°C coupled with rainfall to the tune9gt5 P.S., Singh, Harminder, Gill, P.P.S. and Singh, kegs.),

to 326.3 mm during the pre bloom period. The tem- Climate Change and Fruit Production. pp 162-170.
perature during bloom ranged between 19.0 andrana, R.S., Kalia,V., Bhagat, R.M., Singh, S., KausAal,

24.0°C and rainfall in the range of 270.0 to 320ut and Sood K., 2014. Geospatial Mapping and Analysis
followed by the post bloom temperature range 0029. of Heavy Snowfall Event for Assessing Impacts on
to 33.0°C along with rainfall of 330.0 to 735.0 mm Crops in Western Himalaya, In: Compendium cum
which were suitable climatic conditions for bumper ~ Abstract, International Symposium on *New- Dimen-
. sions in Agro-meteorology for Sustainable Agrictdtu
productivity. (NASA-2014)" w.ef. October 16-18, 2014 at
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