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Nestled in the fragile Himalayan ecosystem, the state of Jammu and Kashmir holds a significant importance in terms of
species richness, ecological wealth, water resources and socio-cultural diversity. When the climate change indicators are
very visible in the region, many-sided concerns upshot thereby, especially encircling the species composition change,
biodiversity loss, frequent environmental stresses, food security, landslides, snowstorms, agro-biodiversity, livelihood and
human health. Other than the general footprints, climate change negatively impacts the overall performance of the plants
either directly or indirectly by changing the intensity and frequency of abiotic stress factors. As diverse plant species
growing in higher altitudes of the region are open to very unfavourable and harsh conditions, especially low temperature,
these provide insights into different adaptive mechanisms for abiotic stress tolerance and can be dissected for the same.
From time to time, efforts have been made to develop stress resilient crops or climate smart agriculture. A holistic approach
comprising the fields of agricultural biotechnology, socio-cultural integrity and crop ecology is going to provide an excellent
insight into climate change mitigation strategies and plant abiotic stress tolerance mechanisms in the delicate ecosystem.
Moreover, to finely strategize the conservation laws and policies and also for bio prospecting activities, a comprehensive
knowledge on abiotic stresses associated with climate change and the counter responses of Himalayan flora is critical.
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Introduction
In mountainous regions, cooler climatic zones are
expected to get lost due to fast changing climate and
also may result in upwardly treeline shifting (Engler
et al., 2011; Gottfried et al., 2012; Huntley 1991)
reported that changing climate might alter the species
distribution, extinction of species and the process of
biological invasion as well. Interestingly, regarding
general opinion of the upward treeline shifting, it was
observed in Ladakh, an arid high-altitude region in
the North-Western (NW) Himalayas, that responses
of plants towards present scenario of changing climate
may not be upward shifts in single direction only, but
a species-specific, multi-dimensional and spatially hazy
shift may occur (Dolezal et al., 2016). In terms of
species richness, socio-cultural diversity and
ecological asset, the state of Jammu & Kashmir,
nestled in delicate Himalayan Ecosystem has gained

a paramount importance. Multifaceted concerns arise
in the region due to climate change closely encircling
food security, droughts, biodiversity loss, floods,
species status change, landslides, agriculture livelihood
and health concerns of the people. The climate change
indices in the Himalayas are quite blaring and evident
(Immerzeel et al., 2012; Romshoo and Rashid 2014).
In the past century, a temperature increase higher
than global mean temperature of around 0.7 °C was
experienced by Himalayas (Bhutiyani et al., 2007).
Moreover, mean temperature increase of about 1.7
oC was also noted in the Himalayas, causing a huge
impact on vegetation composition and biodiversity in
high-altitude ecosystems of the region (Aryal et al.,
2014). Besides climate change impacts, plants are
often open to unpleasing environmental circumstances
– abiotic factors, resulting in abiotic stresses – that
greatly affect not only the crop yields (Boyer 1982)
but also the variable plant species distribution along
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varied environments (Chaves et al., 2003). Climate
change and environmental stresses often go hand in
hand, leading to the overall reduction in crop yield
and alteration in vegetation structure in the region. In
a recent report by Majid (Majid 2016), in Kashmir
region, the reduction in food production has reached
40 %, while in vegetable output, deficit is 30% and in
oilseed production 69% reduction has been recorded,
placing the food security at extreme risk in the
backdrop of climate change amid multiple
environmental stresses. Moreover, mountain
communities significantly depend on forest services;
hence it becomes essential to evaluate the potential
climate change impacts on vegetation structure and
distribution in mountainous regions like Himalayas. In
addition to this, on the windward side of the Pirpanjal
Range, increasing winter temperatures have resulted
in diminishing snowfall element in total winter
precipitation (Bhutiyani 2015). Also, during past three
decades, impact of human activities in Kashmir
Himalayan belt accelerating the climate change cannot
be ignored (Bhutiyani 2015), hence, novel research
attempts and management strategies are required.
A detailed understanding of various abiotic stress
tolerance mechanisms in plants and frequent
monitoring of the climate change impacts on the
vegetation type and distribution in North-western
Himalayas is a grave requirement to safeguard the
region in terms of its beauty and productivity. Likewise,
biotechnology provides a promising way for mitigation
of the ill impacts of changing climate by reducing the
amount of greenhouse gasses (Treasury 2009), biofuel use (Lybbert and Sumner 2010), minimal fertilizer
use (Yan et al., 2008), carbon sequestration (Kleter
et al., 2008), abiotic stress tolerance (Hsieh et al.,
2002) and biotic stress tolerance (Barrows et al.,
2014), so designing the climate smart agriculture
(CSA) or improving the stress-resilient strategies of
crop plants in the region may be a promising way.
Under this context, we review the literature on the
impact of accelerated climate change and associated
major abiotic stresses in NW Himalayas in general
and the state of Jammu and Kashmir in particular,
thereby opening the new horizons and provisions for
scientific community to combat the ill effects of stress
associated climate change in the most fragile
ecosystem of the world.
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Climate Change-Dimensions of the Concept
Almost all natural ecosystems being effected upon,
climate change is considered to be a leading planetary
threat (Stern 2008). Risen by 0.7ºC in the preceding
century, average global temperatures have been
foretold to go on rising more drastically. Compared to
the 1980-1999 benchmarks, temperatures ending 21st
century may aptly be rising by 1.1ºC to 6.4ºC in
accordance with the Intergovernmental Panel Climate
Change (IPCC) (2007) projection. Changes in
precipitation regimes get altered as a consequence of
the rise in temperature which are majorly moulded by
regional circumstances and processes and hence stand
largely unpredictable (Fronzek and Carter 2007; Parra
and Monahan 2008). As a consequence, it can be
predicted that either increase, decrease and/or change
in seasonal distribution of precipitation, variable within
the regions may occur. Also, cyclones, catastrophic
rainfall tornadoes, and drought like drastic events are
more likely to take place very severely. On the other
side, as surface temperatures of large water bodies
and precipitation regimes on land are interdependent,
but with the help of latest advances that have improved
our understanding of these complicated linkages (Good
et al., 2008; Harris et al., 2008), the severity of
drought in Amazon (Li et al., 2008) has been
confirmed. Hence to carry out changes in majority of
natural systems, availability of a clear picture of
precipitation programmes is a must (Knapp et al.,
2008). In another dimension of climate change, its
responses get more perplexed by the direct effect of
atmospheric CO 2 concentrations on almost all
biological entities, beefing up or being antagonistic to
other climate variable responses (Campbell et al.,
2009). Considering the influence of climate change in
the context of interacting regimes and the shift they
cause to many natural systems and on the systems,
responses to climate change is very important.
Impacts on Crop Production
Impacts of climate change differs from place to place,
especially on agricultural crop productivity (Müller et
al., 2011) and also from one crop to another (Tubiello
et al., 2002). Increase in frequency and severity of
drastic impacts of abiotic stress on crop production
and also the dreadful weather conditions has occurred
(Hatfield et al., 2011). In Himalayan regions it has
been analysed that temperature increases are higher
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at higher altitudes than at low altitudes (Tewari et al.,
2017).
On the other side, atmospheric gases, like CO2,
usually change in its concentration leading to the
greenhouse effect, causing warmer temperatures and
severity in precipitation regimes. Lifting [CO2] profits
the C 3 plants primarily by enhancing their
photosynthetic activities, C4 plants comparatively
benefit less at elevated [CO2] (Kim et al., 2007;
Leakey et al., 2006).
It has been shown that plants growing in areas
with higher atmospheric CO2 concentration are less
susceptible to drought and sustain a significant growth
rate as compared to plants surviving lower CO2.
Plants resistance to frost and heat gets improved with
higher CO2 concentrations possibly reflecting the
elevated concentrations of sugars across membranes
in different tissues and also causes induction of severe
nutrient deficiency, and according to various studies
it also causes accretion of different secondary
metabolites especially rich in carbon for example
tannins (Niinemets 2010). In response to enhanced
CO2 concentrations, plants form an elevated number
of mesophyll cells along with increased number of
chloroplasts. In some agricultural crops also, elongated
stems and increased girth with large number of roots
or lateral roots leads to the increased root to shoot
ratio (Qaderi and Reid 2009). Shift in local average
temperature within the range of 1-3ºC, may lead to
crop productivity rise, although it diminished above
this target (IPCC, 2007), the more probable logic being
limited phonological phases, shortened vernalization
and elevated transpiration (Qaderi and Reid 2009).
With regards to impacts of climate change on
biodiversity and ecosystem of Himalayan region, it is
severely data-deficient (IPCC 2007). No empirical
observations and systematic studies are available
regarding the species-level climate change impacts
in the Himalayas (Gautam et al., 2013).
As reported, due to elevated CO2 concentration,
during vegetative phase and seven days before the
flowering stage of rice (C3 species), acceleration in
growth and development has been seen leading to
the enhanced crop yield and altered composition of
the grain (Uprety et al., 2010). In Kashmir Himalayas,
due to on-going water scarcity, more and more paddy
land is being modified to rain fed dry land or orchard
thereby diminishing the rice production in the region.
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Also, some parts of the region are believed to be either
moderate or highly vulnerable as per the UNEP report
(Majid 2016).
Apple is one of the most widely produced fruits
globally after banana, orange and grapes. In India,
the state of Jammu and Kashmir accounts for about
65% of its production (Reshi et al., 2010). The
cultivation and production of apple is carried out across
Kashmir valley, with Baramulla, Shopian, Kulgam and
Pulwama being highest growers with an average area
of 125.615 kha and productivity of 10.85 MT ha–1
(Rather et al., 2017). Even though, the annual
production of this fruit has remained on a higher scale
as compared to other Apple growing states of India,
from recent past it is showing an unwelcome decline
regardless of the average land under its cultivation
which is rapidly increasing without concomitant
increase in the production (Rather et al., 2017). Many
factors could be linked with this undesirable loss of
one of the key economies of Kashmir valley. One of
the recent studies has shown unexpected weather
conditions together with sporadic torrent rains, timely
inundations, dry winters and the diseases (scab,
alternaria etc.) associated with one or more of these
factors, as possible foremost reasons for this downfall
(Rather et al., 2017). Saffron, a fascinating spice with
wide and rich use in food, perfumery and flavouring
industries, has an old history of cultivation in karewas
(plateau-like terraces) of Pampore, Kashmir (India).
However, despite being an area favourable for
growing saffron, Kashmir has seen a decline both in
the area of its cultivation and the production yield
respectively by 114% and 184% from about a decade
(Husaini 2014). The diminishing trend in saffron
industry could be attributed to several factors besides
the non-linear climatic conditions. Indeed, the
preponderance of unpredictable rainfalls and droughtlike situations are reportedly known to be the key
climatic factors impeding the saffron production.
Saffron, being a niche-crop with narrow and restricted
area of cultivation having limited microclimatic
conditions, has become a victim of drastic and
unflinching effects of climate change. This, in turn
has badly affected the livelihood of growers/farmers
and the traders directly or indirectly associated with
its cultivation, production, management and marketing
(Husaini 2014).
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Climate Change and Concerns in Kashmir
Himalayas
The effects of climate change on mountain
ecosystems, counting the Himalayas, are evident from
affected water resources and changing vegetation
patterns (Fig. 1) (Rashid et al., 2015). Among these,
one of the utmost and apparent penalties of changing
climatic trend is warming which is the foremost driving
force responsible for ecosystem change.
As one of the major states of Indian union,
Jammu and Kashmir (J&K) is situated between 32°
172 –36° 582 N and 73° 262 –80° 302 E, surrounding
the western Himalayas and the Karakorum mountains
(Husaini 2014). Being in possession of the leading
and freestanding snow and ice cover outside the Polar
Regions at global level, Himalayas are known to be
the pivotal mountain systems in the world. Owing to
their fundamental status, they are regarded as the
“Third Pole” or “Water Tower of Asia”. The mountain
bases of the beautiful state of J&K play a significant
role in the state economy which majorly rests on the
water towers for hydropower, besides tourism industry

and the produce generated from agricultural and
horticultural sectors (Majid 2016). The state of J&K
has a rich social, cultural and biological diversity with
credible ecological wealth. The aboriginal people have
great regards for its mountains, which shape and
design the topography of this state, and are indeed
considered as sacred for their importance in the region.
The livelihood of the people in the state, especially of
the marginalized and mountain dwelling communities,
majorly relies on the regional natural resources and
the associated climatic conditions monitoring this
natural wealth. Regardless of the ethereal beauty and
robust biodiversity which these Himalayas harbour,
the ecosystem in the region is regarded as most fragile.
Furthermore, apprehensions related to the climate
change in the state are varied, comprising various
natural calamities like floods, drought and landslides,
besides the issues of biodiversity loss, human health
and agricultural and food security vital for human
survival (Majid 2016). Further, it was expected that
the temperature in Himalayas will increase ranging
from 0.04 to 0.09 °C on annual basis with hotter
weathers in Himalayan ranges with highest altitudes

Fig. 1: Major vegetation types in Jammu and Kashmir
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as per the regional climate model. During the last
century, an increase of about 1.6 °C in atmospheric
temperature was shown by the meteorological data
which further reported that minimum temperatures
augmented leisurely as compared to the maximum
temperatures (Tewari et al., 2017). On the other side,
observations made in NW Himalayas from last nearly
two decades of 19th century until the first decade of
20th century showed a substantial decline in monsoon
precipitation although winter precipitation displayed
an insignificantly swelling trend. The enhanced
warming of air was supposed to be the possible reason
for diminishing winter snowfall in Pir Panjal Range of
inner Himalaya in the states of Jammu and Kashmir
and Himachal Pradesh (Shukla et al., 2016). Certainly,
from past century, the decreasing ice cover across
the globe, particularly in the glaciers embedded in the
mountains, is perceived as a noticeable evidence of
climate change (Fig. 2). The studies focussed on the
adaptation strategy of the Himalayan flora hold critical
significance as the plant species occurring in this region
have narrow habitat zones. In fact, any sort of hostile
climatic change may even lead to their extinction from
their habitat as some important species have already
been assigned to different threat categories owing to
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the shrinkage in the areas of their distribution/
occupancy (Tewari et al., 2017).
The climate change and the related factors, in
particular, the anomalies associated with temperature,
rainfall, soil and water, are regarded as the main threat
to food security, agricultural production and its
sustainability. On a regional basis, the varying climatic
pattern will have significantly adverse impacts on
some of the staple food crops like maize, rice and
wheat. It is also anticipated that changing climate may
induce an upward shift in apple belts with a
concomitant swing in the cropping patterns.
Further, water in the areas surrounding Indus
river is also expected to show an increase by 5-20%
in the respective Himalayan regions, with some areas
in J&K and Uttarakhand, displaying an upsurge of
about 50% compared to the situation in late 20th century
(Singh et al., 2015). The State Action Plan on Climate
Change (SAPCC) was pursued to address both
adaptation and mitigation measures formulated to cope
with the impacts of changing climate. The SAP seeks
to develop, apply and diffuse technologies that would
control or mitigate the impacts of climate change in
all related sectors ranging from water to health. In

Fig. 2: Extent of Kolhoi Clacier changes from 1962-2013
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view of the local vulnerabilities, SAPCC broadly
covers eleven sectors/missions as under:
1.

Sustainable energy mission

2.

Mission on enhance energy efficiency

3.

Mission on sustainable habitat

4.

Green India mission

5.

Water mission

6.

Sustainable agriculture mission

7.

Disaster management mission

8.

Tourism mission

9.

Health mission

10. Sustainable Himalayan mission
11.

Strategic knowledge mission

Abiotic Stress – Prevalence in the Region
Abiotic Stress and Its Types
Abiotic Stress, an adverse impact of non-living factors
on the living system in a specific environment,
essentially affects plant development and crop
productivity. It has become the main threat to food
security by dominating the list of environmental
restraints diminishing the yield of annual crops at global
scale (Mueller et al., 2012). These crop limiting
stresses act concurrently or successively and may
differ in strength and duration of the effect produced
(Connor et al., 2011; Mooney et al., 1991; Sih et al.,
1998). The multiplicative effects often result from
stresses occurring consecutively along the cycle
(Sadras 2005). The fragile ecosystem of Himalayas
is vulnerable to a multifaceted set of biotic and abiotic
stresses and the plant responses to these complex
stresses are equally complicated. Environmental stress
factors usually get accelerated due to changing
climatic conditions. Over the last decade, climate
change has been recognized as an important factor
affecting global biodiversity. Assessment of the
ecological diversity of Himalayas is significantly
required to understand and evaluate the potential
responses of life in Himalayas to changing climatic
conditions. An equally important aspect is to examine
the influence of changing climate on Himalayan insects
and pathogens. In fact, it is really important to

understand and anticipate the overall impacts of
climate change on the forest ecosystems of
Himalayas to actually develop effective policies for
mitigation and/or adaptation. It is equally important to
evaluate the status of invasive insects and the effects
they have produced on forest health in NW Himalayas,
particularly in light of the anticipated change in the
climate. A recent investigation by Tewari et al.
(Tewari et al., 2017) has reported that the Pinus
wallichiana forests in the states of J&K and
Himachal Pradesh have been subject of the
tremendous damage caused by the beetle
Pityogenuss citus. Various tree species were shown
to get victimized of unnatural death caused by the
Lepidoptera species Lymantria obfuscata. Although
it is hard to predict the outbreak frequencies of these
biotic factors without actual knowledge of population
dynamics and the natural habitat conditions, but
improvement of knowledge regarding the climate
change impacts on biotic threats is worth study. Also,
the mortality facing tree species included Alnus
nitida, Falix fragilis, and Salix alba, besides various
Poplar species. Additionally, different species of Salix
viz Salix alba, S. babilonica and S. correalua were
seen to get affected by Tuberolachnus salignus, a
sap sucking aphid (Tewari et al., 2017).
Drought Stress in Plants
Drought is a condition when there is acute shortage
of water both in the atmosphere as well as in the soil.
In this whole stress duration, plants undergo various
physiological and biochemical changes. Consequently,
stomatal closure, lesser osmotic potential in plant cells,
diminished transpiration rate, cell growth inhibition,
decreased photosynthetic rate but enhanced rate of
respiration occurs within the plant cells. Additionally,
cells do adapt right at their molecular levels. In addition,
plants accumulate different osmoprotectants including,
sorbitol, fructans, mannitol and trehalose along with
abscisic acid, a stress related plant growth regulator.
On the basis of biological function, two categories of
drought-inducible genes have been found. In the first
division, genes encoding proteins for membrane
stabilization and cell homeostasis like heat shock
proteins (HSPs), late embryogenesis abundant (LEA)
proteins and lipid transfer proteins (LTPs). In the
second division, Calcineurin-B-Interacting Protein
Kinases (CIPK16) and Protein Phosphatases class
2C (PP2C) that function in different signalling
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transduction pathways are included. (Atkin et al.,
2005; Boominathan et al., 2004). Therefore, the
subsequent gene expression studies coding for
regulatory and functional proteins, drought tolerance
mechanisms can be apprehended. Two major
signalling pathways get elicited during drought, one
that’s ABA-dependent and another ABA-independent
(Verma et al., 2014). When there is scarcity of water
around, ABA gets accumulated in the cells, conferring
stress tolerance to plants towards drought and salinity.
The elucidation of ABA-dependent drought and cold
stress signal transduction gets clearer as the
concerned genes get expressed on exogenous ABA
supply also. Contradictory to this, various other genes
operating in drought and cold stress do not get elicited
on external supply of ABA, hence referring towards
the existence of ABA-independent signal transduction
pathways during multiple stresses in case of
Arabidopsis (Yamaguchi-Shinozaki and Shinozaki
2006; Zhu et al., 2002).
Socio-economic disturbances are often caused
by frequent droughts in arid and semi-arid regions of
the North-western Himalaya. Reduction in the annual
precipitation caused by summer monsoons or western
disturbances in the affected areas is the main reason
for drought in the region. Even though droughts occur
for a minimum time, still in the hilly terrains, drying of
streams and aquifers that are the primary sources for
domestic as well as agricultural purposes occurs (Singh
et al., 2016).
Cold Stress in Plants
A second type of common environmental stress that
inhibits the plant growth and productivity is cold i.e.,
low temperature stress. Although, most of the plants
are very sensitive to temperatures below zero, still
they expose themselves to non-freezing temperatures
so as to increase their tolerance against freezing
temperatures, in a process called as cold acclimation,
that alters the plasma membrane biochemical
composition and also change the physical structure
of the membrane by changing the lipid composition
and popping out few non-enzymatic proteins as well.
In the past few years, substantial transcriptomic
studies have been carried out to elucidate the
mechanism of low temperature sensing and regulatory
responses thereby operating in the plant that ultimately
develop cold acclimation in them. Multiple
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transcriptional cascades operate in plants in response
to cold stress due to activation of various cold
responsive genes. Further, genes encoding various
plant growth regulators like auxin, gibberllic acid and
ABA get differentially expressed during cold stress.
Mismatch repair, spliceosome pathways and more
importantly DNA replication processes have been
reported to be associated with cold stress (Rong et
al., 2011). Further, calcium has a critical role in low
temperature signal transduction. Abrupt increase in
the levels of calcium in cytoplasm takes place in
response to low temperature stress. In Arabidopsis,
COR6 genes and CRT/DRE controlled KIN1 have
been reported to get expressed under appropriate
calcium concentrations in response to cold stress
(Verma et al., 2013).
Proteases and chaperons control the quality of
proteins being part of cell wall and also playing a vital
part in cold tolerance adaptation within plants. During
low temperature stress, certain proteins exhibit AU1
enhanced degradation especially of photosynthetic
proteins counting the larger subunit of Rubisco (Yan
et al., 2006). Meanwhile, down-regulation of enzymes
involved in Krebs Cycle and Calvin cycle and upregulation of enzymes involved in ascorbate recycling
pathways have been reported during cold stress
(Rinalducci et al., 2011). Instant metabolic
adjustments in response to cold stress protect plants
from freezing temperature injuries. Therefore, huge
amount of proteins within cells get differentially
expressed in cold tress response, conferring cold
acclimation to them.
Due to temperate type of a climate, Kashmir
Himalaya harbours a significant quantity of low
temperature tolerant plant species especially on higheraltitudes. Dissection of such plants including crop or
ornamental (Jan et al., 2018) for low temperature
tolerance can provide a better way of understanding
the adaptive as well as tolerance mechanisms of the
plants native to Himalayas or to areas with similar
climate.
Salinity Stress in Plants
Salinity stress is one of the leading environmental
stresses affecting huge area of the land every year
globally and hence decreasing the crop productivity.
As high saline water causes inhibition in plant growth,
alterations in metabolic adjustments as that of water
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stress, so cannot be taken up by the plants. Certain
morphological symptoms visible as the plants uptake
water with high salinity include premature senescence,
decrease in the leaf area for proper photosynthetic
process, later on unable to sustain growth. One of the
striking features of responses towards saline stress
as reported in salt-tolerant Barley was the clarification
of ABA and jasmonic acid (JA) pathway genes
involved (Walia et al., 2006). Furthermore, other
abiotic stress responsive genes including cold, heat
and drought have also been reported to get elicited,
thereby supporting the existence of cross-talk among
various stress types faced by the plant. It has been
reported from the roots of tomato under saline stress,
that genes coding for HSPs, inducible activators of
transcription, stress sensors and upstream signal
pathway constituents and other cardinal elements like
PP2C and MAPKKK get up-regulated (Ouyang et
al., 2007). In its first instant response towards salt
stress, the JA pathway gets activated and also calcium
levels in the cytosol get elevated, consequently
activating the various signalling transduction pathways
that include SOS (Salt Overly Sensitive).
Recently, in case of rice in apoplast of roots,
salt-responsive protein has been reported predicted
to have a role in salt stress signalling (Zhang et al.,
2009). Several metabolism-related proteins also play
a significant role in each plant organ including roots,
hypocotyls and leaves, thus helping the plant in
accomplishing the salt stress tolerance (Sobhanian et
al., 2010). Also, it has been reported that several
proteins get formed during seed germination that
provide stress tolerance towards high salinity in the
plants (Xu et al., 2011). Therefore, plants acquire salt
stress tolerance, by maintaining osmotic and ionic
homeostasis, by withdrawing various toxic wastes and
lately by enhancing the overall potential of growth
recovery. Such processes mostly include generation
of proteins guiding .the energy metabolism, ROS
scavenging mechanisms, proteins involved in
maintaining the structural and functional integrity of
the plasma membrane and folding features of few
proteins, stability of cytoskeleton, proteins involved in
photorespiration, photosynthesis and many other
processes involved in signal transduction pathways.
Collectively with aforementioned stress types faced
by the plants, other stresses that confront plants
comprise the presence of heavy metals, heat stress
and flooding stress.
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Saline soils have been reported from Kashmir
Himalayas also, with soluble salts ranging from 0.15
to 0.45% with Cl, NO3, SO4 and HCO3 anions (Gupta
and Arora 2016). Although the problem of salinity
stress is not as prevalent as cold in the region, but it
may be predicted to get common with the accelerating
changing climate. Hence, a detailed knowledge of this
type of stress and its occurrence in the region is
desirable.
Heat Stress in Plants
Heat stress is one among the major types of
environmental stresses experienced by the plant and
significantly changes the different components of
cellular network and metabolism, thereby having
drastic impact on plant physiology, general plant
development and crop productivity. It has been
reported in rice concerning the heat stress responses,
that heat shock factors (HSFs) are involved in the
response mechanisms, wherein genomic arrangements
have also been studied (Mittal et al., 2009). In
addition, various HSF genes expressed under heat
stress conditions have been studied suggesting their
significant role in transcriptional elicitation of different
heat shock genes. Such genes govern the various
processes of metabolism, antioxidant defence system,
heat shock proteins, and developmental set-up in heat
stress response mechanisms. Under high temperature
stress, in case of wheat grain, certain enzymes having
critical roles in starch biosynthesis, small HSPs,
translational initiation factors, carbohydrate metabolism
have been seen to get up-regulated using proteomic
approach (Majoul et al., 2004). Also, in case of rice,
high temperature stress causes the phosphorylation
of ATP-â and dephosphorylates the RuBisCo, resulting
in the diminished ATP Synthase activities and that of
RuBisCo as well (Chen et al., 2011). Therefore, the
role of phosphoproteins in heat-stress signalling
pathways, cannot be ruled out. In the past decade,
dry winters and extreme hot summers in the region
have led to increase in annual mean temperatures setting a stage towards prevalence of ‘heat stresses
in the region’.
Flooding Stress in Plants
The incidents of flooding result in decreased plant
yield to a considerable level by subjecting plants to
hypoxic conditions and acting as recurrent natural
catastrophe. The transcriptome-based studies in maize
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have shown that pretty large number of genes play a
role in waterlogging stress besides the processes of
carbon and amino acid metabolism, ion transport,
protein degradation and mechanisms of signal
transduction, transcription and translation (Zou et al.,
2010). Owing to their response against these incidents,
these genes have been categorized into two distinct
groups viz early stage defense and the late stage
adaption. The metabolism of amino acids plays a
couple of significant roles that are further
demonstrated by the crosstalk between carbon and
amino acid metabolism. While facing long-term
waterlogging stress, several tolerance-related genes
mediated through signal transduction mechanisms play
a vital role toward strength of the plant under stress.
A recent study on soybean roots has reported about
6,000 flood-responsive genes related to the processes
of cell death, glycolysis and photosynthesis, besides
the mechanisms of transcriptional regulation and
protein degradation through ubiquitination (Nanjo et
al., 2011). On the other hand, various other genes
associated with secondary metabolism, synthesis of
cell wall and chromatin material, and the course of
cellular organisation were shown to exhibit a downregulatory trend. In another study on soybean roots,
energy production and storage related proteins were
shown to get up-regulated. It has been further shown
that during flood stress, genes related to the JA
biosynthesis and reactive oxygen species (ROS) get
down-regulated, besides inhibiting the processes of
the lignification of hypocotyl and roots of soybean
(Komatsu et al., 2010). With regards to flooding stress
and its occurrence in Kashmir Himalayas, no such
study has been carried out so far to the best of our
knowledge.
Heavy Metal Stress in Plants
Plants require heavy metals like cobalt (Co), copper
(Cu), iron (Fe), molybdenum (Mo) and manganese
(Mn) and zinc (Zn) as important, but necessary, micronutrients for normal growth and development. Though
recognized to be toxic in surplus quantities, these
elements are reportedly known to play a significant
role in some of the crucial biological processes
including redox reactions. They have also been
identified to act as cofactors for various enzymes. In
contrast, other heavy metals including aluminium (Al),
arsenic (As), cadmium (Cd), mercury (Hg) and lead
(Pb) are very horrible to plants, without actually playing

1147

any role in nutrition, as they have been shown to
generate ROS and cause enzyme inactivation. For
example, differential expression of genes coding for
cytochrome P450 family proteins, glutathione Stransferase, ion transport, protein kinases, besides
various transcription factors were shown to get
induced upon Cd stress in rice which signifies the
role of transporters to detoxify Cd by expelling it from
cytosol (Ogawa et al., 2009). Similarly, it has been
reported in B. carinata exposed to lithium chloride
that genes related to plant defence metabolism,
transcription, secondary metabolism and transportation
of various proteins get differentially expressed (Li et
al., 2009). Various proteins involved in transcriptional
pathways, photosynthetic processes, translational
processes and molecular chaperons have been reported
to get elicited in cadmium stress response studied
through proteomic approach in plants (Zhao et al.,
2011).
Significant heavy metal concentration has been
reported in river Jhelum sediments in Kashmir
Himalayas and can definitely have ill impacts on this
riverine ecosystem (Mehmood et al., 2017), thereby
ameliorating the chances of stress on plant species
being part of that ecosystem. Further, the spatial and
temporal alterations in heavy metal concentrations has
been reported in Anchar lake Kashmir also, due to
continuous inputs of contaminants in the water body,
posing a threat to the vegetation therein (Showqi et
al., 2018).

Challenges from the Changing Environment
Plants are sessile creatures rooted in the soil and they
have to adapt to the varying environmental conditions,
with exciting levels stimulating abiotic stress. The
abiotic environmental condition which reduces the
growth and yield of a normal plant below optimum
levels is called the abiotic stress. Plant responses to
abiotic stress besides being both plastic (irreversible)
and elastic (reversible) are vibrant and multifaceted
as well (Cramer et al., 2011). The challenges of this
complex and dynamic abiotic stress on growth and
development of the plants are obvious in the growing
ecological climate change effects (Bellard et al.,
2012). These are also evident from the limitations
getting imposed on crop production which aggravates
further by unprecedented upsurge in competing (for
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natural resources) human population (Wallace et al.,
2003). Indeed, it is expected that agriculture is the
sector to be affected most by changing climatic
conditions, mainly in the developing countries, and
preferably among the communities living in the areas
of lower latitudes. Such drastic consequences which
are anticipated in near future have given a tough task
to the researchers across globe towards formulating
effective mitigation plans and proper adaptation
strategies (Rosenzweig et al., 2014). On a positive
note, such restraints posed by the climate change for
a stable environment and towards global food security
has inspired the scientific community to develop
climate resilient smart crops which would also address
the growing demands of mankind (Wheeler and Von
Braun 2013). Even though plants show a
corresponding response to the challenges posed by
abiotic stress, main challenge is to understand the
biological mechanism involved in recognition of unlike
stressors and the response pathways elicited. Further,
the signal transducing mechanisms and how they are
regulated at molecular/genetic levels also need to be
elucidated to get better insight towards management
of climate change and the ways to cope with it
(Yoshida et al., 2015). The response of plants against
external stressing factors/agents may vary from one
species to other, and even between different
genotypes of the same species. The multitude of
effects offered by the plant species under stress
depend on the specific genotype and its compatibility
to interact and adapt to the environmental fluctuations
(Des Marais et al., 2013). The complex interaction
of plants with different stressors is actually regulated
by the underlying genes, and current progresses in
biotechnology have advanced our understanding and
capability for studies related to gene discovery. As
per some of the recent investigations, a productive
strategy towards the identification of stress tolerant
genes has been achieved by different approaches of
reverse genetics, gene expression and bioinformatics
methods. Further, overexpression analyses and
knockout/knockdown studies have been used to
elucidate the biological role of related candidate genes
in model and crop plants (Todaka et al., 2015).
However, abiotic stresses are still considered a
challenge to the natural environmental and agricultural
crop production and improvement especially under
changing climatic conditions.

Salika Ramazan and Riffat John
A Systems Biology Perspective
The abiotic stresses (like drought, cold, heat, salinity
and heavy metals) are the chief constraints which
mainly influence growth and development of the
plants, besides causing huge crop losses across the
globe. Having distinctive defence features developed
through the course of evolution; plants have gained
the ability to defend themselves to a greater extent
against various types of adverse stress conditions.
However, in light of the recent (2014) IPPC
(Intergovernmental Panel on Climate Change) report,
which anticipates that plants have to simultaneously
deal with multiple stresses, it will be challenging for a
specific plant species to overcome the cumulative
stress condition. Though complex, but determining the
critical factors regulating these stress responses holds
paramount importance. Such stress-tolerant crucial
traits when identified in some genotypes can be utilized
by incorporating them in other desirable plant species
for crop improvement (Mohanta et al., 2017). An
interdisciplinary field of systems biology will help in
understanding, recognising and further evaluating the
utility of these identified regulatory traits in chosen
organisms of different environments. Indeed, the
strategy followed in this biology-based holistic
approach of systems biology facilitates a multitargeted approach which lead towards the
identification of regulatory centres in dynamic and
complex networks. It acts through well-ordered and
competent enough algorithms, simulation and
computational modelling to integrate biological data
to formulate mathematical models that describe the
structural aspect of a system in intact and perturbed
states. Therefore, both assimilative and prognostic
approaches as used by systems biology hold
tremendous significance toward understanding, and
aim for utilising, agriculturally vibrant traits linked to
agronomic production. Some data base resources and
software tools of systems biology are represented in
Table 1 (Cramer et al., 2011; Kumar et al., 2015).
Recent achievements in the field of
biotechnology have meaningfully improved our
understanding of the complex responses of plants to
the dynamic abiotic stresses. A combinatorial approach
involving structural and functional genomics vis-avis different ‘omics’ approaches along with systems
biology approaches will be very useful in unravelling
hitherto unreached areas of stress biology and its
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Table 1: Representative software tools and database resources for systems biology
S.No.

Name

Description

Link

Softwares
1

CellDesigner

Broadly used for pathway modelling and simulation
analyses of bio-systems

http://celldesigner.org/

2

Gepasi

Biochemical modelling and simulation analysis based systems
biology tool

http://www.gepasi.org/

3

SBW

Systems Biology Workbench is a Software package for Systems http://sbw.sourceforge.net/
Biology

4

MATLAB

A common tool for mathematical modelling, simulation and
related applications in various bio-systems

http://www.mathworks.in/products/matlab/

5

RINalyzer

Cytoscape application toenvisionRINs (residue interaction
networks) data

http://www.rinalyzer.de/

6

CoNet

A command line cytoscape plugin detectingessential nonrandom co-occurring patterns in the abundance and incidence
data

http://psbweb05.psb.ugent.be/conet/
index.php

7

GenMAPP

Used toenvisageomics, especially gene expression data,
signifying biological pathways and gene groupings as well

http://www.genmapp.org/

8

Sets2Networks Used to study interaction network at bio-molecular level

http://www.maayanlab.net/S2N/

9

KDDN

A cytoscape application toanalyse network topology and
provides insights in to systems dynamics

http://apps.cytoscape.org/apps/kddn

10

VirtualCell

It is used in cell biology for modelling and computer simulations http://vcell.org/Databases

1

KEGG

Commonly used to understand complex functions and utilities
of bio-systems

http://www.genome.jp/kegg/

2

PMN

Plant Metabolic Network provides information of plant
metabolic pathway

http://www.plantcyc.org/

3

STRING

Involves protein-protein interactions having known and
predicted information

http://string-db.org/

4

Array Express A functional genomics database having microarray-based gene
expression data, besides the data from some high-throughput
sequencing platforms

http://www.ebi.ac.uk/arrayexpress/

5

TAIR

The Arabidopsis Information Resource (TAIR) covers the
genetic and genomic resources of the well-known model
plant Arabidopsis thaliana

https://www. arabidopsis.org/

6

Meta Cyc

A database of metabolic pathways from all the areas of life

http://metacyc.org/

7

Reactome

A manual, open andpeer-reviewed pathway database for
systems biology

http://www.reactome. org/.

regulatory aspects. Additionally, screening,
identification and selection of stress-tolerant genotypes
and their comparison with the susceptible crop
varieties through highly advanced and high throughput
genomic approaches can significantly facilitate and
expedite the discovery of novel and critical agronomic
traits which plants use against abiotic stressors
(Kumar et al., 2015). Indeed, three systematic ‘omics’
approaches viz transcriptomics, proteomics and
metabolomics have enhanced our knowledge of the

intricate gene networks and the regulatory
mechanisms involved in adaptation and/or tolerance
based stress responses. A strategy involving
integration of these omics technologies could permit
us in setting a platform for studying signalling
mechanisms involved in abiotic stress and help in
production of biotechnologically and economically
smart crops in future (Cramer et al., 2011).
The environmental stress is considered as the
major cause for record losses in the agricultural
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production across the globe. These stresses have been
reported to reduce the average production by about
50% in most of the major crops. Further, climate
change induced changes including the longitudinal and
latitudinal shifts in the agronomic and ecological zones,
reduced water levels, erosion, salinization and soil
degradation have further catalyzed and aggravated
the problem (Koyro et al., 2012). Jammu and Kashmir,
one of the largest states in the Indian union, holds
agriculture at the central point of its economy base.
Various kinds of stressing agents/factors, besides the
climatic turbulences, have drastically reduced the
production capacity of the agricultural lands in this
otherwise fertile, but ecologically fragile, land. Need
of the hour is to look for alternate and efficient
methods, while using modern, systematic and
sustainable tools, to develop ecologically resilient crops
which will be better both in yield and in tolerance/
adaptation towards stressors and the changing climatic
conditions. Here, systems biology comes into play
which gives a ray of hope in dealing with this growing
menace by utilizing interdisciplinary approach to
develop smart crops. The advancement is systems
biology is still in progress and the available software’s
and related data bases are continuously updated with
new information being added on timely basis. The
directional development in the field of systems biology
has advantages of comprehending the spatial and
temporal molecular perturbations during the
development of plants. The interdisciplinary sketches
thus generated will help in formulating the strategies
designed towards engineering of crops to meet future
demands of the global food and nutritional security at
larger scale.
Prevalence of Climate Change Impacts in the
Region
Indicators of climate change are very apparent in the
fragile Himalayan ecosystem in Jammu and Kashmir
now and all the components of the region including
water resources, biodiversity, forests, agriculture,
horticulture, tourism and livelihood in the region are
under great threat (Fig. 3).
Besides, some parts of the state have been
declared as moderate to highly vulnerable as per the
UNEP report. Climate change also results in a number
of challenges to water uses for agricultural purposes.
Among such challenges, agricultural production is
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greatly reduced by abiotic stress factors including
temperature extremes, salinity, chemical toxicity and
drought (Tesfahun 2018). Although, apple cultivation
area has increased but, contrastingly during the last
decade, yield per hectare has reduced significantly,
particularly due to the change in snowfall patterns
(Majid 2016). This in turn badly affects the overall
economy of the region as well. In addition, Himalayan
Mountains have been a goldmine of agro-biodiversity
resilient to various diseases due to traditional
agriculture practice. But due to negative impacts of
climate change (Majid 2016), changes in structure
and composition of the mountainous vegetation have
by and large affected the agricultural diversity as well.
In croplands, weed invasion also needs to be addressed
regularly in order to maintain the inherent crop
diversity.
In the last few years, weather has become very
unreliable and rains are often irregular in distribution
or are very scarce. According to the recent report of
INCCA (Indian Network on Climate Change
Assessment) assessment, in Himalayan region by
2030, the number of rainy days on an average, may
elevate by 5-10 days, with sharp increase in the
eastern part of the region by greater than 15 days.
Additionally, there is possibility of increment in the
magnitude of rainfall by 1-2 mm/day (Majid 2016)
likely to impact horticultural crops and agricultural
wealth as well. Glacier recession has been reported
to be variable depending largely upon climate
warming, human interference and winter precipitation.
These atmospheric elements i.e., precipitation and
temperature are most critical in shaping the agriculture
sector in the region (Majid 2016).
In a report by Majid (Majid 2016), vegetation
shifts trending towards enhanced wetter forest types
in Himalayas has been recorded near about 34% and
39% of all the forested grids occurring in the region.
Regarding water output in the Himalayan region,
dominantly enveloped by the river Indus, an increase
of 5-20% in majority of the areas, with few areas
screening an increment of about 50% compared to
baseline data of 1970s (Majid 2016). Among all,
economy of the region is going to get badly affected
by the impacts of climate change like alteration in the
quality and duration of climate-dependent tourism
seasons greatly affects the profitableness of the
tourism endeavour. It is also believed that human health
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Fig. 3: Climate change impacts in the Himalayas

will be impacted upon by climate change for instance
survival of vectors, heat stress, air quality, water-borne
pathogens, food hygiene etc.
Biotechnological Interventions - A Sustainable
Approach
Crop productivity, with the ever increasing demand
resulting from the growing population, is primarily
restricted by various constraints which need to be
addressed on priority to avoid the imminent human
crisis. The foremost constraints which hamper and
restrict the agricultural production include
environmental stresses, particularly abiotic stressors,
vis-a-vis the climate change. In particular, people in
the developing countries with significant dependence
on agriculture, are more vulnerable to the effects of
climate change which has vehemently increased the
production uncertainty in their farmlands. The
agricultural effects of climate change, and the

stressors catalysed by it, also depend on the ability of
agricultural sector to adapt to the technological
advancements which majorly address the demands
of food security. The fundamental challenge which
agricultural sector faces to adapt and mitigate the
effects of climate change is in the efficient production
of more and nutritious food under instable production
conditions. Owing to the rising penalties of climate
change and the prevailing issues of food safety and
security, novel and emergent agricultural technologies
can play a major role in adaptation and/or mitigation
plans for enhanced production of smart and productive
crops (Quaye et al., 2012).
The methods of traditional agriculture-based
biotechnology including energy-efficient farming,
techniques of tissue culture, introduction of biofertilizers, besides conventional breeding strategies to
develop tolerant varieties might help in targeting
carbon sequestration to a desirable extent. Conversely,
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Fig. 4: Social cohesion within the Ladakh region

introducing and investing the contemporary and
efficacious biotechnology tools generating modulated
stress-tolerant and high yielding crop varieties can
also address the adverse and devastating effects of
changing climatic conditions (Quaye et al., 2012). In
fact, an integrative approach of both traditional
investments and use of modern tools and techniques
of agricultural biotechnology will contribute towards
sustainable agriculture by producing ecologically and
economically stable and resilient crops. Biotechnology
is a promising and potential way to alleviate the hostile
impacts of climate change through decline in the
emission of greenhouse gases, reduced use of
synthetic fertilizers, use of eco-friendly fuels,
employment of biofuels for enriched soil fertility and
crop production, and tolerance to various stress factors,
particularly the abiotic stressors (Treasury 2009). It
has been reported that the favourable acceptance and
implementation of modern biotechnological
approaches towards crop improvement in some of
the key commodity crop varieties in United States

has led to considerable increase in the yield of crops
and economy of the growers (Yawson and Sutherland
2010). At present, plant biologists prefer and
encourage the green biotechnology which involves
use of effective techniques to generate extra fertile
and resistant plant resources. The concept has been
initiated to eliminate hunger at global level by
production of environmentally stable crops which are
resistant to the stressing factors/agents (Tesfahun
2018).
Agriculture and climate share a vital and
distinctive relationship which in turn is critically linked
to the economic development. The agricultural
productivity, major commodity crops in particular, is
very much sensitive to the climatic fluctuations,
sometimes proving disastrous to it. Therefore, this
important field which is literally the backbone of
economy in developing and underdeveloped countries
has always sought innovations and modulations to
mitigate the undesired losses and also to address the
growing demands. Insightful policies which inspire the
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development and transmission of suitable and
efficacious agricultural technologies hold vital
significance in facilitating the technological response.
Such strategies will set a steady and disciplined stage
towards the issues of climate mitigation and adaptation
plans to address the growing issues of humanity.
Conclusions and Future Outlook
The climate change and its ill impacts are quite evident
now in North-western Himalayan region affecting
almost all the components of this region including
agriculture, weather, horticulture, tourism and
vegetation patterns. Hence, such dire consequences
that are likely to speed up in future need an immediate
address by the researchers all over the globe by
formulating productive mitigation plans and right
adaptation strategies (Rosenzweig et al., 2014).
Moreover, crop productivity limiting abiotic stresses
are accelerating in the region in the backdrop of climate
change; therefore sustainable biotechnological
interventions may be considered to develop stress
resilient crops, besides, climate smart agriculture. A
number of vital crops like apple (Rather et al., 2017)
and saffron (Husaini 2014) are declining in terms of
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