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Extended Abstract

1. Introduction: High temperature is a significant non-living stressor that inflicts considerable damage on
the agricultural sector, particularly in vegetable production. The ability of plants to endure extreme
temperatures involves complex physiological processes enabling survival under typically lethal
conditions. Enhancing the intrinsic defense mechanisms of plants to cope with adverse environments is a
crucial focus in the realm of biotechnology. In this context, the use of exogenous protectants, such as
brassinosteroids, emerges as a promising strategy for improving plant resilience.

2. Materials and Methods: The present research was conducted in the greenhouse of Isfahan University of
Technology's horticulture department on Brussels sprouts plants (var. Long Island), using a factorial
design in a completely randomized layout with three replications. The aim was to investigate the effect
of brassinosteroid sources on Brussels sprouts under temperature stress. The factors included two
temperature regimes (25+2°C and 40+2°C) and three levels of brassinosteroid sources: distilled water
(C), brassinosteroid (Br), and nano-brassinosteroid (N-Br) at a concentration of 1 uM. The seeds were
planted in culture trays containing a mixture of coco peat and perlite in a 1:1 volume ratio. After the
seedlings reached the 4-leaf stage, they were sprayed with 500 ml of distilled water (control), 1 uM Br,
and 1 pM N-Br three times per week until the 6-leaf stage. Then, they were kept in greenhouse conditions
with a temperature of 25+2°C, relative humidity of 75%, and 8 hours of darkness and 16 hours of light,
respectively. Subsequently, the treatment groups were transferred to the incubator at 40+2°C under the
same light, temperature, and humidity conditions as the greenhouse, except for a 6-hour heat stress at
4042°C. At the end of the research, some characteristics of Brussels sprouts were measured.

3. Results and Discussion: The results obtained from the interaction effects of temperature regimes and
brassinosteroid sources showed that shoot fresh weight, root fresh weight, and number of leaves decreased
at 40°C compared to 25°C. Maximum length of the stem in both temperature regimes was observed in
the control and Br treatment. Brassinosteroids, as signaling molecules, regulate both cell division and
expansion. In general, the amount of proline, flavonoid, and abscisic acid increased at 40°C compared to
25°C, but no significant difference was observed between Br sources. Intracellular carbon dioxide
increased at 40°C compared to 25°C, and the highest internal CO; of stomata was observed in Br
treatment compared to control and N-Br in both temperature regimes. Stomatal conductance and
transpiration rate increased in both temperature regimes in the control treatment compared to Br and N-
Br. When the plants had more open stomata, they had more chances for internal CO» of stomata to enter
the leaves and thus increased the rate of photosynthesis by 73% compared to the control treatment, which
caused improved relative water content, internal CO, of stomata, and the activity of antioxidant enzymes
under heat stress. Brassinosteroids improve osmotic regulation, which enhances turgor pressure and
regulation of stomatal conductance in plants under stress conditions. The highest amount of electrolyte
leakage at 40°C was observed in the control treatment, and the lowest amount was observed in the
treatment with N-Br. The activity of antioxidant enzymes increased at 40°C with Br and N-Br treatment
compared to the control. Because Brassinosteroids act as secondary messengers to induce the antioxidant
defense system under stress conditions, as a result, plants can effectively eliminate reactive oxygen
species (ROS) in stressed plants. Moreover, by stabilizing photosynthetic pigments and preserving
chloroplast ultrastructure, BRs help maintain electron transport efficiency and reduce photoinhibition
under high temperature. This coordinated modulation of gas exchange, osmolyte accumulation, and redox
homeostasis ultimately translates into higher biomass retention, lower membrane damage, and improved
recovery capacity after heat episodes.

4. Conclusion: The Br treatment plays an important role in improving the growth of plants and increasing
their resistance to high temperatures. At high temperatures, the electrolyte leakage and malondialdehyde,
which are important traits of stress, increased, but Br decreased these traits by increasing the activity of
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antioxidant enzymes. In addition, Br was able to improve the relative water content of leaves and the rate
of photosynthesis by increasing root length under temperature stress conditions. The N-Br could not
significantly improve the growth and resistance of plants compared to Br.
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Figure 1- Effect of temperature regimes and sources of brassinosteroid on the growth characteristics of
Brussels cabbage. The error bars are drawn based on the standard error and means followed by the same
letters are not significantly different according to the LSD test (p<0.05).
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Figure 2- Effect of temperature regimes and sources of brassinosteroid on some photosynthesis
characteristics of Brussels cabbage. The error bar is drawn based on the standard error, and means
followed by the same letters are not significantly different according to the LSD test (p<0.05).
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Figure 3- Effect of temperature regimes and sources of brassinosteroid on some physiological

characteristics of Brussels cabbage. The error bars are drawn based on the standard error, and means
followed by the same letters are not significantly different according to the LSD test (p<0.05).
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Figure 4- Effect of temperature regimes and sources of brassinosteroid on the enzyme activity of Brussels
cabbage. The amount of error bar is drawn based on the standard error, and means followed by the same
letters are not significantly different according to the LSD test (p<0.05).
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Table 2- The difference in phenolic and flavonoid compounds content at high temperature compared to
the optimal temperature of Brussels in the treatment with different brassinosteroid sources.

(Compounds) LS 5 (C) sals Br) oy nlginly N-BI) ausg ulgionl 46

(S 09 )5 Ve pp)S shes) Sl SIgd
Phenolic acid (mg.100 g' DW)

Sl SUE 10.629+0.096 14.781+0.131 10.720+0.097
Gallic acid
Sl S559,08° 8.864+0.064 12.669+0.116 7.548+0.062
Chlorogenic acid
SeLl 8.849+0.074 12.5504+0.115 7.520+0.062
Vanillic
Aol 28l 8.872+0.076 12.815+0.117 7.561+0.063
Caffeic acid
s, 11.691+0.107 17.012+0.141 12.628+0.1117
Rutin
Al S legS—0 9.384+0.083 13.868+0.122 8.481+0.074
P-Coumaric acid
el 25.475+0.152 25.439+0.152 37.398+0.170
Catechines
S8 8.849+0.074 12.550+0.115 7.520+0.063
Ferulic
SS9k 8.872+0.076 12.815+0.117 7.561+0.064
Benzoic
CinlST 11.691+0.105 17.01240.141 12.628+0.116
Acacetin
JoIS g 13.105+0.120 13.727+0.121 15.168+0.140
Pyrogallol
IS TS 11.737+0.107 14.988+0.131 12.710+0.117
Genistein
Sl ol 11.408+0.104 25.688+0.154 12.120+0.110
Cinnamic acid
obesS 8.467+0.071 14.366+0.130 6.834+0.060
Coumarin
eyl 8.497+0.072 12.550+0.115 6.889+0.061
Luteolin
(Saz 055 Vo 0 p)S ko) adgigdld
Flavonoid (mg.100 g”! DW)
Oy 35S 14.888+0.132 6.899+0.061 8.468+0.071
Quercetin
Jo yinsls 2.867+0.021 3.541+0.031 2.770+0.021
Kaempferol
Oy 2.476+0.020 3.249+0.031 1.929+0.018
Myricetine

a3 oo slid age gloo b avolie jo YL sles jo 1) a5eigdd 5 Joid (slgiome (y Dglas aosls
The data show the difference between phenol and flavonoid content at high temperatures compared with the

optimum temperature.
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Table 3- The difference in amino acid content at high temperature compared to the optimal temperature
of Brussels in the treatment with different brassinosteroid sources.

GosspS Vo ppsS ke ansl slaogsl aals A5 g ol gl o 959yl gil o il
Amino acid (mg.100 g' FW) C Br N-Br

1058 gm aial slaognl JS -2.248 £0.022 3.289 +0.031 3.634 +£0.033
Total sulphur amino acids

e arl slaagul JS -2.973 £0.024 3.850 +£0.036 4.200 +0.040
Total aromatic amino acids

690 dial slaogul JS -3.093 +0.030 3.928 +0.037 4361 +0.041
Total essential amino acids

S 30yl il slaanl JS -35.070 £0.165 47.824 +0.180 48.031 +0.180

Total non-essential amino acids
ael slaaal J5 -63.300 +0.188 90.550 +£0.193 88.340 £0.192

Total amino acids

G 1y YU glos po aralonl (2alS aie aes o lid aigy sloo b aslio 10 1, Vb sled 1o aisal (glaaul slyiss oy <glas laools

B0 oo LS gy sles 4
The data shows the difference between amino acid content at high temperatures compared with optimum temperature. Minus
shows the decrease in amino acid in high temperatures compared with the optimum temperature
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Figure 5- Principal component analysis (PCA) plot of the effect of temperature regimes and
brassinosteroid sources on morphological, physiological and biochemical traits of Brussels sprouts.
Treatments included two levels of temperature regime (25+2 and 40+2°C) and three levels of
brassinosteroid sources (distilled water (C), brassinosteroid (Br) and nano-brassinosteroid (N-Br).



VoY \F+0 QLMDSJLQ‘J Al G)Lmi) AR 099 AL JL»: alk‘_g}f.m p}Lchcmul.a.éso

References

Ahmad Lone, W., Majeed, N., Yaqoob, U. &
John, R. (2022). Exogenous brassinosteroid
and jasmonic acid improve drought
tolerance in Brassica Rapa L. genotypes by
modulating osmolytes, antioxidants and
photosynthetic system. Plant Cell Reports,
41, 603-617.
https://doi.org/10.1007/s00299-021-02763-
9

Ahuja, 1., de Vos, R.C.H., Bones, A.M. & Hall,

R.D. (2010). Plant molecular stress
responses face climate change. Trends in
Plant Science, 15, 664-674.

https://doi.org/10.1016/].tplants.2010.08.00
2

Ali, S., Rizwan, M., Arif, M.S., Ahmad, R.,
Hasanuzzaman, M., Ali, B. & Hussain, A.
(2020).  Approaches in  enhancing
thermotolerance in plants: An updated
review. Journal of Plant Growth Regulation,
39, 456-480.
https://doi.org/10.1007/s00344-019-09994-
X

Bajji, M., Kinet, J.M. & Lutts, S. (2002). The
use of the electrolyte leakage method for
assessing cell membrane stability as a water
stress tolerance test in durum wheat. Journal
of Plant Growth Regulation, 36, 61-70.
https://doi.org/10.1023/A:1014732714549

Bates, L.S., Waldram, R.P. & Teare, LP.
(1973). Rapid determination of free proline
for water studies. Plant and Soil, 39, 205-
208. https://doi.org/10.1007/BF00018060

Ben Rejeb, K., Abdelly, C. & Savouré, A.
(2012). Proline, a multifunctional amino-

acid involved in plant adaptation to
environmental constraints. Biologie
Aujourd'hui, 206, 291-299.

https://doi.org/10.1051/jbio/2012030
Bjorkman, T. & Pearson, K.J. (1998). High
temperature  arrest of  inflorescence
development in broccoli (Brassica oleracea
var. italica L.). Journal of Experimental
Botany, 49, 101-106.
https://doi.org/10.1093/jxb/49.318.101
Bradford, M.M. (1976). A rapid and sensitive
method for the quantitation of microgram
quantities of protein utilizing the principle of

> 9 (59 S
protein-dye binding. Analytical
Biochemistry, 72, 248-254.

https://doi.org/10.1006/abi0.1976.9999

Branham, S.E., Stansell, Z.J., Couillard, D.M.
& Farnham, M.W. (2017). Quantitative trait
loci mapping of heat tolerance in broccoli
(Brassica oleracea var. italica) using
genotyping-by-sequencing. Theoretical and
Applied Genetics, 130, 529-538.
https://doi.org/10.1007/s00122-016-2832-x

Buege, J.A. & Aust, S.D. (1978). Microsomal
lipid peroxidation. Methods in Enzymology,
52, 302-310. https://doi.org/10.1016/s0076-
6879(78)52032-6

Chaiwanon, J. & Wang, Z.Y. (2015).
Spatiotemporal brassinosteroid signaling
and antagonism with auxin pattern stem cell
dynamics in Arabidopsis roots. Current
Biology, 25, 1031-1042.
https://doi.org/10.1016/j.cub.2015.02.046

Chaves, F.J.T. & Seraphin S.E. (2001). Change
in osmotic potential and  soluble
carbohydrates levels in Solanum lycocarpum
St.-Hil. In response to water stress. Brazilian

Journal  of  Botany, 24, 199-204.
https://doi.org/10.1590/S0100-
84042001000200010

Farnham, M.W. & Bjorkman, T. (2011).
Breeding vegetables adapted to high
temperatures: a case study with broccoli.
HortScience, 46, 1093-1097.
https://doi.org/10.21273/HORTSCI.46.8.10
93

Fisher, R.A., Rees, D., Sayre, K.D., Lu, Z.M.,
Candon, A.G. & Saavedra, A.L. (1998).
Wheat yield progress associated with higher
stomatal conductance and photosynthetic
rate, and cooler canopies. Crop Science, 38,
1467-1475.
https://doi.org/10.2135/cropscil998.001118
3X003800060011x

Giines, A., Kordali, S., Turan, M. & Usanmaz
Bozhiiyiik, A. (2019). Determination of
antioxidant enzyme activity and phenolic
contents of some species of the Asteraceae
family from medicinal plants. Industrial
Crops and Products, 137, 208-213.



https://doi.org/10.1007/s00299-021-02763-9
https://doi.org/10.1007/s00299-021-02763-9
https://doi.org/10.1016/j.tplants.2010.08.002
https://doi.org/10.1016/j.tplants.2010.08.002
https://doi.org/10.1007/s00344-019-09994-x
https://doi.org/10.1007/s00344-019-09994-x
https://doi.org/10.1023/A:1014732714549
https://doi.org/10.1007/BF00018060
https://doi.org/10.1051/jbio/2012030
https://doi.org/10.1093/jxb/49.318.101
https://doi.org/10.1006/abio.1976.9999
https://doi.org/10.1007/s00122-016-2832-x
https://doi.org/10.1016/s0076-6879(78)52032-6
https://doi.org/10.1016/s0076-6879(78)52032-6
https://doi.org/10.1016/j.cub.2015.02.046
https://doi.org/10.1590/S0100-84042001000200010
https://doi.org/10.1590/S0100-84042001000200010
https://doi.org/10.21273/HORTSCI.46.8.1093
https://doi.org/10.21273/HORTSCI.46.8.1093
https://doi.org/10.2135/cropsci1998.0011183X003800060011x
https://doi.org/10.2135/cropsci1998.0011183X003800060011x

b, i e (Brassica oleracea var. gemmifera) JuuSgp oI5 (595 3 9uig yiwlgiom y cilizo olio ;3G 1oF

https://doi.org/10.1016/].indcrop.2019.05.0
42

Guo, T., Gull, S., Ali, M.M., Yousef, A.F.,
Ercisli, S., Kalaji, H.M., Telesinski, A.,
Auriga, A., Wroébel, J., Radwan, N.S. &
Ghareeb, R.Y. (2022). Heat stress mitigation
in tomato (Solanum lycopersicum L.)
through foliar application of gibberellic acid.
Scientific Reports, 12, 11324.
https://doi.org/10.1038/s41598-022-15590-
z

Haghighi, M. & Abolghasemi, R. (2019). The
effect of high and low temperature stress on
growth, photosynthesis and antioxidant
activity in the vegetative growth stage of
tomato. Journal of Vegetables Sciences, 3,
53-65. (In Persian).
https://doi.org/10.22034/iuvs.2019.32822

Halaji, B., Haghighi, M., Amiri, A. & Kappel,
N. (2023). Effects of potassium and
nanocapsule of potassium on pepper growth
and physiological changes in high-
temperature stress. Journal of Soil Science
and Plant Nutrition, 23, 6317-6330.
https://doi.org/10.1007/s42729-023-01486-
y

Hasanuzzaman, M., Nahar, K., Alam, M. M.,
Roychowdhury, R. & Fuyjita, M. (2013).
Physiological, biochemical, and molecular
mechanisms of heat stress tolerance in
plants. International Journal of Molecular
Sciences, 14, 9643-9684.
https://doi.org/10.3390/ijms 14059643

Jahan, M.S., Guo, S., Sun, J., Shu, S., Wang, Y.,
El-Yazied, A.A., Alabdallah, N.M., Hikal,
M., Mohamed, M.H.M., Ibrahim, M.F.M. &
Hasan, M.M. (2021). Melatonin-mediated
photosynthetic performance of tomato
seedlings under high-temperature stress.
Plant Physiology and Biochemistry, 167,
309-320.
https://doi.org/10.1016/].plaphy.2021.08.00
2

Javed, R., Usman, M., Yiicesan, B., Zia, M. &
Girel, E. (2017). Effect of zinc oxide (ZnO)
nanoparticles on physiology and steviol
glycosides production in micropropagated
shoots of Stevia rebaudiana Bertoni. Plant
Physiology and Biochemistry, 110, 94-99.

https://doi.org/10.1016/j.plaphy.2016.05.03
2

Jones, J.B. (2005). Hydroponics: a practical
guide for the soilless grower. CRC Press.

Kaya, C., Ashraf, M., Wijaya, L. & Ahmad, P.
(2019). The putative role of endogenous
nitric oxide in brassinosteroid-induced
antioxidant defence system in pepper
(Capsicum annuum L.) plants under water
stress. Plant Physiology and Biochemistry,
143, 119-128.
https://doi.org/10.1016/j.plaphy.2019.08.02
4

Khamsuk, O., Sonjaroon, W., Suwanwong, S.,
Jutamanee, K. & Suksamrarn, A. (2018).
Effects of 24-epibrassinolide and the
synthetic brassinosteroid mimic on chili
pepper under drought. Acta Physiologiae
Plantarum, 40, 106.
https://doi.org/10.1007/s11738-018-2682-z

Khazaei, Z., Behnamian, M., Dezhsetan, S. &
Estaji, A. (2023). The effect of green zinc
oxide nanoparticles on the physicochemical
properties  of  Ganoderma  lucidum
mushroom. Journal of Vegetables Sciences,
14, 01-24. (In Persian).
https://doi.org/10.22034/IUVS.2023.19723
77.1247

Kim, H.J., Ku, K.M., Choi, S. & Cardarelli, M.
(2019).  Vegetal-derived  biostimulant
enhances adventitious rooting in cuttings of

basil, tomato, and chrysanthemum via
brassinosteroid-mediated processes.
Agronomy, 9, 74.

https://doi.org/10.3390/agronomy9020074
Kishwar, A., Ranjit, S.G., Ram, N., Madhuban,
G. & Aruna, T. (2011). A rapid method for
estimation of  abscisic acid and
characterization of aba regulated gene in
response to water deficit stress from rice.
American Journal of Plant Physiology, 6,
144-156.
https://doi.org/10.3923/ajpp.2011.144.156
Koleva, I.I., van Beek, T.A., Linssen, J.P., de
Groot, A. & Evstatieva, L.N. (2002).
Screening of plant extracts for antioxidant
activity: a comparative study on three testing
methods. Phytochemical Analysis, 13, 8-17.
https://doi.org/10.1002/pca.611



https://doi.org/10.1016/j.indcrop.2019.05.042
https://doi.org/10.1016/j.indcrop.2019.05.042
https://doi.org/10.1038/s41598-022-15590-z
https://doi.org/10.1038/s41598-022-15590-z
https://doi.org/10.22034/iuvs.2019.32822
https://doi.org/10.1007/s42729-023-01486-y
https://doi.org/10.1007/s42729-023-01486-y
https://doi.org/10.3390/ijms14059643
https://doi.org/10.1016/j.plaphy.2021.08.002
https://doi.org/10.1016/j.plaphy.2021.08.002
https://doi.org/10.1016/j.plaphy.2016.05.032
https://doi.org/10.1016/j.plaphy.2016.05.032
https://doi.org/10.1016/j.plaphy.2019.08.024
https://doi.org/10.1016/j.plaphy.2019.08.024
https://doi.org/10.1007/s11738-018-2682-z
https://doi.org/10.22034/IUVS.2023.1972377.1247
https://doi.org/10.22034/IUVS.2023.1972377.1247
https://doi.org/10.3390/agronomy9020074
https://doi.org/10.3923/ajpp.2011.144.156
https://doi.org/10.1002/pca.611

Vel \F+0 QLMDSJLQ‘J Al G)Lmi) AR 099 AL JL»: alk‘_g}f.m p}Lchcmul.a.éso

Kothari, A. & Lachowiec, J. (2021). Roles of
brassinosteroids in mitigating heat stress
damage in cereal crops. [International
Journal of Molecular Sciences, 22, 2706.
https://doi.org/10.3390/ijms22052706

Kumari, A., Kumari, P., Rajput, V.D.,
Sushkova, S.N. & Minkina, T. (2022).
Metal(loid) nanosorbents in restoration of
polluted soils: Geochemical,
ecotoxicological, and remediation
perspectives. Environmental Geochemistry
and Health, 44, 235-246.

https://doi.org/10.1007/s10653-021-00996-
X

Kurepin, L.V., Qaderi, M.M., Back, T.G., Reid,
D.M. & Pharis, R.P. (2008). A rapid effect
of applied brassinolide on abscisic acid
concentrations in Brassica napus leaf tissue
subjected to short-term heat stress. Plant
Growth Regulation, 55, 165-167.
https://doi.org/10.1007/s10725-008-9276-5

Li, X., Zhang, L., Ahammed, G.J., Li, Z.X.,
Wei, J.P., Shen, C., Yan. P., Zhang, L.P. &
Han, W.Y. (2017). Nitric oxide mediates
brassinosteroid-induced flavonoid
biosynthesis in Camellia sinensis L. Journal
of Plant Physiology, 214, 145-151.
https://doi.org/10.1016/].jplph.2017.04.005

Lin, L.Z. & Harnly, J.M. (2010). Phenolic
component profiles of mustard greens, yu
choy, and 15 other brassica vegetables.
Journal of Agricultural and Food
Chemistry, 58, 6850-6857.
https://doi.org/10.1021/f1004786

Lisiewska, Z., Kmiecik, W. & Korus, A.
(2008). The amino acid composition of kale
(Brassica oleracea L. var. acephala), fresh
and after culinary and technological
processing. Food Chemistry, 108, 642-648.
https://doi.org/10.1016/j.foodchem.2007.11
.030

Loh, F.C.W., Grabosky, J.C. & Bassuk, N.L.
(2002). Using the SPAD 502 meter to assess

chlorophyll and nitrogen content of
benjamin fig and cottonwood leaves.
HortTechnology, 12, 682-686.

https://doi.org/10.21273/HORTTECH.12 4.
682

S g (59 S

Lopez-Serrano, L., Canet-Sanchis, G., Vuletin
Selak, G., Pefiella, C., San Bautista, A.,
Lopez-Galarza, S. & Calatayud, A. (2019).
Pepper rootstock and scion physiological
responses under drought stress. Frontiers in

Plant Science, 10, 38.
https://doi.org/10.3389/fpls.2019.00038
Mackova, H., Hronkova, M., Dobra, J.,

TureCkova, V., Novak, O., Lubovska, Z.,
Motyka, V., Haisel, D., Hajek, T., Prasil,
L.T., Gaudinova, A., Storchova, H., Ge, E.,
Werner, T., Schmiilling, T. & Vankova, R.
(2013). Enhanced drought and heat stress
tolerance of tobacco plants with ectopically
enhanced cytokinin oxidase/dehydrogenase
gene expression. Journal of Experimental
Botany, 64, 2805-2815.
https://doi.org/10.1093/jxb/ert131

Maghsoudi, K., Ashrafi Dehkordi, E. &
Mazloumi, S.M. (2021). The role of
brassinosteroids and salicylic acid on
spinach growth and cadmium accumulation
under cadmium stress. Journal of Vegetables
Sciences, 4, 15-33.  (In  Persian).
https://doi.org/10.22034/iuvs.2021.139084.
1125

Maia Junior, S.D.O., Andrade, JR.D.,
Nascimento, R.D., Lima, R.F.D., Bezerra,
C.VD.C. & Ferreira, V.M. (2022).
Brassinosteroid application increases tomato
tolerance to salinity by changing the effects
of stress on membrane integrity and gas
exchange. Acta Scientiarum. Agronomy, 44,
e55647.
https://doi.org/10.4025/actasciagron.v44il.
55647

Manghwar, H., Hussain, A., Ali, Q. & Liu, F.
(2022). Brassinosteroids (BRs) role in plant
development and coping with different
stresses. International Journal of Molecular
Sciences, 23, 1012.
https://doi.org/10.3390%2Fijms23031012

Maxwell, K. & Johnson, G.N. (2000).
Chlorophyll fuorescence a practical guide.
Journal of Experimental Botany, 51, 659-
668. https://doi.org/10.1093/jexbot/51.
345.659

Mazorra, L.M., Holton, N., Bishop, G.J. &
Nufiez, M. (2011). Heat shock response in



https://doi.org/10.3390/ijms22052706
https://doi.org/10.1007/s10653-021-00996-x
https://doi.org/10.1007/s10653-021-00996-x
https://doi.org/10.1007/s10725-008-9276-5
https://doi.org/10.1016/j.jplph.2017.04.005
https://doi.org/10.1021/jf1004786
https://doi.org/10.1016/j.foodchem.2007.11.030
https://doi.org/10.1016/j.foodchem.2007.11.030
https://doi.org/10.21273/HORTTECH.12.4.682
https://doi.org/10.21273/HORTTECH.12.4.682
https://doi.org/10.3389/fpls.2019.00038
https://doi.org/10.1093/jxb/ert131
https://doi.org/10.22034/iuvs.2021.139084.1125
https://doi.org/10.22034/iuvs.2021.139084.1125
https://doi.org/10.4025/actasciagron.v44i1.55647
https://doi.org/10.4025/actasciagron.v44i1.55647
https://doi.org/10.3390%2Fijms23031012
https://doi.org/10.1093/jexbot/51.%20345.659
https://doi.org/10.1093/jexbot/51.%20345.659

b, i e (Brassica oleracea var. gemmifera) JuuSgp oI5 (595 3 9uig yimlgiom y cilizo olio ;3G 948

tomato brassinosteroid mutants indicates
that thermotolerance is independent of
brassinosteroid homeostasis. Plant
Physiology and Biochemistry, 49, 1420-
1428.
https://doi.org/10.1016/].plaphy.2011.09.00
5

Mozafari, M.R., Johnson, C., Hatziantoniou, S.
& Demetzos, C. (2008). Nanoliposomes and
their applications in food nanotechnology.
Journal of Liposome Research, 18, 309-327.
https://doi.org/10.1080/0898210080246594
1

Murillo-Amador, B., Yamada, S., Yamaguchi,

T., Rueda-Puente, E., Avila-Serrano, N.,
Garcia-Hernandez, J.L. & Nieto-Garibay, A.
(2007). Influence of calcium silicate on
growth, physiological parameters and
mineral nutrition in two legume species
under salt stress. Journal of Agronomy and

Crop Science, 193, 413-421.
https://doi.org/10.1111/j.1439-
037X.2007.00273.x

Nasrallah, A.K., Kheder, A.A., Kord, M.A.,

Fouad, A.S., El-Mogy, M.M. & Atia, M.A.
(2022). Mitigation of salinity stress effects
on broad bean productivity using calcium
phosphate nanoparticles application.
Horticulturae, 8, 75.
https://doi.org/10.3390/horticulturae801007
5

Nazir, F., Jahan, B., Kumari, S., Igbal, N.,

Albagami, M., Sofo, A. & Khan, M.L.R.
(2023). Brassinosteroid modulates ethylene
synthesis and antioxidant metabolism to
protect rice (Oryza sativa) against heat
stress-induced inhibition of source—sink
capacity and photosynthetic and growth
attributes. Journal of Plant Physiology, 289,
154096.

https://doi.org/10.1016/].jplph.2023.154096

Niu, Y. & Xiang, Y. (2018). An overview of

biomembrane functions in plant responses to
high-temperature stress. Frontiers in Plant
Science, 9, 915.
https://doi.org/10.3389/fpls.2018.00915

Ogweno, J.O., Song, X.S., Hu, W.H., Shi, K.,

Zhou, Y.H. & Yu, J.Q. (2009). Detached
leaves of tomato differ in their

photosynthetic physiological response to
moderate high and low temperature stress.
Scientia  Horticulturae, 123, 17-22.
https://doi.org/10.1016/].scienta.2009.07.01
1

Phan, V.H., Le, T.T.H., Pham, D.M., Nguyen,
L.T.T., Nguyen, K.C. & Bui, T.M. (2024).
Effects of concentration and time of
brassinosteroid treatment on growth and
yield of soybean under drought stress
conditions. Plant Science Today, 11.
https://doi.org/10.14719/pst.3089

Pourcel, L., Routaboul, J.M. & Cheynier, V.
(2007). Flavonoid oxidation in plants: from
biochemical properties to physiological
functions. Trends in Plant Science, 12, 29-
36.
https://doi.org/10.1016/].tplants.2006.11.00
6

Preet, T., Ghai, N., Jindal, S.K. & Sangha, M.K.
(2023). Salicylic acid and 24-epibrassinolide
induced thermotolerance in bell pepper
through enhanced antioxidant enzyme
system and heat shock proteins. Journal of
Agricultural Science and Technology, 25,
171-183.
https://doi.org/10.52547/jast.25.1.171

Quan, J., Zheng, W., Tan, J., Li, Z., Wu, M.,
Hong, S.B., Zhao, Y., Zhu, Z. & Zang, Y.
(2022a). Glutamic acid and poly-y-glutamic
acid enhanced the heat resistance of Chinese
cabbage (Brassica Rapa L. ssp. pekinensis)
by improving carotenoid biosynthesis,
photosynthesis, and ROS signaling.
International  Journal — of  Molecular
Sciences, 23, 11671.
https://doi.org/10.3390/ijms231911671

Quan, J., Zheng, W., Wu, M., Shen, Z., Tan, J.,
Li, Z., Zhu, B., Hong, S.B., Zhao, Y., Zhu,
Z. & Zang, Y. (2022b). Glycine betaine and
B-aminobutyric acid mitigate the detrimental
effects of heat stress on Chinese cabbage
(Brassica rapa L. ssp. pekinensis) seedlings
with improved photosynthetic performance
and antioxidant system. Plants, 11, 1213.
https://doi.org/10.3390/plants11091213

Rann, A., Anusontpornperm, S., Thanachit, S.
& Sreewongchai, T. (2016). Response of
KDML105 and RD41 rice varieties grown



https://doi.org/10.1016/j.plaphy.2011.09.005
https://doi.org/10.1016/j.plaphy.2011.09.005
https://doi.org/10.1111/j.1439-037X.2007.00273.x
https://doi.org/10.1111/j.1439-037X.2007.00273.x
https://doi.org/10.3390/horticulturae8010075
https://doi.org/10.3390/horticulturae8010075
https://doi.org/10.1016/j.jplph.2023.154096
https://doi.org/10.3389/fpls.2018.00915
https://doi.org/10.1016/j.scienta.2009.07.011
https://doi.org/10.1016/j.scienta.2009.07.011
https://doi.org/10.14719/pst.3089
https://doi.org/10.1016/j.tplants.2006.11.006
https://doi.org/10.1016/j.tplants.2006.11.006
https://doi.org/10.52547/jast.25.1.171
https://doi.org/10.3390/ijms231911671
https://doi.org/10.3390/plants11091213

Rodriguez-Dominguez,

VoY \F+0 QLMDSJLQ‘J Al G)Lmi) AR 099 AL JL»: alk‘_g}f.m p}Lchcmul.a.éso

on a Typic Natrustalf to granulated pig
manure and chemical fertilizers. Agriculture
and Natural Resources, 50, 104-113.
https://doi.org/10.1016/j.anres.2015.12.001

Rattan, A., Kapoor, N. & Bhardwaj, R. (2012).

Role of brassinosteroids in osmolytes
accumulation under salinity stress in Zea
mays plants. International Journal of
Science and Research, 3, 1822-1827.

Ravanfar, S.A., Orbovic, V., Moradpour, M.,

Abdul Aziz, M., Karan, R., Wallace, S. &
Parajuli, S. (2017). Improvement of tissue
culture, genetic transformation, and
applications of biotechnology to Brassica.
Biotechnology & Genetic Engineering
Reviews, 33, 1-25.
https://doi.org/10.1080/02648725.2017.130
9821

C.M., Forner, A.,
Martorell, S., Choat, B., Lopez, R., Peters,
JM.R., Pfautsch, S., Mayr, S., Carins-
Murphy, M.R., McAdam, S.AM,,
Richardson, F., Diaz-Espejo, A., Hernandez-
Santana, V., Menezes-Silva, P.E., Torres-
Ruiz, J.M., Batz, T.A. & Sack, L. (2022).
Leaf water potential measurements using the
pressure chamber: Synthetic testing of
assumptions towards best practices for
precision and accuracy. Plant, Cell &
Environment, 45, 2037-2061.
https://doi.org/10.1111/pce.14330

Serna, M., Hernandez, F., Coll, F. & Amoros,

A. (2012). Brassinosteroid analogues effect
on yield and quality parameters of field-
grown lettuce (Lactuca sativa L.). Scientia
Horticulturae, 143, 29-37.
https://doi.org/10.1016/].scienta.2012.05.01

9

Siddiqui, M.H., Al-Khaishany, M.Y., Al-
Qutami, M.A., Al-Whaibi, M.H., Grover,
A., Ali, HM. & Al-Wahibi, M.S. (2015).
Morphological and physiological
characterization of different genotypes of
faba bean under heat stress. Saudi Journal of

Biological Sciences, 22, 656-663.
https://doi.org/10.1016/1.sjbs.2015.06.002
Silveira, J.A.G., Araujo, S.A.M., Lima,

JP.M.S. & Viégas, R.A. (2009). Roots and
leaves  display  contrasting  osmotic

Singleton,

S g (59 S

adjustment mechanisms in response to
NaCl-salinity in  Atriplex nummularia.
Environmental and Experimental Botany,
66, 1-8.
https://doi.org/10.1016/j.envexpbot.2008.12
.015

Singh, I. & Shono, M. (2005). Physiological

and molecular effects of 24- epibrassinolide,
a brassinosteroid on thermotolerance of
tomato. Plant Growth Regulation, 47, 111-
119.  https://doi.org/10.1007/s10725-005-
3252-0

V.L. & Rossi, J.A. (1965).
Colorimetry of total phenolics with
phosphomolybdic-phosphotungstic acid
reagents. American Journal of Enology and
Viticulture, 16, 144-158.
https://doi.org/10.5344/ajev.1965.16.3.144

Thussagunpanit, U., Jutamanee, K., Kaveeta,

L., Chai-arree, W., Pankean, P.,
Homvisasevongsa, S. & Suksamrarn, A.
(2015). Comparative effects of
brassinosteroid and brassinosteroid mimic
on improving photosynthesis, lipid
peroxidation, and rice seed set under heat
stress. Journal of Plant Growth Regulation,
34, 320-331.
https://doi.org/10.1007/s00344-014-9467-4

Wang, W., Xie, Y., Liu, C. & Jiang, H. (2022).

The exogenous application of
brassinosteroids confers tolerance to heat
stress by increasing antioxidant capacity in
soybeans. Agriculture, 12, 1095.
https://doi.org/10.3390/agriculture1208109
5

Wa_ssie, M., Zhang, W., Zhang, Q., Ji, K. &

Chen, L. (2019). Effect of heat stress on
growth and physiological traits of alfalfa
(Medicago sativa L.) and a comprehensive
evaluation for heat tolerance. Agronomy, 9,
597.
https://doi.org/10.3390/agronomy9100597

Xia, X.J., Fang, P.P., Guo, X., Qian, X.J., Zhou,

J., Shi, K., Zhou. Y.H. & Yu, J.Q. (2018).
Brassinosteroid-mediated apoplastic H>O»-
glutaredoxin  12/14 cascade regulates
antioxidant capacity in response to chilling
in tomato. Plant, Cell & Environment, 41,


https://doi.org/10.1016/j.anres.2015.12.001
https://doi.org/10.1080/02648725.2017.1309821
https://doi.org/10.1080/02648725.2017.1309821
https://doi.org/10.1111/pce.14330
https://doi.org/10.1016/j.scienta.2012.05.019
https://doi.org/10.1016/j.scienta.2012.05.019
https://doi.org/10.1016/j.sjbs.2015.06.002
https://doi.org/10.1016/j.envexpbot.2008.12.015
https://doi.org/10.1016/j.envexpbot.2008.12.015
https://doi.org/10.1007/s10725-005-3252-0
https://doi.org/10.1007/s10725-005-3252-0
https://doi.org/10.5344/ajev.1965.16.3.144
https://doi.org/10.1007/s00344-014-9467-4
https://doi.org/10.3390/agriculture12081095
https://doi.org/10.3390/agriculture12081095
https://doi.org/10.3390/agronomy9100597

WS i e (Brassica oleracea var. gemmifera) JuuS gy oI5 59) 2 gyl gioml y cilio golio 3G

VeA

1052-1064.
https://doi.org/10.1111/pce.13052

Xu, Y., Chu, C. & Yao, S. (2021). The impact
of high-temperature stress on rice:
Challenges and solutions. Crop Journal, 9,
963-976.
https://doi.org/10.1016/].¢j.2021.02.011

Yazdizadeh Shotorbani, N., Jamei, R. &
Heidari, R. (2013). Antioxidant activities of
two sweet pepper Capsicum annuum L
cultivars phenolic extracts and the effects of
thermal treatment. American Physiological
Society Journal, 3, 25-34.
https://doi.org/10.22038/ajp.2012.8

Yusuf, M., Khan, M.T.A., Faizan, M., Khalil,
R. & Qazi, F. (2022). Role of
brassinosteroids and its cross-talk with other
phytohormones in plant responses to heavy
metal stress, in: Khan, M.T.A., Yusuf, M.,
Qazi, F. & Ahmad, A. (Eds),
Brassinosteroids ~ signalling.  Springer,
Singapore, pp. 179-201.

Zhou, B., Chao, Q. & Huang, L. (2015). The
core conclusions and interpretation of
working group I contribution to the fifth
assessment report of the intergovernmental
panel on climate change. Chinese Journal of
Urban and Environmental Studies, 3,
1550003.
https://doi.org/10.1142/S234574811550007



https://doi.org/10.1111/pce.13052
https://doi.org/10.1016/j.cj.2021.02.011
https://doi.org/10.22038/ajp.2012.8
https://doi.org/10.1142/S234574811550007


      ( F W − D W )  ( T W − D W )


    ( Ecf − Eci )  ( Ect − Eci )


    ( Ac − As ) Ac

