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Introduction

Pinto bean (Phaseolus vulgaris L. cv. Pinto) is one of the most important legume crops within the Fabaceae
family, cultivated extensively in tropical and subtropical regions. Despite its sensitivity to drought, this species
plays a crucial role in food security and sustainable agriculture due to its rich composition of high-quality
protein, complex carbohydrates, and essential micronutrients. However, drought stress represents a major abiotic
constraint that significantly impairs crop performance by reducing stomatal conductance, decreasing chlorophyll
content, disrupting photosynthesis, and limiting root and shoot development. To address this challenge, regulated
deficit irrigation has emerged as an efficient strategy for optimizing water use while maintaining acceptable yield
levels. Moreover, the application of plant growth regulators such as brassinosteroids, bioactive, eco-friendly, and
steroidal compounds, has been recognized as a promising approach to enhancing plant tolerance to abiotic stress.
These compounds contribute to stress mitigation by enhancing photosynthetic efficiency, stimulating the
biosynthesis of vital metabolites, and activating enzymatic defence systems, thereby supporting plant growth and
yield under water-limited conditions. Numerous studies have demonstrated that foliar application of brassinolide,
particularly during sensitive developmental stages such as flowering, can substantially alleviate the adverse
effects of drought and improve agronomic traits and seed yield. Consequently, the integration of deficit irrigation
practices with exogenous brassinosteroid application represents a synergistic and effective approach for
improving productivity and sustainability in pinto bean cultivation under arid and semi-arid climatic conditions.

Materials and Methods

To investigate the effects of foliar application of 24-epibrassinolide on morphological and agronomic traits of
pinto bean (Phaseolus vulgaris L. cv. Pinto), a split-plot experiment was conducted in a randomized complete
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block design (RCBD) with three replications in 2022 at the Research Farm of Yasouj University. In this study,
the main factor consisted of three irrigation levels based on Class A pan evaporation data: full irrigation (100%
of crop water requirement), moderate drought stress (80%), and severe drought stress (60%). The sub-factor
included four levels of 24-epibrassinolide foliar application: control (distilled water), 0.05, 0.1, and 0.2 mg.L™.
The foliar treatments were applied to the aerial parts of the plants during both vegetative and reproductive
growth stages. The objective of this research was to evaluate the interactive effects of drought stress and 24-
epibrassinolide application on growth indices, yield components, and the adaptive responses of pinto bean under
limited water availability.

Results and Discussion

The results demonstrated that severe drought stress (60% of crop water requirement) led to a significant
reduction in morphological traits, with leaf area index and plant height decreasing by 47.26% and 19.19%,
respectively. In contrast, foliar application of 0.2 mg L 24-epibrassinolide significantly improved these traits,
resulting in increases of 14.86% and 22.80% compared to the control. Furthermore, yield components including
the number of pods per plant, the number of seeds per pod, and hundred-seed weight were markedly reduced
under severe drought by 21.42%, 27.56%, and 12.69%, respectively. However, application of the highest 24-
epibrassinolide concentration substantially enhanced these parameters, with increases of 105%, 61.56%, and
26.54% relative to the untreated control. The interaction between irrigation and foliar treatment revealed that
under severe drought conditions, the application of 0.2 mg Lt 24-epibrassinolide led to notable improvements in
seed yield (44.34%), biological yield (39.78%), and harvest index (7.29%) compared to non-treated plants.
Moreover, the highest water use efficiency was recorded under severe drought stress combined with this level of
24-epibrassinolide application, indicating the compound’s significant role in optimizing performance under
limited water availability. These findings highlight the protective and stimulatory effects of brassinosteroids in
enhancing the growth and productivity of pinto bean under drought stress conditions.

Conclusion
Overall, these findings indicate that foliar application of 0.2 mg L™ 24-epibrassinolide can serve as an
effective strategy to enhance agronomic traits, seed yield, and water use efficiency of pinto bean under both full
irrigation and deficit irrigation conditions. This underscores the critical role of this plant growth regulator in
improving drought tolerance and sustaining economic yield under water-limited environments.
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Fig. 1- Temperature and precipitation rate during the research period
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Table 2- Analysis of variance (mean of squares) of leaf area index, height, lateral branches and stem diameter of pinto bean
under the effect of low irrigation stress treatments and foliar application of 24-epibrassinolide

il iy aslio RS S o maw (a3 W W,y el sLadls a8l ylad
S.0V df Leaf area index Height Lateral branches Stem diameter
_ )"Sf' 2 0.003™ 4.11m 0.14" 0.13"
Replication (R)
e 2 5.09" 641.88" 16.78™ 5.92"
Low irrigation stress (L)
| g3
‘FL” ¢ 4 0.005 2.51 0.50 0.10
Main plot error
gzl VY 3 0.64™ 431.04™ 18.43™ 1.54™
24-epibrassinolide (B)
LxB 6 0.01m 18.45m 0.29m 0.06"
oo ol 18 0.011 7.68 0.69 0.029
Subplot error
ot 2.52 4.15 17.24 2.23
C.V. (%)

W23 o i 1y Mo pd S§ g i Jlesnl e jd (g)b xe 5 (g0 dxe pis il ia *F 9 * NS
ns, * and **: Non significant and significant at the 5% and 1% probability levels, respectively.

aBlw yhbd g dla adld (gl ) (S o o (Sl 1 W gl o TS ol Jale o d)‘ﬁiws i 1 g Sl duylio - Joua

e g 3
Table 3- Means comparison of the effect of low irrigation stress and foliar application of 24-epibrassinolide on leaf area
index, height, lateral branches and stem diameter in pinto bean

. . T sl | la gbasli o s
o o gl h 8_ J e ¢ il ,had
Sy Height Lateral branches .
Treatment Treatment levels . Stem diameter (mm)
Leaf area index (cm) (number)
2o 4.76 72.32 5.97 8.5
100% water requirement
Gl A5 st S 2o A 441 69.36 4.91 7.42
Low irrigation stress 80% water requirement
! M’J_;' 3.50 58.44 3.61 7.26
60% water requirement
LSD (0.05) 0.08 1.80 0.80 0.36
0 3.97 59.15 3.43 7.31
gzl VY 0.05 4.05 64.31 4.01 756
24-ep|braSS|n0||de 0.1 4.32 67.23 5.22 7.81
(mg.L?) 0.2 4.56 75.64 6.66 8.28
LSD (0.05) 0.10 2.74 0.82 0.17
Jodn) s ol e (Hhie Of) sals b dwslie > iy el (cao ) 4G gs plas
(¥ 5 505 il S5 gl (slaSile duslie oluly
bl ials oS o Ol vy e claailis s 5 (S zolaw 5| (e Bl VWYY o OMYY i pa) &5y glds)| oy
dl.mpdl)))bﬁgéaWy9w).§»])ﬁzuiu’.s))4\§w‘dlwb dblﬁ@b&mybdi)bw))\“af’ d)l“j
A5y [(Eraji et al., 2023) 23,5 o Jiseo dilu 5 Sy sle Jlad V¥ b Jele (¥ Jodn) asoly i |y (sao)d VAN

2 S s sbanl B s eles l (SS olpiea basl, VYA Gil38l Ly p p)S (oo 1Y aws 50 35 sdginnl p



\F-¥ ﬁb Yoyl Y ol (55 9lis @»m P9 A yuiad YA

Jlews a8 b 5,135 5.5 (Pachyrhizus erosus (L.) Urban)
wih by @asls o ixe b o)l il o,
Soid s oS Jalyd s 4o (Hasani et al., 2022) ¢l
o Mgl (Sgejg wali S oo oo |y (Sl (slaadli A
5 S5togd Slgo 9 Ol JU gt (oiile Slopiin e Colled L
Wl ) WSS 0 SoS a5 sl o Jolw punds S 20
Grgo el LS 1 (S 015yl 3l (el b dgisel
gy LBl dnwgl 4 g ol il> (glaadls Wiy 5 olas iul3el
(Pereira-Netto et 1S o <SS i byl o jiwgsd Laas g

al., 2006)

Bl a3

U5 gba Liol33l b dble s jrals SSly  dales] (slaedl
L (5 203 £1) i G5 Jlos o gyt 092 (S
i ol Gials U ) o p)S e /Y B adginly (FYY
NYA) 8L ;15 ol so 1y 3l S 4Bl b o6 oS
9= gl p VY 28 o o 5VL & bgiye (o e
OBl g (Bl lre pas Jlo b duglie )3 & (glaigSay
Y Jods) u cuds oyl g0y WWIVE

Sl G §) 56 e e |y dBlw ,bab el
T 4 5 Gl e g o] Cadgaome S5 (g jtigd
2 iy sloplasl (usy (sljls el (sl Bl () 1
Lo Liulidl Jdads cily a5 0y90 (o pd cunily (i byl yi
Siimwgid 3y Slos yialS Ly flojen g 03)9p SluS 5 4 il
Sl L oS« avms (slacudgioms o sy il cov S,
boos jolaiedy dayly i cpl 50 00 0 dnlae (35 4y mie Canns
50405 Jlad 4Bl I (glo s d dlge dazee JWaml caily s p L9,
w,.ml_f L“—’LQR M9 d]n)_o) duwb w,.ml_f 90 y9ped
s j (Mohammadi et al., 2021) 35,5 oo 48l Culses
Sl g g sl a4 Sias i sy 500

Dgye sty ] o Fawin ¢ eui8 il Phaseolus calcaratus

(Kidney gl, 50,8 slog o le plPhaseolus vulgars L.
.ol Bean)

256 a9y (s3oml Ui Sl ) ritana jolody oSS i
O o byl 5ol Jst p Mt sl s ol > D pls o
axlye JSiio by glaidl (BymaS (18 gl J 3 sl i
alyg 2 2gde Lol oo g ol talS 4 e g 038
oialS g ot A J5e carge suld cal b g polis talS
«Jolie 4 lad; > (Rahimi et al., 2023) 1 Jalgs 48l glas)|
5 b Ylainl Waiealyy ol 3,)LS 55 a5g gl ioljdl
5 s Sl ey 5| gty slacdl 3 Jo 15y Sy 5
dxog g (Sepdanid el ul el o Jobo 05 Josh
o) o 53 900 Bl o)l L3l g e slacdly jniy
By dge b Las 4 ((Sid 5 e ST il L Al
3,8 .(Bera et al., 2014) a5 o oS wgy glisyl 50l Jobo
g gW)) Gl cage s Mgl p YT 1) p S ke o
5 ooll adad g ol oyl bty > (Zea mays L.) <)
Cl o bl dy Cuws ah by g 23 S Jolye

(Ghassemi et al., 2025)

smb sladala ylaas

i gauo > YA/AY g WIVD ialS Cage (i Hle Jlos!
d)L,,J VWPV WLY S 5/\' d)l:.g] C?“""" 5 ua.»l> slaasls
o3 5l b .Sl duslis opl pogde (¥ Jgio) ddb doyd Ve e
=YY b gl 38 iali 8l L o8 slaad L dgups
e Mgl dFVY i) p S e IV Jlesl g gl
b sle pae b duslio jd ool Cio (ss)d AF/NVE i3l
(¥ Jgiz) 23

UlS L ol 5L 3y90 Of 4 wyiwd 3 Cudgase s
Shadld ad) 5 Siatler S0 glo (Sgaysn S5 g e
u.l..o‘ Lgl.hpl.)._;l 4 GL.A uwo d"\""‘""’915| 4 ).’><.m 01,5 éu.n
4&.«:9) 9 LS;.W) 55 Aol Py R JL.:.‘? L;L.mf).» 9 a8l b
0=l L ot 1358 0 gd e (65 dxe jobdy (ils (slaasli
05 | Y s

093, )3 dnail
—Ss5%e pl L4 4 (Phaseolus calcaratus Roxb.")

Vigna umbellate L5 ) ¢y ons 4y pb css ale @losl 1o -3
Pl g el ((—20 L) (Thunb.) Ohwi & Ohashi



YAV Suieledae o Shg 2 addgiml p - YF (bl Jole 3 (5sluloS A T gy ol )lS0 9 ol

d g o dala 9 BUL o dila ulaas

GBI ) il sl gyl zolaw (Sole dunlie slie
48 glgSa wdly tals (o)llpS Li cad (il b caslize
4 Cho ol (amoyd Y0P cldl Jale dop Fe )bl Sl
53 400 S oyt 500 (g S Jopd Voo (oyll s
aulio > oS ol cand 4 JolS ()bl jla j> (322 V-5/5R) Wiy
3> joy Iy (oo pd YEIVA OS] (sae SYIFY) wud i Hlawi b
=Y (b glre il gola s (Slie dunlio (8 Jgu)
ORI381 53 geygn (3l Jfone g Cute b Sbles gl
ML o ashy sl oy s g gy 40 Aild 5 BMe > Wby Sl
Y il sbre Jlass jd (342 WWF/YY) &gy 50 ails 4 (32 F/45)
9 V1Y g gen) gl e g dgtansl o gHVE 2 5 p S Lo
g opl 5l el cowd 4 (b Jgloxe pas) sals 3 (sae YV/EY
o eptaleil ol )3 92,08 e VL > bl Jslore Jlosl
9 ML ;0 b dliay (shod YYe 5 £V/OF ol 38) cumw Coi s
(0 Jods) Canl oas a9y 5> il

cage (@35 Al yo 3 S L5 4 Wledls ol lalllas
33,5 o 045 JuSils 0 sl ki w 5 S 5, Liul3dl
il laplal JSas als yo (loj e Bl 4 ot (rivren
dogi byl olped 4y |y BME > &by olaws LialS cules )0 9 0l
ool e ol pe el laylSg5La (elyly el 4l 4
()lleS i bulpd )3 it odd0p3d sl Muawwl lise
ohalS 1y o35 o3l LacMe 5 La 5 o5, ioljBl L olS
JUidas g g 5> ML dluwi ials 4 oo an] )8 opl a5 amd o
.(Shekari et al., 2010) 595 0 My )3 4ild sy 2ol )]
S Cundg St s 3l Vel w508
s LaJs b comge olaly 0y Slou slooygd 53 ofaghs 0lS
S5 Gy ol 4 Bl ol cal awiS oas JSiso )l sla >
cel el 5o g odebol ML o laashy a4 56 yiul38l
P Gy ab ol S jabay o) BMe 3 &y slaws ]38l

sl 003,85 Csllae (g)lul baald )3 a5 ()luleS L Ll

slajlog o alw , hé b xe igly 8l 0y, § 0390 v
Do )1 L;wl; JJ‘?’LS" Sals 14 dw.ulaa Pl .\.Jw‘):@] bJ,uSpdb).)
5 St sl iy Gl ol oy 5 cs58ms ole
Jlosl a3l a8lo ol 3 (gjuiwgd Gl 5yt (gjlweydd

Oy > Mgl VY 3L gl
(Lilium “Fangio” (LA hybrid, Longiflorum x Asiatic ))
(Lima et Genipa Americana L. 4 (Omidian et al., 2021)

b 4Bl b D58l syl gl iles al., 2025)

3,Sdos (gl3a]
gy > AL Dy

Slie g 10 M dluw &S 3905 ,IS] 1Sl dulie gls
Cog bl LS (gl ine ©ppots (il i ok
3 4S 05 oanliiie dig ;D BME DA oy jieS doyd 5o (5Ll
aslge (co > VVEY ials b ooy Voo (o)ll jlod b duslio
g ) SIE a5 GRlI L 8 (b glone 3,7 (0 Jgix) 29
o Mgl SHYE i) g S e Y (8L sl 35 olpen
b aSe pd A s (gl Vo0 i3l el sals Cuus
(6 Jg)

gl po asily oy Slos 00 S sl £33 (0 oo LOOME dlaws
O g Led oprgay (Aace bl ,3b Cod abe, o wbl e
Codgdme kyly s > (Morosan, 2017) 5, .5 o, 8 Sis
59 )9 oy Sk (1l gl 2915l u3) 4 a2 L o)L
D815 Lol Jole ol )3 (s5tagts Syn 155 S e
Cgamo JalS o )lal bl 4 s a5y 55 M sl
Slalbe bwg Log 3 oIS 51 )0 O slass ials g o
(Mohajerani et al., 2016; Ghaedi cusl s (j3)l55 35,505
asolS Joow iol38l b sdginul s oFYVY 5,8 et al., 2021)
b alil  Sgnygr S 29ty o (Sitd Gl
Uil <y Jolge cul 250 5iog al)S L 5 Jlagu 51
S (o S8 LAME 5 b JS 52y GRS 5 (g jtiwgid dlge 5o
i g o bais Lol Bl (59) syt yo)k Sl JS o
5 ollae ylol Ll 55 o2 51l b o G131 gy 5o D
(Zhang et al., 2008; cowl o0 snliie oo Lalys )3 oo
.Upreti & Murti, 2004; Anjum et al., 2011)



YAY

goa]

329U (owls por &y

Lo Y ol ¢

VEoF b (Yo,

*K1oanoadsar ‘sjaad] Anjiqeqoad o4 pue 046 Yl 18 JUBDLIUSIS PUB JUBDIJIUSIS UON] iy 4 PUB 4 ‘SU
g el ¢ (5 o #R € e clomp (| e .
sw 6 el avd om0 6 ol of o <roq* 2R 6 g ooy € oD ey

. . ; ’ : ; ’ . (%) 'AD
0¥'9 ¥9'C LO'S L8'S we vl 68°6 9T'S oot
. . ] . i ] 1012 101dgng
100°0 691 6989 0LE1T 881 LETTT L1°0 [ 81 o =
,.800°0 W99'L L ILITSS ,.5919¢€T 29T’ 1 06716 w9170 al €1 9 %1
(&) oprjoursseiqido-pg
L.LOT0 ..8TSS LSOI89LL L OTPSIPT .. 18921 LEOTILYI ,.96'9 ,,01°8T¢ € MR
. . ) ) ) ) 10113 101d urepy
S000°0 (483 LL901 99L9 S8'¢ 18'¢1 1o 670 ¥ 2
. . . i . ) (1) ssans uonesLu Mo
..090°0 LPEEe ..988LSE9 L.8S81SHT «CSTL ,.00T08Y ..86°S WITIY 4 o0 S
E ) ’ : . . (y) uoneorjdoy
«8000°0 566’1 uCSET u€€P6 600 wC60€1 wuST0 5 EEET [ o
Mmu::”_uu-w._\»” Xapul JSIAIRH PIRIA [ed130]01g PRIA urean) ___U.M.HM.M_;—» yuepd 1ad pasg pod aad pasg yuepd aad pog p A'O'S
g . ¢ ¢ ¢ Com i sy iy
P ot e Kojer o€ (o™ sorse cpev - e of Kev cjee <€ ke e I MR |

JARI[0J PUR $SAA)S UONJBSLLIT MO] JO J93JJ9 ) JIpUN AIUIIINJJI ISN AJBA PUE XIPUI JSIAIRY ‘PPRIL [8dIS0[01q ‘PAIA uIea3 ‘syuduoduiod pAIA Jo (sdaenbs Jo uvdawr) dueLIBA Jo SISA[RUY - dqE ],

uedq ojuid ur dprjoursseaqida-$z jo uoneddde

b 3- ol §fRe (g™ ofmo) 1¥415 31570 3o qiep Fershe (R eqee® Koo € 9|77 eorfe | pon ¥ e SYFFS € g 3P eRbfr of 6 7



FAY o Su3eld a0 o S5g » addgiml p - TF bl Jole 3 (5)luloS (A 1 (g2 ol )lS0 9 ol

o gl 0 g 3 il e g3, hos (gl 2 Sdgimal =Y E (il glone 9 (el AT T (el dmnlilo -0 Jgu
Table 5- Means comparison of the effect of low irrigation stress and foliar application of 24-epibrassinolide on yield
components and number of seed per plant in pinto bean
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Table 6- Means comparison of interaction effects of low irrigation stress and foliar application of 24-epibrassinolide on
grain yield, biological yield, harvest index and water use efficiency in pinto beans
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LSD (0.05) 250.7 436.9 2.22 0.66
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