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ABSTRACT

Low temperature is a major environmental factor that limits crop productivity of plants. Cold stress is a serious threat
to the sustainability of crop yields. Low temperature has a huge impact on the survival and geographical distribution of
plants. It negatively affects cellular components and metabolism, and temperature extremes impose stresses of variable
severity that depend on the intensity and duration of the stress. Low temperature (less than minimum) leads to chlorosis,
necrosis, membrane damage, changes in cytoplasm viscosity, and changes in enzyme activities leading to death of plant.
Cold stress disrupts the integrity of intracellular organelles, leading to the loss of compartmentalization. It also causes
reduction and impairing of photosynthesis, protein assembly and general metabolic processes. Moreover, cold stress
during anthesis induces flower dropping, sterility of pollen, pollen tube distortion, ovule abortion and reduced fruit
set, which leads to declined growth and lower yield. A number of approaches are being used to mitigate the deleterious
effects of cold stress which threatens the successful vegetable crop production, application of plant growth regulators
(salicylic acid, abscisic acid, jasmonic acid, Gibberellin and brassinosteroids) and unitization of genetics tools and
plant breeding is one of the strategies to alleviate the low temperature stress in vegetable crops. Plant growth regulators
play a greater role in improving the cold stress tolerance. In this paper, the effects of cold stress on vegetable growth,
productivity and physiological activities were discussed, and some effective techniques for the mitigation of cold stress
that help sustainable vegetable production under fluctuating climate is presented.
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INTRODUCTION

Environmental stress such as cold, heat, salinity and drought
adversely affect growth and productivity and trigger a series
of morphological, physiological, biochemical and molecular
changes in plants that eventually interrupt plant life [1].
Stress can be defined as any substance or condition which
stops a plant’s metabolism, development or growth [2]. Any
element that decreases plant reproduction and development
below the genotype’s potential considered as stress [3]. Cold
stress (chilling and freezing) affect crop productivity because
many crops are sensitive and intolerant to low temperature.
Acute temperature variation damages the plants [4]. Usually,
chilling and freezing stress lead to chlorosis, necrosis, membrane
damage, changes in cytoplasm viscosity, and changes in enzyme
activities [5] leading to death of plants.

Vegetables are sensitive crops and their production is
hindered by various abiotic stresses. During winter season, low
temperature stress adversely damages vegetable production.
Low temperature stress has been reported as one of the
most restraining environmental factors for agricultural crops,
particularly vegetables, which accounts for significant crop

losses [6]. Summer vegetables are sensitive to chilling
temperature (0-15°C) throughout plant development i.e. seed
germination, vegetative growth and reproduction.

Low temperature stress affects the reproductive stages of plant
with delayed flowering which makes the pollen sterile that
severely affects the crop yield [6,7]. Low temperature stress also
limits the agricultural productivity of plants in hilly areas and
has a major impact on the survival and geographical distribution
of the plants. The plant growth and crop productivity gets
disturbed which results in substantial crop failure [8]. Low
temperature induced change in membrane fluidity is one of
the immediate consequences in plants during low temperature
stress and might represent a potential site of perception and/or
injury [9]. It is well documented that freeze-induced production
of reactive oxygen species contributes to membrane damage
and that intercellular ice can form adhesions with cell walls and
membranes and cause cell rupture [10].

As temperatures drops below 0°C, ice formation is generally
initiated in the intercellular spaces in the extracellular fluid
having a higher freezing point (lower solute concentration)
than the intracellular fluid [11]. Low temperature stress during
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reproductive development induces flower abscission, pollen
sterility, pollen tube distortion, ovule abortion and reduced
fruit set, which ultimately lowers yield [12]. Low temperatures
favours female flower production, which is desirable and
high temperatures lead to production of more male flowers.
Cauliflower performs well in the temperature range of 15- 25 °C
with high humidity. Though some varieties have adapted to
temperatures over 300, most varicties are sensitive to higher
temperatures and delayed curd initiation is observed. In onion
temperature increase above 40°C reduced the bulb size and
increase of about 3.0°C above 38C reduced yield by19%. Warmer
temperatures shorten the duration of growth leading to lower
crop yields. In potato, reduction in marketable grade tuber yield
to the extent of 10-20% is observed due to high temperature
and frost damage reduced tuber yield by 10-50%, depending
upon intensity and stage of occurrence. Temperature increase
beyond 20°C during winter affects cultivation of seasonal
button mushroom and increased incidence of diseases [13].
Low temperature limits the geographical distribution of plant
species and significantly decreases the yield of several crops
around the world [14]. It is very important to study the frost
damage mechanism and to breed cold-tolerant varieties since
the average minimum temperature is below 0°C in about 64% of
the earth’s land area and it is below —10°C in about 48% [15].

Vegetables have an imperative role to play in the diversification of
agriculture. They ensure food and nutritional security of human.
However, vegetables are sensitive crops and their production
is hindered by various abiotic stresses. Low temperature stress
has been reported as one of the most restraining environmental
factors for vegetables, which accounts for significant crop
losses. The demand for food and vegetables will continue to
rise with the increase in global population; therefore improving
productivity to ensure sustainable yields under changing
environmental conditions is imperative. Development of
methods to enhance stress tolerance in vegetable crops is crucial

and need based [16].

Application of plant growth regulators in one the effective
approaches which alleviate the detrimental effects of cold stress
in plants. Salicylic acid (SA) application significantly increased
the number of fruits in pepper [17] and cucumber [18]. Foliar
application of SA increased cold tolerance of cucumber [19].
The lower concentration of SA and acetyl salicylic acid (0.1
mM and 0.5 mM) have been found more effective against cold
stress in tomato and bean plants [20].

Exogenous application of abscisic acid (ABA) induced the
expression of specific Late embryogenesis abundant (LEA)
genes in plant vegetative tissues [21]. The role of abscisic acid
in the up-regulation of LEA genes is considered to be one
of the mechanisms that ABA has to increase plant freezing
tolerance [22]. Jasmonic acid (JA) plays key role in alleviating
the damaging effects under adverse conditions. They regulate
gene expression in plant systems which controls overall plant
growth, antioxidant metabolism, osmolyte synthesis, metabolite
accumulation, and physiological parameters. It has been proved
that the external application of JA significantly enhanced cold
tolerance in plants [23]. Gibberellin (GA) is involved in the
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expression of CRT/DRE-binding factor gene which in turn
confers tolerance to drought, salt and cold stress. Moreover, GA
is associated with SA/JA balance in the CBF-mediated stress
response [24]. Brassinosteroids (BRs) have been explored for
stress-protective properties in plants against a number of abiotic
stresses [25]. BRs mitigated the damaging effect of chilling
stress and increased the growth of cucumber seedlings [26].
BRs effectively mitigated the negative effects of chilling stress
in tomato [27] and increased the growth of cucumber seedlings
under cold stress conditions [28]. BRs enhanced the activities
of Calvin cycle enzymes, improved the antioxidative system,
and protected the photosynthetic apparatus from cold-induced
damage in Cucumis sativus plants which resulted in alleviation
of the photo oxidative stress during the recovery process
from chilling injury [29]. Phytohormones engineering is very
promising in plant response to environmental stresses; however,
more research is still needed in this field [30]. Other hormones
such as ethylene and cytokinin also have an important role in cold
tolerance. Although it has been found that cytokinin content
was decreased in plants exposed to stress, the next application of
cytokinin improved cold tolerance in plant. Stress-related genes
at transcriptional level pattern have been identified by cytokinin
but the exact role of cytokinin in cold stress is still unknown [31].

The tolerance to cold stress is a complicated process and involves
morphological, physiological and biochemical modifications.
Therefore, it is necessary to alleviate the adverse effects of
cold stress in vegetable crops through some effective strategies.
The aim of this review article is to highlight the effects of cold
stress in vegetable crops and present the strategies to alleviate
the detrimental effects of cold stress and pave the way for the
sustainable vegetable crops production under challenging
environmental conditions.

EFFECT OF COLD STRESS ON VEGETABLE
GROWTH AND PRODUCTIVITY

Plants exposed to cold stress show various phenotypic symptoms
that include reduced leaf expansion, wilting and chlorosis
(vellowing of leaves) and may lead to necrosis (death of tissue).
However, the appearance of injury symptoms depends upon
the sensitivity of a plant to cold stress and varies from plant to
plant. Cold stress-induced injury in plants may appear after 48
to 72 h of stress exposure [32]. Under low temperatures, lots of
seeds do not germinate or germinate irregularly and plants grow
differentially with delayed plant formation leading to variability
in crop development. During later stages, plant growth and
development are extremely retarded that either limit or lead
to no flower and fruit production [33].

Weak fruit set after a cold period could be due to the poor pollen
viability [34]. Cold stress, which includes chilling (<20°C) and/
or freezing (<0°C) temperatures, adversely affects the growth
and development of plants. Chilling and freezing are stresses
that show different effects on plants: the first leads to slow
biochemical reactions, such as enzyme and membrane transport
activities; the second leads to ice crystal formation that can
cause the disruption of cell membrane system [35].

39



Atayee and Noori

In potato, frost damage reduced tuber yield by 10-50%,
depending upon intensity and stage of occurrence [13].
Cold stress results in poor germination, stunted seedlings,
yellowing of leaves, withering and reduced tillering. The
effects of cold stress at the reproductive stage of plants delay
heading and result in pollen sterility, which is the key factors
responsible for the reduction in yield [6]. Spring frost injury
is a persistent hazard in the early vegetable and processing
tomato industries [32]. Low temperature stress adversely affects
growth, productivity and triggers a series of morphological,
physiological and biochemical changes in plants. The demand
for food and vegetables will continue to rise with the increase in
global population; therefore improving productivity to ensure
sustainable yields under changing environmental conditions

is needed [36].

EFFECT OF COLD STRESS ON PHYSIOLOGICAL
ACTIVITIES OF VEGETABLES

Some plants have morphological adaptations in order to avoid
undesirable conditions and others can alter their physiology
metabolism, gene expression and various developmental
activities to tolerate the effect of specific stresses [22]. Research
findings have shown that plants native to warm habitats
show symptoms of injury upon exposure to low non-freezing
temperatures. For example, plants such as soybean (Glycine
max) and tomato (Lycopersicon esculentum) exhibit the
signs of injury when they are exposed to temperatures below

10-15 °C [37,38].

The major adverse effect of cold stress in plants has been seen in
terms of plasma membrane damage. This has been documented
due to cold stress-induced dehydration [39]. Cold-sensitive
plants usually have a higher proportion of saturated fatty acids
in their plasma membrane. Therefore, cold-sensitive plants have
a higher transition temperature. On the contrary, cold-resistant
plants have a higher proportion of unsaturated fatty acids and
hence a lower transition temperature. Understanding of how
cold stress induces its damaging effects on plants is crucial for
the development of frost-tolerant crops. It has been revealed
that cold-induced ice formation is the real cause of plant
injury. Ice formation in plant tissues during cold stress leads
to dehydration. lce is formed in the apoplastic space of a plant
tissue because that has relatively lower solute concentration.
It is known that the vapor pressure of ice is much lower than
water at any given temperature [32]. Therefore, ice formation
in the apoplast establishes a vapor pressure gradient between
the apoplast and surrounding cells. As a result of this gradient,
the cytoplasmic water migrates down the gradient from the cell
cytosol to the apoplastic space. This adds to existing ice crystals
in the apoplastic space and causes a mechanical strain on the
cell wall and plasma membrane, leading to cell rupture [40].

Cold stress alters lipid composition of the biomembranes,
affecting their fluidity [41], certain additional factors may also
contribute to damage induced by cold stress. This includes
synthesis and accumulation of compatible solutes, the synthesis
of cold acclimation-induced proteins [42], changes in the
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carbohydrate metabolism [43,44] and the boosting of the radical
scavenging potential of the cells [45].

Cold stress induces the accumulation of proline, a well-
known osmoprotectant. It also affects virtually all aspects of
cellular function in plants. One of the major influences of
cold stress-induced dehydration is membrane disintegration.
Such changes caused by cold stress adversely affect the
growth and development of plants [32]. Cold stress disrupts
the integrity of intracellular organelles, leading to the loss of
compartmentalization. Exposure of plants to cold stress also
causes reduction and impairing of photosynthesis, protein
assembly and general metabolic processes. However, metabolite
profiles in Arabidopsis do not appear to correlate with cold
acclimation capacity [46].

METHODS OF INDUCING COLD STRESS
TOLERANCE IN VEGETABLES

The plants have several mechanisms or approaches to cope
with low temperature stress. Cold acclimation is a key approach
to stabilize membranes against freezing injury. It prevents
expansion-induced-lyses and the formation of hexagonal 11 phase
lipids in plants. Multiple mechanisms appear to be involved in
this stabilization. The best documented are changes in lipid
composition [39]. Similarly, the accumulation of sucrose and
other simple sugars that typically occurs with cold acclimation
also seems likely to contribute to the stabilization of membranes
as these molecules can protect membranes against freeze-induced
damage in vitro [47]. There is some evidence that certain novel
hydrophilic and late embryogenesis abundant (LEA) proteins
also participate in the stabilization of membranes against freeze-
induced injury. These hydrophilic and LEA proteins are predicted
to contain regions capable of forming amphipathic o-helices
which are shown to have strong effect on intrinsic curvature of
monolayers and their propensity to form hexagonal II phase.
They are said to defer their formation at lower temperatures [48].

Another mechanism which helps plants to cope with the
low temperature stress might be the extensive water binding
capacity of hydrophilic proteins which provide a protective
environment in the proximity of stabilization. Although
freezing injury results primarily from membrane lesions caused
by cellular dehydration, additional factors may also contribute
to freezing-induced cellular damage [11]. The enhancement
of antioxidative mechanisms [49], increased levels of sugars in
the apoplastic space [50] and the induction of genes encoding
molecular chaperones, respectively, could have protective effects
to reduce the freeze induced cellular damage. There are different
approaches which can be utilized for the alleviation of cold
stress in vegetable crops such as application of plant growth
regulators and genetic tools.

APPLICATION OF PLANT GROWTH REGULATORS
FOR ALLEVIATION OF COLD STRESS

Plant growth regulators (PGRs) are one of the possible
approaches that induce cold stress tolerance in pants. Several
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PGRs have been evaluated for the mitigation of cold stress in
plants in recent years.

Salicylic Acid (SA)

SA, a plant produced phenolic compound is an endogenous
plant growth regulator which generates a wide range of
metabolic and physiological responses in plants affecting their
growth and development. It has been reported that foliar
application of SA increased the number of fruits in pepper
(Capsicum annum L.) and cucumber (Cucumis sativus L.)
significantly [17,18]. Several studies revealed that application
of phenolic compounds were able to reduce chilling symptoms
in tomato fruits [51]. Application of SA significantly enhanced
the amount of vitamin C, lycopene and also increased rate of
pressure tolerance of fruits, improved quantity and quality of
tomato fruits [52].

In tomato and bean plants, the lower concentration of SA and
acetyl salicylic acid (0.1 mM and 0.5 mM) effectively alleviated
low temperature stress [20]. SA enhanced plant cell division
and growth through regulation of other hormones [53] and
mitigating abiotic stresses by increasing the growth regulating
hormones like auxins and cytokinins [54]. Exogenous
application of SA enhanced total soluble sugar and soluble
protein of cowpea plants [55]. It plays a significant role in
the regulation of physiological and molecular mechanisms to
acclimatize plants in extreme environmental conditions and is
believed to have a role in plant’s response to abiotic stress [36].
The over-accumulation of SA in several mutants of Arabidopsis
caused a freezing sensitivity [56]. It seems that treatment
duration and the concentration of SA play essential roles in
the response of plant species [22]. Salicylic acid is a vital signal
molecule for modulating plant response to various abiotic
stresses including low temperature stress [17]. SA-induced
alleviation of cold stress has been reported in tomato, cucumber,
squash, and watermelon [57].

Abscisic Acid (ABA)

ABA plays an important role in the induction of LEA gene
expression [58]. Application of exogenous ABA-induced the
expression of specific LEA genes in plant vegetative tissues [21].
The expression of LEA genes during the development of seed
and under abiotic stress was up-regulated by ABA [59]. It has
also been reported that ABA induces the expression of LEA
genes resulting in an increase in the desiccation tolerance of
cultured embryos [60]. The role of ABA in the up-regulation
of LEA genes is considered to be one of the mechanisms that
ABA has to increase freezing tolerance in plants [22]. Research
findings indicated that cold-acclimation induced chilling
tolerance in chick pea was associated with marked increase
in endogenous ABA, cryoprotective solutes, antioxidative
enzymes like ascorbate, glutathione, superoxide dismutase and
catalase, relative growth rate of roots and significant decrease in
clectrolyte leakage and oxidative damage [61]. Some previous
observations on this aspect also related higher chilling tolerance
imparted by cold acclimation to elevated endogenous ABA [62].
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JA as an important regulatory signal plays a key role in
plant cold tolerance [63,64]. External application of JA
significantly enhanced cold tolerance in plants with or
without acclimation. Moreover, blocking of the endogenous
JA increased the sensitivity to the cold stress. It has been
reported that JA up-regulated the CBF/DREBI signaling
pathway [65]. JA and its methyl ester play a significant role
in plant growth and developmental processes under changing
environmental as well as other biotic stresses. It has been
established that JA are emerging players in alleviating the
deleterious effects under adverse conditions. They induce
resistance against many biotic stresses. In plant systems,
they regulate gene expression which controls overall plant
growth, antioxidant metabolism, osmolyte synthesis,
metabolite accumulation, and physiological parameters [23].
Experiment on Arabis alpina belonging to Brassicaceae family
showed variation in JA and other hormones under chilling
and freezing conditions [66]. All tolerant and non-tolerant
plants showed very high level of JA at normal temperature of
22 °C. Atter chilling stress at 4 °C, the tolerant plants did not
show considerable change in JA relative to 10-fold reduction
in nontolerant plants. Upon exposure to frost (below 0 °C), JA
content drastically dropped in tolerant plants while the non-
tolerant plants had nearly the same level of JA. It indicates
thatin A. alpina, JA may be the principal jasmonate mediator

of the cold stress [23].
Gibberellin (GA)

GA or gibberellic acid is the plant hormone altered in plants
under cold stress. GA plays a crucial role in the plant growth-
regulatory mechanisms. It has been found that GA is involved
in the expression of CRT/DRE-binding factor gene which in
turn confers tolerance to cold stress. Moreover, GA is associated
with SA/JA balance in the CBF-mediated stress response [24].
The key components of GA is the nuclear localized proteins
(DELLA) that repress plant growth; however recent advances
indicated that DELLA has a role in many plant growth aspects
especially those that are affected by environmental stresses.
Investigation on the relationship between CBF1 and GA
pathways indicates that constitutive expression of CBF1 leads
to less bioactivity of GA resulting in dwarfism in plants and
delay in flowering [67]. RGL genes, which code for DELLA
proteins, act to restrain growth, whereas GA promotes growth
by overcoming DELLA-mediated growth restraint [68] resulting
to tolerate cold stress.

Brassinosteroids (BRs)

BRs are group of plant growth regulators with significant growth
promoting activity. BRs were initially extensively studied for
their profound growth promoting physiological responses
such as growth and yield, seed germination, photosynthesis,
senescence, photomorphogenesis and flowering. BRs have been
studied for its stress-protective characteristics in plants against
a number of abiotic stresses [25].
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Application of BRs alleviated the damaging effect of chilling
stress and increased the growth of cucumber seedlings under
cold stress conditions [26]. Foliar application of 24-cpiBL (a type
of BRs) mitigated the 12/8°C chilling-induced inhibition of
photosynthetic capacity of cucumber (Cucumis sativus L) plants
by not only decreasing the production of ROS accumulation,
but also enhancing the activities of SOD, APX; decreasing 1,0,
and MDA. Further, Cucumber plants pretreated with 24—cpiBL
alleviated chilling stress by regulating antioxidative enzymes

(APX, GR [glutathione reductase], CAT and GPX) [69].

BL, a type of BRs effectively mitigated the detrimental effects
of chilling stress in tomato [27] and increased the growth
of cucumber seedlings [28]. BRs were capable of protecting
the photosynthetic apparatus from cold-induced damage in
Cucumis sativus plants by enhancing the activities of Calvin
cycle enzymes and enhancing the antioxidative system which in
turn resulted in mitigation of the photo oxidative stress during
the process of recovery from chilling injury [29].

Application of 0, 3 and 6 uM BRs to tomato fruits stored at 1°C
for 21 days decreased the chilling injury, electrolyte leakage,
malondialdehyde (MDA) content while increased proline levels,
total phenols, phenylalanine ammonia-lyase (PAL) activity
and maintained the membrane integrity [70]. BRs (5, 10 and
15 uM) decreased the chilling injury of pepper fruit during
18-day storage at 3°C by decreasing the electrolyte leakage,
MDA content and enhancing antioxidative enzyme (CAT, POD,
APX and GR) activities [71].

BR-supplemented tomato (Lycopersicon esculentum) plants
demonstrated better growth than control plants under low
temperature conditions [72]. Foliar treatment of 24-¢piBL
resulted in enhanced photosynthesis, antioxidant defenses
and protected eggplant (Solanum melongena L..) seedlings from
chilling stress [73].

ENHANCING COLD STRESS TOLERANCE
THROUGH GENETIC AND PLANT BREEDING
APPROACHES

The applications of recombinant-DNA technology or genetic
engineering in crop improvement are immense to solve the
problem of global hunger as population is increasing day by day
with depriving sustainable intensification. However, horticultural
crops have got less attention in this area so far [74]. Research
findings have shown that plants respond to low temperatures
by altering mRNA levels of a large number of genes belonging
to different and independent pathways. The quantitative
and qualitative difference in transcriptional response to low
temperature suggests the presence in higher plants of different
molecular mechanisms to cold-stress response [75]. The cold
induction of genes involved in calcium signaling, lipid signaling
or encoding receptor-like protein kinases are also affected
by the icel mutation [76,77] transformed sweet potato cv.
Sushu-2 with a chloroplastic betaine aldehyde dehydrogenase
(SoBADH) gene from Spinacia oleracea, which is involved in the
biosynthesis of glycinebetaine. The over-expression of SOBADH
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gene In transgenic sweet potato improved cold tolerance by
providing protection against cell damage by maintaining cell
membrane integrity, stronger photosynthetic activity, reduced
ROS production and activation of ROS scavenging mechanism.

The transgenic lines of tomato displayed an enhanced level of
tolerance to cold conditions than normal plants as quantified
by free proline, membrane stability index (MSI) and PS 11
activity [74]. Improved, adapted vegetable germplasm is the
most cost-effective option for farmers to meet the challenges
of a changing climate [78]. However, most modern cultivars
represent a limited sampling of available genetic variability
including tolerance to environmental stresses. Superior varieties
adapted to a wider range of climatic conditions could result
from the discovery of novel genetic variation for tolerance to
different abiotic stresses. Genotypes with improved attributes
conditioned by superior combinations of alleles at multiple
loci could be identified and advanced. Improved sclection
techniques are needed to identify these superior genotypes
and associated traits, especially from wild, related species that
grow in environments, which do not support the growth of their
domesticated relatives that are cultivated varieties. Plants native
to climates with marked seasonality are able to acclimatize more
easily to variable environmental conditions [79] and provide
opportunities to identify genes or gene combinations that
confer such resilience.

After the advent of Next Generation Sequencing (NGS)
technologies, many horticultural crops have been sequenced,
which has now solved the problem of lack of genomic
information and thus facilitated the target gene/site to be
modified using genome editing technology. This has also
improved the breeding efficiency as various genes/OTLs coding
for various horticulturally important traits have been identified.
In addition to that, transcriptome sequences of a number of
horticultural crops are now available in public databases. This
vast information will assist in identifying various genes governing
various important traits and will help in identifying the target
sites for genome editing and genetic transformation [74]
which consequently can help in improving stress-tolerant crops
through new genetic tools and plant breeding techniques.

CONCLUSION

Cold stress is responsible for a range of physiological disturbances
in chilling-sensitive plants and can cause chilling injury and
death of many horticulture plants. Low temperature stress is
a harsh constraint, which negatively affects vegetable crops
productivity. However, several mechanisms in plants are involved
in alleviating cold stress through natural tolerance system. One
of the key approach is cold acclimation that helps in stabilizing
membranes against freezing injury. Utilization of plant growth
regulators as a new approach is very promising in plant response
to environmental stresses. This review paper highlighted the
role of PGRs application in enhancing the cold stress tolerance
in vegetable crops and can be utilized as an effective strategy.
Development of methods to enhance stress tolerance in plants
is crucial and attracts considerable attention. However, more
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rescarch is required to elucidate the effect of different PGRs on
various vegetable crops and find appropriate PGR and specific
dose/concentration to obtain satisfactory result in alleviating the
cold stress in vegetables. Moreover, analyses of the expression
of cold-regulated genes have shown the presence of multiple
signal transduction pathways between the initial stress signals
and gene expression. The applications of genetic engineering in
vegetable crops improvement and identification, and selection
of gene resources for cold stress tolerance and utilization of
these genes and transcription factors in genetic modification of
vegetables can improve cold tolerance and prevents yield loss in
vegetable crops under low temperature conditions.
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