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Background and objectives: Heavy metal pollution is becoming a
serious problem for agricultural lands and a great threat to the sustainability
of agricultural ecosystems. Lead is one of the most dangerous heavy metals,
which is the second heavy metal after arsenic in terms of toxicity and
occurrence. One of the important aspects of tolerance of non-living stresses
including heavy metals in plants is the role of plant growth regulators.
Among these growth regulators, we can mention brassinosteroid, which
plays an important role in inducing the reaction of plants to many abiotic
stresses such as heavy metals. As a messenger molecule, this compound
increases the activity of antioxidant enzymes and reduces the production of
reactive oxygen species. In the production of the leguminous family, the
toxicity caused by heavy metals has a significant effect. Therefore, the
present research is aimed at investigating the effect of the heavy metal lead
and the moderating effect of brassinolide.

Materials and methods: In order to investigate the brassinolide
application effect on reducing the toxicity caused by lead heavy metal stress
in the pinto bean plant (Talash cv.) a pot experiment was conducted in the
greenhouse located in Ray City in spring and summer of 2021. This research
was conducted in the form of a completely randomized design with 6
treatments and 4 replications. The treatments were 1) control (no application
of lead and brassinolide) (T1). 2) lead stress (application of 200 mg/kg of
soil from a source of lead nitrate) (T2). 3) lead stress + seed treatment with
brassinolide. Concentration of 0.1 mg/liter for 12 hours (T3). 4) Lead stress
+ seed treatment with brassinolide with a concentration of 0.2 mg/liter for
12 hours (T4). 5) Lead stress + spraying Brassinolide with a concentration
of 0.1 mg/liter from the 4-leaf stage during 3 stages with an interval of 7
days (T5). During 3 stages with an interval of 7 days (T6).

Results: The results of this research showed that the vegetative traits all
decreased due to the use of lead and the toxicity of this heavy metal, but
biomarkers and antioxidant enzymes increased along with root lead. This
method increased the resistance of pinto beans to lead stress. The results of
the mean comparisons showed that the highest seed yield with an average of
18.31 gr/plant was obtained from the control treatment (no use of lead and
brassinolide) and the lowest amount with an average of 8.22 grams per plant
was obtained from the treatment of lead toxicity with an amount of 200 ml
g/kg and lack of brassinolide consumption were found to moderate the effect
of lead. Also, among the treatments in which brassinolide was used as a
compound preventing the harmful effects of the heavy metal lead, the
highest amount with an average of 13.84 grams per plant was related to the
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use of 0.2 mg/liter as a foliar spray, which indicates The superiority of using
brassinolide as a foliar spray is compared to other methods and consumption
amounts.

Conclusion: These results showed that seed pretreatment and foliar
spraying with brassinolide can be used as a useful method to tolerate lead
stress in beans by reducing lead absorption, increasing the activity of
antioxidant enzymes and improving the greenness index and water condition
of the plant.

Cite this article: Hajiri, K., Pazoki, A.R. 2023. Investigating the role of brassinolide in tolerance to

lead toxicity on growth and physiological traits of pinto beans. Crop Production Journal,
16 (3), 17-32.

© The Author(s). DOI: 10.22069/ejcp.2024.20577.2532

Publisher: Gorgan University of Agricultural Sciences and Natural Resources

YA



N ot LA sy i
L, J

/é \ Yoo A-YPAX jala LS AT
E=s FeeA-YEor i Kig 2O GLS SO A

Olyl SULG gkl g Sl pyle andl

Sow ) DlA0 9 o g oo 4 S0t 3 Ul gl 9 D (w9 99
> Lyl K39l pd g

NS e g S

Khjiri.95@gmail.com :asbly ol 5« gollal 53T ol (5,85 (o3) ot ool Sk s sl 05,8 i)l pulidylS (g meils !
alireza.pazoKi@ut.ac.ir :asbll; Ol 01,6 « ol ST o820 (g5 5 (0)) imas plel SISk dly w3 05,5 Gleiils |

oS> Al Sl
Lguwjé‘ﬂékt}@&@OJ&&J&J[}))O&L\NQ‘}U;J}Y:JM}@M s ¢ 58

S e ol slre s s SOl ¢l Sop hdg S 5 gislis SR ele JE i
Sl 3l Ko 8 a3 B 5 o S5 1S el K Al S
23 eime Dl alas Sl e a5 oot e Slaai 5SS 5 s
o Ol e sy slaediSolas pl e 5ol LS A5y slaedeS s 1 OlalS
Aile iy b Sl Sl (ol 4 OALS STy I s 4 5 503 o)Ll iyl sl
Sl sl cdld Olesply IS0 S Ol5e 0 S5l 2l ege S S D10
o3l U5 55 das e 2alS |y 05t e glaai 8 W5 5 bl | Ol o

VEN/VAY C,ﬁ\;h;b @)L

:g_,;i‘ji) @)L

VEYVIY ol s

Die 4y Bl Gk sscnl Sl gl 0 S S S G s 5n S SIS slassl
5 ol sl (S Jdd 5 e S 5B 0 e g el gl

) b S5k g

Copgamen LS 53 A gl 3 LS A ey 2 s 4 LSl i) 5 3l o
IS 3 SIS &) s 4 o 25 035 am Lo olS 53 e S0 5 15 51 3 s Shes
L oslas Wits T B s Gl S IV Er Ol 5 e 5o 6o s o 23l e by

5 o 3,8 p18) dals (1 5l iy isle Lol 3 Ll S5 £ s 5 e
(o s wia SIS o SIS e S oo Yor 3,0) e (25 (WATD) (4 el
Wi g o S e o) Sl L ad el b Sled e 25 (MU(T2)
Sl e S e Y CBE L sl b od Sl + s S5 (8 (T3) sl
S oS ke ) Bl b ey (2L s+ e 25 (0 (T) el VY
W ol e + s (5 -CVTS) 5V Alob a0 ¥ (b (St o

(T6) 55,V abls L adom o ¥ o S8 alom jo 51 0 S e o/Y ke

ol e 5 e 38 s (S sy Slio oS sl 0L G ol s tlaasdly

Il ety ol en 4y ST ST Gla 5T 5 s Syl Ll cdisdly (2alS S 5l

SeSI T sl 5T 5 L S5la s el o s W sl 2 3,008 (o ) o -l

RS



@l S o 4 Sl e b aslie G e Gub ) S aS s S
Sl Sl 53 0 ST (o S0le b ails 5 Shes o 5 o 31 0L :S0le Sl lie
£S5 MY 5S0la L 5 ol o 508 5 ol sty U gl 1 5 e e p12) al
Gmspds 50 SoS e S e Vor e 4 o Cen Jlad @ by e i o
SIS alales e 3 ommmen el Cinty e 0SS oS Ol e A e
35 0l ol o K 3 e e SISl stiS Cmles oS 5 Ol e A gl
Coye A g p S e Y s s 65 00 0 SOVIAL S0ke b s o SUL
S (A slme Do 4 el 23 S (65 ediasOled ol l 4S5 s 2L sl

S o Mgl 2 b 3L Dl 5 50 Sl Sy S 31 OLES gl ool 1 ST (6 8w
5 Sy 23S 35 5 OMS1 5T Gl 5T ol (I3 e ol S b

.JJ;)‘J.;eJU.Zle)}Alﬁjj))g_.)ﬂﬁA{Jw'JbJ:iagi})Q\j&QeeLS&TW)

oo o Lo S5 58 )6.L.‘:Jc,«u,pﬂ;_,«ﬁc,wA;.J.wu”ﬁ.x_.!_};:,w\ﬂJ‘:L'wjﬂ.(\id’).C‘L;jg‘.é‘éﬂ»:AW|
AV=TY ()N el OlalS 45

DOI: 10.22069/ejcp.2024.20577.2532

s ® 56,5 e e 3osS o S0

Y.



S Wopmle g e o5 [ty Joodi 40 Mgl (A ow)

DALS o g Ly sl gl S oS 1S

Ol ol gles e os 5l A0 o las
Q) Lhods T WS 25 5 (M) 0 S
£ S by dnn s J a8 Cgr AL Gla s
Lol 5 el el 5 st el 0l oLl g
Lk el il 00) 5 e o a5y J s
Gl it oS dites (55 xul (ALS (la0 g0, 50
il (S5t laans 03 et oS
by Bl s aiyy 0dd b oples (s, Jela
Wil plas S o b ol 5 i 035 JY
R e e B R
ALS sladds il 5les, Sl OY AY) uS
03 ey oo S w aS s S SV 1 A Bl
B B P | W v S PN - S
5 LadlE (S L ilae e claails 5l Lot szl el
D) e (gluliz 5 olals o5, S sladils
GoaliS Sl s lass st el 51 eslizul
adlas pdio ol 4 S 55 s sse 50
WS iy ey il gl S i ls L b
38 = S «Sm O5a TS Ly S8l
BRIQ) S INEVSSDRN I S NP S PRI W
OV IP-{ JP- PN SN SEGH V- P S
Ay glredns o oS Olge a ladd s nal sl
o plamil (65,5LiS Sl pmme S5 6l LS
Sl sledsS sl Jlasl i (Vo 0 E)
Mg A5 5 ol Slmama 5 S )58
Slandy gl ys syl Sab Llyay Slie
osldoan o)ls sy Ol (5,5 Slagtons
OV o =8 Osmensp (205 Ly ol sl
A5 s L (W) s g3 lome IS5
03 Mgl 0 ,0lS L e 0 ool Sl
5.8 Sy e Sl 4 Josd (115

u,i}_i_.: u.,a)d.a;- BEREEE R )L:_m.g ol ceal

AA|

doddo
S odd fods = s K ol Sa
dode S sales e ¢l g S
el o5 sl s UL L S
6 ol R D3 SSU R ) S e
St N 5 s s 5 e S
Sl oS ezjﬂ dt.» (V) S5 s yeres &M.wj
e Sl e o5 8 a4 U5 b o
(oS Cosd 5 (3LS Odne glan T sk
SLassS cp o 5,18 1 ol (655508 glac Jlad
d=d ) s glac b 5 Ul 5 ol
Slge pl g J<}) 50 o ol s 3l eslixal
s e 48l 525 b s el (kies S ol
s Lol S e Ll olS e plie 3 (60
Ml Dl s g s sl O s
23,50 oS 50 pladse 5 S5 dssd s ol
(o] lacdle s Jlastl slowl Eel oy (Y)
0> Lt Syayem &_J dalss 05, 4 — 4
5 (G o RalS (ol ole ol
Reactive Oxygen ) Jlx 05 uSl gls a8
sy alis 4 gilast ol 5 (Species
oals Laaslsy S5 e 55 oSS 5 glana]
3 A, als Calg 0o s RS 5 B s
(87 355 0 olS 5 Shas
el G S Jaos age slaacr 5l (S
Slredis s 25 OlS 55 (8 Sl e
le_m.,\_;;sm.\é;] ol e 31 (0) cnl alS s,
534S 3 5ad o LAl A s gl 4 Ol 5 o0 )
05 b gl 25 5l (gl 4 OLS EST5 Wl
S 5 ol () 34l ege i oK Dl AL
Slam =T odls Olasply JsSUse G Ol o
b 031 slaei S a5 5 Sl | OS] 3T



VLY D)Loa.s Ak 8,9 c‘;ﬂ)} ‘_,Léb.f .\AJQS

e GRS (VAT (W sl 2 5 e 2 0L
c;b:gy;\&tglpfjl.ﬁsﬁr}f&\‘n;ﬁ)lﬁ
L ode slad + e S (7 (T2) (o
W ) e S e /) Clle Ll
A gl b ods Sles + s S5 (E (T3) el
Sl VY Sl i ) e S e /Y B L
L el (b dloe + o 5 (0 (T4)
Vb Sat sl A e Sbe ) Sl
+ o s =V 5 (T5) 5,V Aol L ad> s
A e Sk Y CBle b sl 2L o
(T6) 55,V akoli L al= 0¥ b St al> e
o pliss) 5 8 Ly (S lly SIS s s
ol Cod 4 S 0SSN0 (gl e Sl
S S godew gy WalS als 558 ¢ o5 S
DS s S il 2S5 ol gt 4 3
iy ) 05y S e e Lz 5 bl Fl s iy
Lasles Jles! 5 13 OIS St gla S35 Al

sl ol 43\)\ \ d}.l} BEl

GSJJUﬂWML}@'JﬁMJﬁlw\J;

Sl Al e gl s o

gy 9 dlgo

Lo oo Db e Sl el o) sk o

S R A A el el b B B e
Il Ol 5 ol (b 5L dame s SIS e
el a Jeb Slase b Ol oy s Ve
_54_>.-J.$VO u‘il"‘ﬁ\J"} U"afp M.;.:BJYAJA;.-)J 0\
A ool s o 31 e e ee il 5 akds T
)Ldbwil.:ﬂw‘&:.}jbﬂwm)j&}
e n Y/t oS an ol s ol Sasb
o=l sl SUsL e e YOV 5 sl S sl
3ok S L bl WS = b s 4 G
(a,\_p) Jals () el Lajleas s |l LSS 8

ialesT s eslinal 3 50 St o il =) s

Table 1- the results of used soil in this experiment.
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Table 3- The results of variance analysis related to the yield and yield components of pinto bean under lead
toxicity and application of Brassinolid.
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Table 4- Mean comparison of measurement traits of pinto bean under different treatments of lead and Brassinolide
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Table 2- The results of analysis of variance related to the activity of antioxidant enzymes of pinto beans under the
influence of different treatments of lead toxicity and brassinolide application.
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*and **: significant at the 5 and 1 percent probability level.
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Figure 1- Mean comparison of lead stress and Brassinolide on the amounts of proline, malondialdehyde and
antioxidant enzyme activity in pinto bean.
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