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Apple being a temperate fruit is been widely grown under a large area in the Himalayan
regions of India because of the favorable climatic conditions. Mountains are however
amongst the most fragile experiencing extreme weather conditions, like rising temperature,
uneven precipitation, spring hailstorms, and cold waves which severely affect the
production of temperate crops. The traditional apple cultivation in Uttarakhand hills is
under stress due to climate change. The instances of these adverse conditions impact could
be observed on plant phenology, bud bursting, blossoming, fruit retention, fruit yield and
quality. The rising temperature widely affects the chilling requirement for apple fruit,
which is the pre-requisite for blossoming of apple fruit. Insufficient chilling greatly
influence fruit set whereas, hailstorm during spring season causes frost injury and
deteriorate the fruit quality. Evidences of poor climatic condition leads to the shifting of
apple cultivation towards crop like kiwi and pomegranate. Development of low chill
cultivars with greater adaptation is the viable approach that can be adopted to fetch good
production of apple fruit and to maintain the commercial importance of apple fruit in hilly
regions. Under the stressful condition, Anna variety of apple performs well and can with
stand under low chilling requirements in lower hills of Uttarakhand.

apple and 98.7 per cent of the total apple
production. In India, it is cultivated on 3.01
lakh ha with production of 23.27 lakh MT and
productivity of 7.73 t/ha (NHB 2018). In
India, Uttarakhand state is well known for the
horticultural crops, including apple and citrus
occupying top production. Among other
crops, maltas, mandarin, lime, gal gal are
mostly cultivated citrus fruits. About 25201
ha area in Uttarakhand is under apple
cultivation (Chimwal et al., 2019).

Introduction
Apple (Malus pumila) belongs to family
Rosaceae. It is a temperate fruit, grown
between 1500 – 2600 meter above mean sea
level (Wani and Songara, 2017). Being
deciduous in nature, apple favors cool
temperature for better growth, to break
dormancy and bud development. The major
apple growing states in India are Jammu and
Kashmir, Himachal Pradesh and Uttarakhand,
which covers 95.4 per cent of total area under
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Int.J.Curr.Microbiol.App.Sci (2020) 9(9): 453-460

Several factors are attributed to the declining
trend in apple productivity, like insufficient
nutrient
and
moisture
availability,
deteriorating soil water management,
prevalence of diseases and pests and majorly
the climatic shifts (Nautiyal and Dimri, 2009;
Nautiyal et al., 2017). Climate change poses
serious impact on agriculture, horticulture,
environment and health all over the world
(Verma et al., 2019). The evidences of
significant climate changes in India showing
increasing trends in annual temperature with
an average of 0.56°C rise over the last 100
years (Rao et al., 2009; IMD, 2010). The
global mean temperature of the earth’s
surface has increased by about 0.74°C (IPCC
(2007a). Due to global warming and abnormal
rainfall patterns, there is continues failure of
crop in autumn season (Sharma et al., 2020).
Increase in temperature could well affect the
sustained fresh water resources through
accelerated melting of glaciers and snow in
the high mountain areas (Hussain et al.,
2005). Himalayan regions show very wide
range of climate change and are very much
susceptible to these changes. Uneven spatial
and temporal variation of rainfall, frequent
drought conditions and low crop production
has been noticed at various districts in
Uttarakhand (Isaac and Isaac, 2017). Climatic
changes like increasing temperature and
uneven/less precipitation are the major
extremes affecting apple production. From the
past 30 years, the average mean temperature
in hilly regions has risen between 0.44°C to
0.59 °C severely affecting high-chill fruits
like apple, walnut, apricot, almond, cherry
etc) and warming scenario exceeding 1.5 °C
would expected to increase the risk of
prolonged dormancy for both stone and
pome-fruits (Ahmed et al., 2019). Rise in
temperature and rapid snow cover melting
adversely affected apple cultivation in lower
Himalayas, since many years (Sharma et al.,
2013). Increasing minimum temperatures
under climate change may induce insufficient

chilling accumulation resulting in uneven or
delayed bud break. Exposing horticultural
crops to increased heat stress causes
physiological disorders. Colour development
in apples occurs through the production of
anthocyanin reduces due to high temperature
(Verma et al.2019). Unusual hailstorms and
windstorms during summer season, fruits like
cherry, apple, plum, peach and apricot were
severly damaged (Chaudhary et al., 2015).
Increased temperature during winters
considerably resulted precipitation in form of
rain in spite of snow and easy snow melting
causing heavy soil loss along with nutrients.
Rise in temperature results in flourishing
vegetative growth but retarded reproductive
growth. Changing climate probably increased
atmospheric winter temperature results in
incompetent chilling and forcing requirement
essential for the end of apple dormancy
(Legave et al., 2013; Vitasse et al., 2018).
Increase in temperature may affect overwinter chill requirements of temperate tree
fruits and require replacement by new
cultivars or species (Stockle et al., 2010).
There is sharp decrease on overall
precipitation especially during winters (Jethi
et al., 2016). In recent years, problem of low
snowfall intensity became a huge problem in
hilly regions, due to continuous snowfall
depletion year by year, resulting less snow on
glaciers and reduced stream flow. The snow
melting in hilly regions reduces chilling
requirement which is essential for the bud
burst and brings out the plant as dormant.
Chilling requirement above 1000 chilling
hours is essential for apple (Haokip et al.,
2020). Change in snowfall pattern alters the
timing of bearing, blossoming of the apple,
affecting fruit yield and quality under
Western Himalayan condition of India
(Vedwan and Rhoades, 2001). Snowfall
considered as an important constant for
various climatologically and hydrological
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applications. It helps in maintaining the earth
radiation budget balance. Snow cover greatly
influenced the earth radiation balance when
the total incoming radiations are the greatest
in spring season (April- May). In Himalayan
regions, snow melting or glacier melting is
considered to be the richest source of
freshwater required for drinking, agricultural
& industrial services, and for domestic
purposes.

(Cleland et al., 2007). The phonological
stages including bud swell, bud break, full
bloom, flower induction and differentiation,
fruit development, maturation yield and
quality are affected by climate changes,
specifically temperature. In temperate fruit
crops, flower induction is highly responsive to
temperature and requires low temperature
(less than 7°C for the fulfillment of adequate
chilling hours. Flower induction deeply
influenced by low temperature, however,
strong
interaction
between
genotype,
photoperiod and temperature interactively
control flowering (Rai et al., 2015). Though,
climate warming during winters leads to rapid
fulfillment of heat requirement causing
variation in both flowering time and
flowering duration.

In addition to this, changes in temperature and
precipitation could also expand vector-borne
diseases into previously uninfected high
altitude locations (Patz et al., 2005).The
impact of climate change on apple
productivity causes infestation of some
diseases and pests resulting in more losses in
yield (Parmesan, 2007).

Impact on pattern of blooming
In most of the districts of Himachal Pradesh,
overall decrease of about 2-3% of apple yield
has been reported under the influence of
changing climate (Bhagat et al., 2009).
Reduction in chilling temperature or climate
change drastically affected fruit production in
the recent years especially apple production
and farmers shifting the area of apple into
production of coarse grains, seasonal
vegetables and other horticulture species
rather than apple cultivation (Singh et al.,
2016).
Impact of climate change
production in hilly regions

on

Rise in temperature and lack of precipitation
during winters alters the pattern of
blossoming and bearing of apple under
Himalayan regimes hence affecting yield as
well as quality of the fruit. Under apple
cultivation, most of the low altitude zones do
not fulfill winter chilling due to rise in
temperature, thus, flower bud produces fruit
clusters resulting in delayed bloom period
(Basannagari and Kala, 2013). Increased
temperature leads to earlier flowering which
conquers with the time of spring frost causing
risk of frost damage to apple flowers (Blanke
and Kunz, 2011). This could increase the risk
for frost injury, ultimately results in poor fruit
set and low yield. Whereas, decreased chilling
hours due to less snowfall and rainfall during
winter months causes abnormal pattern of
bud-break and subsequently reduce flowering
percentage. Lack of chilling in mild winter
conditions result in abnormal pattern of budbreak (Ameglio et al., 2000).The apple tree
requires 1200-1500 hours of chilling below
7°C depending on the type of cultivar.
Chilling hour less than 1000 leads to low

apple

In response to climate change under hilly
regions, the apple production is highly
affected. The impacts of climate change on
the growth and development of apple fruit are
discussed below:
Impact on phenology
The physiological activity of plant influenced
by variation in climate is termed as phenology
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yield with poor quality (Rai et al.,
2015).Extreme low temperature (Below 0°C
and frost occurrence in apple and other
temperate crops during bloom stage damages
the flower buds (Haokip et al., 2020).
Moreover, hailstorms during flower blooming
cause major loss resulting less fruiting and
hence low productivity. In addition to this, an
uneven hailstorm also damages the crops
(Meena et al., 2015).
Impact on
requirement

dormancy

and

chemical defoliation of apple can be done by
copper sulphate or urea which enhances
sprouting of buds (Rai et al., 2015).
Impact on fruit quality
Adverse climate condition during spring
season when temperature go fairly low at the
time of flowering and fruit setting usually
causes frost injury and damage to the apple
fruit. Occurrences of hailstorm directly
damage the plants and force them to remain in
vegetative and delay reproductive phase
which ultimately affects fruit set. It also
causes damage to the flowers and to the
developing fruits at various stages of growth
and development and ultimately results in low
retention of fruit and poor yields. Frost injury
due to intensively low temperature during
spring season damages flower and fruit set
which results in poor yield (Awasthi et al.,
2001).

chilling

Dormancy is a mechanism by which plants
protects sensitive tissue from unfavorable
climatic condition (Compay et al., 2011b).
The delay in blooming dates of many trees
indicates that dormancy breaking processes
are indeed changing, most likely in response
to climate change (Legave et al., 2013).
Successful commercial cultivation of various
fruit trees in temperate regions can be
achieved by providing adequate winter
chilling requirement. Chilling requirement is
defined as the number of effective chilling
hours needed to restore bud growth potential
in spring (Richardson et al., 1974).The winter
chilling requirements for most of the varieties
is 500 to 1000 hrs below 7°C. In response to
continuous
increasing
atmospheric
temperature during winters, limited chilling
hours for temperate crops is a problem that
causes poor bud burst and leads to anomalous
fruit growth (Petri and Leite, 2004).

Also, rise in global temperature may also
affect the post-harvest quality of the fruit.
Temperature alteration have significant
impact on the postharvest quality and quality
parameters such as synthesis of sugars,
organic acids, antioxidant compounds, peel
colour and firmness (Moretti et al., 2010).
Impact on pollination
The incidence of spring frost and low
temperature at the peak time of fruit setting
adversely affects production of fruits. Along
with low temperature and untimely rainfall
occurrence inhibits pollen transfer due to
washing-off of pollen. It has been observed
that the flowers are killed below -2.2°C and
bee activity is completely retarded below
4.4°C (Awasthi et al., 2001). Also, flower
induction in temperate fruits is deeply
influenced by temperature especially by low
temperature, however, strong interaction
between
genotype,
photoperiod
and

This results in varying crop sizes and irregular
maturity of fruits, which substantially reduce
yield and also the fruit quality. Melting of ice
cap in the Himalayan regions will reduce
chilling effect required for the flowering of
many of the horticultural crops like apple,
cheery etc (Datta, 2013). Insufficient chilling
requirements due to warming results in bud
break failure and enhanced dormancy. To
overcome the problem of insufficient chilling,
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temperature interactively control flowering
(Haokip et al., 2020).Therefore, varying
climatic conditions at the time of flowering
and fruit setting will affects pollination and
eventually the fruit production. The optimum
temperature for pollination and fertilization in
temperate fruits like apple, pear, plum, cherry
etc is between 20-25°C. Low temperatures
and rainy or foggy conditions observed to
have a negative effect during pollination in
cherry in USA (Zavalloni et al., 2008).

grown in areas with limited chilling (Carter,
2007). The Anna variety i.e. Low chilling
cultivars require warmer climate and is grown
in low, mid hills and even in land with gentle
slope for proper flowering and fruiting. The
limiting factors in low chilling cultivation are
the minimum winter temperature, spring frost,
hailstorm, high humidity and desiccating
winds during summer. Also, for intensive
apple growing, Anna cultivar grafted on M9
and MM 111 rootstock performs well and
recorded highest fruit set percentage (22.6%)
in comparison to Red Delicious, Granny
Smith and Gala Smith apple cultivar (Ali and
Ibrahim., 2019).Among all the low chilling
cultivars of apple, Anna varieties showed the
best result in terms of fruit size, colour and
firmness.

Approach to manage the effect of climate
change in apple
In order to cope up with the increasing
unavoidable and undesirable risks related to
increased atmospheric temperature, uneven
precipitation, frost risk, adaptation measure
must be needed. According to the IPCC Third
Assessment Report, adaptation has the
potential to reduce adverse impacts of climate
change and to enhance beneficial impacts
(IPCC 2007b). For the better horticultural
production, the evidences of less snow fall
intensity should not be underestimated. Reevaluation of the fruit varieties as per the
indicated climate changes is imperative for
planning a new orchard. To ensure better
production, introduction and adaptation of
low chilling (less than 800 hrs) fruit varieties
like apple, peach, pear and plum in certain
areas of lower hills and North Indian plains
could be grown commercially. Some apple
low chill cultivars are successfully adapted
under stressed conditions especially in
temperate regions are Anna, Mayan, Tamma
Vered, Tropical Beauty, Parlin’s Beauty,
Schlomit, Michel, Neomi (Rai et al., 2015).

Since, Uttarakhand state covers both
Himalayan and plains regions, the low
chilling varieties can be successfully planted
in any region as the cultivar could resist under
low chilling requirement and could be helpful
in improving the socio-economic condition of
Uttarakhand.
In conclusion the knowing how the climate
influences production in terms of quantity as
well as quality of the fruit. The prevailing
climatic conditions in Himalayan regions like
temperature fluctuates, inadequate chilling
requirements,
enhanced
instances
of
hailstorms and rainfall leads to poor
pollination,sub standard flower retention and
fruit setting and results in poor productivity of
apple fruit. As a result, the negative impact of
these changes on quality and quantity and
ultimately on commercial production of apple
fruit have to be extricated by adaptation
measures. It is necessary to acquire strategy to
cope up with these incompetent weather
conditions and to bring out better way to
adapt under the same conditions. Considering,
bloom delayed in spring due to insufficient
chilling a major problem, so cultivating low

Predicted varietal solution for apple
cultivation in lower hills of Uttrakhand
The cultivar is “Anna” was developed by A.
Stein in Israel in 1965. It has very low
chilling requirement i.e. 300 hrs. and could be
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chill cultivars of apple is the best adaptive
measure to maintain the commercial
importance of apple fruit in Uttarakhand hills.
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