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Introduction
Drought stress is one of the most important abiotic factors Ilmng agricultu
arid regions of the world. Water deficit disrupts physiological and metabali

ion in arid and semi-
in plants, leading to
increases the
p% synthetic
ortant legume

ixing ablllty However this crop

pigments, and ultimately reduces plant pro
crop because of its high nutritional value

regulators such as paclobutrazo leviating drought-induced
damage. Paclobutrazol impr us, maintaining membrane
stability, increasing osmo i tioxidant defense systems.
Therefore, the pre stu
biochemical resp ght stress conditions. In addition, previous

s-responsive pathways and improve plant

This experiment was ¢ ing the 20242025 crop year at the Research Farm of the Faculty of
Agriculture, Unive Iran. The experiment was arranged as a split-plot factorial based on a
randomized complete b design with three replications. Experimental treatments consisted of three
drought stress levels (40, 80yand 120 mm evaporation from Class A evaporation pan) as the main factor and
three levels of paclobutrazol feliar application (0, 30, and 80 mg.L™) along with two mung bean cultivars
(Partow and Gohar) as subplotitkeatments. Drought stress treatments were imposed after complete seedling
establishment based on cumul evaporation from the Class A evaporation pan. Paclobutrazol was
sprayed three times at 72-hour intervals. Physiological and biochemical traits including relative water
content, ion leakage, chlorophyll a and b, carotenoids, proline, soluble sugars, catalase activity, and ascorbate
peroxidase activity were measured at the flowering stage, while grain yield was determined at maturity.
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Statistical analyses were performed using SAS software (Ver. 9.1), and mean comparisons were conducted
using the Least Significant Difference (LSD) test at the 5% probability level.

Results and Discussion

The results indicated that increasing drought stress significantly reduced relative water content, chlorophyll a,
chlorophyll b, carotenoid content, and grain yield in both mung bean cultivars. In contrast, ion leakage, proline
accumulation, soluble sugars, and antioxidant enzyme activities increased under drought stress conditions.
Paclobutrazol application improved physiological and biochemical characteristics in both cultivars, and the
greatest positive effects were observed at 80 mg.L™1. Foliar application of paclobutrazol increased relative
water content, photosynthetic pigments, proline, soluble sugars, and the activities of catalase and ascorbate
peroxidase enzymes, while reducing ion leakage under drought stress conditigns. The interaction effects of
drought stress, paclobutrazol, and cultivar demonstrated th‘cﬁar Gohar s d superior performance

under mild and moderate drought stress conditions in terms o

contrast, cultivar Partow exhibited greater tolerance under sev
maintenance of physiological characteristics and stronger antioxidant defen
enzyme activities and increased accumulation of osmotic adjustment
plants played an important role in red0@ing drought-induced oxidati
stability, and improving drought tolerance.

itions through better
¥Enhagced antioxidant
in pa razol-treated

Conclusions
Overall, drought stress advers
paclobutrazol application cogsid
paclobutrazol, particularly at 8&\mg
increased osmotic adjustme
tolerance in mun

ung bean plants. However,
tress. Foliar application of
tioxidant defense systems,
embrane stability, resulting in greater drought
owed better overall performance in terms of
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Table 3- Analysis of variance (mean of squares) for the effects of different levels of drought stress and paclobutrazol
treatments on physiological traits and grain yield of mung bean
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Figure 5- Interaction effect of drought stress and cultivar on Figure 6- Interaction effect of paclobutrazol and cultivar on
chlorophyll b content in mung bean chlorophyll b content in mung bean

D3 e Sl ) psed o Juo Ar D2 (p5us Sl ) s ie Lue ¥e D1 b s i )3 )8 oo Yo clale Pr ¢ Jojl5aslSly oL Jslre pas Po
25 Sl s e e VY Joilipalsly (Bbdsle 3 53 p)S o Ar lale P2 5 Jojl 5l
D1: 40 mm evaporation from the evaporation pan, D2: 80 mm Po: no paclobutrazol foliar application, P1: 30 mg.L™* paclobutrazol

evaporation from the evaporation pan, D3: 120 mm evaporation foliar application, P2: 80 mg.L* paclobutrazol foliar application
from the evaporation pan



VAY ot Sl aslSly bl Jalne & (Vigna radiata L) ile 5o 5als pad Slico gl «l e 5 (sokaol

opPo oP1 opP2
7 a
= ab ab b ab
.5 cd
E d
4
o
=3
Q.
2
2
G1
0
D1 D2 D3
Drought stress

olo olS b b9 IS (yl5me 32 Joil a2 uﬁ
Figure 7- Interaction effect of drought stress and paclobutrak chlorophyll b conte
T e PrJailyinstl b Jgme i PO L ks S5 o st VY- D ey SR | e o L
5 3 p S e Ae ke Pa g Jojl gl (3L sl

Joil ol o3k
D1: 40 mm evaporation from the evaporation
the evaporation pan; Po: no paclobutrazol

Carotenoid (mg.g1FW)
1\
Gi

-
o

application, P1: 30 mg.L™t p
butrazol foliar application

in mung bean
5 S I s yie ke ¥+ :D1

Ds: 120 r‘Z\poration from
applicat‘ :‘mg.L‘1

D1

D1: 40 mm evaporati

93 5ol (b Jglore
o WY0) s (Seis
Fogshee ¥r bl
JS) <8l Gl g Oliee o )3 OUF 5 YOI s iy 550
Lolyon (Suid (a5 Ll cod (g (aljil adlllas cul )5 3
i 4 g a1l glae 3T culld 5 gl (glasid 21530
ol bis oS o Cun g 350 b Jgil 5sglSy & a0

A5 bl 5 sS85 (4a
w8y 33 5 do)d OF/A y5es S 1 )

9 Odan Rl g cuload (udyy @eo Gl g olS (o
5 gl U Lais 4y e 30l palass b 51 3 Jslowe (clotid
ol 03,8 SaS St 15yl 3 ko ol oo Lyl

D2 D3

Drought stress

559, oyl y (Swid i odlw 1 -A IS

ect of drought stress on carotenoid content in mung bean

VYo D3 e i pused e due Ae D2 e i I s yie e ¥ D1

ration pan, D2: 80 mm evaporation from the evaporation pan, D3: 120 mm evaporation from
the evaporation pan

RS
29 o (e 45 3)8 et Lody uilyly 448
O s lass A5Aw (iiS ey p3b cou (P<H/4Y) ()l ine
dlio gl (¥ Joi2) <85 )18 085 9 o)l gl ( S—is
ol L 68 9 JojlisslSly o (Sis GIT S om0k
O Ol il o (SIS IS 065 5 95 8 93 5B )
o Joil 208y (Bl Jglone ((SulS 5 ol den ) 5 0
Ae g ¥e bl ) (A JS8) 03,5 (g (e i 18]
S WWe bl )3 g 005 (08 pued Sl I e o o
by (g pien g Ol $n 08y SIS I s
pae & o o3l 2l ) 3 )5 o Ae cliale L Jolxo



(il oS > a8 ua < 3,158 (Babarashi et al., 2021)
Fob ady il g e 3 e b JojlsslSly (b Jole
WS oo JUb 1) 35 4 Gl (sl prne (Sl mlio &350
o 3w b lasye slam 5T olo Gial38l el s cpl oS

e GRIB! g geo o ) g 0l

I Se plyisan (Sdd S cood nlyy lyime Gl
‘.fl LV §l‘-;.)| o 9 )0 ko 9 d,.o._.wl rv..‘a.a.) dlﬁ)l{ﬁ)‘_m
e 5 LS ppiman 5 oMot slom il g Loy
oS Jaos il s ol o JISe3] 5 (5en] b o
OhSer 5 (sl LL (Sumitra et al., 2024) .S’ o S8

80 - b b b i O Parto
s 70 - cd de de_ < O Gohar
ILL' 60 de de ] de |
> 50 - ef ef ef
£ w0 .
€ 30 gh . gh
S 20 -
[a
10 -
0
PO P1 P2 | PO P1 P2 | PO P1 P2 |
D1 | D2 | D3 |
Drought stress x paclobutrazol x cultivar
ol o IS

Figure 9- Interaction effect

Yo ckle P sl (s sle B
Joil gl (b Jslne
D1: 40 mm evaporation from t i
the evaporation pam; Po: n0%paclobutrazo

Ol 4 g gy
bo Loyl (o5 gllael
ol 03,8
AaSS )y el (dag) ) L sl

(S bl b 53 gub o 5 b )5l SluS 5 Cuos 4 ()8
S Jolore loaid geos (oIl s oo (Splie oo
Lés 3 900, Jas (sjomwl (slosiiS wulal lgieds a5 235 0
4 Jood )3 9 1)l A sLte o)lul g (Jobw (uiln))ygs
5 pAS o (Babarashi et al., 2021) wiiso o e |y (Sais
o (Al com (Suid A5 coS o3l 5l (8L Jglce
Dwivedi ) 5)b cdllas yimgh cpl ol b S’ o b Sy Jolo
(& Kumar, 2016

ontent in mung bean
2 g Sl 5l e yades ¥ D1
Py (e

Jsko loaid
S oy 3l a8 oy i Woald wilylg 4520 5 ol ol
e (i 2 08y 5 Joil SpolSlh ((Smid A5 o alSa—w
25 7 Jgi) 3 asien P <0 Jlatnl a5 Jobos
D15 w8 5 Syl St 5 S e xSk i
dad ) a5 g 5y 8y 9 0y Jobre slaaid e 45D
S3) el Gl J5iggly b o 5 (S35 A5 g
S $ o8y Jgloee W8 e ((Suid A5 gl den )3 ()
by o S sslSly 5l > 5 oo Av sl (3l Joloxs 3
OB Ll )b )3 p2e5 085 5 (L) Joil 5glSly (Sb gle pae
35 503 VIV (355 S ] 505 inho 1¥+) i S
) 30 9 4o VOO yoed Sl jl s o deo ¥o Lol
Uil Jglore (slasiB i a0 )3 VV/FY g VYA sy 95
(- JSs) edl
Wlen Jolowo (Slosid (5o gy cnl | Jol @l b
St G5 2 Gl > a1 o 3T b g oy
o Cagis ly G ool s oslSly il Jlons 5 8t sl



VAT .. ot Ja3l aslSly bl Jalne « (Vigna radiata L) ile 5o 5als pad lio gl «lfSod 5 (sokaol

400 a a a B Gohar

350 bc be = T be b be P be
300 ] ] ] OParto

250 e de de

200 f

150

100
50

Soluble sugars (ug.gtFw)

PO P1 P2 PO P1 P2 PO P1 P2

D1 D2 D3
Drought x paclobutrazol x cultivar

Alo ol S 2 Jolone (SE (50 2 085 9 JS)')’WJSE
Figure 10- Interaction effect of drought stress, paclobutrazol, and tent in mung bean

Yo cbale PrJgjlpally (sl Jsbre pis Po (st Sui e yie e WV D3 e Sl jl s e e Sais | Pw sade ¥+ D1
(93l alSl ol ol il 5 oS Jue Av clale P2 g Jojl perglSly o

D1: 40 mm evaporation from the evaporation p 2: 80 mm evaporation from t i : oration from
the evaporation pan; Po: no paclobutrazol fo plication, P1: 30 mg.L™ pa iar appI| Pa: g.L™t
trazol foliar application

5 b3l ol clled 3l (W
Carthamus ) 5,5 o5 3 Suis
Gl 0adb 555 50 (Chavoushi ‘
5 sl d S| g o b Si5 Lyl NS JojlissslSy
sl ST sl UK ol .
g1 d&

YO
| il ol pials ) o V) oldsine yoban ;YULS 5

asly i
Yadav &) »

55 e ¥ 5 (1) JS3) it il
25 S5 |y e lee WWe g Ar Lulyd 13 g g7 08) pus
Aecdale ool Joloe o dly (g i JYB e 265 o8
bl pae i JsilisslShy i) 3 p)S e
W) s S 5 bl 5 a8 55 (8L5) s imlSl
T ) 085 9 ol 5558 O $ldw (LS ony il Foge T lulid )3 g 0o )3 Ve (s Sl 5 o e
ol STy byl (e Mgyl gine 5l P/ Jlozsl V) g 0 Gl e g od) 40 9 oD gy s S ) s
G5 S e (560he dolie il (Y Jon) c—ib b @B G (W) JS3) ey Gl YU o5 (e o)
lysSl e l iso o5 3 s e JoilismslSl (St Lolyen (St i bl cou VI el sl oas ol

9 i A5 gahw dap 13 525 g STRS) 93 )2 53 JlanSTy obeie oi—d JLb Sl (Jobre slaaid 5 (g il 8l
soghee ¥o bl 3 Ll aljal JgjlpgnslSh (b Jsloce sl o 35108 4y Gy 13 0lS (Sjoul palais 5 (2185 (sla gL
255 o len We g Ar Ll )3 9 6 08y Sl I s ot Candg 3500 b Jg3l oglSy (3l Jglore 48 aus oo i 4y
bl (i agmS Ty SygSsl ire s o) s Sl | Lt sl 1l oSy O (s (sl G331 325k 5l olS
pas 4 Sl Jojl 5020l yud 13 p)5 (o Ar cale il Jgloe (g So3SS) yide i g S Cnli (BB G5k
Std i bl g 950 08 )3 (30L3) Joil gl (8 Jolxe ol il g a1 8] s Css gl 1) rolio byl
byl )0 g dio 0 V8 (juted Sl jl o o oo VY4 ) i Cawl 03,5 oalyd YL
s S 68 53 g o yd YNA Sais I eyt lua ¥ S 5 ot a1l slag 3l clld il

cal Gilieljlasly, C_vlg”iw] p;)j Oljee Juo > FY/E¥ o ¥ /Y Jbd sladiss Bls (gl oS 2l gjle yad Jd saiad lis



i (2D Gl b (Sis 15 cos J3limslS

CsMygylS 53 (5] Jb lotisS g Jlae 9 Saas]
e 2] 1 @900 sl psS 82 (gl Jleb o
Sy SlyygSl w31 Ellad e300 308y S50 Bl 4y
ol g 31 AT Sla U0, o283 L il oe il
Abbasi et al., ) 555 (5 pSsl> Jslw slo)lid L 4y gola S|

wile (g joml S8 5 goos Gl 81 48 sy oo i a0 (VY JS5)
a3l sl o sy Lo b Jslore sloaid 5 g
ol i Jleb S 43 g S 5 5] bl slaeel
03,5 SaS Jg cds ials g sl g lul e 4 Gl STy
by Jslors 4 el il sl ki d25] Cppizats
(o S Gl 9 S Ol s (Slsie 5 b Uil sl

2015 g a1l i 50 3,Skes (el 1y (6 lio bl
SSauid i cod ole ol 55 jlanSTy @lbyeSel culd il
Cowl 03,5 al,s
- A N
é'; 0/012 a o Gohar
m'g 0/01 de be . de ; b . []q DPeartor
&g 0/008 e e de
gg o006 g g o f
£ 0/004
% 0/002 H HH
0
PO P1 P2 PO P1 P2 PO P1 P2
D1 D2 D3

Drought stress x paclobutrazol x cultivar

S A5 S T ) S

ultivar on catalase enzyme activity in mung bean
245§ e oo A D2 s Sats ) e pta e ¥+ D)

b otbdslone s 2 05 (o

the evaporation pan, Ds: 120 mm evaporation from
plication, P1: 30 mg.L™ paclobutrazol foliar application, P2: 80 mg.L™*
paclobutrazol foliar application

cd
. d d cd
de
of def of . de
I—‘ fth
P1 P2 | PO P1 P2 | PO

D1 | D2 | D3 |

Figure 11- Inter ctlone
Yo cale Pl Jj)lﬁ}\}l{l}

0/07 -
0/06 -
0/05 -
0/04 -
0/03 -
0/02 -
0/01 -

o Parto
O Gohar

a a

Ascorbate peroxidase
A)Amgprotein min-)

P1 P2 |

Drought stress x paclobutrazol x cultivar

oo 0L a1y OlyoSl o351 (w0 2 085 9 J93l gl o Subd (G (S o2 51 VY UK
Figure 12- Interaction effect of drought stress, paclobutrazol, and cultivar on ascorbate peroxidase enzyme activity in mung
bean
Yo cdale P Joilgnslsly (b Jgle pas PP e Swi ) s e e Ve D3 pises St s e e Ar D2 s Sl s e e ¥ D1
JoilposlSl (b Jslome i 3 S s Ar clale P2 5 Jojl gy (3L Jgbre 3 3 p55 (o
Da1: 40 mm evaporation from the evaporation pan, D2: 80 mm evaporation from the evaporation pan, Ds: 120 mm evaporation from

the evaporation pan; Po: no paclobutrazol foliar application, P1: 30 mg.L™ paclobutrazol foliar application, P2: 80 mg.L™*
paclobutrazol foliar application).



VRO .. ot Ja3l aslSly bl Jalme « (Vigna radiata L) ile 5o 5als pad Slio goly «l o 5 (sokaol

ol 5 Jobro sladid gy il 4 a) oo Sl als o ySloc
Collals 51 2l b5 bl 5 ST ol 5 Sl S e ] deedls sl 4285 Jpie 4 s
Orian Eusl 03,8 SLaS oL 5 Slos bis 4y il 29008 Jeisl oo )3 ails 5, Mos (e 2 03) 5 Jgjligolsh (St
bulyd oS de (Sjglen b Olio d9m0 b Jojl5malshy (8L Jgle Sl dmslio gl 4 295 b (Y J9i2) 92 Yo gne p < +/+0

28 @l by 3 Slos (Ll38l (6l (6 panlio 92 2 2 8y 9 Joil porlsl ( S—id i A S e ]
Siiwgid )b g (slj) Colin il L (Sis A2ls 4l 5 ,Slos e (Sid (a5 Gad (IBEIL (e o8,
e gb oo &> & (5 ungid dlge JUil g g5 (Ll carge I s oo ¥ o )3 lie (p i o s poa 2l
|y &l a3 0099 Sy @y oo 3l cllad 5> M3 O ok e )3 gl sl slews Ll b Juols s St
(Sehgal 53,5 o il> 59 5 olaws il el colys yd g o0l ials 5 (VY JSs) s ils 2 bl g cuzo Bl cuw (S

csiugy by iy Jrign oo b JgjliolsL et al., 2018) 3B 5255 18 s S Mgl s sioka A 9 Fe bl d
Sloplul 4 (g 5wgd dlge pidin (ariass cumw g 03> EalS 255 BRI 55 e ‘)M"" 2 bl esls d)ww b
(S| s b G581 L iz 5500 (i '
LS (g igid Syl (ol il 29n00 5 Slié ()l L . =Nl \;uw clak
ol sl (g caleg g oa—3 Lai> e 5 e e S )*ﬁ ) Jo3l 5gnalsly
Oryza ) gy » il e 5 (Magtalas et al., 2020)pub o S X ip\" INO 55 Sauis
(Zea mays L.) <,> 4 (Nuraziza et al., ZOZS)WV
Joil sl 5,8 as a5 )15 (Kamran et al., 2020)

1581 olo &by 5, Sl 0 & o)yd
ol g S sd Clio s o3

il bl cod aly o Sles
S Fhmgd sloo S5y Jhals oSy

1400 OParto
ab b a a ab

—~ 1200 - M i c O Gohar
H'm c cd
2 — de e M
S 1000 ef ef — _ fg fg
< mim g g9
= 800 — 2
o
> 600
=
S 400
(O]

200

0
PO P1 P2 PO P1 P2 PO P1 P2
D1 D2 D3

Drought stress x paclobutrazol x cultivar

Ao oS &3 3,Slos ol 12 08 9 Jo3l gy (S A GRS o0 1 -V S5
Figure 13- Interaction effect of drought stress, paclobutrazol, and cultivar on grain yield activity in mung bean
Yo chle P Jsjlisngsly (sl sl pas Po s Swts jl e e e W D3 s Sl 1 e oo A D2 8 Sl s e e ¥ D1
JoilposlSl (b Jslome i 33 S o Ae clalé P2 5 Jojl gl (3L Jgbre 3 3 £ )5 (o

Da1: 40 mm evaporation from the evaporation pan, D2: 80 mm evaporation from the evaporation pan, Ds: 120 mm evaporation from
the evaporation pan; Po: no paclobutrazol foliar application, P1: 30 mg.L™ paclobutrazol foliar application, P2: 80 mg.L™*
paclobutrazol foliar application
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