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Introduction

Drought is one of the most important abiotic stresses that has an undesirable effect on crop production and their quality
and leads to osmotic, ionic, and nutritional limitations as well as growth delay, metabolic disorders and oxidative stress
in plants. Iran has a dry and semi-arid climate. Due to this problem, there is a possibility of drought stress during the
growth period of plants. Presently, the production of legumes in the country is mostly under rainfed conditions and
drought stress is one of the main factors reducing the yield of legumes. Mung bean is a small grain of valuable legume.
Evaluation of the performance of different cultivars is considered a starting point in identifying drought-resistant
cultivars. Cycocel is one of the most important growth retarders for tampering with growth and performance. Therefore,
the present study was conducted to investigate the effect of foliar application of cycocel on morphophysiological and
biochemical characteristics of mung bean (Vigna radiata L.) genotypes under water deficit conditions.

Materials and Methods

This study was conducted in order to investigate the effect of foliar application of cycocel on the morpho-physiological
and biochemical characteristics of mung bean (Vigna radiata L.) genotypes under water deficit conditions, split-split
plots based on a randomized complete block design with three replications, in the research farm of Ferdowsi University
of Mashhad. Experimental factors included 3 levels of drought (non-stress, mild stress, and severe stress), 3 levels of
cycocel foliar spraying (0, 400, and 800 mg.IY), and 2 levels of mung bean cultivars (Hendi landrace and Zarbakhsh).
Statistical analysis was performed using SAS 9.4 and comparing the means was based on the LSD method at a 5%
probability level.

Results and Discussion

The experimental results showed that the effect of drought stress, cycocel, genotype, and the interaction of drought
stress and cycocel as well as drought stress and genotype on height, stem diameter, relative water content, stomatal
conductance, leakage of electrolytes, greenness and chlorophyll content were significant. Severe stress, compared to
non-stress conditions, caused a decrease in height (53%), stem diameter (30%), relative water leaf content (29%),
stomatal conductance (68%), greenness (37%), chlorophyll a content (25%) and chlorophyll b content (30%) and
leakage of electrolytes increased (60%). The results showed that both drought stress and cycocel caused a decrease in
the height of the plant. At all levels of drought stress, the Hendi genotype had a higher plant height. Drought stress
caused a decrease in the diameter of the stem, while the application of cycocel reduced the decrease in the diameter of
the stem due to drought stress. Drought stress caused a decrease in the relative content of leaf water, while the
application of cycocel reduced this decrease. Also, Drought stress reduced the stomatal conductance, while the
application of cycocel slightly compensated this reduction. At all levels of drought stress, Zarbakhsh genotype had
higher stomatal conductance, but the difference between the two genotypes in the treatment of non-stress was not
significant. Drought stress increased the leakage of membrane electrolytes, and the use of cycocel reduced the increase
in electrolyte leakage due to drought stress, and it was also found that the increase in electrolyte leakage due to drought
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stress was more intense in the Hendi genotype. Drought stress reduced the greenness of the leaf, while the application of
cycocel slightly compensated this reduction. Also, at all levels of drought stress, the Zarbakhsh genotype had higher
leaf greenness, but the difference between the two genotypes in the treatment of 100% crop water requirement was not
significant. The chlorophyll a content of leaves decreased due to drought stress, while the application of cycocel
reduced the severity of this decrease. Also, at all levels of drought stress, the Hendi genotype had lower leaf chlorophyll
a content.

Conclusions

The results of this study showed that under drought stress, there was a decrease in plant height, stem diameter, relative
water content, stomatal conductance, greenness, chlorophyll a and b content, along with an increase in electrolyte
leakage. Among mung bean cultivars, the Zarbakhsh cultivar showed superiority in tolerance to water shortage
conditions compared to another one. The use of cycocel reduced the negative effects of drought stress on the plant. It
appeared that the use of cycocel under drought stress conditions is effective for improving plant performance.

Keywords: Chlorophyll content; Drought; Electrolyte leakage; Relative leaf water content



Iranian Journal of Pulses Research
Vol. 15, No. 2, December 2024, pp. 197-213
Original Research

A.Q%,j},gfz
Homepage: https://ijpr.um.ac.ir

g https://doi.org/10.22067/ijpr.2024.84927.1071

ol gy (plordon 5 (So9sr 339090 SS9 (S » JwsSale )]
ugby i Yl pd  (Vigna radiata L.)

Y Ls_,,m Lé) " ‘»::/.-T

Sloj Lo yodle MD sl SLls agll
VECY/ A sl o

AARAVER VAT SRR RO T

oMS

O wsllaals SlST el gl a5 ol Glal 53 65 QLS g easiSagume hole (n e lyieas (i
slaShy Fr = JsSolo (Bhdslne 51 (on) p soliieds Sl (65950 Jooxte (50 lalS 4 litwo
o 0,5 )l 99 Sl S &jpony ctalesl sk, (A5 Ll o il slacadsll (olerdisn 5 (Ka3sls sl se
65y oSty Ui acypo ;o VEe VN el L 1o S5 du b ol olS slacS'sh )b B 4o
Ao, Ve bl golel Jolss e s 1o (g a5l aisgs &l Giulesl Jolge .ol 12l agie swgo,8 olKisls
a0 B bl syl 5 (edle (St 15) (5L o )0 VO bl (bl (St (25 90 (2T 58
5 JosSabes sl ooliul pae ol s ds b JoosSilos (3L Jslome (Lol Jule lsieas (s (Sas (29) (o
(Uitr)) pB) 9 i (oog 0395 1 Juld ugi 99 9 (28 Jole Slgeds ) jo p Sidua Are g Foe b (BL Jgle
Sl oS O s lyome Bl SlaB eplin] ol (alojl (l ) (g2 9y90 Slao o8 (0 Jule (lsiea
(o) QRS iSiee i 45 olo (Ll gLt asog Jdg IS ltzme 9 (Kb dLacadg i8Il i lasy,
5 by (M5 S e Geizmen 9 059515 (glytone g Lacids SSUl St e 9 JusSole (SBL gl
5 Sz dpcdg i8Il ot (slase, Colan oS Ol (o slgime Bl b el JuosSoles (L3l Jole
Vo)l ;had halS  cozge (JugSola 005 pae g (Sid apad (A5 Ll p8 iogy Jls e 9 Ju3g )15 (sline
Uil 3l cpizran 5 (Ao )0 YY) (K g (o )0 PA) (slaisg, culan (ao )0 YA) S ol s Sl (ao s
b alS o JrsSolo i S e Ao 0l L Ll s ks Lyl dy Conmad 0oy OF) laciedg iUl i
e 5 (Qo )0 Vo) (K g (do0 Te) (slaijg, colan (oo ,0 V0) Sy ol s Slgize (oo 0 VA) a8l
S g bl b ol el cn e ) el Geigmes o saaline (a0)3 O9) ey i8Il cots gl
oS gy lulyd plo (38,5 515 0 by Gles] al @l s argi bools @l 2y p S bo A e 008 5 was
1) st bt Ylato! JuogSolo 52 o) hen Ao c2h Jslone 0lS (2l 5 0o y3 VO (rnals b oS o 5 4y
A0l Al (Sas s blh 4 iS5 gl e o

ch&ﬁ.]sf'lﬂl Cds “5).3 ;;‘ e 6‘93-’“’ ‘J.:JZBJJS 6'5:-"“’ ‘L_,’.i...: :‘5-\.:.15 6[.903"9

Olnl Slgs slaings 4 puls
YAV-YIY .o Y E+T 093 Ao oF Byl VO Al

ipgiy e goi

Ol Jmems a0 ;3B b 2l OlalS celin 8 Shoe Joa>
ol> Jl> o (Barzegari et al., 2020) aiil S 0,90
G 9 095 w23 D)gody Fiem jsiS 5o She algi i
aily o lige o, Slas 2alS Lol alss 5 S Sas
peSJ S 7 ule (Nakhzari Moghaddam et al., 2020)
sCA_39.|o) o0 \- EQ‘)J_:.Qﬁ.}; o0 o) gy oy

(89 9 Lo ¢ iSin ol (o2 o) (SO Slgo do )0 Lo

2- Vigna radiata L.

doddio
Jole Ol ogaS ez 5o (65,58 bl 51 (S5 s 5
Sl (55,0l DY gaze (590 9 by s IS Sgine
Olgedn S—is s o=l s (Khalili et al., 2020)
Sly g cel ol (ol); Sladgs osiiSoguze Jale (2 e

«(559LiS 0SS ¢ LS SS9 Mg pwdinn 09) «(5 5S> aibgal il -
Oyl iy i o ol

sl g oLS (simgh 09)5 ¢ alS S5 5 Mg (wdine 09,5 )lutily =Y
2Ol iy iy ol «(g5yaliS 0aS0ily ¢ Jaie

(gzamani@birjand.ac.ir (e 0dinnr g — )


https://ijpr.um.ac.ir/
https://doi.org/10.22067/ijpr.2024.84927.1071
mailto:gzamani@birjand.ac.ir
https://orcid.org/0000-0001-7299-2617
https://orcid.org/0000-0002-9217-1311
https://orcid.org/0000-0002-1083-2738

V¥ 093 Ao oY 8,leds N0 o oyl Sligus Gla g} ds piid Voo

b4 > 5 TpaiS 5 (Navabpour et al., 2017) Lgw ;0 JussSo Lo
olS el )| ralS” cely (PirastehAnosheh & Emam, 2022)
GPle Sy 2 00 plml Sla gz 5o 0l o Shes Al
Naseri et al., ) sg5u slacuiss) (Salehi et al., 2021)
Karimzadeh Sureshjani, 2015; Ghalandari ) L.¢ 4 (2020

25 Al yo y0 Susb, 5 A Wl aseine (et al., 2019
5905 ;e ) S ol (o lyime o 20l 0y
YU ails o Slee YU Sy O s slgizma b slocussss
S5 S5t abaslgay cusb, A Lalyd o anlei oo oy
o=l Y jlasil Cep g 05nST U8 sladisS o Sl i
O odnST g wn slalic 4 ooy pgd g oS 3
Cid lime g adl pals slie gl slae slasans
.(Haji Babaie, 2017) b co isl38 55 Joko 5l lacidg oSl
Lolyd o Lacody iSll et sz Logd (59, » (2093 52
.(Ghalandari et al., 2019) ols las iol38l Scos s
ot Ll 50 4526 0l oL S (g5, 45 (chmghy elul
ol cel ol (i aS ah et b pll  Sas
2 laaSaig IS 5 JS g IS slsime sl ol a5Ls
b Jol=e .(Amini et al.,, 2023) o aaly> oS ol
Sl Gl el s Ll 53 o oS 55, JusSola
g aal,l5" oulas (Ahmadi et al., 2019) o Jglow cLis
G0 adl ad, HlalS U Jolse g0, Sloe Joa> 4 i
Ly, 5 o .(Ahmadi et al., 2019) 55,5 i e Ll
3l el s gl jo glasyg, colas ( S s
3,5,LS a5 (Shokouhfar & Abofatilehnezhad, 2013)
3y lasiey Cnglio Gl e Lulyd cpl )0 JusSola
asJlas o .(Ahmadi et al., 2019Barzegari et al., 2020; )
Shokouhfar & ) il sl 3, 0 S—iz s
Karimzadeh Sureshjani, ) Log) «(Abofatilehnezhad, 2013
aS 0 et (Heidari, 2018) ML g5 90 4 (2015
b Jslome aS oy i by w0l ol ST ca o
Sl Graly 8l Al ey ady, 1 S sle Janil ¢ JusSoLo

4- Triticum aestivum
5- Hordeum vulgare
6- Dracocephalum moldavica L.
7- Water Use Efficiency (WUE)

5 ed (o 09,5 loagnebyg elss Gueling wo s 4
o (Ahmadi et al., 2019) ss5 LS 5 0 Glapens] 2l
5L 31 anwgs Jloys (sl ypiS olSé 5L el o (il
g0 ol ol aS (ol caSo o YO LY 3l o
Ty 08 B (Sis 4 pglie LS aws o U el ouds
33,5 oo SiS (5L gy oS (ml 45T (2l 5o
G s il oS onl (2T 5 1 58 oyl ol bz
Lo g, 039, (Heidari et al., 2019) i walys  Sis
sad 43S L s 5l AL I L ablie (sl il
a5y GlrodiS it (B o e lahs) Gl 5o e
Ol e (T3 llyd il jo 1) obS oo« oLS
oloS 5 ol (PirastehAnosheh & Emam, 2022) wias
eolhels Ol Sl mals ys jlanl 5 a5 1l S plsiea
Heidari ) wloads aizbis lals )0 00d),ue 5 00d; la s
39 il i aLF 0l glbonS sulas (et al., 2019
oo plats (sl 0o oS Ol (5950 Cundg ey
4 Cnglite obml 5 Jpame CoeS 5 CudeS SRl jslaied
Shokhmgar et al., ) 553 o oolaiwl g5,0las ;o Sis
Gl i o i uS o e 5 S JwsSale (2021
Pirasteh ) ol oo (lals o, Slos g 0i) (55,9 o
Cwd ais ol 4y o] Kig 3y ((Anosheh & Emam, 2022
2 0 slesd G Oty wsSolu 0 p)LS a s 0zl
e Sl o il (S 5 s oS o a5
lymome al i3l aizmen g o)l s SiS g 5y als
Akbari & Jalili ) 0o Las » yo sLic g,lul 5 ol P
L agzlae 4o ol 5L odle 5l o, rals (Marandi, 2014
S5 o a5 (Salehi et al., 2021) cul Sis s
oS 0,y 5o (Jolow Slods (ol iS5 ol ojlusl s
GRS e 0 a8 S 158 lalS Sheogas g 09d o
el L as coul (Su59s8 00 cio oLS lis ) .l
Syl bl Sis i bl b )0 ofgan dacljoing S
9y = =i ol 1S Sl ow, b (Tabatabai, 2021)
«(Heidari, 2018) 54 53 &8, 4 «(Salehi et al., 2021) il
Karimzadeh Sureshjani, 2015; Ghalandari et al., ) "L/
&,lo == 2als (Navabpour et al., 2017) "L g 4 (2019
0y, ad dalin o8 4Ll slasy g oLS elay | o

1- Cicer arietinum
2- Phaseolus vulgaris
3- Glycine max



Vel o o Lo gif (oloowion 9 S99 mdedy90 LS 19 B p 1 JwsSali 51l g 81, SUls

—Gr Doty sk Jeba Sl b mn ol &)
00 as) alold Ly ey sloil L (aniy (55, edlS) ey
by ol (oo 1) 0 5o oluws) 51 yin il
Lo S oy alols as a3 )5 L s e il Vo iys, s,
h9A Sl g ;e VIO Loyl S5 oy alold 5 20 SO
Goe O VYV YV &b 0 s Ojgod g g 5aSes
L85 Ojge 6 el 50
Syl g 05 sty 5 sor LB Ojp0n o)l
sl S s e 51 5 Al s S5 a4
U ol ol 51 G s plosl <l 51 ey alolddl (g ,La]
Sl Jeolsd a0 (L g0 (g Lol @lado slaws) ol jew al> o
S SB35 Sl ey 00 e Slacaand (5,5 ol ploxil 55,
Sz B g0 a0 40 S5 Slles .85 O g0 cuiS l atan
St e 3l e slacile s Slibes i plosl 5
Jsb )3 sd ©y5ot als ok alo e b g 5T (S
S o e 50 i sl less Jloael ol ploxil w099
ool acals aalol oty Jead L L g ol 9,8 (S
55 sk Jolomo s oLl (5 s a5 3k Jlone
(Heidari et al., 2019) o plowl 20 J5 £4,8 al> 0 ;0 3.5
ol (=l 5L e (6l GRmgR cnl 5l 9590 slaosls
Slel ol Ce s iSTam o Jilas slales ( S,k e
ol ol jlel Gy 1 o s 5 (L8]
0 g pglaer (ol Jlo 5o e Systn culidlsn
56 tiso pady b, oolial b g pn oS 3,55 5 e
Si=ley lawg 3l ! 55 ¢ (Khosroshahi, 2013)
S e golol Ol e dile (6l 0l xs CropWat
> @8 Sl e 9 el Cessay el Al L T
25558 5l ol aier 3B it 5 Lo S (e o)kl
by Oy e a (699)5 ol e 5 0 oolit] ez
Al (S ol gezx> HguS

d Ceogliio lmgid D) 090 Jobo (il 8l ay yoeie oS
PirastehAnosheh & ) o oMe jo o, Slee iul38l 5 Sis
S9y S5l sg Ol 5l pae 4 a>45 L (Emam, 2022
SBan b adllae cpl )] Lol 0,15 5 colaidl slaas> olS
St gl Sl 2S5 JusSile b o
le S lrerdon 5 (Sisln 599890 Sla S s

w2l sy 5 bl

g, g olge
slos S Ojgoa VFe NP el Tl o Gubesl ol
o U ol elS slaSsly 7yb B 45 ond 0,5 b 40
g ,8 o Riils (65,5laS eaSlisly Sladow ac)ie jo 1SS
Ll Job L b 350 s %0sksS Ve 50 @dly s
942 V7 oLl (oye g (Byb alB0 Y7 5 a0 0%
Al 1y mhaw 5l e QAT gl g ot as B0 VP
Jold o a0 bl jlaseg o lee Galejl Julge
ol )bl (a5 25 09 2l 5l bl k]
B obslyr okl 5 (oMo (St (25) (ol 5l oo VO
(sbool Jle plyiean (ot (Sas wi) ol 5ls ae)o
slesliil pae ol o 4o Ly JogSolor (20 Jglne
) S A g T L (8l sl o sl
) 5 B (o092 0095 ol i 93 9 (2 Jle lores
(=2 =2 el plprea (G

Slidod 55 0 5l Glalejl cul jo eolial 5,90 (Ble 55
g Slindon 35 5 9 (i) £ H% s Jbb atd 9 L
Mo oSl = J5-850 (crnb i 5 55,5laS (350!
S3lsz il ot Sl Gy ) 4 (G 009)
i Jeols bl sk (oYL anel g8 5 codls 5l 5 ploxl
A s (Merck) S ye &S )8 5l 5 (Bpae JwsSole ools
Yoo Gos 5l plalasl plosl Jome SLs o 5l L3
9 9 (6,13 pasiged (o) 75 0 9 1t Sz 5d (6 el
() J992) 4 el S oloend 5 (S5 la Sy

o3l syl Jomo S (oo loannld 9 (K jud Slaoguas -) Jgu
Table 1- Physical and chemical properties of soil

(oiilo) Gos  cdl
Depth (cm) Texture

(a0y9) T opyS  iaSly (0 2 o jowd) (K9 il o lan
Organic C (%)

pH EC dS.m?)

0-30 ) & 0.97
Clay loam

7.98 1.2




VoY 095 Ao oY 5,leds N0 wlo ooyl il Sligns sloidgss &g pid Yo¥

oS A 5 Fee IS el T Sl ey Ve sl
pAs A Cod ag Ll aS ol cel JuwsSolo id o
50 salS plal el s, YY 9 V) cus s ol 0,8
5,8 g wnls L awlis ;0 olS o 5L oo ,0 VO v
5 T ¥V i Jwsole 5 o p S e Are 5 ¥
L awlio )0 ols ol 5ls ao 0 b0 mhaw j0 g 0o, FY
d—wgSolo d 3 pp S o Aee g ¥er 0p)Ls 5 wal s
aS ol Hlas bl uioren g ao )0 FF 5 0% OY L ja
Sl oo, 00 5 VO slajles jo (guo iyl aig gl )]
YY coipan olS ol sl ao,o Ve jlad 4 i o5
S GRS 5 G5 qeie 5o 8l als we s OF
ol oLS ol s as,o Ver e 4 Sl | g glas )|
aSg elar,l oS ol 5Ls ooy VO jles jo aS ggmias wls
o, OF LS u_;T 3 oo B Jled 0 g YV Cuigis o
)Lj e 3l A ol 5138 lados wols lis rals
e g i) 2ol S (lalS o (Sss s
o 3l =ob ol Cusgame (Ghalandari et al., 2019)
Lone ol alols 2ol 5 sl as, 20lS el St
Todakaetal.,) wb oo jrals aig glas )l ¢ 3 )b ol 5l g 00
sl 0 LS 31y wigy glas )| malS ol pogdle (2015
Sl oa s (5155 iy Slddllae 5l g )l jo 5
oo 50 Pl L sl (Hashemabadi et al., 2012)
oS el il e lad 5l s sl Sl s
Sy-on oS gL | 2alS ely 3o,k il 5l 5 o it

(Kumar et al., 2011)

a5 ol oz Laosls il ylg ajod 5l Jol> bl
O gl 5 Jwgole 9 (St 5 sla i we
L (¥ Jgaz) 39 ylogime Bl JlaS  odgi) 9 (Sis
ot L (Sis i el 5SS e o aS ol Ll
8l moly8l ole o8, 90y ,0 a8l Hhad ( JweSole clale
g ¥ oﬁ)LS‘ol_:,f‘s_J)’L:_}M)o Voo a0 (VY JS2)
o 48l a8 45 0 el JongSols 2 3 5 lon A+
e ol Gl oo 0 Ve g F Cui g ol o p)l8 poe a
g Fee o ls wals b aslin 0 olS GJ)‘L:J o, YO
33 0F i Bl 5 Sl 20 55 o5 o A
L awolio ;0 olS ol 5l oo, 0 mhw 10 500,00
NIRRT PRI 2

el 00,5 oy alS sy VA 9 VY (Ve (o ey ddle

oﬁ)lf Wl

slails J1 Bds 5l G (205 o ,0 B0 al> o o
Gl 5 cusls s Ky g cusls bl o Y 5l e +/0)
UNCHPREI RCCR JHES BTPONREI S U
Smart & ) S, ol s Gle—izme Slao g ciilo
Lacadg oSl et () 4Joles) (Bingham, 1974
G w8 slaa SIS, (Y adsles) (Valentovic, 2006)
L Jdg,l5° ol o0 L Y adoles) (Dere et al., 1998)
Colos SPAD 502 Jos ,ie Jsds,lS ol s 3l soliu
3 peiomad s APA Jos yieg p olliws jl eolatwl b (slaiss,
Bl b g Sl S5 L gl s b, b sle
o ol jo s g pFesladl Jliows uds S lawss
(5 ol =9 5 5alsS” (53T) Lavosls (o2 Jloyi ) pliabo!
5 SAS AT 5 Ll 158l 5 5l ool ul Uy by logay ;25
s 53 00 o badlos LSD y503T b uSile sladulis

Al bl do o iy Jleis
RWC(%) = Z2—22 X 100 (1) aolss
9 S SaS 09 DW oS 1 5059 FW o o a8

Ailge S il e 39 TW
EC(%) = % x 100 (V) aoles
YE 5| oy disni o S iSI s ECL o] 4 a5
NS 551 51 ey ddiged o (S Sl Culan EC2 5 celws

il e

Chlorophyll a = (19.3 A663—0.86 A645) V (¥ adolee
100W

Chlorophyll a = (19.3 A645-3.6 A663) V (F) adilae
100W

0) dolrs

c id = (100 A470 — (3.27 Chl a — 104 Chl b))

arotenold = 227

6:L.99.9 Jedoe) ouds Blo Jolo pox> V()] j0 4

A ey o dged 15 0j9 W Gaei 5o 5l Jol>

Chl a (yiegls YV g £F0 Y slozse Jsb ;0,5 0>
Al oo b 89,5 slgizoe :Chlb ga Lds IS slgioxe

8[.6.’)‘
:..".“.? “5&-%‘9-{-{@5 S :.."(_QLQUZ‘;SMJ:’

@S (¥ Jso2) o5 o gine a5y )] 2 gl 9 (S
oI L ((Sas i palas 51 S0 5e s a8 ol plas
2l 1als ile 03, 90 50 50 wg i)l JugSole il
(AR S 9) p (Si T sl ded o (riores
Slowd o () JS8) ols plaisl sgs as ) (i 4y gl )|



Vo o pilo gL i) (o boowdion 9 (SO Toe mdedygn S S 39 (B 0 Jwaalw JT el )on g ol SUlo

b ol Jalro 5 Suius Gidd alizke zabaw ;0 ilo GBouigij alu yhad g gy gl )l Silao uilylg 49525 -F Jgu
JuwgSslu

Table 2- Analysis of variance for the height and diameter of mung bean genotypes at different levels of
drought stress and foliar application with cycocel
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ns, *, ** and ***: non-significant and significant respectively at the probability levels of 0.05, 0.01 and 0.001
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Fig. 1- Plant height mung bean in the interactions of drought stress and genotype (right) and drought stress and cycocel (left)
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In each figure, means with a common letter do not show a significant difference at the 5% probability level using the least significant
difference (LSD) test. Abbreviation CWR and CCC are Crop Water Requirement and ChloroCholine Chloride (cycocel),
respectively.
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Fig. 2- Stem diameter mung bean in the interactions of drought stress and genotype (right) and drought stress and cycocel
(left)
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In each figure, means with a common letter do not show a significant difference at the 5% probability level using the least significant
difference (LSD) test. Abbreviation CWR and CCC are Crop Water Requirement and ChloroCholine Chloride (cycocel),
respectively.
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Table 3- Analysis of variance for the relative leaf water content (RWC), stomatal conductance and leaf electrolyte
leakage of mung bean genotypes at different levels of drought stress and foliar application with cycocel

Ola yo (525keo
Ol s’ @b IEESS Mean of squares
S.0.V df Sy O (o (5lgsmo Slijey Calan Leudg psIl et
RwWC Stomatal conductance Electrolyte leakage
Sk 2 8.17 56.5 M 9.5%
Block
S B 2 1960.95%** 113823.02%** 1916.65%*
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ol Uas
= 4 2.33 154.42 0.66
Error A
Jossol 2 334.04°** 15221.55 143.27%
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o 4 1.72 81.14 1.65
Error B
7% 1 134.57%* 6469.60°* 8.79™
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GxD 2 30.42% 920.33** 75,044
GxC 2 2.29 ™ 16.56 ™ 7.52
DxCxG 4 129 26052 " 10.97*
= 26 4.74 111.35 2.56
Error
(20,2) Sl g 02 6.9 5.3 3.8
CV (%)

ek #% % NS
¢ o«

oo g oo ) oo 8 Jlaist mahan j3 s e g I e b s S
ns, * **and ***: non-significant and significant respectively at the probability levels of 0.05, 0.01 and 0.001
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Fig. 3- The relative content of leaf water mung bean in the interactions of drought stress and genotype (right) and drought
stress and cycocel (left)
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In each figure, means with a common letter do not show a significant difference at the 5% probability level using the least significant
difference (LSD) test. Abbreviation CWR and CCC are Crop Water Requirement and ChloroCholine Chloride (cycocel),
respectively.
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Fig. 4- The stomatal conduction mung bean in the interactions of drought stress and genotype (right) and drought stress and
cycocel (left)
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In each figure, means with a common letter do not show a significant difference at the 5% probability level using the least significant

difference (LSD) test. Abbreviation CWR and CCC are Crop Water Requirement and ChloroCholine Chloride (cycocel),
respectively.
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Table 4- Leakage of leaf electrolytes (%) of mung bean in the interaction of drought stress, cycocel and genotype

L D)
S s (520 39 5 ) JonsSale Genotype
Drought Cycocel (mg.IY) G A)
Hendi Zarbakhsh
_ 0 59.1 @ 54.3°b
oS 15ls M
W )L?OM)° o 400 51.7 b 50.6 o
CWR%50 800 48.6 % 475¢
- 0 47.2 ¢ 44,71
LS [ .
(0L S )L:-‘OMP Vo 400 4369 38.7!
CWR%75 800 416N 3651
o 0 3051 34.0
oS 2l sl 400 251 33.2X
CWR 800 313K 31.8X

oles (LSD) o sine st 8l yg05T 51 sl b dusys gy Jloil grlaws 40 (g lo cme BN oS e B> sl sl Silo 5
2L oo Crop Water Requirement caasee CWR .o o

* The averages with a common letter do not show a significant difference at the 5% probability level using the least
significant difference (LSD) test. Abbreviation CWR is Crop Water Requirement.
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Table 5- Analysis of variance for the spad, chlorophyll a, chlorophyll b and leaf carotenoid of mung bean genotypes at
different levels of drought stress and foliar application with cycocel

Olapo (1lo
O paati 2bo &9l azy0 Mean of squares
SOV df (5 a Judg )5 b Judg ks S g,
Spad Chlorophyll a Chlorophyll b Carotenoid
<
o 2 1.63™ 0.007 ™ 0.0003 " 0.06 *
Block
S S 2 1013.39 ** 1.46 *+* 0.46 ™ 5.98
Drought (D)
ol Uas-
= 4 1.23 0.003 0.0003 0.01
Error A
Lo - _—
Jos 2 136.93 0.35** 0.072 0.04 "
Cycocel (C)
CxD 4 9.38 ™ 0.05 ** 0.006 ™~ 0.26 "
- b= 4 0.35 0.002 0.00003 0.02
Error B
e 1 58.36 ** 0.10 ** 0.021"" 037
Genotype (G)
GxD 2 17.44 1 0.01 ns 0.005 ™ 0.37 ™
GxC 2 0.44"s 0.001 ns 0.0002 ™ 0.03 ™
D xC xG 4 1.61m™ 0.003 ns 0.001 ™ 0.06 *
= 26 0.78 0.01 0.001 0.02
Error
(22,2) Syl oo 2 6.2 4.2 7.1 8.0
CV (%)
clee N geleN eofod Jlaiml molaw 1o o pixe g lo pixe ;€ oS Sy s g sk NS

ns, *, ** and ***: are non-significant and significant respectively at the probability levels of 0.05, 0.01 and 0.001
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Table 6- Spad, chlorophyll a and chlorophyll b in the interactions of drought stress and cycocel and drought stress and
mung bean genotype

(5 o (30 0339 5 0 pSskeo) @ Judg s (03U (339 05 50 o5 o) b Judg 5
L Spad Chlorophyll a (mg.g* fw) Chlorophyll b (mg.g™* fw)
Drou “;: (5 5 o5 ko) JugSoluo () 39 5 o) JogSa Lo Gl 0 55 o) oSy Lo
g Cycocel (mg.I") Cycocel (mg.I") Cycocel (mg.I"Y)
0 400 800 0 400 800 0 400 800
L5 1L . _
: i\,\;éo/u:ga 5 2878 34420 36320 2027  2.33¢ 2.39¢ 0771 0.86N 0.919
0
oL é’\'/\;;y“‘;; VO 38421 4044°c  41.66° 2.47¢ 2.56 ¢ 2.63°¢ 0.96 f 1.01¢ 1.03¢
0
oS o 5L b b b b
e 45.46°¢ 4824b 51512 2.71 2.73 3.032 1.09 ¢ 1.14 1272
S S s =) s =) ERte G
Drought Hendi Zarbakhsh Hendi Zarbakhsh Hendi Zarbakhsh
oLs 1l .
: “év\;éo/“‘;; b 31.20°¢ 35.15¢ 2.19¢ 2.30¢ 0.81¢ 0.88 ¢
0
oS “é\'/\;:o/“‘;sﬁ ve 38.87¢ 41.48% 2.49°¢ 2,615 0.97°¢ 1.02°
()
i\f/k“ 48.472 48342 2.812 2.842 1172 1172
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* For each trait, the averages with a common letter do not show a significant difference at the 5% probability level using the least
significant difference (LSD) test. Abbreviation CWR: is Crop Water Requirement.
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Table 7- Leaf carotenoids content (mg.g fw) of mung bean in the interaction of drought stress
and cycocel and genotype

]
NEEVIES () 39 5 ko) JoosSy L Genotype
Drought Cycocel (mg.l 1) G Oy )
Hendi Zarbakhsh
] 0 2.04 d* 220
okS 2l 5l oy O 400 2.09 d 2.59°
CWR%50
800 2.34¢ 2.87°2
’ 0 2.0 1.94 ¢
olS (2l 5l ae s VO 400 1.87 &9 1.69 9"
CWR%75 i
800 1,79 #h 1.58 hi
) 0 1.15k 1.461
oS 2l ks 400 0.83! 1.30¥
CWR )
800 1.18k 1.20 i

O oz 03 51 eolitnl b aoyd gty Jlois] adans ;0 (50 sime M oS e slacd > sl o slocpuSilee
23k oo Crop Water Requirement aasce CWR .sips oo (yLii (LSD) Slo sne

* The averages with a common letter do not show a significant difference at the 5% probability level
using the least significant difference (LSD) test. Abbreviation CWR is Crop Water Requirement.



T o souisi] (olwwdion 9 (S 5909: 7999590 SS9 B 0 2 JwsSalu il ], g o1, Ul

L)l GalS czge (St A5 g ol @mls oelal
(S e 10539, Calar o5 Ol s (Slgime Bl b
Cid ly8l g b Jds S (lg e @ J8g IS (glatme
(s D50 Gole pBL1 (i po 0l (le ol ST 5o lacdg xSl
0395 nd; 4 s O 39008 Ll oo j0 (A5 8,
2Ly gubel ol mls @ asg bl lis 5 sun
L S sy o0 ,ha5 a0l (o blpd plos (285 s
Sk A e Bl sl el o 5L 00,0 VO (el
Lulpd 4 ile Jooxs 53 1y gite gl Voo JuogSollo 52

&l ol
Jedods ol jols 15s GBI Cls g Sls 2585 Bl Gl
plasl an o bl ccblopin o loslosnly 5 las,l
ol Sl Ghgsy cnl il

e ol Ly (6,55 Al 3l e ol allie
eSS EMa glygl 0 VE AV &Ll 0 AVTA
b aim g ail g0 iz o Rl (65,0laS casiisls
3 i Sl oadiinel (92 tils (5 lel gaio e
Ml ojleds A (dagh £k CIB 0 Gaiod ol e
Olylzel 5loolaiwl Lo o VEY/YIYY #5600 V- V/o/0FF)
ploml iz o oBtils (anme slagiis g oS iyl 09,5
g o (Soya8 g Sis alwgnay a5 el ouls

References

2 elS ol s Ve mhaw yo a8 ol olas b

Ao 5 ¥ Glachile U Lasole 5,8 csain s
Wald dny S | 03959 S lgtoe o 3 05 (e
cieiy 40 g oy iulidl ds o dw g el s, YY cu s
Pk Are g Fre glacdale b JusSolo 0 )5 (i 5
Seoy Vg V) el 4 S ) 03959 S slgiome i o
=l L 9o, VO a3 st )5 lyione ols hals
Py A g ¥ 0l g wals b aslie o ol
Ao )0 OF 5 FY VY Cud s el po JasSole i
gl Lawglis ool ol 3l an0de mhw o
ARRRURE AW TR WY SR SR
Aoy YO mhw jo oS Jlo o cdl ioli8l as o YA g AY
Aee g¥er 0pls gnla Lalis ool ol 5L
Y o Fan Gida) os9s 00 sSele id 5o 0 5 e
L anslae 0 olS ol jliao,0 00 mhw ;0 5000 A g VF
JosSel 5 5o oy S dea Ao 5 Fee 5,8 5l s
5 e (Y Jpaz) il Gl aoyo ) 5 VA QA oy
o bl b e Fdg IS slgtme el e aS T a oo
J=25,05 4525 5 5SSl Jl0sl; wdgs paldl 4 by e
Slipdos (bls)l om0 a8l Jobo ;5 LS 5 (ol bawgs
OgelonanSTy o o1 sla G0l aS sls lis sais plol
Sbile falSass 5 e 05K (il A i S 40
5 STy Medg,lS Sl alavlyay (25 Ll cou 8o IS

Ahmadi & ) el Juds IS 4 500 s ;o 9 Jd oloS 5
.(Siosemardeh, 2004

Ahmadi, A., & Siosemardeh, A. (2004). Effect of drought stress on soluble carbohydrates, chlorophyll and
proline in four wheat cultivars adapted to different climatic conditions of Iran. Iranian Journal of
Agriculture Science, 35(3), 753-763. (In Persian). https://doi.org/10.22067/agry.2022.76580.1109

Ahmadi, M., Zare, M. J., & Emam, Y. (2019). Study of quantitative and qualitative traits of bread wheat by
using of cycocel, zinc sulfate and bio-fertilizer application under dry land farming. Plant Ecophysiology
(Arsanjan Branch), 11(38), 148-161. (In Persian with English Abstract)

Akbari, V., & Jalili Marandi, R. (2014). Effect of cycocel on growth and photosynthetic pigments of tow
olive cultivars under different irrigation intervals. Journal of Horticultural Science, 27(4), 460-469. (In

Persian). https://doi.org/10.22067/jhorts4.v0i0.30663

Amini, R., Zafarani-Moattar, P., Shakiba, M. R. & Hasanfard, A. (2023). Inoculating moldavian balm
(Dracocephalum moldavica L.) with mycorrhizal fungi and bacteria may mitigate the adverse effects of
water stress. Scientific Reports, 13(1), 61-76. https://doi.org/10.1038/s41598-023-43539-3

Andalibi, B., & Nouri, F. (2014). Effect of cycocel on photosynthetic activity and essential oil of fennel
(Foeniculum vulgare Mill.) under drought stress. Iranian Journal of Plant Biology, 6(22), 91-104. (In

Persian with English Abstract)

Barzegari, M., Emam, Y., & Zamani, A. (2020). Yield components and grain yield responses of four wheat
cultivars to growth retardant cycocel under terminal drought stress conditions. Journal of Crop
Production and Processing, 10(3), 139-156. (In Persian with English Abstract)


https://doi.org/10.22067/agry.2022.76580.1109
https://doi.org/10.22067/jhorts4.v0i0.30663
https://doi.org/10.1038/s41598-023-43539-3

VB 599 doud ¥ 8,lous V0 wlo oyl pl Slgus b idgs 4 pid VIY

Bayat, A. A., Sepehari, A., Ahmadvand, G., & Dori, H. R. (2010). Effect of water deficit stress on yield and
yield components of pinto bean (Phaseolus vulgaris L.) genotypes. Iranian Journal of Crop Science,
12(1), 42-54. (In Persian)

Dere, S., GUNES, T., & Sivaci, R. (1998). Spectrophotometric determination of chlorophyll-A, B and total
carotenoid contents of some algae species using different solvents. Turkish Journal of Botany, 22(1), 13-
18.

Ghalandari, S., Kafi, M., Goldani, M., & Bagheri, A. (2019). The effect of drought stress on some of
morphological and physiological traits of common bean (Phaseolus vulgaris L.) genotypes. Iranian
Journal of Pulses Research, 10(1), 114-125. (In  Persian with  English  Abstract).
http://doi.org/10.22067/ijpr.v10i1.64836

Guerfel, M., Baccouri, O., Boujnah, D., Chaibi, W., & Zarrouk, M. (2009). Impacts of water stress on gas
exchange, water relations, chlorophyll content and leaf structure in the two main Tunisian olive (Olea
europaea L.) cultivars. Scientia Horticulturae, 119(3), 257-263.

Haji Babaie, M. (2017). The Effect of drought stress on morphophysiological traits and yield and quality of
new rapeseed lines. Ph.D. Thesis, Faculty of Agriculture, Ferdowsi University of Mashhad, Mashhad,
Iran. (In Persian with English Abstract)

Hashemabadi, D., Lipaei, S. R., Shadparvar, V., Zarchini, M., & Kaviani, B. (2012). The effect of cycocel
and daminozide on some growth and flowering characteristics of Calendula officinalis L., an ornamental
and medicinal plant. Journal of Medicinal Plants Research, 6(9), 1752-1757.

Hashemzadeh, F. (2009). The effects of drought stress and cycocel on the yield of corn cultivars in the
second crop. Ecology of Agricultural Plants, 5(1), 79-67. (In Persian)

Heidari, H., Alizadeh, Y., & Fazeli, A. (2019). Effects of seed priming and foliar application of salicylic acid
on some of physiological characteristic and yield on mung bean (vigna radiata L.) under drought stress
condition. Journal of Plant Production (Journal of Agricultural Sciences and Natural Resources, 26(2),
127-141. (In Persian with English Abstract). https://doi.org/10.22069/jopp.2019.14863.2327

Heidari, S. (2018). The effect of tolerance of Echinacea angustifolia to drought stress, cadmium and oil
pollution. Ph.D. Thesis, Faculty of Agriculture, Gilan University, Gilan, Iran. (In Persian with English
Abstract)

Karimpour, M. (2019). Effect of drought stress on RWC and chlorophyll content on wheat (Triticum durum
L.) genotypes. World Essays Journal, 7(1), 52-56.

Karimzadeh Sureshjani, H. A. (2015). The effect of low irrigation on the morphophysiological characteristics
and performance of pinto bean genotypes. Ph.D. Thesis, Faculty of Agriculture, Ferdowsi University of
Mashhad, Mashhad, Iran. (In Persian with English Abstract)

Khalili, M., Naghav, M. R., & Talebzade, S. J. (2020). Evaluation of changes in morphological,
physiological and biochemical traits of some canola cultivars under salinity stress. Crop Breeding
Research Journal, 51(2), 15-28. (In Persian). https://doi.org/10.22059/ijfcs.2019.250429.654438

Khosroshahi, M. (2013). Estimating water requirement of Prosopis juliflora at different habitates of Persian
Gulf-Aman Sea region of Iran. Iranian Journal of Forest and Poplar Research, 21(2), 300-315. (In
Persian with English Abstract). https://doi.org/ 10.22092/1JFPR.2013.3859

Knapp, J. S., Harms, C. L., & Volenec, J. J. (1987). Growth regulator effects on wheat culm nonstructural
and structural carbohydrates and lignin 1. Crop Science, 27(6), 1201-1205.

Kumar, R., Saravanan, S., Bakshi, P., & Srivastava, J. N. (2011). Influence of plant growth regulators on
growth, yield and quality of strawberry (Fragaria x ananassa Duch) cv. Sweet Charlie. Progressive
Horticulture, 43(2), 264-267.

Lipiec, J., Doussan, C., Nosalewicz, A., & Kondracka, K. (2013). Effect of drought and heat stresses on plant
growth and yield: A review. International Agrophysics, 27(4), 463-477.

Lobon, N. C., Gallego, J. C. A,, Diaz, T. S., & Garcia, J. C. E. (2002). Allepopathyic potential of Cistrus
landanifer chemicals in response to variation of light and temperature. Chemoecology, 12, 139-143.

Mojadam, M., Sakinezhad, T., Shokoohfar, A., & Esmaili Pour, N. (2016). Effect of plant density and
cycocel on quantitative characteristics and protein barley cultivar south. Crop Physiology Journal, 29(8),
121-135. (In Persian)

Nakhzari Moghaddam, A., Ghelichi Yanghagh, H., Biabani, A., & Taliey, F. (2020). The effect of nitrogen
and irrigation interval on guantity traits and protein of mung bean (Vigna radiata L.) genotypes under non
fixation of nitrogen. Journal of Crops Improvement, 22(2), 205-215. (In  Persian).
https://doi.org/10.22059/jci.2019.281865.2221

Narimani, H., Seyed Sharifi, R., khalilzadeh, R., & Aminzadeh, G. (2018). Effects of nano iron oxide on
yield, chlorophyll fluorescence indices and some physiological traits of wheat (Triticum aestivum L.)


http://doi.org/10.22067/ijpr.v10i1.64836
https://doi.org/10.22069/jopp.2019.14863.2327
https://doi.org/10.22059/ijfcs.2019.250429.654438
https://doi.org/%2010.22092/IJFPR.2013.3859
https://doi.org/10.22059/jci.2019.281865.2221

Y o o slowish] (olomdon 9 (399 7999500 SR (& 2 2 el Sy e g o1, Ul

under rain fed and supplementary irrigation conditions. Iranian Journal of Plant Biology, 10(3), 21-40.
(In Persian with English Abstract). https://doi.org/10.22108/ijpb.2018.110895.1098

Naseri, R., Soleymani Fard, A., Mirzaei, A., Darabi, F., & Fathi, A. (2020). The effect of plant growth
promoting rhizobacteria on activities of antioxidative enzymes, physiological characteristics and root
growth of four chickpea (Cicer arietinum L.) cultivars under dry land conditions of llam privince. Iranian
Journal of Pulses Research, 10(2), 62-76. (In  Persian with  English  Abstract).
https://doi.org/10.22067/ijpr.v10i2.64299

Navabpour, S., Hezarjaribi, E., & Mazandarani, A. (2017). Evaluation of drought stress effects on important
agronomic traits, protein and oil content of soybean genotypes. Environmental Stresses in Crop Sciences,
10(4), 491-503. (In Persian). https://doi.org/10.22077/escs.2017.61.1021

Ohashi, Y., Nakayama, N., Saneoka, H., & Fujita, K. (2006). Effects of drought stress on photosynthetic gas
exchange, chlorophyll fluorescence and stem diameter of soybean plants. Biologia Plantarum, 50, 138-
141.

PirastehAnosheh, H., & Emam, Y. (2022). Induced salinity tolerance and altered ion storage factor in
Hordeum vulgare plants upon salicylic-acid priming. Iran Agricultural Research, 36(1), 41-48.
http://doi.org/10.22099/iar.2017.3878

Saei, A., Zamani, Z., Talaie, A., & Fatahi, R. (2006). Influence of drought stress periods on olive (Olea
europaea L. cv. Zard) leaves stomata. International Journal of Agriculture and Biology, 4, 430-433.

Salehi, M., Faramarzi, A., Farboodi, M., Mohebalipour, N., & Ajalli, J. (2021). Effects of funneliformis
mosseae and pseudomonas fluorescens on some growth and nutritional parameters of mung bean (Vigna
radiata L. Wilczek) under drought stress in a greenhouse condition. Journal of Soil Biology, 9(1), 73-84.
(In Persian with English Abstract)

Salehpour, M., Ebadi, A., I1zadi, M., & Jamaati-e-Somarin, S. (2009). Evaluation of water stress and nitrogen
fertilizer effects on relative water content, membrane stability index, chlorophyll and some other traits of
lentils (Lens culinaris L.) under hydroponics conditions. Research Journal of Environmental Science,
3(1), 103-1009.

Shokhmgar, M., Seghatoleslami, M., Mousavi, S. G., & Baradaran, R. (2021). To Study the response of grain
yield and some agronomical traits of foxtail millet (Setaria italica L.) to foliar application of growth
regulators under drought stress condition. Environmental Stresses in Crop Sciences, 14(4), 977-989. (In
Persian). https://doi.org/10.22077/escs.2020.3136.1803

Shokouhfar, A., & Abofatilehnezhad, S. (2013). Effect of drought stress on some physiological traits and
biological yield of different cultivars of mung (Vigna radiate (L.)) in Dezful. Crop Physiology, 5(17), 49-
59. (In Persian)

Smart, R. E., & Bingham, G. E. (1974). Rapid estimates of relative water content. Plant physiology, 53(2),
258-260.

Tabatabai, S. M. T. (2021). Study of genetic diversity and cluster analysis for morphological traits of bread
wheat under drought stress conditions. Environmental Stresses in Crop Sciences, 14(4), 913-928. (In
Persian). http://doi.org/10.22077/escs.2020.3405.1857

Todaka, D., Shinozaki, K., & Yamaguchi-Shinozaki, K. (2015). Recent advances in the dissection of
drought-stress regulatory networks and strategies for development of drought-tolerant transgenic rice
plants. Frontiers in Plant Science, 6, 84-91.

Valentovic, P., Luxova, M., Kolarovic, L., & Gasparikova, O. (2006). Effect of osmotic stress on compatible
solutes content, membrane stability and water relations in two maize cultivars. Plant Soil and
Environment, 52(4), 184.


https://doi.org/10.22108/ijpb.2018.110895.1098
https://doi.org/10.22067/ijpr.v10i2.64299
https://doi.org/10.22077/escs.2017.61.1021
http://doi.org/10.22099/iar.2017.3878
https://doi.org/10.22077/escs.2020.3136.1803
http://doi.org/10.22077/escs.2020.3405.1857

