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Key Message: Chitosan foliar application enhances yield
with booting thermos-tolerance ability by improving
enzymatic and non-enzymatic antioxidant systems in
cucumber genotypes under high temperature.

Abstract: Heat stress in a major obstacle in cucumber
production in the Punjab province of Pakistan. To save
cucumber production from heat stress, a study was
designed to evaluate chitosan on cucumber genotypes for
yield enhancement under three sowing dates. Four
cucumber genotypes, two tolerant (L3466 and Desi-
cucumber) and two susceptible (Suyo Long and Poinsett),
were screened in a previous experiment under field
conditions during 2016. The 1st sowing date was 15"
March, followed by 1% April, and 15" April, respectively
with four replications. Chitosan level (200 ppm) was
applied as foliar spray at 30 days post-sow and then
applied two times after a week interval. During present
research, the highest summer temperature was 47.5 °C

recorded in May, 48°C in June, and 46.1°C in July. Chitosan
improved the enzymatic antioxidants and osmolytes in
enhancing the ability of cucumber to tolerate heat stress.
Enhancement in biochemical characteristics (Superoxide
dismutase, peroxidase, catalase, and protein content) were
observed in chitosan treated plants as compared with non-
treated plants. It was revealed that yield per plant was highest
in L3466 (2.12 kg) and Desi-cucumber (2.10 kg) with chitosan
application on the 1* sowing date, while yield per plant was
reduced in Suyo Long (0.31 kg) and Poinsett (0.29 kg) on the
third sowing date with chitosan application. However, in 3™
sowing date Suyo Long and Poinsett could not survive at the
fruiting stage without the chitosan application. L3466 and
Desi-cucumber could be a benefit to farmers with chitosan
application and breeders for further studies for heat stress
tolerance. © 2020 Department of Agricultural Sciences, AIOU
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Introduction

Presently, agriculture is facing heat stress as a global
drastic problem (Jha et al., 2014; Liu et al., 2019). Heat
stress results from plants being exposed to gradually
increasing temperature for a limited time (Faralli et al.,
2015). Disturbance in normal biological processes, leaf
area reduction, chlorosis, and increased transpiration rate
are the foremost signals of heat stress (Ruelland &
Zachowski, 2010). Genes responsible for photosynthesis in
the chloroplasts are repressed after a heat stress event,
ultimately leading to damage to cell membranes as a result
of lipid peroxidation which are indicators of heat stress
(Yoshida et al.,, 2012; He et al., 2019). This lipid
peroxidation leads to oxidative stress (Liu & Huang, 2000;
Kipp & Boyle, 2013). In response, plants develop
defensive mechanisms with the production of lipid
peroxidation (MDA) and activation of SOD, CAT, POD
started in leaves and roots (Gommers, 2020). Superoxide

dismutase (SOD) transcript was revealed by the exposure of
various heat shock treatments (Kumar et al., 2013). High
temperature leads to reduced plant biomass (Greer & Sicard,
2008). Heat stress is a chief cause of unwanted alterations in
growth, development, physiology, and yield attributes of plants
(Smith, 2019). In many species, heat stress normally appears
very similar to drought stress (McKersie & Lesheim, 2013).
Marketable produce of major crops is reduced under
fluctuating temperatures and rain intensity with disturbed
patterns which is a serious threat to the economy of a country
(Shakoor et al., 2011). Chitosan was reported firstly as a
sterilizer for plants. The main role of chitosan is to combat
certain biotic and abiotic stresses (Katiyar et al., 2015). It is a
plant growth enhancer and its functions resemble with plant
growth promoters (Mondal et al., 2012). Chitosan has been
used as a natural seed treatment of fruit and vegetables to
enhance shelf-life and quality (Cui et al., 2020; Mohamed et
al.,, 2020; Shah & Hashmi, 2020). Chitosan applications
directly affect the gene regulation mechanism, effectively
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boosting the defense mechanism of plants. Chitosan was
formally used as a natural seed treatment, but foliar
application was reported to be more efficacious than seed
treatment (Janmohammadi et al., 2014).

Cucumber (Cucumis sativus L.) is an important
horticultural crop that ensures food security as well as
enhances income of farming communities. Cucumber is
considered the oldest cultivated vegetable (Wehner &
Guner, 2004). Cucumber has potential to be a valuable
crop in Pakistan. Thermotolerance ability has been
increased in cucumber by grafting on Momordica sp. (Xu
et al., 2018). Previously, screening of genotypes was
conducted under high temperature conditions (Kaur et al.,
2016). Malondialdehyde content of cucumber rises under
high temperature exposure (Zhang et al., 2012). However,
high temperature above threshold levels deteriorates
cucumber yield and fruit quality (Zhao et al., 2011).
Currently, there is a need to mitigate heat stress in
cucumber (Ding et al., 2016). This study aimed to evaluate
morpho-physiological and biochemical attributes for heat
tolerance in cucumber genotypes subjected to heat stress
conditions and determine if yield increases in cucumber
after chitosan foliar application under a controlled, high
temperature environment.

Materials and Methods

Desi cucumber (heat tolerant variety) and Poinsett (heat
susceptible variety) selected from Experiment | were
previously screened out by Ali et al. (2019), were sown in
the vegetable research area of University of Agriculture,
Faisalabad, during two consecutive years 2015-16. One
month after sowing, chitosan (200 ppm) was applied as a
foliar application. Chitosan was dissolved in water by
adding 0.1 molar C,H,O, (at room temperature, twelve
hours with continuous stirring). The first foliar spray was
given thirty days after emergence while the second week
after the first and the third again a week after the second
application.

Cell membrane thermo-stability

It was measured indirectly by determining electrolyte
leakage (EL) (%). To calculate the electrolyte leakage, leaf
cells assessment of the cell membrane stability (CMS) was
done by the method of Farkhondeh et al. (2012) with a few
alterations. Leaf samples were taken, after washing 0.3 g of
leaf samples with deionized water, these were placed in
tubes which had 15 mL of deionized water and incubated
for two hours at 25 °C, electrical conductivity of the
solution (L;) was determined. Samples were then
autoclaved at 120 °C for twenty minutes and the final
conductivity (L,) was calculated after equilibration at 25 C.
Leaf electrolyte leakage (EL) was measured by the
following formula:

E'J'..'Elf“—E 100
c:-—sz

Protein (mg/ml)

Bradford method was applied for the determination of soluble
proteins by Kruger (2009). First of all, 2 mL of Bradford
reagent taken in a micro centrifuge tube and 50 pL of the
sample added into it. Then Bradford reagent was taken as a
blank. After that at a wavelength of 595 nm absorbance was
detected. Finally, various levels of bovine serum albumin
(BSA) were set and protein contents were found by standard
curve methods.

Antioxidant enzymes

Antioxidant activities were measured by cucumber fresh leaves
(0.5 g). Initially, these ice-cooled leaves were put in the
grinder. Secondly, 5 mL of fifty mM cooled phosphate buffer
which were having pH of 7.8. In the next step it was mixed
evenly. Centrifuge at 15000 g at a cool temperature of 4°C for
25 minutes. The activities of the following enzymes were
determined.

Superoxide dismutase (SOD) (umg™ Protein)

SOD quantity was found by using various steps. In the
beginning, reaction mixture with quantity of three mL with 50
mM of nitroblue tetrazolium, 1.3 mM riboflavin, 13 mM
methionine, 75 mM EDTA, 50 mM phosphate buffer solution
having pH of 7.8 along with 30 mL of enzyme extract was
taken. In the second step, light of (fifteen fluorescent lamps) at
seventy-eight mmol m* s™ for 15 minutes was radiated on the
test tubes for absorption. In the third step, by varying the
amount of absorbance was detected with a wavelength of 560
nm by the use of a spectrophotometer (Hitachi-650, Japan). It
was well thought-out that one unit of SOD activity was
described as, the amount of enzyme that controlled 15 % of
NBT photo decline.

Catalase (CAT) (umg™ Protein)

Activities of catalase were calculated by Chance and Maehly
(1955) method with a few changes in the procedure. Initially,
there was catalase reaction mixture (3 ml) having 15 mM
phosphate buffer (pH 7.0), 5.9 mM hydrogen peroxide and 0.1
ml of enzyme extract was irradiated with 240 nm of
wavelength while, absorbance in reaction mixture was detected
with 29 twenty seconds intervals. In the second step, catalase
activity was detected as an absorbance change of 0.01 units per
minute.

Peroxidase (POD) (umg™ Protein)

Activities of POD were also calculated by Chance and Maehly
(1955) method with a few changes in the procedure. A 3 mL
POD reaction mixture was actually comprised of 50 mM
phosphate buffer (pH 5.0), 20 mM guaiacol, 40 mM H,0,
along with 0.1 mL of enzyme extract and was irradiated. Its
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absorbance with 470 nm wavelength was detected with 30
seconds intervals with 0.01 units per minute.

Lipid peroxidation (MDA) (nmol g™ FW)

MDA was calculated by applying the method of Cakmak
& Horst (1991). In the first step, One-gram fresh tissue
along with 5 mL of 1% of TCA was grounded in the
presence of cold conditions and after that it was
centrifuged at 15,000 rpm for 10 minutes. In the second
step, in a test tube, a mixture of three mL TCA along with
0.5% thiobarbituric acid in 20% TCA and 0.5 mL of
supernatant was poured into it. In the third step, this
mixture was then incubated at 58'C in a shaking water bath
for 50 minutes. Finally, the test tubes having mixture were
kept on ice and optical densities measured at 532 and 600
nm.

Glycine betaine (GB) (umol g™* FW)

Glycine betaine in cucumber leaves was determined by the
procedure of Grieve & Grattan (1983). In this way, leaf
extraction of selected cucumber genotypes was filled in a
20 mL test tube with chopped pieces of 0.5 g leaves along
with 5 mL of toluene and poured with water mixture
(0.05% toluene). In the second step, test tubes were placed
in the shaker for 24 hours at 25°C. In the third step after
filtration 0.5 mL of leaf extract was mixed with 1 mL of
2N HCI solution then and 0.1 mL of Klj; solution (having
7.5 g iodine and ten g KI in 100 mL of 1 N HCI) was
mixed and again placed in shaker in ice-cold water bath for
90 minutes. In the fourth step, 2 mL of ice-cooled water
was poured into it and placed in the shaker along with 10
mL of 1, 2-dichloroethane (chilled at minus 10 °C). In the
fifth step, by passing a continuous stream of air for 1 to
two minutes, mixture was separated into two distinct
layers. In the seventh step the upper aqueous layer was
discarding off, and optical density of organic layer was
detected with 365 nm of irradiations.

Proline (Pr) (umol g™ FW)

Proline contents of cucumber leaves were measured by
using ninhydrin acidic method (Deng et al., 2011) with
small variation. In the first step, after heating, 30 leaf
samples and five mL three percent (w/v) aqueous C;HgOgS
was homogenized and boiled at 100°C for 10 minutes. In
the second step, this homogenous mixture was cooled to
room temperature and after that centrifuged at 4,000 g for
10 minutes. In the third step, two mL supernatant was
poured into a test tube and supplement with two mL glacial
CH3COOH and 3 mL 2.5% (w/v) acid ninhydrin. In the
fourth step the reaction solution was boiled at 100°C for 40
minutes. In the fifth step, the reaction was placed on ice. In
the sixth and final step, the mixture was extracted with 5
mL toluene, and the absorbance of radiation was detected

with 520 nm wavelengths by spectrophotometer (T6 New
Century, Purkinje General).

Yield attributes

The number of fruit per plant was counted on five selected
plants for each genotype, subjected to chitosan and control
treatment, separately in order to calculate yield per plant in
each sowing date. The average was calculated for each
replication and means were calculated for each genotype in
both treatments, separately. Fruit diameter (cm) was measured
with Vernier caliper then the average was computed for each
replication and means were calculated. Fruit length (cm) was
measured using a Vernier caliper and the average was
calculated for each replication. The fruit weight (g) was
measured on a per plant basis for each genotype in each
sowing date and in both chitosan treated and non-treated plants
to measure yield per plant.

Experimental design and statistical analysis

It was a three factor factorial (different genotypes, chitosan
application and sowing dates) experiment with four replications
under Randomized Complete Block Design (RCBD). Analysis
of variance technique was employed by Fisher’s analysis and
significance among treatment of means were compared by using
Tuckey Highest Significant Difference Test (HSD) at P < 0.05
with STATISTIX 8.1.

Results
Biochemical analysis
Superoxide dismutase

It was revealed that the second sowing date produced the
highest SOD activity, followed by the first sowing. Desi-
cucumber gave the highest SOD activity which was not
significantly different from L3466 in the second sowing date.
In the third sowing date, Poinsett had the lowest level of SOD
activity followed by Suyo Long but SOD activity was not
statistically significant. There was no interaction between
genotypes and chitosan treatment (Fig. 1).

Peroxidase

Desi-cucumber (heat tolerant genotype) gave the highest level
of POD activity but was not statistically significantly different
from L3466, while Poinsett showed the lowest level of POD
activity and was not statistically significantly different to Suyo
Long. It was revealed that the second sowing date produced the
highest POD activity, followed by the first sowing and then the
third sowing, respectively, irrespective of genotype. Significant
interaction was seen between genotype and sowing date. In the
second sowing date, Desi-cucumber gave the highest POD
activity which was not significantly different to L3466. In the
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third sowing date, Poinsett had the lowest level of POD
activity, followed by Suyo Long but they were not
statistically significantly different (Fig. 2).

Catalase

It was revealed that CAT activity was maximum in the
second sowing date followed by the first and then the third
sowing. L3466 had maximum CAT activity in the first
sowing date with foliar application of chitosan, while
minimum catalase activity was observed in Poinsett
without chitosan application in the third sowing date. Suyo
Long and Poinsett also exhibited an increased CAT activity
with chitosan application. Significant interaction of
chitosan application and sowing date was observed (Fig.
3).

Protein

It was revealed that protein contents were maximum in the
first sowing date followed by the second sowing date and
the third sowing date, respectively. L3466 had the highest
protein content in the first sowing date with chitosan foliar
application while minimum protein content were observed
in Suyo Long without chitosan application in the third
sowing date. Suyo Long and Poinsett also exhibited
increased protein content with chitosan application
compared with no chitosan application (Fig. 4).

Glycine betaine

It was revealed that GB content was highest in the second
sowing date followed by the first and the third. L3466
exhibited the highest GB content in the first sowing date
with foliar application of chitosan while the lowest GB
content were observed in Poinsett without chitosan
application in the third sowing date. Suyo Long and
Poinsett exhibited an increased GB content with chitosan
application (Fig. 5).

Proline

Maximum proline (Pr) content was observed in L3466
which was not significantly different compared to Desi-
cucumber which had an enhanced level of Pr content with
the application of chitosan irrespective of sowing dates.
Suyo Long showed low Pr content without chitosan
treatment which was not significantly different from
Poinsett irrespective of sowing date. The third showing
date produced the lowest level of Pr content as compared
with the 1st and the 2nd sowing time across all genotypes

(Fig. 6).
Lipid peroxidation

Lipid peroxidation was measured indirectly by determining
MDA content. In the third sowing date, Desi-cucumber

possessed the highest MDA contents followed by Suyo Long
but there was no statistical difference between these levels.
Lower levels of MDA content were measured in L3466,
followed by Desi-cucumber in the first sowing date, both were
not statistically significantly different. Suyo Long and Poinsett
also exhibited decreased MDA contents with the application of
chitosan in each sowing date. The third showing date revealed
the highest MDA contents as compared with the first and the
second sowing date (Fig. 7). Cell membrane thermos-stability;
Desi-cucumber had the lowest leaf EL (31%) and was not
significantly different compared with L3466 (33%) during first
sowing dates. The highest EL measurement was noticed in
non-treated Suyo Long (77%) and Poinsett (79%) during the
third sowing date. Suyo Long revealed a maximum value for
EL but both Suyo Long and Poinsett were not significantly
different in their response to chitosan application. The third
showing date revealed the highest EL as compared with the
first and the second sowing date (Fig. 8).

Yield related attributes
Fruit set percentage

Desi-cucumber had maximum fruit set percentage in the first
sowing date, followed by L3466 but there was no statistical
difference between these levels, while there was no fruit set on
Suyo Long and Poinsett in the third sowing date when no
chitosan was applied at temperatures that exceeded 47.5°C.
Both Suyo Long and However, Poinsett produced fruits with
the application of chitosan in the third sowing date. The first
sowing date revealed the highest fruit set percentage as
compared with the third and the second sowing date
irrespective of genotypes (Fig. 9).

Fruit length

It was revealed that chitosan treated plants had a marked
increase in fruit length with Desi-cucumber possessing the
greatest fruit length in the first sowing date, followed by
L3466. Overall, tolerant genotypes performed better
irrespective of sowing dates. Suyo Long and Poinsett also
exhibited markedly enhanced fruit length with chitosan
application (Fig. 10).

Fruit diameter

Desi-cucumber had the highest fruit diameter in the first
sowing date, followed by L3466. Overall, tolerant genotypes
performed better irrespective of sowing dates. Suyo Long and
Poinsett also exhibited markedly enhanced fruit diameter with
chitosan application (Fig. 11).

Fruit weight

All three factors (genotypes, chitosan application and sowing
dates) influenced fruit weight. Desi-cucumber gave maximum
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average fruit weight in the first sowing date; however,
there was not significant different when compared to
L3466. Overall, tolerant genotypes performed better
irrespective of sowing dates. Also, Suyo Long and Poinsett
exhibited markedly enhanced fruit weight with chitosan
application (Fig. 12).

Yield per plant

On the first sowing date, Desi-cucumber provided the
highest yield per plant (2127 g) followed by L3466 (2103
g). Overall, tolerant genotypes performed better
irrespective of sowing dates. Suyo Long and Poinsett also
had enhanced yield per plant with chitosan application. In
the third sowing date, both Suyo Long and Poinsett did not
survive to produce fruit under extreme conditions of heat
(475 °C). It was revealed marked increase in fruit yield
with chitosan foliar spray. However, Suyo Long (316 g)
and Poinsett (290 g) yielded few fruit at 47.5°C in the third
sowing date and heat susceptible cucumber genotypes
could not survive without foliar spray of chitosan (Table
1).
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Discussion

Proper functioning metabolic activities depend on maintaining
water relations. Recently, the use of antitranspirants has proven
an effective technique to mitigate the effect of heat stress in
horticultural crops (Dash et al., 2020; Tonhati et al., 2020).
Previous research findings suggested that leaf area, chlorophyll
content, temperature of leaf surface are major factors for
carbohydrate synthesis during photosynthesis. Those cultivars
with more intact leaves had more net photosynthetic rate (A).
This might be due to larger leaf area to capture more sunlight
for photosynthesis, consequently increasing carbon assimilates
formation for enhanced growth and development (Amjad et al.,
2001; Ekwu & Nwokwu, 2012).
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Table 1 Average yield (g) of selected cucumber genotypes
influenced by chitosan application under different sowing
times

Sowing dates CHT xG

mean

CHT x SD, SD; SD;

G

No CHT

x G1 1600 987 392 993"

CHT x

G1 2127 1190 821 1379°

No CHT

x G2 1532 735 425 897"

CHT x

G2 2103 1244 851 1399

No CHT

x G3 997 334 Mortality 444°

CHT x

G3 1311 617 316 748

No CHT

x G4 741 247 Mortality 329°

CHT x

G4 1171 567 290 676"

CHT = Chitosan; G = Genotype; SD = Sowing date; G1 = L3466;
G2 = Desi-cucumber; G3 = Suyo Long; G4 = Poinsett. Means
having similar letter(s) in in a column are statistically non-
significant (with P <0.05)

In one study, it was seen that genotypes with less leaf
surface area had a higher temperature also had more
chlorophyll content which in turn revealed better
performance in photosynthetic rate. Such conclusions were
reinforced by Shaheen et al. (2016) who observed that
genotypes with a low leaf surface temperature and higher
leaf SPAD value would have a higher photosynthetic rate.
During the present examination, it was observed that heat
tolerant genotypes had higher chlorophyll content (SPAD
value) than susceptible genotypes in all sowing dates. This
result was also confirmed by Hussain et al. (2016), and
might be due to alterations in microscopic structures of
okra genotypes when observed in different sowing times.
Microscopic alterations have more influence in susceptible
genotypes than tolerant genotypes which might be due to
ability of tolerant genotypes to resist such transformations
during heat stress (Balouchi, 2010). Outcomes of Reda and
Mandoura (2011) described that elevated temperature
decreases chlorophyll synthesis in plants. Leaf surface
temperature also describes physiological life in plants; it
directly affects A and WUE and in due course controls all
growth stages. Increase in leaf surface temperature reduces
photosynthesis by stimulating photorespiration (Salvucci et
al., 2001). Rubisco function is reduced at moderately
elevated leaf surface temperature resulting in reduced
photosynthetic rates (Schrader et al., 2004). Tolerant
genotypes exhibited low electrolyte leakage at the 1st
sowing date. Conversely, heat susceptible genotypes

revealed maximum cell membrane thermos-stability (EL) at
same sowing date. It was observed that EL was higher in heat
susceptible genotypes than heat tolerant genotypes. Camejo et
al. (2005) found similar responses in tomato genotypes under
heat stress which is most likely due to the fact that chemical
bonds became loose in cell membranes as molecular kinetic
energy (KE) was enhanced (Savchenko et al., 2002). Enhanced
EL revealed a signal of decreased membrane thermos-stability
which is a key for heat stress measurement found in barley
plants (Wahid & Shabbir, 2005). The first sowing date showed
superior performance because of fast growth regarding
seedling length and number of leaves. This might be due to
optimum growing conditions for plants to uptake water and
nutrients etc. Similar results have previously been reported by
Muhammad et al. (2001); Chattopadhyay et al. (2011); Dash et
al. (2013). Genotypes having a greater number of leaves in the
first sowing date could maintain normal photosynthesis
producing more carbon assimilation, resulting in enhanced
growth rate which was observed by Shaheen et al. (2016). It
was observed that in both heat tolerant and heat susceptible
(Suyo Long and Poinsett) genotypes produced high number of
antioxidants such as superoxidase, peroxidase, and catalase
regardless of sowing date with chitosan foliar application
compared with plants that were not treated with chitosan.
Previous findings of Nguyen et al. (2020) revealed that
nanochitosan mixed with calcium chloride improved
antioxidant in strawberry and reduced the MDA content which
are in line with the current results. The present study revealed
that protein content was also improved by the application of
chitosan; this might be due to increased enzymatic function in
leaves. It is reported that chitosan could be effectively
employed as an ideal natural antioxidant by scavenging
superoxide anion and hydroxyl radical (Park et al., 2003:
Garcia et al., 2014: Soleymani & Tehar, 2015). Protein
analysis was done to evaluate thermos-tolerance ability of
cucumber plants by grafting onto Momordica rootstocks (Xu et
al., 2018) as structural analysis proteins need emphasis for
potential thermosensors in plants (Vu et al., 2019). At different
temperatures (35 to 40°C), a number of genotypes showed
enhanced growth response compared to other genotypes under
high temperature regimes (Ali et al., 2016).

Significantly higher yield was revealed in chitosan treated
plants as compared with non-treated plants regardless of
sowing times and genotype. Past reports confirmed that
chitosan enhanced growth and yield components in lentils
under drought stress (Janmohammad et al., 2014). Similar
conclusions were found in previous research where
exogenously applied yeast and chitosan significantly improved
vegetative growth i.e. shoot length, number of leaves per plant,
fresh and dry mass of leaves, and stem mass of plants along
with yield and quality of cucumber. It is reported that an
exogenously applied chitosan concentration of 4 ml L™ showed
the maximum vegetative growth, vyield, and quality of
cucumber plants (Shehata et al., 2012). Similarly, an
experiment with chitosan application was carried out during
two successive summer seasons to study the influence of
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nitrogen and foliar application of chitosan on growth,
yield, and biochemical attributes of fruits of summer
squash grown in sandy soil. It was found that spraying
plants with chitosan significantly increased plant growth
characters, particularly yield (lbraheim et al., 2015).
Physiological processes in plants are influenced
significantly by slight increases in temperature. Present
research revealed that leaf surface temperature of heat
susceptible genotypes was high and that led to high
transpiration rate which reduced turgor and osmotic
potential of leaves. Higher water loss in heat susceptible
genotypes was due to high transpiration rate through the
stomata which caused photosynthetic rate to decrease
under heat stress (Ali et al., 2019). In this research, heat
susceptible genotypes showed a decrease in photosynthetic
rate during heat stress and this was probably because of
increased stomatal conductance. During heat stress, an
enhanced carbon dioxide (CO,) assimilation rate in heat
tolerant genotypes was observed compared to susceptible
genotypes; this was due to efficient photosynthetic
apparatus in tolerant genotypes which was validated in
previous research reports. Higher stomatal conductance of
water and CO, was observed in heat susceptible tomato
genotypes (Camejo et al., 2005). Chitosan induces
activation of the jasmonic acid (JA) pathways which plays
a vital role in temperature stress in plants by biosynthesis
of JA. Foliar application of chitosan or JA induced
transcriptional activation by genes encoding phenylalanine
ammonia lyase and protease inhibitors (Farmer & Ryan,
1990; Doares et al., 1995). Enhancement of water use
efficiency in plants was observed by activation of the JA
pathways which have similar functions to abscisic acid
(ABA) (Sembdner & Parthier, 1993). With increase in
level of ABA, closure of stomata accelerated, reducing loss
of water by low transpiration rate (Mishra et al., 2006).
Therefore, organizing the ABA signaling pathway
decreased extra water consumption by plants (Grill &
Ziegler, 1998). Foliar chitosan spray solutions were much
more effective in reduction of stomatal apertures (Lee et
al., 1999). Chitosan sprayed on tomato leaves produced the
ability to inhibit light-induced opening of the stomata by
inducing H,O, in guard cells around the stomata.
Reduction in stomatal aperture strongly suggests that
chitosan is highly antitranspirant (EI-Tantawy et al., 2009).
Our results of high vyield potential in heat tolerant
genotypes under heat stress conditions are in line with Sita
et al. (2017).

Conclusion

It can be concluded from the results that chitosan enhanced
the heat tolerance potential in cucumber plants under field
conditions. Cucumber heat tolerant genotypes (L3466 and
Desi-cucumber) responded more efficiently to chitosan as
compared to heat susceptible genotypes (Suyo Long and
Poinsett) for attributes studied during the first sowing date.

Moreover, it could be suggested that chitosan induced heat
resistance to a certain extent of temperature stress (44 C) and
became less effective under extreme high temperature (above
47 C).
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