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Extended abstract

Introduction

Abiotic stresses can disrupt future food<security, which simultaneously implies the importance of
genotype screening in stressed environments. Drought and phosphorus stresses have great effects on
the growth and development of maize. Soil dryness and phosphorus deficiency cause similar effects and
illicit similar defence mechanisms in plants (Xia et al., 2021a). Drought and phosphorus stresses in the
root zone can cause active oxygen accumulation in plants. In order to deal with excessive accumulation
of active oxygen, plants activate their oxidative defence mechanisms through enzyme or non-enzymatic
routes. Oxidative stress caused by excessive accumulation of reactive oxygen species is one of the
important physiological factors affecting plant growth and development under stress conditions. The
sensitivity of genotypes to water deficit is different and they can be classified into two groups, tolerant
or sensitive. Maize (Zea mays L.) is one of the most important crops in the world for food security, as it
feeds millions of people. Abiotic stress can create significant challenges in maize production. The present
study aimed to determine the effects of phosphate and PEG stresses on the physiological and
biochemical traits in the maize cultivars.

Materials and methods

Measured: traits in leaf and root tissues were analysed among five maize cultivars under PEG and
phosphate stresses. Also, analysis of biochemical traits such as chlorophyll a/b and carotenoids in maize
seedlings under PEG 20% and low phosphate were analysed. The five maize cultivars were exposed to
PEG 20% and low phosphate stresses and sampled at two-time points after treatment (24 and 48 h).
This experiment was carried out as a factorial experiment in the form of a completely randomized design
with three replications. In this study, antioxidant enzymes such as catalase, ascorbate peroxidase, and
peroxidase activity were measured in leaf and root tissues. Further, PCA, dandraogram and correlation
of physiological traits, biochemical and morphological traits were analysed. Statistical analysis was
performed using SPSS. Differences across tissues were analysed using one-way ANOVA. Duncan’s test
was used to compare the treatment means at P<0.05. Values represent the means of three replications
per treatment. Principal Component Analysis (PCA) and correlations were performed using SPSS 22.

Results and discussion
Based on the cluster analysis, the cultivars were grouped into three classes. The cluster I included Fajr,
Paya, and Dehghan whereas, Kosha and Taha cultivars were placed in the clusters IT and III, respectively.
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Also, there was a significantly positive correlation at the probability level of one percent between the
content of chlorophyll a/b and root anthocyanin and total chlorophyll content. Correlation between
biochemical and physiological traits is shown in Figure 2. The chlorophyll a showed a positive and
significant correlation with total chlorophyll and carotenoid contents. The chlorophyll b showed a
positive and significant correlation with total chlorophyll content and root anthocyanin. PCA was
performed on physiological and biochemical traits to fully investigate the various factors that play
essential roles in the drought indices. The cumulative contribution rate of the total changes of PC3
reached 97%. According to PCA analysis measured by correlation matrix and biplot analysis method, it
was found that these parameters can be used to evaluate the response of maize genotypes to abiotic
stresses under different environments. The relationships between biochemical traits and genotypes is
shown graphically in two segments of PC1 and PC2.

Conclusion

Principal component analysis (PCA) and measured traits showed that Fajr, Paya, and Kosha cultivars
can show high performance under studied stress conditions. In the present study, the Kosha cultivar
was shown to be relatively water stress and low phosphate tolerant dueto improved antioxidant,
chlorophyll, and carotenoids activities under abiotic stresses:

Keywords: Anthocyanin, Antioxidant enzymes, Biochemical traits, Chlorophyll content, Maize



gsﬁ} @h: 30 ‘SL..]AAGéé..&..!:I

Environmental Stresses in Crop Sciences

https://doi.org/10.22077/ESCS.2024.6537.2224

;;.«.«.é"' 9 X! o

Olawd 9 Jol5 il b Sy il 49 Fewl 98 D0 pByl g ) SO

Sl 0] (gowrw wle (Ol >0y

Ol e ity Sl oINS g 56 59Ld g ple oaSitils ¢ JoSgo (Joho wlid s

R

alio Olasice

) (a3 e o S 0L Fraly (a1 S Jio |y oy T (2108 Gl a0 (S § o sl
ooyl o byl s 5o (Zea mays L) w)d plB )l 5,5 JUsE .ol 510,85 11 (YU Caodl Jhe(climd SguaS 5
ool (0l (gl Sl o£1h) Y game (3wt 31 (S oDyd Cenil iy S5 bl (lacy ol 5
S (o0 Slm WS wdgi ln 1) (2B (S s d GRS 0SS (o0 438 1558 ygnbio | ) ] (2138
2 oboardion 9 (F3gde e Glie p JoSlS il g Glind Sl A5 Gl 1 i Bua b pol> addllas
9VF o 4y Golhud 0908 (A5 g o yd Ve JoSolS ity o (P70 0 D)3 08 gt plamil 53 o6
599 58 lho ST cudlo yy Jloyi i i g oyl 93, 0nl 53 Baiged g idyS 153 cuclus FA
~o2 1 Cadled canllian ol 50 8,5 51,8 alxigay 3225 3 )90 50 (SWAZBLS )0 udsiis)lS 9@/ byl wiile
Ot - (5 S0l a5 3 Sy 2l 50 (ST b (s g ST ol yaSus] GYBLS) (T T gl
S Jlas! gl 50 (5)lolxe 5 Cote (Smad 5 Judg IS (yl5m0 9 diy (raibsiil 9 /D Judg pIS ol
LigS g Ll « yoxd plB )l a5 3l yLis ous (g yS 0310 ilaws ;5 (PCA), Lol glbailio 4 as joxi .culils 3929 vy
LivgS o 45 ol yLid polo anlllan g lis .aiws lis 393 51 YU 8 Slos axlllaos jgo ids byl pi 45 Wilgs o0
9 b9 lS (slgime (ol aalu il T sl 3T (slocadlad 51 ooliil b L AT &) caslo Fuly Juo &

el 800 LS Olad dgmeS g (KB g 4 w0 )0 Te dgus 50 o) bulded )l

Gl sleojly

ol
ST 5T glos 3T
wyd

J9 L5 glgimo

el yo q b
VFoY/eF/Ye

oy &b
VoY eAloA

dodsio

355 gzl (ol b Jooxlo 09,5 50 1, o] ol o0
5 ol glesil sl (Obidiegwu et al., 2015)
S () Juls 45 oog g9 LS (Ko
Ol sl (So3slshne slas, 55l () olS 0o
arwgi b Jlaglsiea (3,08 ol SWI 2els 5 of Qe
5 bl b Sy IS8 5oii b S Geee aly; lopi
sl il @ Jolo (Sas 4 Jood slapusils
-5 oo sl eS| T bl il 5 (Splie
Bhargava and Sawant ) cwl ROS 551 s slo

(2013; Shavrukov et al., 2017

D)3 ged 9 by oy SIS s 5 (Sas sla i
Sl Sl (e ) aed S g S Sas il
=B G pndlo a5 SlalS (sl (blS (g5, olin
5 Sis sl s (Xia et al, 2021a) wuws o lis
20 JU8 35S gz el Wilg o oy Al )0 ,aud
ST 9>l gz b ablie jsliteay 053 ol
I 993 gilapnST 5T oo slapusilSe ool L
53l s aiS Jlad ar 3l et b sl (sl s
IS O JW GlaisS wxjl e mes 5l G20
Lulpd 55 ol 505 5 03 5 S5 pte Seislsesd else
5 Cowl gl Ol 0guaS 4 o uish) Comlus ol

abbas.saidi@gmail.com g Sl Cuny - sounmw b 1655l 003 55 #


mailto:abbas.saidi@gmail.com
https://doi.org/10.22077/ESCS.2024.6537.2224

g5y )l izmen 5 6,5 byt TS gy 4 osill
S el Glaas 2 £958 (lp jlss)5e Sl
SoS (SiS 4y pylie D5 ladiyly anwss sl ohusa
ol 2 e L SSSon nlnle S
Sl S 4 pglie )3 (slaan g axwgd @ ped b JoS k5
slp S @ pglie lacsis) @ 2lols &b
0aiS jlgaal (gloJus (2b5)) 50 5 (nally Glseas ooliiul
s Sis antes bl o &3 FaSCsls ais 4y
5 Sddsm o5 L ol slae S plarear )3 09,
o,s (Cordelletal., 2011) sgi oo az3 5 a5 1o Saio
Ol ol 5o O (oly; SV gaze (n e 5l (S
L dlge g adsle die 4 lp 008 jsbar 5 ol
(Lietal., 2015) s5i so ooliznl sxio
puS polf Al e s St a3 4 gladlas o
ool 4 e S cplas ol las mls ol el
;o (Mihaljevi¢ et al., 2021) 54 o Judg IS (slgizxe
GRS L8 g slazalS alo e )0 a8 (6,50 Glaallas
Dalal and) cél zals Juds IS jlade ol 5,55  Sias
oo WS |y Al jiwgtd lade als (Tripathy, 2012
@bl s Sas ool jade anlbglaelly 5oy S
(Lahlou etal., 2003) 138 s 5t Glals o jngid
Sleize stz g b jsbar azalS al> oy Slawsd og.a8
0 SRS okr azalS abyl g wes oe hall | olS Haus
Slamals al>,0 ,0 L5 (Xia et al., 2021b) oS
Sy Sollansd bz 1208 4 0gueS 4 oy
P eish OBLS jSiglosss 185 a5 Cul (55950 (ke
A0 Lol oS (Wissuwa et al., 2005) o,ls juwgsd
Mgy s oo (S ) plalS Sas by ae e
D) (Kowy S )3 Flwgtd Cop 4 o jaig S
SIS 0 Shoe S5y Sl it IS il el ol
S aws (Zhang et al., 2014) ogi o Jyaze
siile @ladsSsases o 8 el Sl JsSlgesSlo
WS oo Joe 65950 Jole S Glaie s ATP 5 laodsans
o35t ool Lol (Splie sloany] b plas o Loya
i IR sl aS e Wl ) el g
«Zhu et al., 2010) ol (5,950 Fwgid Sgupo o Shae
el S aogsé Jsbo yo yied 1 T IS ool (ool
OlalS el Jgaze 8 Slas 5 oy 00liS (ad wgeo 09dll
ooblacls Ll 135 b ablie sl 1) syl 5l (ormg il

LYo 5l (S e i a0 ROS gozs

(Lipiecetal., 2013) cesl Jpame 5,Soe zals Lol
o GhelS cel Wil o eizmen Olawd ol Zolaw
&S W, ROS odgs ass o wgs NADPH 4 ATP
5 (CAT) WLl wile  slawSt sl slaJoSIse
2l ROS liwgen cogis L (APX) slansTy ol eSul
sSlee 5 1, yae oIl
Slalllas opl p ogdle (Hasanuzzaman et al., 2021)

add oo salS oL
3loslewl b olgs oo |y cwdfyud (ol a5 WSlosls yLis
Lietal,) ol pals ols bas ;| olbsil il
.(2015; Sheteiwy et al4,2021;<Yang et al., 2021
S ool plinnd Shee &5 Sloj oo slaasy )l
heze ool b axil 885 b JoSse cnl adss sl
3 oo Fely S
(PEG) JsSl5 b3l Ly sl oo Jslxe 5 oolici]
S8 J5S lp 1) byl el 15 3loancs sl
0213 o] Sladenily | gamss Bl )3 2leS @z
slp Jssls. sl L (Filek et al., 2012) oS
P ALY 55y sred 5 LT s
- inlei] 5 AT sl Jute sl s S Ly
PV (S Jod Glp Srme e Glp 2l
ool » (Kosturkova et al., 2008) cuwl sl
A Sesld (St 45wl asls plas sladliae
1y il o5 glaciss slexel BB s S ,¢ PEG
Perdié et ) 5,8 pauolSel |, bamals | aiul Jol al>
Olao o4 g oladl o Slee oljél @l 2022
iy Sloogas ol 31 1L oo (Sa3slsed
A1 sloles ol 3 oL3l glolis cga o ol Sl
@ &l o Slee glizl g0 ,Slee Jod 5l ol Slaw bl
Slr e 5 Ol (ig) Yozl e(s pSohail Slsges o
Gl 5ol ails o Sles 35 sln (2L &slox L)
w5 SlEee 3 Sdnid Slie o)l e,
s 5 e Slas LS o YU oL o]l lules
SLe 50 oSS Lol sl eolawl Lably atils coge
Alidee DY gamme ;0 000 jsbay SiS 4 Jfoou sl
Gl oads oolaiwl  wde g 9> w8 use ksl
Hernandez-Pérez et al., 2021; Hellal et al., 2018; )
WJs5dS Ll Ll eslawl L (Muscolo et al., 2014

sebds dcgeme (pl jo laeuisl G slaogles oluls



L lagS) &3 of) mu Jols V] PS{IERERV-PNRVE
O (=8 g lans dalbs

s slo sl sla Shg
A yo p3 laad; 5 S (S5l b Slio (o) 2 610
s9maS 5 S 5 5 o Lyl Co 05 SlealS
Sylaer s Jlesel 5l om el FA 5 VF o wlaws
s oKiylog] o ke LT L o3l 5y (sladigas .ains
Sis (o8 ol ax 0 YA) GU1 glos 5o L 30
5 D Uiyl @ Lds)ls e (e ln U owad
sl WS I8 Jlsn s ojse baadesy)S
SlasTy wbysSwl (EKinci et al, 2020) ;Yils
Chance ) ;la..s1, 5 (Nakano and Asada, 1981)
PS5 10 s S J1E geviws ge @Nd Maehly, 1955
Vo b bl Hnbisen 50 9 ol (8 olS ol Sy digas
Oyt ladiges .ad (Kon (gt gl Sl Pl il e
50 4280 VO G 4 4 Bo j0 190 YV e Sy Lo
> o9, @le 5ol Sty sl ol )5 sl ax 0 Fo o glos
Ll otal P il oo F L ol 51 2 e ) g
5D Jeds,ls @ b, IS slsimo B3l Jslon bl
&l iy o¥oleo sl 5IUT egisds nSisl )0 0555 1S
5 5 Jedo)ls D dedo k5 @ fdg S CaeS (e

o ool lansgiss IS

a JJ}}Y=1225A6632 —279A646 8 [\]
b Ly 45 =21.5A6468 = 5.1 6632 [v]

sty (= 1000A470=1:82Ca-85.02Ch)/198 [v]

S s 5 ngi=[20.2 (A645) + 8.02 (A663)] [¥]

oS oy 35T a2 (g S I
o3 D3 Fp g ady, 8Ll 8 /D laae o
25 osgle mle 035553 b sz gl 50 eaissleer
EH=Y/A (Yoo Lo 0°) 0w land 3L ) Lo Ve
Soe dy bglste 0 e g 48Lsl (WIV) PVP 73+ gql>
o) il a0 ¥ g adds o g0 Aver 0 aaBs Ve
sl i g sdslowsd o3, e b 5eub Sl
5 APX CAT culld .cé,5 1,3 eolituls,ge  oou sl
Ekinci et al., 2020; Nakano ) lwg w5 4 POD
@nd Asada, 1981; Chance and Machly, 1955

S 315 gl calis Jols Lais e 0 g land
ol (Elanchezhian et al., 2015) u&leols JalSS
wlS bugy jaud Gds el (V) 5 wlole ol
)I oslazul S guf (Y‘) 9 cl.:f LSI"O )M Gvb)b U’““‘)B‘ (Y)
Cheng et al., 2011;) gl lopus ,o Haud
-y (Sas s byl s e (Plaxtonand Tran, 2011
wilize glaade; 9 (S5 sloaejom b )8 sl
- Sy g el plis ]y Salite Sas 4 oo slacalls
ol azals > o o |y Laiie sleaiy, oLl o
@ polie ©)5 slacnY 8L gt A5 4 Jos
& olate Sufgler bl ollis asllas ool
@) 9 53wy w2y o Sland s (Sis gla s
gy lind 5 (SES sla 255 4 Jers p bagal ol &L
il SIFl pw)p el pOlo gl cnigres
Clld g (Sojglgdyge Dlao (Fp p Oliud g (Sis

S plodh 3 caltses a5yl o SlaST T slags

59y 9 9lge

8 ply) 40 [t j el S g b il

@ gl 0 03 Bl 6L () sslaieds aslllas ()l
45 ol A 5l 08 gty (Dlind 09008 g (Sb 15
g0t Giolejl g 00,5 <l js SPID 25,4 5 JWs 5
plxl al> o ez o (Bolai MlS 2,k B o kel
ialesT it solizal (g5 gyl 5l LialeT olaydy s
Pl S5 a5 g (ol Sl 5k B o Ly 55T8
o8 il 4z 0 YO sleo yo ceiS Gb1 o b toles] .o
slooygd b asl » wyeyie p JoagSoe Toe )8 ad b
an 90) O)d Cow,y ally Wl bl el ANVE (SO g5
Lietal,) solul s cuiS clocSudls 1 (S3als> 5l e
A Jie Sliwd 09005 g Jlo 5 land Loyl b 4 (2012
s 3 P+ JSSUSl l f SStS 5 sloml
5 o, oolatwl el FA 5 YT ley g0 0 a0 Ve
Obej 93 53 Slid 3508 (A Zowi )5 pB)] (izeen
YE 008 sladin g oS aub 5 5 caclu FA 4 VY
15 aloldl 5w csls s 45 Jlael 51 e el FA 5

P Jelog s glp ol S il ax e SA leo



- Sl auslie (gl p o 5 JUT a8 LS, ANOVA (03]
A 0olaiwl P <o /00 e o S5ls 5051 5l oo sl
Sl Gled 2 50 LT dw 0Kl svimolis polae
oo G Glo Srnran 3550 5 Lol sloailzo 4 452

A plil SPSS 22 5l solazl b

25U s Sla s a8 sl yLas Waesls il )l 4550
5 J5 Jedels D L )lS @ L)l i s o sne
o LagS o8, ity SlawnST T slops 5T 5 cilowes]
Ldo IS Glgime o 25 Jlosl 5l G el FA 4 YF
Slo plis Slansd 5 JoSlS sl gl 5o 1 s i
Fhwgd Sy o a5 ol las L8 Oldllas () J50x)
315 29275 (g loliss 5 Lo alaly fdg IS cale g Sy
(Motamadi et al., 2022; Gomez et al., 2008)

oole lulpd & Cond Jd3g) 15l LS o3, 50
slo sas byl slayles oles Jlasl b il bl
Ol ol Glas (g logine yass dedg IS (e B
Gl Bl b & s 53 LagS, o5 5s JS by i5
Sels g s klh 3ileazelS Sy ghe alS
ool Jebyly 32 b WS s 4l ety S
.(Ansari and Gharaghani, 2019)

Oloss H2O02 0938 by 5 .cd 5 18 imiws g0
5 APX CAT slacodld jiziw lp cudy 4 Gl
FY+ g gl YA+ ogil YE+ jo asb VY- sl POD

DD oy g gl

Cibesi] (15010 5l (BUS o jlac 4
LS Wi 5l )5 1) Sga5 (yuilws gl gl Bl jslacen,
ol Sl 5l a0 L i il 53,9 (o3 i)
) dsl) S 4 s K00 sl 5 Al Jgilie)
g 5,0 oelcassds o las grodmls LIS (sl
5 cele VY Goe 4 g bl ok oz e ialesl
ol (5,08 ol F giloiax 0 VO sl j0 5 (SOL
G9uts sl 4280 (0 e T 5 A Bo Ve Dl A Lo

-oll gy Jsbome 25 2% a1 elosiil Jlade g ons

20,5 65

Jlade 5,505kl g (Wagner, 1979) 51y i, 5l
9y Jobe iz sl (nl sl ol oolitl oyl ]
Sl Jsie 5l a5 (5,5e3il iaglh B0« o5 5
3 eolainl b cdale acubre ol oolaiwl SOl
5 plx 33000 Mlem? _igels o o 9 A=gbe Jgo 3
s Colegye 900, o Vo P 0 | sdeliawsd dae
Sae e iA 03,5 W15 G595 R Jges S e
Joboee ClAlE € Shgal npo 8 1 DgsS (Bpe D Dl
SPSS 22 Jléle s 5l eolinal b g bel Jloxigay s

S eslinal b Sy g ady, sl ol ol plol

00l (635 031l Wlao (gl Olhwd dgaas g (KiS id s Lo (gl Lools Wil g 4 x5 6T Jgus
Table 1. Variance analysis for drought stress and phosphate deficiency treatments for measured traits

DF APXI PODL CATI PODr APXr Antol
s ol 5 OlygSul  lasSly SYBE lagsTy Sl ygSal CATr  owlowgal
5.0V Gl Spilasly Sy Sy alyy Ay laaeeSly ade, YU Sy
g 00.232™ 0.0013™ 0.147™ 00.003™ 10.271* 189.89™ 263.9
Cultivar (C)
e 4 00.015™ 0.0007"" 0.05™  00.003™ 00.620™ 58.174™ 609.7 ™
Treatment (T)
o™ o8 - o - o o
c 16 0.0273 0.006 0.041 00.01 1.073 0176.728 2494.1
*T
s
50 0.015 0.0032 0.09  00.004** 0.05973 0.186 1917

Error




Table 1. Continue

alol) Jgus

DF Total chl

) Plant Shoot Root
&y gslio “*»  Carteonide ~ S'$ Chlb Chla height length length
S0V ol gl Jde s bbby a Jdg s oL el aBlw Job  ady, Job
™) 4 184672 2315 74.72 51.56 652.7" 0.53 504.7"
Cultivar (C)
e 4 219284 271.5 110.96 37.74 920.8™ 00.68" 466.0
Treatment (T)
)Lﬁf;* ﬂé) *k ek ok *k ok *
C# 16 2377039 2291.0 803.94 403.66 1142.3 0.93 581.4
T
Uas
50 31690438 1947.4 790.3 289.22 930.5 91.82 471.8
Error

*and **: significant 5% and 1% probability levels

085 50 ST Joib (b adn; mpl ols plas )ls s
S0 o8, Fas o ol las ghls pme oS bl
Cels FA 51 s LS o8, 50 iolas ylis (g )lo gme gl
P Solgre Oolis Jlop 4 Cond jiud 15 Jlel
A0 oalive ddy ) jlacnsTy SlysSl

o by bl bavlie o lies 08, )5 (izren
P Sl (RalS (JoS IS sl b Lo cele FAT
s oaalice ad, SYBIS 51 5 ad y5lannSTyy Sl ysSiul
2 g halS i (sledaigwlyps balb o) 5
s samline ady, YOI 0351 5 4y, slasaST gl oS
Ozl 5o 6 losime Rl lams g lalle (LigS o)
55 JSlS Ll gyl o el FA Lo 5
Jlesl 51 G els TA W Aol jo LogS o3, L aisls
oI, S 39,579 adetio I jlaie JoSOIS (sl b
3o LogST w8, oloiplis Jle 5 Loyl i b (g lo gme glas ols
el YB35 5SS sl L 5 5] ey sl FA 4o
S s Gl gole Ll 0 ay o jad 25l e
(Y Jgaz) ol olas bga Ldg,ls o

4 e (SES S cdel) ol el Sy plyea
Ll S it ) o3 Saelyed o Slae S|
ale (Saselshyzm Slio 5 35 m Joho Bl o 2
Rauf et ) 5,108 o ;b aBlos a4y aiy ) Cond g 4y, Jsbo
S a8 el ol Sl b )li5 S ebas @l 2007
dngi Slp cadie 5 00T dFres Al plens
Jacksonetal.,) cul 5,950 (Sis 4 pylie Y game
(2000

)b (R VAl 9 1.0 JWI C9Ja.» R 5*

4 Gk 3 Jg S Rali i ) (S iS4
Jsbes ;5 slhsla JSGal, o (ol do e (Sas s
A 0 g geloenS el ol5T Gl Gl ol g ol
Schiitz and Fangmier, ) wisd oo alocs, cpl 4350
Wil eyl s opl by «2001; Ji et al., 2014
Alp o Bl Lo o plpsar asSs)5 ke
Je39,lS it 55 51 B b oo (IR )95 gamlannS]
55T JUsb (sla IS, iz bl plis 1955 (6 sl
S oo Cudadlore Lo il 4y gl jo 8 IS 5l Al S5 oyl
&l e glas (Naderi et al, 2014, Ji et al., 2014)
2 el b U5 85,5 lme 5 D@ L8g)lS e
oo rlis Y| ol ais saslie 25 g Jbog daylys
3o s ] @lize glo o 4 )3 r:té)| YL Jozs
Slao 098 c0d Jlosl ol (55, (6 e A5 & &by
Slind i Lol i St yuibwgil g aSgigMs auseisg IS
oS s ol Lo gults 2l (il 5SS Gl 5 o
Gl o i & gl o LS 03, sy I &
o 00)5] Cawd A (GO G{‘-lﬁé ‘_gl.bpw
Ll pd 4 s LasS o8 o)l Jsb g 4 el
s ol JsSlS Gl G & e gl ok
Sad 0908 Caels FA 9 VF @ sl o UL o8, .() JS2)
S losinn 5alS J5SS Ly 5 el FA Sl o
3om bl o8, o 0l lad Sy slaensTy S,y gSuw]
Ob,yeSw] mpl cdale zals awd a5 celw FA o VY
30 VB 3] imed 0l sdnlin Sy 0 jlacuSTy,



<= pole 5o heme gl s A
a 80 B PEG mlowP Normal b 45 -
70 ab 40 r ] a
60 35 ab 2% . b
_ cd ab I bc E 30 a a _I_b
€ 50 I ) b
e £ 25 T
= 40 =] b b
,9 o 20 T T
2 30 5]
€ 215
<20 »
o 10
10 5
0 L O 1 1 1 1
Kosha  Fajr Paya Dehghan Taha Kosha Fajr  Paya Dehghan Taha
Genotype Genotype
N\
c 40 - )3 pdy gy 1 Sl o5 s 9 PEG ol 1) S

abc abcd

= abcd %Cd 5
§ T !
E T abcgh od
[=)) T
< || bc cd cd
= d >
o T
[e]
14

Kosha  Fajr Paya Dehghan Taha

Genotype

P SiPn it g (elerdign Slho o | (Ssn
oo il olul MQ ouds ooly lus VS
’L:ZJQ.:LanpJﬁW]&uww@L)QQM
BMMJ)J oSty @b, eSul ).sldSob

1ols, s S haest J5ib G b solosine
L gylosna g (b (Staar Sy jlanaslyy SljsSl
ada; laeSly SbygSwl 5 VB 5 slast Jgb b
5&Mkﬁﬁ}YUUbwonuﬁ
SypojlaSl Jsd L mpl ol glis gl e
Jedg 15 ol GLis 0395, 15 b (6,0 e 5 Sanie (Ko
Srra 33535,15 g Jedg IS IS (slgime 5@ Judg 5L b
Aoy jlanST Jsd b L Ll ol las gylo goe g Codie
39,5 S (Slgmome 0ls lias (6)ls (re 5 (shie (Ko
Ol )l sre g Cudie (Sinra 039355 58 Ldg 5L

TP 55 () ada Jsb 5 (0) dBlo Jsb . (3) 45 £l sl
polie oS olawd g PEG o 51 e celo FA 4
g,y el )Ln.&)b 30 S Y Sl cudao L
—0 QLS P>eel bylowd o 1) (5510 Smo wiglai il

RO

Fig. 1. The effects of PEG and low phosphate stresses
ong}}ve maize cultivars for plant height (a), shoot
Jength . (b), root length (c), anthocyanin (d),
carotenoid (e), and flavonoid (f) at 24 and 48 h after
stress PEG and low phosphate stresses. Values
represent the means of 3 replications per treatment.
Different letters demonstrate significant differences
between treatments (P < 0.05, Duncan's Multiple
Range Test).
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Table 2. Mean comparison of physiological and biochemical traits of maize cultivars.

Measured traits Treatment Kosha Fajr Paya Dehghan Taha
ouds (g S0 Il Wlio sloos LivgS b LG olins s
POD leaf PEG 24h 0.065 bed 0.065 bed 0.065 bed 0.065 bd 0.065 bed
POD leaf PEG 48h 0.068 bed 0.068 bed 0.068 bed 0.068 bd 0.068 bd
POD leaf Low P 24h 0.07 ¢ 0.07 & 0.07 & 0.07 @ 0.07 @
POD leaf Low P 48h 0.07 ¢ 0.07 @ 0.07 @ 0.07 @ 0.07 @
POD leaf Normal 0.06 bed 0.06 Ped 0.06 Ped 0.06 bed 0.06 bed
APX leaf PEG 24h 1.09 fon 1.09 fon 1.09 fon 1.09 fon 1.09 foh
APX leaf PEG 48h 1.12 efo 1.12 ©foh 1.12 ©foh 1.12 efon 1.12 efon
APX leaf Low P 24h 1.17 efen 1.11 efgh 1.11 efgh 1.11 efgh 1.11 efgh
APX leaf Low P 48h 1.17 efen 1.11 efgh 1.11 efgh 1.11 efgh 1.11 efgh
APX leaf Normal 1.17 efen 1.11 efgh 1.11 efgh 1.11 efgh 1.11 efgh
CAT leaf PEG 24h 8.30 abcd 8.30 abcd 8.30 abcd 8.30 abed 8.30 abcd
CAT leaf PEG 48h 8.33 ¢ 8.33 abc 8.33 abc 8.33 abc 8.33 abc
CAT leaf Low P 24h 8.33 ¢ 8.33 abc 8.33 abc 8.33 abc 8.33 abc
CAT leaf Low P 48h 8.34 % 8.34 ab 8.34 ab 8.34 ab 8.34 ab
CAT leaf Normal 8.24 bed 8.24 bcd 8.24bcd 8.24 hed 8.24 bed
POD root PEG 24h 0.008 @ 0.008 ab 0.008 ab 0.008 ab 0.008 ab
POD root PEG 48h 0.008 ® 0.008 ab 0.008 ab 0.008 ab 0.008 ab
POD root Low P 24h 0.008 ® 0.008 ab 0.008 ab 0.008 ab 0.008 ab
POD root Low P 48h 0.002°¢ 0.002 c 0.002 c 0.002 ¢ 0.002 ¢
POD root Normal 0.007 ® 0.007 ab 0.007 ab 0.007 ab 0.007 ab
APX root PEG 24h 1.12° 1.12b 1.12b 1.12b 1.12b
APX root PEG 48h 1.13% 113b 1.13b 1.13b 1.13b
APX root Low P 24h 1.11°%¢ 1.11be 1.11bc 1.11 bc 1.11 bc
APX root Low P 48h 1.11d 1.11d 1.11d 1.11d 1.114d
APX root Normal 1.15b 1.15b 1.15b 1.15b 1.15b
CAT root PEG 24h 12.37 ab 12.37 ab 12.37 ab 12.37 ab 12.37 ab
CAT root PEG 48h 12.39 a 12.39 a 12.39a 12.39 a 12.39a
CAT root Low P.24h 12.39 a 12.39 a 12.39a 12.39 a 12.39a
CAT root Low P 48h 12.18 be 12.18 bc 12.18 bc 12.18 bc 12.18 bc
CAT root Normal 12.28 abc 12:28 abc 12.28 abc 12.28 abc 12.28 abc
Antocynine leaf PEG 24h 28.88 b 20.41 bc 32a 26.81 ab 26.54 ab
Antocynine leaf PEG 48h 19.91 cd 28.59 bc 34.03 a 20.02 bc 10d
Antocynine leaf Low P 24h 30.67 ab 22.8 ab 27.62 ab 25.11 ab 30 ab
Antocynine leaf Low P48h 31.82a 29.71 ab 23.33 ab 27.51 ab 30.62 ab
Antocynine leaf Normal 28.59 ab 11.75 bc 26.72 ab 32.92a 29.59 ab
Cartenoide PEG 24h 1668.01ab  1927.18ab  1731.65ab  1815.48 ab 2256.11 a
Cartenoide PEG 48h 2240.36 a 1769.56ab  1629.02ab  1830.93 ab 1559.48 b
Cartenoide Low P 24h 1957.86ab  1883.86ab 1821.60ab  1671.12 ab 1437.11b
Cartenoide Low P 48h 1791.39ab  1892.71ab 197549ab  1683.62ab  1706.86 ab
Cartenoide Normal 1422.99 b 1916.29ab  1797.07ab  1715.99ab  1775.99 ab
Total chlorophyll PEG 24h 33.26 be 47.67 abc 41.38 abc 43.29 abc 50.08 ab
Total chlorophyll PEG 48h 58.14 a 40.22 abc 34.74 abc 40.12 abc 37.46 bc
Total chlorophyll Low P 24h 46.08 ab 41.98 abc 40.61 abc 33.34 bc 28.22¢c
Total chlorophyll Low P 48h 40.64 abc 42.46 abc 46.39 abc 34.34 bc 38.04 bc
Total chlorophyll Normal 30.46 bc 40.86 abc 43.29 abc 38.53 abc 40.55 abc
chlorophyll b PEG 24h 20.84b 30.16 ab 27.8 ab 27.8 ab 29.89 ab
chlorophyll b PEG 48h 36.03 a 24.79 ab 22.76 ab 25.66 ab 24.03 ab
chlorophyll b Low P 24h 28.58 a 26.36 ab 25.46 ab 2151b 17.94b
chlorophyll b Low P 48h 25.46 ab 26.62 ab 29.2 ab 22.36b 24.34 ab
chlorophyll b Normal 19.09 b 25.44 ab 27.74 ab 24 ab 26 ab
chlorophyll a PEG 24h 1242 ¢ 17.52 abc 14.07 bc 15.5 abc 20.21 ab
chlorophyll a PEG 48h 22.12a 15.44 b 11.98 abc 14.46 abc 13.44 bc
chlorophyll a Low P 24h 17.51 ab 15.63 abc 15.04 abc 11.83 ¢ 10.28 ¢
chlorophyll a Low P 48h 15.18 abc 15.84 abc 17.20 ab 12.28 ¢ 13.71 bc
chlorophyll a Normal 11.37c 15.43 abc 15.56 abc 14.53 abc 14.53 abc

STy Sl sl APX 35BS CAT ST,y POD Lains sad (s (6 5 sime Dol 5,8 F yitie By 1> 5y 4 slb uSilo

Means that do not share a letter are significantly different. POD: Peroxidase; CAT: Catalase; APX: Ascorbate peroxidase.
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Fig. 2. The correlation coefficients of physiological and biochemical traits among five maize cultivars in response to
polyethylene glycol (PEG) 24h (a), polyethylene glycol (PEG) 48h (b), Phosphate 24h (c), and Phosphate 48h (d),
APXI, leaf ascorbate peroxidase; PODL.: leaf polyphenol oxidase; CATI: leaf catalase; PODr: root polyphenol oxidase;

APXr: root ascorbate peroxidase; CATY: root catalase; Antol: leaf anthocyanin; Total chl: total chlorophyll content;
Chlb: chlorophyll b; Chla: chlorophyll a.
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