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ABSTRACT
Stress can be designated as any unwanted external factor that affects the growth, production, reproduction or
survival of the plants. Plants grow well under sufficiency of nutrients, moisture, light and the temperature.
However, these factors may act contrary to the growth and development of plants should they exceed their
tolerable limit in a plant system. These abiotic factors are determinants of many physiological processes in
the plants. The damage to plants is caused by an array of abiotic factors which leads to stress. In this article,
a brief review is undertaken concerned with temperature, drought, salt, chilling and heat stress and their

effects and adaptation related to fruit crops.

STRESS DAMAGES
While categorizing the stress in plants, primary and secondary damage is often confused with primary and
secondary stress. However, stress is the result of the damage that is caused to the plant either mechanically
or physiologically. A perfect example to cite for this kind of stress and its outcome is the one caused by
production of free oxygen radicals called reactive oxygen species (Randy, 1995), which arises when
equilibrium between electron transport and metabolic reducting power in a plant is disturbed. These free
oxygen radicals if retained in the plant can cause abnormal metabolism behavior through changes in lipid,
protein and nucleic acid configurations (Allen, 1995). However, plants have got their own defense against
ROS in the form of certain enzymes viz. catalaze (CAT), superoxide dismutase (SOD) and peroxidase
(PRX) that help in scavenging the ROS out of the plant system. Chemically peroxidases are heme containing
monomeric glycoproteins belonging to family of isozymes that utilize hydrogen peroxide or oxygen for the
oxidation of numerous molecules (Yoshida et al., 2002). As such, peroxidases are an important defense tool
in a plant that help the pant to cope with the stress conditions (Gaspar et al., 1982).

The secondary stress in the plant is mainly the manifestation of impacts of excess solarization or
cold, which may be considered as primary stress factors. The primary effects expressed in the plant as a
result of cold or drought stress is termed as strains (Levitt 1980), leading to uncontrolled or controlled
effects. The stress specific response of the plant is triggered with the perception of the abiotic stress factor
through the strain thereby leading to a subsequent signal transduction. The accompanying secondary strains
normally induce responses which are less specific. These plant responses lead to adaptability and tolerance
in the plant. Short term adaptations include biochemical changes whereas long-term adaptations include
process modifications like changes in morphology of a plant.
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High temperature stress

Light has an overriding effect on rate of photosynthesis. The reduction of CO- is preceded by certain
biochemical reactions which are mainly temperature dependent. Where light is a limiting factor, temperature
has little effect on the rate of photosynthesis. However, when light is not limiting, as in generally the case in
dry region, the biochemical process associated with photosynthesis become the limiting factor, so that the
effect of favorable temperature on the rate of photosynthesis is increased. The photosynthetic process
appears to become heat inactivated at extremely high temperature which however does not inhibit respiration
but apparent photosynthesis declines rapidly. Under this condition, growth retardation and fertilization
anomalies are seen even in heat loving crops. For instance, Grapefruit is most resistance to high temperature
and can thrive well in even up to 120°F (48.8°C), citrons and lemons starts showing injury at 95°C-100°F.
High temperature stress like elevated temperatures, increased lux density and rootzone water deficit are
common during the dry and hot summer months. In case of papaya, which is otherwise a delicate plant, the
net carbon dioxide assimilation and stomatal conductance decline considerably when the plant is exposed to
heat stress. By nature, papaya is a heavy bearer and a slight variation in the acceptable temperature levels
affects the fruit and latex yield. There is a decrease in chlorophyll fluorescence which ultimately affects the
whole photosynthetic process (Jeyakumar et al., 2007). In loquat, the incidence of annual purple spot was
correlated with low day temperatures at the colour break stage. Incidence of purple spot was also sunshine
dependent as the incidence was highest at beginning of harvesting time (25-30%) followed by sudden
decrease in temperature (5-10%) (Gariglio et al., 2003). Pollens from different strawberry cultivars have
differing responses to temperature stress. In Toyonoka strawberry, the pollen germination and pollen tube
length were dependent on temperature. Poor performance of the pollen under high temperature resulted in
greater number of malformed fruits at 30/25°C temperature (Ledesma and Sugiyama, 2005).

In planting orchards the maximum and minimum temperature must be within the limit of tolerance of
the fruit. The effect of temperature on a cloudy day is different from that on a clear day. The rest period of
temperate fruit need be broken by low temperature and where it is not possible due to certain reasons, the
crop may be late or even lost. High temperature is involved in determining adaptability of a species or
varieties. Temperature influences are great and well marked. Peaches tolerate more cold than citrus whereas
apple is the best among these. The region selected must be suitable for the cultivars to be grown from the
viewpoint of temperature requirements. The optimum temperature for most crop plant is 22 to 27°C, whereas
the maximum temperature limit may be 40 to 52°C at which most of the plants of temperate zone may not
survive. Leaves of 2 year old seedling of longan and mango showed reduced net CO, assimilation rates as
the temperature increased, but decline was more in longan than mango. However, stomatal conductance
showed a decline while intercellular CO2 concentration increased for both species. There was a negative
association between the intercellular CO> concentration and net carbon assimilation at 36 °C in both mango
and longan. There was a declining trend in the net carbohydrate assimilation rates which was caused due to
non-stomatal limitation at elevated temperatures. Extent of degradation of chlorophyll was more in longan
than that observed in mango indicating that mango is more tolerant to effects of elevated temperatures
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(Yamada et al., 1996).

Drought stress

The prompt response of a plant to diminishing water availability is by suspending growth and
minimizing water use through reduced photosynthesis and suspending other plant processes. Initial
symptoms of water loss in some plants are the change of leaf colour from green to blue-green. Wilting sets
in and if the water deficit continues, leaf fall takes place and ultimately plant dies. The symptoms of water
stress on plants are comparable to the saline stress due to high concentration of salts in the root zone.
Though drought injury may not be immediately noticed in grown up plants as it is dependent on the soil
porosity, soil moisture content, ecophysiological conditions of that particular place, stage of plant growth
and most importantly the inherent capacity of the plant species to cope with the drought stress. Poor soils
with more sand having low moisture holding capacity offer more risk of drought stress damage to the plants
as compared to the soils having more clay content. Plant anatomical features like limited root system also
hastens the effect of drought stress on the plant. The foliage cover on the plant is also an indicative of the
potential drought tolerance of the plant. More foliage leads to rapid loss of water from the surface of the
leaves. New plantations with poor root systems/under developed root systems are also prone to drought
stress as the rate of loss of moisture from the leaves is not compensated by the supply of moisture from the
roots. Response to drought stress also depends upon the cultivars within the species. A study on effect of
water stress on loquat showed reduced shoot dry matter but on the contrary, the root dry weight increased.
Other physical growth parameters registered a decline. The physiological justification could be increase in
the NH3-NHas+ ions, agrenine and proline that resulted in the negative correlations between water content in
leaves and proline accumulation (Xie et al., 2007).

Modifications in the landscape and environment can be made by various management and cultural
practices such as irrigation, mulching, providing shade and windbreaks. To minimize the water requirements
in a landscape, initial planning of water resources and other irrigation related aspects should be properly
planned. Evolution has made modification in some species especially growing in the arid areas which enable
them to survive the drought conditions. Some modifications or adaptations are on the anatomical or
physiological level that enable the plants cope with the drought like conditions. Wax coating on the leaves is
an added character of xerophytic plants growing in the arid regions with high mean temperature. This wax
layer called cuticle reduces evaporation from leaf surface. Yet another modification is the presence of leaf
hairs which slow down the movement of air over the leaf surface thus reducing the evaporation of water
from the leaf surface. Reduction in the leaf surface area is another adaptation to minimize the evaporative
loss of water from the leaf surface. In some species, the extraordinarily large root system enables the plant to
quickly absorb the water in the event of rainfall. Some plant species tend to shed their leaves to avoid water
loss and and put forth new growth when the environmental conditions become favourable. Methyl jasmonate
(MJ) a volatile compound used in plant defense. Plant produces methyl jasmonate in response to many
abiotic stresses, which build up in the damaged parts of the plants. In strawberry, there is an increased
production of methyl jasmonate in the plants under stress that suppresses the activity of peroxidase, catalase
and superoxide dismutase (Wang, 1999). Drought resistance tendencies of ber and peach were studied
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by Stefan et al., (2000), under natural rainfed conditions. The leaf water potential of peach tree dropped
considerable whereas the leaf water potential of ber plant remained constant after a 100 day drought period.
Ber is naturally adapted to drought conditions as compared to peach which requires irrigation for normal
growth and development. However, prolonged exposure to the drought conditions enable to study the
mechanism of response of these two species to drought stress. In peach, both leaves and roots showed
osmotic adjustment alongwith a considerable accumulation of sugars, anions and cations in the leaves. For Z.
mauritiana leaves, there was no osmotic adjustment observed during the dry season. The acquired data
revealed different strategies of these two species to cope with the dry period.

Salt stress

Salinity most directly affects seeds and root system because salts are commonly concentrated in the
upper layers of soils. Above ground parts are directly affected by salt strain or by inadequate filtration of
water moving from the soil into the xylem. Xylem water contains few ions even in halophytes that
concentrate salts in leaves. In glycophytes a small increase in the soil salinity can rapidly lead to damaging
salt build up in leaf tissues and reaching 500 mill moles in a few days. The direct effects of excessive ions on
plants varies with the species of ions such as Na* are more toxic than Ca™ and Sos™ are more toxic than CI-.
Olives respond to salinity stress by increased sodium and chloride concentration, decreased potassium,
calcium and magnesium alongwith decreased K: Na ratio all over the plant parts. Magnesium was found to
decrease in olive leaves as a function of increased salinity (Demiral, 2005).

Glycophytes generally maintain ion homeostatic by salt exclusion while halophytes accumulate salt
as a mechanism of maintaining ion homeostasis. lon transport in the cytoplasm is determined by
electrochemical gradient across cell membranes and tanoplast, carrier proteins and ion ports. ATPase pumps
in the plasma membrane and H* pump in tonoplast that moves H* into the apoplast. Na* and CI- diffuse
across the plasma membrane into the cell based on the electrochemical gradient. The high internal
concentration of k™ related to outside the cell is maintained by K* carrier’s antiports. When Na®
concentration is high internal homeostasis is regulated by H" and Na* antiport. The movement of Na* out and
H+ into the cytoplasm therefore under saline conditions the level and activity of H* and Na* antiports, H*
and ATPase pump should be critical to maintaining cytoplasm ion homeostasis. In Chemlali olive, the
development of thicker leaves was observed on exposure to higher salinity treatments as compared to other
cultivars. The roots showed higher concentrations of Na and Cl as compared to shoots and leaves in most of
the cultivars. All the cultivars under study showed effectiveness of Na* exclusion mechanism in the roots
though the response was different among cultivars. It was efficient in chemlali olive and was least in
Arbequina 118. Furthermore, in olive, leaf abscission is an additional tolerance mechanism allowing the
elimination of leaves that had an accumulated Na* and CI". Tolerance to salinity stress was as follows:
chemlali>chetoui> Arbosanal43> koroneiki>Arbequinall8 (Kchaou et al., 2010). In citrus, salt tolerance of
a species in measured by its capacity to maintain low leaf CI" accumulation through high plant growth and
high water use efficiency (WUE) under saline conditions. Leaf Cl~ concentration was negatively related to
plant growth, but leaf Cl™ increased with transpiration rate in low-saline in Carrizo seedlings grown under

salt stress in sand. Overall, leaf CI- was positively correlated to the water use and was negatively correlated
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to leaf. Such relationships can be used as indicators of salinity tolerance (Syvertsen and Melgar, 2010).
Yilmaz and Kina (2008) reported better growth of Kabarla cultivar under saline conditions as compared to
Gloria. Salt stress had its effect on vegetative growth with significant damage to the leaves. It was also
summarized that the cholorophyll content in leaves and malondialdehyde levels were affected with
increasing salt concentrations in the soil but these parameters were not sufficient to classify the cultivars as
salt resistant.
Chilling stress
The term ‘chilling damage’ and ‘chilling breakdown’ can be used as synonyms of chilling injury. The term
chilling stress applies to the action of the low temperature those results in chilling injury. Chilling injury
should not be confused with freeze injury, the former taking place in temperatures close to freezing
temperatures wherein chilling sensitive plants are affected without the formation of icicles in the cells.
Anatomically, plant species of sub-tropical and tropical regions are susceptible to chilling injury. Chill
sensitive plants have a high percentage of saturated fatty acid cahins in their lipid bilayer and this type of
membrane at lower temperature well above 0°C. As the membrane become less viscous, the functionality of
the proteins reduces dramatically. There is a greater proportion of unsaturated fatty acids in plants resistant
to chilling as compared to chilling sensitive plants. When tissue is cooled under natural conditions,
formation of ice is prior within the cell walls. Physical change at this point of time is reversible if tissue is
warmed quickly. However, if there is extended exposure to freezing temperatures, the crystals in the walls
continue to grow and extend into the protoplast, causing lethal damage. Freeze-resistant species have
adapted well to reduce the growth of crystals into the cell walls and intercellular spaces. Rapid freezing
super cools the protoplast along with the vacuole maintaining the liquid state of water even at freezing
temperatures. Peach flower buds seeded with ice just below 0°C were more likely to exhibit deep super
cooling, and water in the primordia would super cool to lower temperatures than in seeded excised flower
buds (Ashworth and Davis, 1987). Some large polysaccharides and proteins function as ice nucleates and
help in ice crystal formation. Numerous ice nucleates lead to formation and amalgamation of relatively
larger masses of ice crystals that ultimately damage the cell wall. In Moniqui apricot, there was a clear
internal damage caused by freezing temperatures at bud break. External and Internal damage symptoms were
observed during the pre-bloom and bloom period following incidence of frost (Rodrigo et al., 2006).
Herbaceous temperate plants have adapted to low non freezing temperatures. Acquired freezing
tolerance involves extensive remodeling of gene expression and metabolism. Full-genome transcript
profiling studies have provided an insight of the transcriptional mechanism that operates under cold stress.
Gene expressions in response to cold temperatures initiates increased levels of hundreds of metabolites that
act as protective shield against adverse effects of cold stress.
Heat stress
Turning to the other temperature extreme, to what extent are plants able to resist excessively high
temperatures. Few higher plant species survive a steady temperature above 45°C. Dehydrated and non-
growing cells can survive heat stress effectively as compared to hydrated, vegetative, and growing cell. A

clear example can be cited here for growing tissues and seeds. Growing tissues rarely have a threshold
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tolerance limit of nearly 45°C, but on the contrary, dry seeds can withstand temperatures up to 120°C.
Photosynthesis and respiration are temperature dependent and get inhibited at high temperatures. When
compared on degree rise in temperature basis, photosynthetic rates decrease faster than respiratory rates.
Utilization of carbon for substrate formation is temperature dependent. It is apt at compensation point
wherein amount of carbon fixed during photosynthesis is equal to the amount of carbon released during
respiration. Above the temperature tolerance levels, photosynthesis can no longer replace the amount of
carbon being used as substrate which results in insipid quality of fruits. This shift of balance in carbon
formation and carbon release is the main reason for declining productivity and quality of plants. Even the
compensation point varies within the canopy of the same plant. It can be lower for the shaded leaves
whereas it can be higher for the leaves exposed to sun. Demonstrations were conducted in strawberry
seedlings grown using perlite for a period of 3 weeks at 25/10°C day/night temperature and supplemented
daily with nutrient solution. Strawberry seedlings (half of the plants) were transferred to a growth chamber
maintained at 25°C for a week. The temperature of the growth chamber was increased stepwise (5°C/48 h)
to 30, 35, 40°C and finally to 45°C. Fresh plants were transferred to the growth chamber at each temperature
increment step to impose a heat shock. It was observed that plants responded to elevated temperatures by
promoting PRX activities. However, there was a decrease in the total protein content. All the plant samples
depicted one basic PRX band (rf = 0.22) with different intensity. There was less leakage of electrolytes from
plant samples exposed to GH compared with the plants exposed to SHS (Gulen and Eris, 2004).

Various genetic improvement approaches can be employed to improve the plant response to increased
temperature tolerance. Nevertheless heat tolerance of a plant species varies at different developmental stages
but surely it affects the plant throughout its growth. To cite an example, seed germination may be inhibited
at particular heat levels, higher temperature may affect the rate of photosynthesis, respiration, water uptake
and stability of plant cell membranes. There may be alterations in the levels of hormones, primary and
secondary metabolites in the plant system. Moreover, plant may respond to heat stress by producing heat
shock proteins, reactive oxygen species which further affect plant behavior. Plants have mechanisms to cope
with the elevated temperatures which include antioxidant production, scavenging of reactive oxygen species,
enhanced membrane stability through lipid bilayer alterations, accumulation of solutes, induction of MAPK
and CDPK cascades. All these mechanisms, which are regulated at the molecular level, enable plants to
thrive under heat stress. Apart from genetic improvement approach, heat tolerance in plants can be enhanced
by acclimation of plants to different environmental stresses. Exogenous application of osmoprotectants such

as glycinebetaine and proline is also effective in such environmental scenarios.

Oxidative stress

Oxidative stress arises when ROS or free radicals generated in plants in response to stress express
their toxic effects to the cells. Ozone may react with ethylene and other alkenes in the apoplastic fluid to
form hydroxyl ion, super oxides anion and hydrogen peroxide (O2) and reactive oxygen species react with
membrane lipids to form reactive lipid peroxides which will perpetuate reactive oxygen species formation.

Some Oz and ROS may succeed in entering the cytoplasm after membrane damage that promote inside the
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cell. O, and ROS estimate damage of the plasma membrane alter ion transport, increase membrane
permeability, inhabitation of H* pump activity, collapse membrane potential and increase Ca?* uptake from
the apoplast. Ozone zone exposure causes rapid inhibition of photosynthesis due to change in the activity of
synthesis of chloroplast, proteins. In several plants chronic exposure to ozone reduce the abundance of
rubisco enzyme in mature leaf tissue and reduced activity of photo system-I and photo system-II.
Degradation of large subunit of rubisco is also observed in response to high intensive light and oxidant

herbicide i.e. paraquat.

Secondary metabolites

Plant secondary metabolites play an important role in plant interactions with the changing environment.
Secondary metabolites not only protect the plant against environmental stresses (Seigler, 1998) but
associated changes include specific odors, tastes and colours in plants (Bennett and Wallsgrove, 1994).
Production of secondary metabolites often occurs in plants subjected to stresses and have importance in plant
stress physiology for adaptation (Seigler, 1998). In some of the earlier works it has been reported that plants
under stress produce methyl jasmonate and jasmonic acid which act as elicitors for the production of
secondary metabolites in plants. Similar findings were reported for strawberry plants (Perez, 1997) and Vitis
vinifera (Zhang, 2002).
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