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Fig. 2. Interaction between irrigation conditions and hormone spraying on the catalase activity
Mean values sharing similar letter(s) are not significantly different according to Duncan’s multiple range tests at p<0.05.
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Fig. 3. Interaction between irrigation conditions and hormone spraying on the guaiacol peroxidase activity
Mean values sharing similar letter(s) are not significantly different according to Duncan’s multiple range tests at p<0.05
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Fig. 4. Interaction between irrigation conditions and hormone spraying on the ascorbate peroxidase activity
Mean values sharing similar letter(s) are not significantly different according to Duncan’s multiple range tests at p<0.05.
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Table 1. Analysis of variance of physiological parameters and seed yield in bean by application of different
concentrations of Epibrassinolide under optimal irrigation and drought stress conditions

Olay po (u&ileo
MS
' s . A”)é ‘ .
U’“S“O Vb'“ sl JosLls OlygSwl  anSlpge ol g g e lgizme
DF ME sty sy 56 gromsd ST a Judg s b Judg,ls ‘JS;LJ’I’U aguigyls Al 98l
Catalase Guaiacol Ascorbate Superoxide Nitrate Chlorophyll  Chlorophyll cont%tr?t of Carotenoid Seed yield
peroxidase peroxidase dismutase reductase a content b content content
chlorophyll
)‘_’S . 2 0.00002 0.16" 0.21" 403066.52" 0.98" 0.68" 0.06" 1.16™ 0.06" 384286.77™
Replication
‘_S)L"f‘ 1 0.0006™ 6.73" 3.38" 1186463.81" 24.91" 0.07" 0.0003" 0.08" 0.02" 29224641.05"
Irrigation
kel s> 2 0.000003 0.11 0.17 57423.56 5.88 0.15 0.009 0.21 0.04 522929.00
Errorl
55 1 0.00003™ 2.40™ 0.04" 2438.32™ 0.80" 0.08" 0.00009" 0.08" 0.004" 2810849.76™
Genotype
0098 3 0.0004™ 0.62" 1.08™ 832400.19™ 17.02™ 0.46™ 0.05™ 0.80™ 0.09™ 111184891
Hormone
. w” 5% b 1 0.00002® 0.08" 0.39" 102164.98™ 0.32m 1.49™ 0.11™ 2.42™ 0.19™ 85488042
Irrigation*Genotype
_Qif’ Sk 3 0.00004"™ 0.20" 0.24" 13462.63™ 2.43 0.30" 0.03" 0.49" 0.03 103955.50™
Irrigation*Hormone
e anisd 3 0.00005™ 0.10" 0.04"s 126869.39™ 0.62" 0.16" 0.02"s 0.28" 0.04" 112591.72"™
Genotype*Hormone
D909 X el 0.000008
Irigation*Genotype™ 3 s 0.07" 0.08" 88290.73" 1.74m 0.06" 0.008" 0.10" 0.006" 43080.59"
Hormone
I sl 28 0.00003 0.09 0.19 126419.05 3.15 0.09 0.009 0.13 0.01 139151.25
Error2
(80 )) Sl 2
24.93 24.62 27.72 27.22 25.37 28.07 29.33 26.18 25.15 19.95

%) CV

el 0o y8 S g g ezl s (o ls pixe Dglas 9929 o sixe Dglal 9929 pae odims lid oS Sa FF 9 F NS
ns, * and ** indicate no significant difference and significant difference at the probability level of 5% and 1%, respectively.
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Table 2. Mean comparisons of physiological parameters and seed yield in bean by application of different
concentrations of Epibrassinolide under optimal irrigation and drought stress conditions

S a0 of v X . ; B S .
Sl 3 1“" a Jedg ks Glgimo D g ls slgame I JB9 5 lgimo Wisia,l5 elaine s s.S
3l 4 el 50 g i Jgog,5n0) (5 039 #5525 ko) (Fo39ps neSks) (5039 e » e e . ’ )
(Jolomo (siig 0 0,5 o 52 Chlorophyll a Chlorophyll b Total content of F ois 7 2 e 57ue) OS2 75
T OTIIA A s phy phy Carotenoid content Seed yield
Nitrate reductase content content chlorophyll (mg/g FW) (kg/h)
(umol NO,/mg Pr hr) (mg/g FW) (mg/g FW) (mg/g FW)
Sl Ll
Irrigation conditions
7.72a 1.10a 0.321a 1.42a 0.49% 2650.0a
6.28a 1.02a 0.316a 1.33a 0.44a 1089.4b
s
Genotypes
6.87a 1.10a 0.320a 1.42a 0.45a 1627.7b
7.13a 1.02a 0.317a 1.33a 0.47a 2111.7a
(HV909,50) adsivwl ol alizes slacdale
Different concentrations of Epibrassinolide (LM)
5.36b 0.77b 0.23b 1.00b 0.34b 1415.9b
6.88a 1.19a 0.37a 1.56a 0.52a 2068.2a
7.95a 1.17a 0.35a 1.52a 0.50a 2001.7a
7.82a 1.10a 0.32a 1.42a 0.49 1993.0a
el STy JoSLE bS5 5 ygSusl 35 g3 a3 g
P55 ko 52 53 alids 53 ;Y 509 ,50) P55 o 52 5 alids 53 ;Y g09,50) £ 55 heo 52 53 Al 53 ;Y 509 ,50) P o Jladio 10 w31 ualg)
(Jgkmo (90 (Jekmo (9 (Johomo (g (Jokmo (90
Catalase Guaiacol peroxidase Ascorbate peroxidase Superoxide dismutase
(umol/mg Pr min) (umol/mg Pr min) (umol/mg Pr min) (U/mg Pr)
uS)lﬂ%T Lyl
Irrigation conditions
&’B‘UGA g_S)L:-.‘Pl
Optimal 0.018b 0.88b 131b 1148.79b
irrigation
S A 0.025a 1.62a 1.84a 1463.23a
Drought stress
dsis
Genotypes
COS16 0.022a 1.47a 1.6la 1298.9a
Kusha 0.021a 1.03b 1.55a 1313.1a
(HV909,50) i sivl ool alizes slacdale
Different concentrations of Epibrassinolide (M)
0 0.014b 0.92b 1.23c 929.4b
2 0.022a 1.33a 1.45bc 1332.8a
4 0.024a 1.42a 191a 1434.2a
6 0.026a 1.34a 1.72ab 1527.6a

W K0S bl e gl ws po ety Jleis ] mlas )0 (SUls (slaselsais st)'] ool alie By > b sl Kilee

Mean values sharing similar letter(s) in a parameter, are not significantly different according to Duncan’s multiple range tests at p<0.05.

cdale 5,5 (V Jgaz) ol las gl ce glay aedale LS99y Ol i oy P Cadlad

3 oo, FAIYY ioli8l el gl ol )Y509,800 ¥ Ol el acdled 1 (p<0.01) ol 9,90 ]
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Fig. 5. Interaction between irrigation conditions and hormone spraying on the superoxide dismutase activity
Mean values sharing similar letter(s) are not significantly different according to Duncan’s multiple range tests at p<0.05.
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saals (Alonso et al., 2001) cwl Py IS codlad il 58l
s9-3s «Armand et al., 2016) Log! sg, = 5,500 Slallas
(Zhang et al., 2008) L. 4 (Hosseinzadeh et al., 2015)
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05 ol 2 3 Bk 5l sy ulsily o WS G )l8
S oo Loy 351 jiiwgey 2 (Jokoo slalas 1L
o «(Khripach et al.,, 1999) o 138 — 5L 5Ly,
53 Gl eel oy iyl p 0 ) LS 58 S0 (s
Talaat & Shawky, ) el oo ;LS g0, &l s oo Jled

1994 s ils ol

S juiS aS Cawl oals ()18 Sl gt 0 (uioren
Sl Cds Guals g 5LS e, ol s cudled mals el
Casadebaig et al., 2008; Talaat & ) el oo
S i Jlesl ol gimgis 4o (Shawky, 2016
5L g0, Ol s a3l cdlad jo oo, VAISO Lials el
S5 o me (g )lael ;a5 5l as wl Cgllae (g,Lul 4 s

(Y Jgo=)



VF-AF amino AFAQ Jlo ¥6 )l 1 (0530) o /3 331 ©bgad SO 9 3 /... sl iy 2 10y )50 3 oo

FW)

=

j 0.6
0.4

oo

=

ECosl6

(m

OKusha

~d

Chlorophyll a content

]

Optimal irrigation Drought stress

Irrigation conditions

2 Jadg IS slgizme p Bouiil 5 kel byl Joliio 1 -5 IS
Al 0SS b g o s Dols ds po iy Jleixl mhaw jo STl (slassloais O3o3] @llae wlie By, b slo 1Sk

Fig. 6. Interaction between irrigation conditions and genotypes on the chlorophyll a content
Mean values sharing similar letter(s) are not significantly different according to Duncan’s multiple range tests at p<0.05.
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Fig. 7. Interaction between irrigation conditions and genotypes on the chlorophyll b content
Mean values sharing similar letter(s) are not significantly different according to Duncan’s multiple range tests at p<0.05.
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Fig. 8. Interaction between irrigation conditions and genotypes on the total content of chlorophyll
Mean values sharing similar letter(s) are not significantly different according to Duncan’s multiple range tests at p<0.05.
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Fig. 9. Interaction between irrigation conditions and genotypes on the carotenoid content
Mean values sharing similar letter(s) are not significantly different according to Duncan’s multiple range tests at p<0.05.
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Fig. 10. Interaction between irrigation conditions and hormone spraying on the chlorophyll a content
Mean values sharing similar letter(s) are not significantly different according to Duncan’s multiple range tests at p<0.05.
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Fig. 11. Interaction between irrigation conditions and hormone spraying on the chlorophyll b content
Mean values sharing similar letter(s) are not significantly different according to Duncan’s multiple range tests at p<0.05.
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Fig. 12. Interaction between irrigation conditions and hormone spraying on the total content of chlorophyl|
Mean values sharing similar letter(s) are not significantly different according to Duncan’s multiple range tests at p<0.05.
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Introduction

Drought is one of the most important environmental stresses and is one of the most common causes of
plant growth retardation and yields, and usually decreases the productivity of plants along with other
environmental stresses, including salinity and heat. One of the reasons that environmental stresses such as
drought, reduces growth and plant photosynthesis ability, is a disturbance in the balance between the
production of free oxygen radicals and the protective mechanisms that remedy these radicals which results in
the accumulation of reactive oxygen species (ROS), induction of oxidative stress, damage to proteins,
membrane lipids, and other cellular components. Under adverse environmental conditions, the role of
antioxidant defense system in protecting cellular membranes and other growing organs against oxidative
damage seems to be very important. Brassinosteroids (BRs) comprise a group of steroidal hormones that
have been implicated in a wide range of physiological responses in plants, including stem elongation, growth
of pollen tubes, ethylene biosynthesis, proton pump activation, the regulation of gene expression, activation
of enzymes, response to different stresses, nucleic acid and protein synthesis, and photosynthesis. In
addition, BRs can protect against damage from stresses such as drought, salinity, and high temperature by
activating various mechanisms in plants and increasing the activity of enzymatic antioxidants such as
catalase, superoxide dismutase, peroxidase, and glutathione reductase. The purpose of this study was to
investigate the possibility of increasing the activity of some antioxidant enzymes, nitrate reductase,
photosynthetic pigments, and finally, the seed yield of common beans with the use of Epibrassinolide under
drought stress conditions.

Materials & Methods

A split factorial experiment was conducted based on randomized complete block design with three
replications at the research farm of Faculty of Agriculture, the University of Zanjan during the 2016-2017
cropping season. In this experiment, two irrigation conditions included optimal irrigation and drought stress
were applied to main plots and two common bean genotypes including Kusha cultivar and COS16 genotype,
and four levels of brassinosteroid including of no-application (control), two, four, and six uM were allocated
to subplots as factorial. Drought stress was applied at the flowering stage, and common bean plants were
sprayed with brassinosteroid (Epibrassinolide) simultaneously with drought stress. In this study, the activity
of catalase, guaiacol peroxidase, ascorbate peroxidase, and superoxide dismutase, nitrate reductase,
chlorophyll and carotenoid contents, and seed yield were studied.

Results & Discussion
The results showed that drought stress increased the activity of catalase, guaiacol peroxidase, ascorbate
peroxidase, and superoxide dismutase by 38.89%, 84.09%, 40.46%, and 27.37% in contrast with the optimal
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irrigation, respectively. The highest activity of catalase, guaiacol peroxidase, ascorbate peroxidase, and
superoxide dismutase were obtained using different concentrations of Epibrassinolide under drought stress
conditions. The application of 2, 4, and 6 uM of Epibrassinolide in drought stress conditions increased by
73.33%, 86.67%, and 113.33% in the catalase activity, increased by 56.36%, 71.82%, and 62.73% in the
guaiacol peroxidase activity, increased by 12.82%, 46.15%, and 13.46% in the ascorbate peroxidase activity,
and increased by 29.15%, 41.49%, and 47.11% in the superoxide dismutase activity in comparison with non-
application of this hormone. It has been reported that the use of BRs significantly improves plant drought
tolerance and reduces the accumulation of reactive oxygen species by increasing the activity of antioxidant
enzymes. It has been reported that the application of BRs increased the antioxidant enzymes activity in
maize, tomato, mustard, soybean, and barley. Also, nitrate reductase activity increased by using of
Epibrassinolide, which can enhance plant tolerance to environmental stress. The highest activity of nitrate
reductase was obtained by application of 4 puM of Epibrassinolide, which did not show any significant
difference with other concentrations. Improvement in the activity of nitrate reductase can be attributed to the
effect of BRs on translation or transcription of nitrate reductase, or nitrate absorption at the membrane
surface. In optimal irrigation conditions, the use of different concentrations of Epibrassinolide has a slight
increase in the contents of chlorophyll a, b, and total, and the use of 4 uM of this hormone resulted in the
highest increase in the above traits compared to non-application of the hormone. However, under drought
stress conditions, this increase was significant, and the use of 2 uM of this hormone resulted in the highest
increase in the above traits compared to non-application of the hormone. In other words, the use of
Epibrassinolide in drought stress conditions caused a higher increase in chlorophyll a, b, and total contents
relative to optimal irrigation conditions. Application of Epibrassinolide increased the seed yield in both
common bean genotypes by increasing the activity of antioxidant enzymes, nitrate reductase, and chlorophyll
and carotenoid contents. The highest seed yield was obtained by application of 2 uM of Epibrassinolide with
an average of 2068.2 kg/ha. Among the studied genotypes, the Kusha cultivar in optimal irrigation
conditions (with an average of 3025.45 kg/ha) had the highest seed yield and the COS16 genotype in drought
stress conditions (with an average of 980.89 kg/ha) had the lowest seed yield.

Conclusion

In general, the use of Epibrassinolide can be suggested as a solution to increase drought stress tolerance
and enhance the growth and seed yield of common beans under optimal irrigation and drought stress
conditions. In addition, the achievement of comprehensive information on the positive effects of
Epibrassinolide requires a study of this hormone in different weather conditions and with other different bean
genotypes.

Keywords: Ascorbate peroxidase, Chlorophyll and carotenoid contents, Irrigation, Seed yield, Superoxide
dismutase
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