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Figure 1- The Petunia cultivars studied in the research.
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Table 1-Physical and chemical properties of the used soil.

g Sl Gy 5 o Ad S T
Aot geS S oS e eSS eSS S G

_ _ _ _ ~ Loy Loy Loy Aoy Aoy
S pAAS eSS SAS eSS SS
Organic .
pH EC Zn Mn Cu P K N Matter Silt Clay Sand
ds/m Mg/Kg Mg/Kg Mg/Kg Mg/Kg Mg/Kg % % % % %
7.6 1.11 0.24 8.76 1.47 20.77 126 0.11 2.4 25 235 47

ol B N e b S OT L il s 4 bamalS ols i Ul B s, ol Sl pibesl s Ik s
o=l 4z Jed s (1990) Campbell & Mulla Lav 5 o Cio 35 sy wlol » St oly5 e b s gl
B CiB e s B LA el s Sl b s bl SelS Ll LolulS « ol e b (o Se3lul gl oS &) o
St ) s (S o3Il 0T 5 035 5 A 4 S (g3l il gral 5l eslizal b S (gladi gad 035 O Sl 3l ey
Voadaly sleslial L 55 Cmgby doys s S S 035 el YE De a3 100 sles Lol s 0

PO alaly) B B e O 035530 5 OIS Wliss crds b sl 5 4 4l
(A-B/B)x100 = /. _¢l,3 o b (V) akal,y
Fppuvpe| o~ 3o Csb e S 055 A (sl Candy Sl s Sasb Ol b ol ol b b O s S
Slasles o3 ods i (gl s 8 Jlesl (ol il o vt ol 51 ey ol 0t S S 055 B
5080 Sdie g 5l s S Sl G35 S35 ey 4 by o Sl O 5 A8 el OIS wlisy 55 e

S 53 bl ssse o sk 4 0LLS ) OF cilsie S G sl aals|

FC-)

Yt

e lileg' g Y


https://flowerjournal.ir/article-1-321-fa.html

[ Downloaded from flowerjournal.ir on 2025-12-14 ]

YOA-YYY (VA ((VF2Y) s olals 5 I8

TN Sl calisee gla el (i ey 0 plesl 5l ey

=70 gLes 53 e 5 o355 A8 sb waty; 5 (8 5 S il oplsli oyl la 5 ady, S5 50506 05
358 yasie Ol Sas 055 b wins i 051 s Cole YA Sode 4 e gendes a3 Ve

Sl e 5 E (S e 3lSl (S T leslinad L olS e o SVL U S a1 Sl Ik 14l gk
s S S

A Ol St s o s (6 Sl Jlizes d S 5l eslinal b ale o iadlu Jad

e ol c3s bl OLL s sl laastla sl 1 il Cladil slia

S el b 5 bl ala 5sb LS5 58 s s 5L OIS IS oy (IS b (s Se3ll gl 1 S8 slas 5 Jad
IS5 s gl m La S sl pmaman S (6,8 03Il Dz pd S 5l eslizad Lol Jlis b 8§85 IS G b
s 8 ket

Ao (6,803l (1981) Blum & Ebercon law 55 sl Cis 55 S, 5l eslizad b S 5 el xS0l s teud 5 oS30 s
Sl K s e ST L 55 5 4 1 asliana 55 SIS Ol (slaS 1 51 memla ) s L Sgs (25 st ol 6l
55 el VY s a5 At Ll S saSins 4 3 2l ) dos V0 (e i 033 it 030 s ST L
A (5 S el Jlims e (S Calia Sl eslinal b b s Lt (S SOl gl ) i S 513 G gles
Lt S S colds c0as K 51 e 5 S IS 5l Colon G Do a4 sk 4 53 VY0 (Glos 55 Lad gl ¢ s
(Yool ) A aaceloes o adaly Sl oozl by xSl s i (6,8 03100 Isdoes LS gas

EC% = (Lti/Lt, x 100) (V) alasl
03 S 4 wlows (2002) Cherki ef al., Law 5 ol Cio 5 sy 5l eslinad UGS 5 T s (gl sims 1] s (5] gine
A a3 Wsles 3l eslitad b O i (glgimme 5 A3 i alane 5 DUlS Ol S, 5l el 5K S
(Yol )

{Fer — pird

R = |——— | x 100
T — o)~ (F) aail

Ods Kt 1w S e iz 053 DW oS slacins 036 035 FW ol s (gl yme RWC (01 3 a5
¥ e o Laol ol 5l e bSos il 5 055 TW 5 ol YF Sotle 40 o gandes a3 Vo les L 051 s

..,bjda Cowsas SLU s cela
i bl A J U1l e YO L S0 S 0 IS sy S Sl oS s 1S Sloken g S 51 see
Sle L2 Sledd o 0 mle cadds 55 555 00 rr e 53 05,8 S Sla Bl e A 03] oa 4 &30 L O

Jslome o Vv os) mle 31 ) e G sl 1) e Vo @MJL{UL&WW.J&O;\U};

EC -y

ARA

e lileg' g Y


https://flowerjournal.ir/article-1-321-fa.html

[ Downloaded from flowerjournal.ir on 2025-12-14 ]

YOA-YYY (VA ((VF2Y) s olals 5 I8

g b 0303 Sl g 253 A0 (glos b Sl plax 53 diEs St Side 4 s 5 L3 S LI (0/10) RY|
SeS 4 e sl £YO e Jsb 5o baassad ol Ol (SU1 glos @ o sad gles ;3@))@{,&4{&;;\5\
(McCready et al. 1950) L2 5 |8 i 05 pfﬁpf‘_;l.:o Copon b Ad CS,E e gtb g Sl

i )l T S5 g il i e Vo L aliann 53 SIS oS s o S 40 Slakisal Sl s tod s g s
Ol Ol I 633 e (0 A0L a5l eslinad L (1973) Bates ef al. law 35 sddcirn 55 IS5, ool 1
e S Sheslinal b oy SIS S SIS e gy Sl SeS 4 e U OV e sk s (B8 L el i
2,5 0l 5005 05 2 dpes S Sopon 5 e O gl IS

Slex Il s (6,86 5101 (1987) Lichtenthaler law 5 sdscies 55 Jisy wlol 2D 58 a0 o (gl gios 1405 jow et
Laids Vo ol 4 038 Sani 0l Sl e s S 0Ll 3 g0 0l ol 45 036 S 0 50/ VA Ol 2] e
Doty aim AD o kil e BB PP 5 e S PYY Glag ge Jsb o3 adlgad Odor Ol cadds 5o 5ea T Lo
O 5¥ Bils)) s S a5 SVslae Sl eslinal b A3 0l S 5 055 p 5 g S e

1225080, 0 — 2.704R, 0 b X Jjtoen e

a lay s =

aFaa’ 255

() abal,
21-21{55@?] - E-lm-‘ﬁisﬁg ] X q_i_;:il.llr.iﬂr
b5 =
Fyal #55 ©) 4_]@\)

ol g A 230 dsb 53 S Ar Of s S

L s Yo oo &y e 5 o Do 2l sl 3L ) e SO LS il o S 001 Gl 5T duwﬂ Cled
Slam sl el ¢ Seslul gl B e sk Sl gl a3 Slex sles 3 ad3s 53 5531000 S
5 Dlied ol g gn (Dlind il 63 sl Dlid 3L CAT 5l clad (6 So31 ) s eslial Sl 5
a5 b s fSel Jloslial Uy e S ¥ o go U 53 Olr Ol 5 3 S 65l ey 5T 65lae 40 055548 ST,
25 Uhay 3 el LPOD o 5l o Jlas (Abie, 1984) di 0Ly 'o3b 035 p 8 2 dly ot bt LS 0l
~— SOD VJJJ el .l Ol o356 O pfﬂ d-ly &y pods 5 (6 S 03101 (2000) Teisseire & Guy law 55 ol o3l
GaLS Sl 658 il 53 0 gUls el s 5T cpl el s (5,851l (1977) Gyanopelitis & Rice 55, ol
Cled s S aish Sl b e sl 0P e Ik 5o ol Oljee 5 S (e D8 psd 5315 abeend s
A3 0l TS 0 S e p A5 & soe SOD

eSO a3l 5l eslied U g bl glacslis 5 as eslinad (4/F as) SAS gl 5l baesls Lo gl 1obel oo
5 S alie 10 (g)ls pre e ) Tl e i

o g mls

LSD -v Unit/mg of protein -¥ Unit/g FW -)

YYY

e lileg' g Y


https://flowerjournal.ir/article-1-321-fa.html

[ Downloaded from flowerjournal.ir on 2025-12-14 ]

FOA-YYY ()4 (V¥ Y) 2o 0blS 5 S
P, oo s Bl St 5 5 035 lspme Al el sk plas 3 0S5 1l slapldl K2 5 5 05
s (eS R s S P3 PA LB s s lapll 5 055 el it (o s WY JS) s S
Gloplil Sis 035 ¢ cpizmen AS el G s s sl les el 5 055 o iYL il PL o35 s etalie
RS OUC A A WPTRCHI PRTSCENS PR (1) o EPCPIPRCICI S R PO o LGS 5 NP ST P
b Sist 5 5 05 5 8l Jub ale i) slaasle 5 O 558 e Db o8 13 Sldllas il b Laasly
GALS e S R i st bl s (Riaz et al. 2013) 55l Sl s (diles S 518
Hatamifar & Babadaei ) 35,5 o 0lalS Six 50305 055 ialS 4 e 555 g 40 &S 358 00 bl 5 Al 3
S AS e Al 1 108 s o LS es S S 5 ey ol W (Samani, 2017; Kour et al. 2020
S Aas e Ot SLis 035 5 G,m Ol lsmms Olis Lo (Kaas ol el ol Ly ¢ ooy slaasily L
S5 e DG 8 g e (Riaz et al. 2013) 555 o e S 055 Sl 1 ol 5 s se 2
mix 45,53 bl (Liu & Stiitzel, 2004) " s, o ity adex 3| alises glaas S s es gy W5 5 djrs
S 5 (Ebrahimi ez al. 2017) " ,lg; aien [S (Khosravi & Haghighi, 2021) " slaals Jils (Shamshiri ef al. 2011)

Lles S A |, Qafari ef al. 2019) ¥y

15 ¢
"
a Pl P2 ®P3 "P4 o
bl 100 .
Voo . Epl mp2 mp3 = pd Al
;2 "ol 10 3 &
2 3z
E- N
sk f e 3 250 |
3 f < Z
3 TEN FEY
a2 T &5 z o et eff
KU qul S I ]‘:g%
0 RERZEN
90%FC 60%FC 30%FC 90%FC 60%FC 30%FC
Water deficit stress 1 o8 s Water deficit stress T o8 25

3= sl )l .,JL!J:;;“(G) (&) 2ls ¢|.u|~_<.::>;>5“(_w) =l c‘ﬂ‘jb}jﬂdiéﬂhﬂwc}hﬂ A=y e
e 53 R b 5l sime sl (g T S 1 ledd adte ks By b 4 sl s ile 3,1l (glas s kasOLS
3,15 LSD 5031 b 70 ez

Figure 2- Effect of different levels of water deficit stress on fresh weight of aerial parts (A) and dry weight
of aerial parts (B) in different varieties of petunia. The vertical bars represent the standard error of the
mean. Bars labeled with different letters are statistically significantly different from each other at the 5%
probability level, according to the LSD test.
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Figure 3- Effect of different levels of water deficit stress on fresh weight of root (A) and dry weight of
root(B) in different varieties of petunia. The vertical bars represent the standard error of the mean. Bars
labeled with different letters are statistically significantly different from each other at the 5% probability

level, according to the LSD test.
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Figure 4- Effect of different levels of water deficit stress on stem height (A) and the number of branches
(B) in different varieties of petunia. The vertical bars represent the standard error of the mean. Bars
labeled with different letters are statistically significantly different from each other at the 5% probability
level, according to the LSD test.
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Figure 5- Effect of different levels of water deficit stress on root diameter (A) and flower diameter (B) in
different varieties of petunia. The vertical bars represent the standard error of the mean. Bars labeled
with different letters are statistically significantly different from each other at the 5% probability level,
according to the LSD test.
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Figure 6- Effect of different levels of water deficit stress on number of flowers in different varieties of
petunia. The vertical bars represent the standard error of the mean. Bars labeled with different letters

are statistically significantly different from each other at the 5% probability level, according to the LSD
test.
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Figure 7- Effect of different levels of water deficit stress on electrolyte leakage in different varieties of
petunia. The vertical bars represent the standard error of the mean. Bars labeled with different letters

are statistically significantly different from each other at the 5% probability level, according to the LSD
test.
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Figure 8- Effect of different levels of water deficit stress on leaf relative water content in different

varieties of petunia. The vertical bars represent the standard error of the mean. Bars labeled with

different letters are statistically significantly different from each other at the 5% probability level,
according to the LSD test.
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Figure 9- Effect of different levels of water deficit stress on Proline in different varieties of petunia. The
vertical bars represent the standard error of the mean. Bars labeled with different letters are statistically
significantly different from each other at the 5% probability level, according to the LSD test.
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Figure 10- Effect of different levels of water deficit stress on Total carbohydrate content in different
varieties of petunia. The vertical bars represent the standard error of the mean. Bars labeled with
different letters are statistically significantly different from each other at the 5% probability level,

according to the LSD test.
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Figure 11- Effect of different levels of water deficit stress on Chlorophyll a (A) and Chlorophyll b (B) in

different varieties of petunia. The vertical bars represent the standard error of the mean. Bars labeled

with different letters are statistically significantly different from each other at the 5% probability level,
according to the LSD test.
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Figure 12- Effect of different levels of water deficit stress on Superoxide Dismutase (SOD) (A), Catalase
(CAT) (B) and Peroxidase (POD) (C) in different varieties of petunia The vertical bars represent the
standard error of the mean. Bars labeled with different letters are statistically significantly different from
each other at the 5% probability level, according to the LSD test.
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Table 2- Pearson’s correlation coefficients (r) of the measured factors in various petunia cultivars under

water deficit stress.
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Abstract

This study investigated the effects of water deficit stress on the growth, physiological, and
biochemical parameters of four Petunia cultivars: 1. Iranian Petunia (P1), 2. Hybrid Supercascade
White Petunia (P2), 3. Hybrid Grandiflora Frost Blue Petunia (P3), and 4. Hybrid Grandiflora
Crimson Star Petunia (P4) under different levels of water deficit (90%, 60%, and 30% of field
capacity). The experiment was conducted in a factorial design with four replications in a completely
randomized layout. The results showed that water deficit stress significantly reduced the fresh and dry
weight of shoots and roots. The greatest reductions in shoot and root fresh and dry weights were
observed in cultivars P4 and P3. Under severe stress conditions, stem height in cultivars P1 and P2
decreased by 40.4% and 43.3%, respectively. Moreover, the number of lateral branches in cultivars P1
and P3 increased under moderate water deficit stress (by 24.4% and 42.9%, respectively), but
significantly declined under severe stress. Water deficit stress also significantly reduced root diameter
in cultivar P3 (by 48%). Severe water stress decreased both flower diameter and the number of
flowers in all four cultivars, with the greatest reduction in flower diameter (22.97%) observed in
cultivar P4 and the highest reduction in flower number (72.3%) recorded in cultivar P1. Electrolyte
leakage increased under severe water deficit stress, with cultivar P4 exhibiting the highest electrolyte
leakage (36.1%). Leaf relative water content decreased under drought conditions, with the greatest
reduction (24.4%) observed in cultivar P4. Proline content reached its highest level in cultivar P1
under severe stress conditions (2.24 umol g™' fresh weight). Total carbohydrate concentration
increased in cultivars P1 and P2 under severe stress (by 21.6% and 19.5%, respectively). Chlorophyll
a and b contents decreased under drought conditions, with cultivar P4 showing the lowest chlorophyll
b content (0.53 mg g™' fresh leaf weight) under severe stress. Superoxide dismutase (SOD) activity
increased under moderate stress in cultivars P1, P2, and P3 (by 34.45%, 52.5%, and 24.9%,
respectively), but showed no significant changes under severe stress. Catalase (CAT) activity
increased in cultivar P1 (by 29.5%), while it decreased in the other three cultivars. Peroxidase (POD)
activity was highest in cultivar P1 under non-stress conditions (5.65 units g™' fresh weight) and
further increased (by 9.6%) under water deficit stress. Pearson correlation analysis revealed that
proline and total carbohydrate contents were positively correlated with antioxidant enzyme activities,
and chlorophyll a and b were closely associated with each other. Overall, cultivar P1 exhibited the
highest drought tolerance, followed by cultivars P2 and P4, respectively.

Keywords: Antioxidant enzymes, Growth parameters, Photosynthetic pigments, Carbohydrate.
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