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Abstract: This study aimed at determining suitable dose of 24-epibrassinoloid (24-EBL) for improving
morphological, physiological, and photochemical efficiency of PS Il (Fv/Fm) characteristics in thermo-
tolerant (Sabaz pari and Green wonder) and thermo-sensitive (MF-03 and Click-5769) genotypes of okra
(Abelmoschus esculentus L.). The study was performed in a growth chamber at 40 °C by applying different
levels of 24-EBL (i.e., 0 uM (control treatment), 0.25 uM, 0.50 uM, 0.75 uM, 1.00 uM, 1.25 uM and 1.50
uM). Foliar application of 24-EBL improved root and shoot growth, plant fresh and dry weight, leaf area,
photosynthesis rate, chlorophyll content and photochemical efficiency of PS II in thermo-tolerant as well
as of thermo-sensitive okra cultivars as compared to control plants. However, increase in the above stated
characteristics was greater in thermo-tolerant okra genotypes as compared to thermos-sensitive genotypes,
at all tested levels of 24-EBL. Greater reduction in electrolyte leakage in both thermo-sensitive and thermo-
tolerant okra genotypes was observed with 1.50 uM 24-EBL. Considering increase in plant growth and
biomass, leaf area, chlorophyll content, photosynthesis rate, photochemical efficiency of PS II and reduction
in electrolyte leakage, both in thermos-tolerant and thermo-sensitive okra genotypes, it was concluded that
1.50 uM 24-EBL was the most suited level of brassinosteroid to improve the thermo-tolerance potential of

okra genotypes.
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1. INTRODUCTION

Plants are static in nature and they pass through
different type of environmental (biotic and abiotic)
stress during their growth life cycle [1]. These
environmental stresses create bad effects on growth,
development and production of plants. Nature has
blessed the plants with different growth controlling
hormones (gibberellins, auxins, cytokinins, abscisic
acid, salicylic acid, ethylene, brassinosteroids,
jasmonates, etc.), osmolytes (glycine betain,
proline, free amino acids etc.) and antioxidants
(peroxidase, super oxide dismutase, catalase,
ascorbate peroxidase etc.) to mitigate the adverse
effect environmental stresses [2-4]. The activation
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of these hormones may vary in plants based upon
the nature and duration of environmental stress [5-
6]. The hazardous effects of external environmental
stress in plants can also be reduced through the foliar
application of natural or synthetic plant growth
hormones [7-10], osmolytes [11-13], antioxidants
[14], etc.

Brassinosteroid can be extracted from flowers
of brassica (Brassica compestris) plants and can
be foliar applied to promote growth in plants under
environments stress conditions [15-20]. Okra
(Abelmoschus esculentus L.) is a famous crop of
tropical and subtropical areas, which is classified in
annual, often cross pollinated vegetable crops with
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11,480,000 hectares of cultivation and 7,896,300
tons of production around the globe [21-22]. Due
to sudden environmental temperature fluctuations
and increase in global temperature growth and
production of crop plants has become adversely
affected. Therefore, the present study was proposed
to investigate the effect of foliar application of
brassinosteroid on growth of thermo-tolerant and
thermo-sensitive okra cultivars and to find a suitable
level of brassinosteroid for better growth of okra
which could be used in further study of reproductive
study of okra plants under high temperature stress
conditions.

2. MATERIALS AND METHODS

Thepresent study was conducted in stress physiology
lab, Department of Horticulture, University College
of Agriculture, University of Sargodha, Punjab,
Pakistan. Seeds of selected okra (Abelmoschus
esculentus L. Moench) genotypes were collected
from the Ayyub Agricultural Research Institute
(AARI), Faisalabad, Pakistan. Seeds were
disinfected with 5% sodium hypochlorite solution
for 15 min, followed by repeated washing with
double distilled water and then these seeds were
sown in plastic pots filled with peat moss (Sia
Pindstrup Ltd., Talsi, Latvia). Three seeds per pot
were sown in 4 inches plastic pots with perforated
bottom. After seed’s emergence, plant density per
pot was adjusted to one by removing unhealthy
and less vigorous seedling plants. Half strength
Hoagland solution was drenched in pots as nutrition
source. The nutrient solution was applied after every
10 d interval by adding 30 mLL" of distilled water
and the plants were irrigated as per requirement by
observing the moisture of rooting media. Growth
chamber was adjusted to 25/23 °C day/night
temperature with RH 75%, light intensity 550 pmol
m! s from fluorescent tubes and photoperiod 11.5
h. After the emergence of 5-6 true leaf temperature
of growth chamber was raised to 40/28 °C while
keeping all the other environmental conditions same
as for 25/23 °C. Fifteen days after the induction of
high temperature stress (40/28 °C) different levels
of 24-epibrassinoloid i.e., 0 uM (control), 0.25 uM,
0.50 uM, 0.75 uM, 1 uM, 1.25 uM and 1.50 uM
were foliar applied to identify the best suited level

of 24-EBL for mitigation of adverse effects of heat
stress and induction of thermos-tolerance in tested
okra plants.

2.1 Growth Attributes

One week after foliar application of 24-EBL,
plants from each replication were gently uprooted
and gently washed with distilled water to remove
growth media particles and then blotted with filter
paper to remove surface water of leaves and shoots
and then fresh weight of plants was measured
through digital balance. The plants were oven dried
(Memmert-110, Schawabach, Germany) at 72 °C
for 48 h to measure dry weight per plants. Root
length and shoot length was measured meter rod.
The leaf area was calculated using leaf area meter
(L1-3100; LI-COR Inc., Lincoln, NE, USA).

Three young fully developed and healthy leaves
per plant were selected and placed individually in
the chamber of a portable Infrared Gas Analyzer
(IRGA) (Analytical Development Company,
Hoddesdon, UK) for the measurement of net
photosynthesis rate (Pn). Chlorophyll contents were
determined by Chlorophyll content meter (Model
CL-01, Hansatech Instruments, UK).

2.3 Photochemical Efficiency of PS 11

Photochemical efficiency of PS II (Fv/Fm)
was measured using a portable fluorometer
(FMS2, Hansatech Ltd., Kings Lynn, Norfolk,
England). Leaves were dark acclimated for 30
min and measurements of maximum yield of the
photosystem II photochemical reactions (Fv/Fm)
and quantum yield of the photosystem II electron
transport (UPSII) were carried out according to the
method of Yu et al. [23].

2.4 Electrolyte Leakage

For measurement of electrolyte leakage method of
Shi et al. [24] was used with some modifications.
The ten leaf discs (1cm in diameter) were placed in
50 ml autoclave vials, rinsed three times with 20 ml
of distilled water to remove the electrolytes released
during leaf disc excision. Vials were then filled
with 20 ml of distilled water and were incubated
at room temperature on shaker at 100 rpm for 24
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Fig. 1. Effect of 24-Epibrassinoloid application on root and shoot length of thermo-tolerant and thermo-sensitive okra

genotypes.

hours. Electrical conductivity (EC)) of the shaking
solution was determined at the end of incubation
period. After the measurement of EC , tubes were
autoclaved at 120 °C for 15 mints and the electrical
conductivity (EC,) was measured followed by their
cooling at room temperature. Electrolyte leakage
was calculated as percentage of EC /EC,.

2.5 Statistical Design and Analysis

The experiment was laid out under Completely
Randomize Design (CRD) with five replications.
There were five pots per replicate. The data were
analysed by standard statistical procedures as
described by Gomez and Gomez [25]. Tukey
HSD test was used to evaluate the significance of
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Fig. 2. Effect of 24-Epibrassinoloid application on fresh and dry weight of thermo-tolerant and thermo-sensitive okra

genotypes.

differences between the treatments at P < 0.05 (n
= 5). Data were analyzed using statistical package
STATISTIX 8.1.

3. RESULTS

The data regarding thermo-tolerant and thermo-

sensitive okra genotypes showed an increase in
plants growth through the foliar application of
24-epibrassinoloid at 40 °C. The thermo-tolerant
okra cultivar Sabaz pari showed greater increase
in root and shoot length 48.67 % and 51.68 %,
respectively. Thermo-sensitive okra genotype
click-5769 and MF-03 showed least increase in root
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Fig. 3. Effect of 24-Epibrassinoloid application on leaf area and photosynthesis efficiency of thermo-tolerant and

thermo-sensitive okra genotypes.

and shoot length 26.28% and 36.19% respectively
wit foliar application of 1.5 uM 24-epibrassinoloid
as compared to control (Fig. la, 1b). Foliar
application of 24-epibrassinoloid enhanced the
fresh and dry weigh of thermo-tolerant and thermo-
sensitive okra plants but a greater increase in fresh
and dry weigh 49.97% and 51.80% respectively

was observed in thermo-tolerant okra genotypes
Sabaz pari. The least increase in plant fresh weight
26.16 % was observed in thermo-sensitive genotype
MF-03 while, plant dry weigh was observed lower
25.61 % in Click-5769 at 1.5 uM foliar application
of 24-epibrassinoloid as compared to control (Fig.
2a, 2b).
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Fig. 4. Effect of 24-Epibrassinoloid application on chlorophyll content and photochemical efficiency of PS II (Fv/Fm)

of thermo-tolerant and thermo-sensitive okra genotypes.

Leaf area and photosynthesis rate was observed
higher in thermo-tolerant okra genotype Sabaz pari
43.41 % and 48.79 % respectively, whereas it was
increased least 33.43 % and 27.31 % in thermo-
sensitive okra genotypes click-5769 and MF-03
respectively, as compared to control plants (Fig. 3).

Chlorophyll contents and photochemical

efficiency of PS II was increased in both thermo-
tolerant and thermo-sensitive okra genotypes
with increasing the concentration of foliar
24-epibrassinoloid. In comparison with control
the greater increase in chlorophyll contents and
photochemical efficiency of PS 1144.26 % and 40.18
% respectively was observed in thermo-tolerant
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Fig. 5. Effect of 24-Epibrassinoloid application on electrolyte leakage of thermos-tolerant and thermos-sensitive okra

genotypes.

okra genotype Sabaz pari. The least increase in
chlorophyll contents and photochemical efficiency
of PS II 24.33 % and 29.35 % respectively, was
observed in thermo-sensitive MF-03 and click-5769
respectively (Fig. 4a, 4b).

In case of electrolyte leakage thermo-sensitive
okra genotypes showed less reduction i.e. 26.60
% in electrolyte leakage. Thermo-tolerant green
wonder showed higher reduction i.e. 43.28 % in
electrolyte leakage in response to foliar application
of 1.5 uM foliar application of 24-epibrassinoloid
and compared with control (Fig. 5).

4. DISCUSSION

Plants growth regulators (PGR) can promote
and inhibit the growth of plants depending upon
the concentration of PGR used on plants. For
example, auxin is a plant growth promoter at its
lower concentration but it can be a weedicide when
applied with a higher concentration on plants [26].
In our study, different levels of 24-epibrassinoloid
(24-EBL) were tested to find a super optimal dose

of 24-EBL for the growth of thermo-tolerant and
thermo-sensitive okra genotypes screened from
a preliminary experiment (data not shown). The
results showed that under the varying concentrations
of foliar applied 24-EBL plant growth was
promoted in both thermo-tolerant and thermo-
sensitive okra genotypes. The greater increase in
growth parameters like root and shoot length, plant
fresh and dry weigh and leaf area was observed in
thermo-tolerant genotypes as compared to thermo-
sensitive okra cultivars. This increase in okra plants
growth was observed maximum under at 1.25 uM
and 1.5 uM concentration of 24-EBL. The thermos-
tolerant okra genotypes showed greater increase
in plant growth due to their better adoptability
under high temperature conditions as compared to
thermo-sensitive okra genotypes, and high ability
to absorb 24-EBL for improving their secondary
metabolic activities which help them to grow better
under high temperature conditions. El-Bassiony
et al. [27] found that foliar application of 25 and
50 ppm of brassinosteroid increase the growth in
snap bean plant under high temperature stress
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conditions. Similarly, Kumar et al. [28] reported that
foliar application of 24-EBL promote growth and
antioxidant enzyme activities in mustard (Brassica
Jjuncea) at seedling stage, and the foliar application
of 24-EBL can increase plant’s tolerance under
heat-induced oxidative damage.

Thermal or high temperature stress affect
the rate of photosynthesis rate and chlorophyll
contents in plants that effect their growth and
reduces productivity of plant [29-30] through the
production of reactive oxygen species the cause
oxidative damage in plants [31-32]. In response
of stress, plants modify their morphological,
physiological and metabolic activities through
producing compatible solutes, maintaining cell
turgor by osmotic adjustment, and regulating the
antioxidant system to re-establish the cellular
redox balance and homeostasis [33-34]. One of the
change in plant physiological activities under high
temperature stress conditions is that they reduce
their photosynthesis activities to coop the adverse
effects of thermal stress [35-36], similarly, Yang et
al. [37] reported reduction in photosynthesis and
chlorophyll contents occur in plants under high
temperature conditions, whereas thermos-tolerant
cultivars shows less reduction in photosynthesis
rate, chlorophyll contents, and stomatal conductance
under high temperature stress, and exhibit more
plant growth than thermo-sensitive plant genotypes.
In our study, reduction of photosynthesis rate was
observed higher in thermo-sensitive okra cultivars
as compared to thermo-tolerant cultivars due to their
less ability to withstand under high temperature
conditions. However, the foliar application of
24-EBL improved the photosynthesis rate and
chlorophyll contents in both thermo-tolerant and
thermo-sensitive okra genotypes, but thermo-
tolerant okra cultivars responded more better than
thermo-sensitive genotypes at all levels of 24-EBL
application. Whereas, foliar application of 1.5 uM
of 24-EBL was observed more effective than other
levels of 24-EBL. Which may be due to greater
production of antioxidant enzymes, osmolytes (not
studies in this experiment) and suppressing the
effect of ROS activity in okra plants.

Thermal stress causes cell membrane injury in
plants due to lipid per oxidation and denaturation of

proteins structure [38] that may cause reduction in
plants growth, early wilting and death of plants under
high temperature conditions [39]. The application
of hormones and PGR can cause a reduction of
adverse effect of stress in plants by modulating
there metabolic activities under stressed conditions
[40-41]. In our study, 1.5 uM foliar application of
24-EBL reduced the cell membrane injury more
in thermo-tolerant okra genotypes as compared to
thermo-sensitive genotype. Hasanuzzaman et al.
[41] reported that exogenous application of plant
growth promoting substances help to reduce the
adverse effect of heat stress on plants through their
growth promoting and antioxidant abilities. Similar
results had also been reported by Kumar et al. [28],
Miura et al. [42], Balal et al. [43] in chickpea,
Arabidopsis and cucumber respectively. Wise et al.
[44] and Yin et al. [45] reported that photochemical
efficiency of PS II become reduced under plant’s
stress conditions, whereas, foliar application of PGR
can improve the chlorophyll florescence in plants
[46]. In our study, photochemical efficiency of PS
IT was observed more under the foliar application of
1.5 uM 24-EBL in thermo-tolerant okra genotypes
as compared to thermo-sensitive genotypes under
the same level of 24-EBL foliar application. On
the basis of above information, it can be concluded
that foliar application of 1.5 uM 24-EBL can
promote the growth of okra plants by promoting
growth, photosynthesis, chlorophyll contents,
photochemical efficiency of PS II and reducing the
electrolyte leakage under high temperature stress
conditions.

5. CONCLUSIONS

Under high temperature conditions foliar spray of
24-EBL improved growth of both thermo-tolerant
(cv. Sabaz pari and Green wonder) as well as
thermo-sensitive (cv. MF-03 and Click-5769) okra
genotypes. With foliar application of 1.5 uM 24-
EBL increase in plant growth and physiological
traits of thermo-tolerant genotypes was greater
compared with thermo-sensitive genotypes.
Therefore, under high temperature conditions,
foliar sparys of 1.5 uM 24-EBL may be applied to
enhance thermo-tolerance in okra crop.



6.

The

Brassinosteroid-induced Heat-tolerance in Okra

ACKNOWLEDGEMENTS

authors acknowledge the Higher Education

Commission of Pakistan for financial assistance for
this investigation through video project No. 20-2315/

NRPU/R&D/HEC/12.
7. REFERENCES
1. Verma, V., R. Pratibha & PK. Prakash Plant

10.

11.

hormone-mediated regulation of stress responses.
BMC Plant Biology 86, doi: 10.1186/s12870-016-
0771-y (2016).

Ahmad, P. & M.N.V. Prasad. Abiotic Stress
Responses in Plants: Metabolism, Productivity
and Sustainability. Springer, New York, NY, USA
(2012).

Ghosh, D. & J. Xu. Abiotic stress responses in plant
roots: a proteomics perspective. Frontier in Plant
Sciences 5: 6, doi: 10.3389/fpls.2014.00006 (2014).
Rigal, A., M. Qian, & R. Stéphanie. Unraveling
plant hormone signaling through the use of small
molecules. Front of Plant Science-Plant Physiology,
doi: 10.3389/fpls.2014.00373 (2014).

Wania, S.H., K. Vinay, S. Varsha & K.S. Saroj.
Phytohormones and their metabolic engineering
for abiotic stress tolerance in crop plants. The Crop
Journal 4: 162-176 (2016).

Kumar, S., R. Kaur, N. Kaur, K. Bhandhari, N.
Kaushal, K. Gupta, T.S. Bains & H. Nayyar. Heat-
stress induced inhibition in growth and chlorosis
in mungbean (Phaseolus aureus Roxb.) is partly
mitigated by ascorbic acid application and is related
to reduction in oxidative stress Acta Physiologiae
Plantarum 33: 2091-2101 (2011).

Kotak, S., J. Larkindale, U. Lee, P. Koskull-Déring,
E. Vierling & K.D. Scharf. Complexity of the heat
stress response in plants. Current Opinion in Plant
Biology 10: 310-316 (2007).

Hossain, M.A., S. Munemasa, M. Uraji, Y.
Nakamura, I.C. Mori & Y. Murata. Involvement
of endogenous abscisic acid in methyl jasmonate-
induced stomatal closure in Arabidopsis. Plant
Physiology 156(1): 430-438 (2011).

Tahir, M.A., T. Aziz, M. Farooq & G. Sarwar. Silicon-
induced changes in growth, ionic composition,
water relations, chlorophyll contents and membrane
permeability in two salt-stressed wheat genotypes.
Archives of Agronomy and Soil Science 58(3): 247—
256 (2012).

Ashraf, M. & M.R. Foolad. Roles of glycine
betaine and proline in improving plant abiotic stress
resistance. Environment and Experimental Botany
59(2): 206-216 (2007).

Nounjan, N., PT. Nghia & P. Theerakulpisut.
Exogenous proline and trehalose promote recovery

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

215

of rice seedlings from salt-stress and differentially
modulate antioxidant enzymes and expression of
related genes. Journal of Plant Physiology 169(6):
596-604 (2012).

Saxena, S.C., K. Harmeet, V. Pooja, P.P. Bhanu,
R.A. Venkateswara & M. Manoj. Osmoprotectants:
potential for crop improvement under adverse
conditions, in Plant Acclimation to Environmental
Stress, p. 197-232, Springer, New York, NY, USA
(2013).

Hasanuzzaman, M., A.M. Mahabub, R. Anisur,
M. Hasanuzzaman, N. Kamrun & F. Masayuki.
Exogenous proline and glycine betaine mediated
upregulation of antioxidant defense and glyoxalase
systems provides better protection against salt-
induced oxidative stress in two rice (Oryza sativa
L.) varieties. BioMed Research International
Article 1D 757219, 17 pages, http://dx.doi.
org/10.1155/2014/757219 (2014).

Ahmad, P., C.A. Jaleel, M.A. Salem, G. Nabi &
S. Sharma. Roles of enzymatic and nonenzymatic
antioxidants in plants during abiotic stress. Critical
Reviews in Biotechnology 30(3): 161-175 (2010).
Seeta, S., R. Ram, B.V. Vidya, E. Sujatha & S.
Anuradha. Brassinosteroids- A new class of
phytohormones, Current Science 82(10): 1239-
1245 (2002).

Khripach, V., Z. Vladimir & D.G. Aede. Twenty
Years of Brassinosteroids: Steroidal Plant Hormones
Warrant Better Crops for the XXI Century. Annual
of Botany 86: 441-447 (2000).

Igbal, M.A. Role of Moringa, Brassica and Sorghum
Water Extracts in Increasing Crops Growth and
Yield: A Review. American-Eurasian Journal of
Agriculture and Environmental Sciences 14 (11):
1150-1158 (2014).

Yadava, P., J. Kaushal, A. Gautam, H. Parmar &
I. Singh. Physiological and biochemical effects
of 24-epibrassinolide on heat-stress adaptation in
maize (Zea mays L.). Natural Science 8: 171-179
(2016).

Bojjam, V.V. & A.A. Naser. Brassinosteroids make
plant life easier under abiotic stresses mainly by
modulating major components of antioxidant
defense system. Frontier in Plant Sciences- Environ
Sciences Environmental Toxicology 2: 67, doi:
10.3389/fenvs.2014.00067 (2015).

Jin, SH., X.Q. Li, G.G. Wang & X.T. Zhu
Brassinosteroids alleviate high-temperature injury
in Ficus concinna seedlings via maintaining higher
antioxidant defense and glyoxalase systems. AoB
Plants 7: 009; doi:10.1093/aobpla/plv009 (2015).
Indian Horticulture Database (IHD). Accessed
through agriexchange apeda.gov.in dated; 1/3/2017
(2011).

IPCC. Summary for Policy Makers Climate Change



216

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Muhammad Wajid Khan et al

2013: The Physical Science Basis. Contribution of
Working Group I to the Fifth Assessment Report of
the Intergovernmental Panel on Climate Change,
Stocker, Qin T. F., Plattner, D., Tignor, G-K, Allen,
M., Boschung, S. K., and Naue, J. Cambridge, UK
and New York, NY, USA (2013). https://www.ipcc.
ch/report/ars/

Yu, J.Q., YH. Zhou & L.F. Huang. Effects of
stimulated acid precipitation on photosynthesis,
chlorophyll fluorescence, and antioxidative enzymes
in Cucumis sativus L. Photosynthetica 40(3): 331—
335 (2002).

Shi, Q., Z. Bao, Z. Zhu, Q. Ying & Q. Qian. Effects
of different treatments of salicylic acid on heat
tolerance, chlorophyll fluorescence, and antioxidant
enzyme activity in seedlings of Cucumis sativa L.
Journal of Plant Growth Regulation 48: 127-135
(20006).

Gomez, K. A & A.A. Gomez. Statistical Procedures
for Agricultural Research, 2nd ed. John 430 Wiley
and Sons, New York (1984).

Manisha, M. Auxins: History, Bioassay, Function and
Uses. Accessed on http://www.biologydiscussion.
com/plant-physiology-2/plant-hormones/auxins-
history-bioassay-function-and-uses/44757 at 6;02
pm dated 23/2/2017 (2017).

El-Bassiony, A.M., A.A. Ghoname, M.E. El-Awadi,
Z.F. Fawzy & N. Gruda. Ameliorative effects of
brassinosteroids on growth and productivity of
snap beans grown under high temperature. Gesunde
Pflanzen 64: 175-182 (2012).

Kumar, S.,N. Kaushal, H. Nayyar & P. Gaur. Abscisic
acid induces heat tolerance in chickpea (Cicer
arietinum L.) seedlings by facilitated accumulation
of osmoprotectants. Acta Physiologiae Plantarum
34: 1651-1658 (2012).

Nagarajan, S., S. Jagadish, A. Prasad, A. Thomar,
A. Anand, M. Pal & P.K. Agarwal. Local climate
affects growth, yield and grain quality of aromatic
and non-aromatic rice in northwestern India.
Agriculture Ecosystem and Environment 138: 274—
281 10.1016/j.agee.2010.05.012 (2010).

Sharkey, T.D. & R. Zhang. High temperature effects
on electron and proton circuits of photosynthesis.
Journal of Integrative Plant Biology 52(8): 712—722
(2010).

Hasanuzzaman, M., M.A. Hossain, J.A.T. Silva &
M. Fujita. Plant responses and tolerance to abiotic
oxidative stress: antioxidant defenses is a key factor,
In: Crop Stress and Its Management: Perspectives
and Strategies, V. Bandi, A. K. Shanker, C. Shanker,
& M. Mandapaka (Ed.). Springer, Berlin, p. 261—
316 (2012).

Hasanuzzaman, M., K. Nahar & M. Fujita. Extreme
temperatures, oxidative stress and antioxidant
defense in plants. In: Abiotic Stress-Plant Responses

33.

34.

35.

36

37.

38.

39.

40.

41.

42.

43.

and Applications in Agriculture, K. Vahdati and C.
Leslie (Ed.). InTech, Rijeka, p. 169-205 (2013).
Valliyodan, B., & H.T. Nguyen. (2006).
Understanding regulatory networks and engineering
for enhanced drought tolerance in plants. Current
Opinion in Plant Biology 9: 189-195. (2006).
Janska, A., P. Marsik, S. Zelenkova & J. Ovesna.
Cold stress and acclimation: what is important for
metabolic adjustment? Plant Biology 12: 395-405
(2010).

Shah, N. & G. Paulsen. Interaction of drought and
high temperature on photosynthesis and grain-filling
of wheat. Plant and Soil 257: 219-226 (2003).
Scafaro, A.P., PA. Haynes & B.J. Atwell
Physiological and molecular changes in Oryza
meridionalis Ng. A heat-tolerant species of wild
rice. Journal of Experimental Botany 61(1):191—
202 (2010).

Yang, J., R. Sears, B. Gill, G. Paulsen. Quantitative
and molecular characterization of heat tolerance in
hexaploid wheat. Euphytica 126: 275-282 (2002).
Horvath, 1., A. Glatz, H. Nakamoto, M.L. Mishkind,
T. Munnik, Y. Saidi, P. Goloubinoff, J.L. Harwood
& L. Vigh. Heat shock response in photosynthetic
organisms: membrane and lipid connections.
Progress in Lipid Research 51(3): 208-20 (2012).
Kaushal, N., B. Kalpna, HM.S. Kadambot & N.
Harsh. Food crops face rising temperatures: An
overview of responses, adaptive mechanisms, and
approaches to improve heat tolerance. Cogent Food
& Agriculture 2: 1134380. http://dx.doi.org/10.1080
/23311932.2015.1134380 (2016).

Hasanuzzaman, M., S.S. Gill & M. Fuyjita.
Physiological role of nitric oxide in plants grown
under adverse environmental conditions. In: Plant
Acclimation to Environmental Stress, N. Tuteja, S.S.
Gill (Ed.). Springer, New York, NY, USA, p. 269—
322 (2013a).

Hasanuzzaman, M., K. Nahar & M. Fujita. Plant
response to salt stress and role of exogenous
protectants to mitigate salt-induced damages. In:
Ecophysiology and Responses of Plants under Salt
Stress, Ahmad, P., Azooz, M.M., Prasad, M.N.V.
(Ed.). Springer, New York, NY, USA, p. 25-87
(2013b).

Miura, K., H. Okamoto, E. Okuma, H. Shiba,
H. Kamada, P.M. Hasegawa & Y. Murata . SIZ1
deficiency causes reduced stomatal aperture and
enhanced drought tolerance via controlling salicylic
acid-induced accumulation of reactive oxygen
species in Arabidopsis. Plant Journal 49: 79-90
(2013).

Balal, RM., M.A. Shahid, M.M. Javed, Z. Igbal,
M.A. Anjum, F. Garcia-Sanchez & N.S. Mattson.
The role of selenium in amelioration of heat-
induced oxidative damage in cucumber under high



44,

45.

Brassinosteroid-induced Heat-tolerance in Okra

temperature stress. Acta Physiologiae Plantarum
38: 158, doi10.1007/s11738-016-2174-y (2016).
Wise, R., A. Olson, S. Schrader & T. Sharkey.
Electron transport is the functional limitation of
photosynthesis in field-grown pima cotton plants at
high temperature. Plant Cell and Environment 27:
717-724 (2004).

Yin, Y., S. Li, W. Liao, Q. Lu, X. Wen & C. Lu.
Photosystem II photochemistry, photoinhibition,

46.

217

and the xanthophyll cycle in heat-stressed rice
leaves. Journal of Plant Physiology 167: 959-966
(2010).

Maghsoudi, K., E. Yahya & A. Muhammad.
Influence of foliar application of silicon on
chlorophyll fluorescence, photosynthetic pigments,
and growth in water-stressed wheat cultivars
differing in drought tolerance. Turkish Journal of
Botany 39: 625-634 (2015).



