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Effects of deficit irrigation management on physiological and
biochemical traits of two safflower cultivars

"ol S o go Tlaaly Ol 31 g Ol g

Ol 31 sal 31l O ez daged oKl alS oS5 5 A 5 wdigoos S el i)l wlid )87
(J g 0 5,85) .00l 31 ml 3158l O jamr g oSl ( aLS Sis5 5 A 5 piligaos S Liils .Y
'O‘).’.‘ )b}h‘ .)'\}A\ [)‘NWoK.iJ‘: 4@\25 é_g::;j}.l:b; 6.»..&..@.4 ojjfob..ul g

10.22092/aj.2023.359982.1624  : o083 3905y bl — VP ¥/ ¥/ ¥ 1 5 9y gyl 1P 1/« #ITYY 1odb 3o 36

oS>

“0‘9‘)). &}f;&))é@Wﬁjdﬁij}sﬁﬁdgwx&)lﬁTr{gﬁﬁdﬁﬁj‘Un .‘.f‘gsblg)&m ‘.I‘M!)s.)‘é.\S}
N i 1P ) Ol 1Y oy —F oslols - 70 0598 (o155 (SO0l Sl sdgh 4 4l

SR93 (! (105 ST 185 95 leadion 9 <K 599e1 38 Dlao 1 il o St T o 2 gtiedy
oy J 98 (b 1yT aw 50 Solad ol sy gl al Z b LIB 50 oudd B SO T D0
1old ST o Co g Ehaw slez A 1l Hlgal Ol oz dugd olKLIS Jladsd 4c s 30 (1145 -AY)
103 SO 185 98 9 (ol SO 55 Wk ST oF 9 tawsie Gkl o (e GolT o wall
439 Calad 1o o sl el Gl o Gl puo Wb 5 58 o9 SBD 7 13 Sl g oy
CAlE oSl 9 SYBE @ 5T clld (Jg b (1295 9 413 3 Shos 9 Judg A7 (ALl (Fuwgld cae pu (ST
(Sl o Ciliske S o o Tl 33 .8l !B AT (68 Uglle ctald 9 Jokoxo (Sl Sy g 7
GYBE 9 3wl w2 5T Cadlad ¢ fudg 7 (et Ld (Fiuwgld oas g (514395 o (2 il b ST o8
9 wls (solaidl 3 Kos (1 FYL SIS WSNT (85 Ol Clals (g oS 3 Jabomo Sl Dloudg 7 dald
2T Codgusme tulydh Sl 9 99 S FYL p89) d5hos oo (51518 FYL 415 3 Khos WS 4 9 391 (489
5 4085 95 B 53 (5895 3 has IS ke AT 4 rie okl § Lagie (el ST o B9k (0 Aoy
Ry W pByl SST1g 50 oo (e puid DAl g oS (Sl A g0 LAl Aoy FY 9 FY Y Ol @
S g ST ST Wi b J9 b 589 Shos (S 33 FY Sl Caw Lawgio Skl o Louils

D o0 oyl dibrin (9l 30 ST B yan SAET Cwlin 3 1) Olgis 4 Dallao (ST b dwslio 33 OF

81439y Calad ST (68 Ugllo ( Ldg o™ sl ¢ lows ! 5T Cudlad ( Sis it guuls” sld o3lg

a.rahnama@scu.ac.ir :J s o6 K (s 2SI oy o ysT

\



VFo ) Ol WPV aly —F o)lal — Y0 095 « (8155 SO Il S sdg 5 4 >

STy Sl oo s (Sdns
Sl a8y s o Ol iS4 Jales
o sk e ol Sl
5 SN e S B Dl s D) 50
Wy Co w33 Ol el dhe 31 olacdigu
gl 5 8L (Gl Jomily cslaify, ylia
Gill & Tuteja,) 555 oo Obled SIdanS| 5T
Jolss 4 Solas Ol g s jiSTl ¢ 2010
stj Ol 5 Sl (Dl a5l (godate
Moatshe) s,ls L;<:....J Lgaltf (aléj\ 5 RS
oM olS (gimwgs oIS et al, 2020
s 2 5 o el S5 ey
Andrianasolo et al.,) » Jf OB e e
5 St 5 iy o usby 25 Ll 5 43,2016
3 B 55 s IS 3 s ol
Flexas et al.,) sﬂfdajljé s &9y Od dtus
S s 5 8l 53 alin 2004
3l o R RS D GBI S,
Sy 53 g g gl s ol k)
Sl o oclalin o5 55 ¢ 55 (Sh A5 4
Igbal et al., 2009; Rahnama et al., 2010;)
(Ghobadi et al., 2013
O 35l 6 0l g 4 gloms 3150 o
S5 3 S Sl 5 LS Gl
Slgome 03 i 5358 (o O gumn St
R SN TP
Slres g )3 Jsous slads IS (gl grome oo
Koutroubas) ol sl uf')‘}? ;‘\.5 &J,l?
e e b 3 (Sas 55 (et al., 2004
4 gD 9 3959 Cudgdos o by 45,

Lsosd o B Glp S ST 6o

.

o0
4 « Carthamus tinctorius L.) &,\f
Al (Rbl3 b e gy 45 olS S Ol e
Ale e (sl 15 15 g0 03 18 5 Gras
Gecgel etal.,) &S~ Josss |y SKist 5 g5
e oSl s Shas 35 2l L (2007
Lo Ll (Son 0T (S (25 4 Joos
ool s 4 3,8 15 (Ses S
a5 oS ol S S5 w ks, Mg
wlobT olul g sasl il 5,28 s
b Ok Okl VFee dlu s (g,5las
W g Ol 5 S 0 ST 5 daw
5558 53 S8 s W5 oid 45,5 (5
Annual report,) Tl e3ls jolam| 54 4

2022
ol el e s B,
sy dal gt d s Glante 4 1 b
0333 ¢85 5l (#h DY e Lulg 5o 5
ol 3 s el T (S 85l
Jomets [EIRIRINE S = 5 =l oblS o,
S i A S Dl 4 Ss y
s S K o 515 0,8
Jlol 5l eogms opl b el Sis 4 Jamte
e (St 55 w4l 0ds bl
Zarghami et al., 2011; Koutroubas) !
Jolo 5 e (i AT et al, 2010
Csma £y Ql.aL:f.sJiL,.o oS 5 gdoee
sl 3 b 314 (Wei et al., 2020) 53 5
stsllaal 5 b 415 ol 5 Shae (g jmml 25

(Guler etal., 2012) das o 5 3 56 o
(5T (Sidgspe bl o 0blE



o GOT oS S pe 5

2015

ol B gl s (sl odomn s> S5,
el Al b g5k 55 5 DY games 5 S
o Sl o) R s Ll s I
L;:mowllaug-;\.cﬁwl&@jkéu
Sl (S s S 55 S bl
o plsil K o3 Sas 5 S350
s Seidn Sl ol Ul e
Co e aliee la S5 55 5 (gloend oo
A5 oslasl DI el sl okl oS
w s ol g3 aS el o)lil xS S
Al sl g a0

095 9 dlge

AV el b s sl as e Liasl ol
A oKl (55,5laS suSlils s 1Y4S
odds B DS Dysen isal Ol e
53 @l oS s sl lea B s
Co e Calibes ol S 2] LSS an
G oolbs LTl LT WS
oS fh Sl Aoy ArAr A A s
Ao )3 FrAr=Ar =8+ 55 6,LT) e <ot
Gl b ge LT o5 (o) b
5 () Ceb dwys F—fiopife s
FoteoFos LD wid T oS
5 el s S5 (o) i b ds )
2 sl ey ol K o 93
Sl Sy pe 3 B 815 o g S
ST & s oe 185 4 LT Caliee
solie & S Cysh ) Ol Oy 4 4 55 L
J=lm 0o B s o) S b
u.a.,klfjl.b]' (P08 5T sl e L

ol Sy 0 gDenS 50 S Olenkily rals
S 55t o RESTy 0381 s 43
Lyt s St T o ol (S
s 48 Wy a5l (Cechin et al., 2015)
LT g5 o4lle chale 5 SasTy 055
SV el mals Lol en K8 5,
okt IS 53 (S 5 b
J’"a)\f o= (Gunes et al., 2008) .
i iS5 S s e Ol (gadate gla
AR s kS 55 S cails 5 Shes
Lovelli et al., 2007; Salek Mearaji) da>
(&Tavakoli, 2020
Gy Calizes ol 5y (St A5
SN0 S0 S 55 p o Masls ST
oo 3 B p gl K o
oS gy Calidee ol e 55 OT 4 ol
SLls dss BB oS 4 plaws o
Jole Cols (plal e el e
ol e Sy e 5 olS s ol
s Ses Yy ol Coeal
Aoy ol 55 o5 OLE 51 6oy 4l
Sl STy hals by Sl s (s
38 J yacdias o0l by AT
OB sk 5 S el 4d) s e
Jolm 3 B 00 (S b el pe 5 e
Sl 03 5 (55 il wibe gl wlas
K s Shas [2als Sl wils 0s g
Hussain et al., 2016; Zarghami et al.,) 35h o
s 55 .2011; Koutroubas et al., 2010
i 038 (555)b6 s 4 (U Ao e 5o
Totsky & Lyakh,) ::Jf e kil S



VFo ) Ol WPV aly —F o)lal — Y0 095 « (8155 SO Il S sdg 5 4 >

S LT A als B 5o ol o
Oljen Oy & a5 b o sllae (LT Sl
ST oA g ad) 4t js S b,
Cusby Aoy b plnil oS aslizal LB
S eslizal b LT a5l S Sl e
TDR) (ProCheck, s s b, oK
PRS- J_f o ylk! (Decagon Devices, USA
5 b T oS roke Jlesl (g5 )0k,
53 S eslial LB OT do)s ials o
Of lie 5 Kle i plnil ki 3550 Lo
Sk polie Sl b ods 5 e (6,LT
LT slasles sl sy osn glazl 53
L ste LT o5 cedle (LT o5 o shlas
SNV VP Ll T oS
oslizal b (glaijsy Culda 5 a2 0/
Delta-T AP4 Devices,) o3, o&Kiws j
oKaws 3 eslizel L e gd e e (UK
IRGA, model LCA4,) 50 5 033le § Llows
= (ADC Biosientific Ltd. Hoddeston,UK
s (5 S oIl b Y b s 48 sl
s 1S olaws Sl oslizul b Lo IS oLy
Monilota SPAD-502 Chlorophyll) ;e
AT 5l abads T2 Sy p (meter, Japan
2olie o S0le 5 A plowil adly ann s 5
Gl S5y 5,8 ojlul ds O eds 515
Al plasil 4l O ST A e ) (6 i g0
3 Y6 (sla o 5T b (6,8 o511 g
63 04l 5 Jslee slaus bl GluusT,
OL T 5 AU ST (g i o 3 5T
& gas Lol g oy YU eSSl cals

o Olej b (oS5 6la a5 Al (55ls

e 5533 3 Ak Jlas! 4l 0as BT
w6 5 el Ol denje by ol
Sslie iy s Sl S o5 I
DI il kb o b ey 055 el
23 Sl e g Lo 4 Jaste ¢y
G LB (35 55 Jdtes 55w Gbls
4 Joie (355 Ol 05k e)lg sl
b8l 53 B8 Clia 5l 2 93 e
SIS s eslizal ragh cul 53 p S sl
by s ol sliy3T oy 53 035 53
Aol b s am sy gy sy S
To Lt 55 ol 5 a5 VO b s
Ao S8 (6 e SO LY Gas s e e
b 8 s ¥ LT oS = sl o dlos
O J;A?)afts-oyﬂ@ug@}:g.m
lid 3 g i 31 i SUSCa 3 p S LSTAD
Sl s e S nly 0SSV o Jsans
S 30 S S Ve 5 IS 1 S ey
355 Doy donsl 55 mia il Al 05 53
Al 53 & w58 5 AL Olejan 4l
sy Sl AU LIl 5 S5y 650
A el
Gos S el o5 sk Jlesl Gl
ssbaas,p S g S e
DQL{}TC\_:}‘_;‘)‘)J_: TURPUN g E\WS)
ol Ol I eslamul LS e
(INERIART T G YRt g gLl slad 5o
2P G5k, Aoy s dbesls 5L
o asby doys 3 8 e 15
P 035 4 a5 b S s ST
ST oslimal LB OT 5 s S (g alls



o GOT oS S pe 5

S glasd 5 (S5 4 b)Y dsd
Table 1. The results of physical and chemical analysis of soil
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Soil texture |\ 2 ometieed) H (Ae)s) (PSS s (0554550 (4sy)
EC (dSm™) N (%) P (mgkg™") K (mgkg") O.M (%)
egel 2.8 7.4 0.1 12.74 162 0.39
Sandy loam
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Fig 1. Mean comparison for stomatal conductance in two safflower cultivars under
different levels of deficit irrigation
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Table 2. Mean squares of agronomic, physiological and biochemical traits of two safflower cultivars under deficit irrigation

Sl 5 Sle
Means of squares (MS)
Sl gl »Vwbq Ew&& r,A__(F wrm.iu& r,\w\l. m_.mxﬁ CMY_”\ a2, RSESS E 3 Ses
)
S.0.V. D tomata otosynthetic orophytie Grain yield Oil percentage Oil yield
Df conductance rate index
o5
2 0.11 ns 497 ns 82.2 ns 3840 ns 4.04 ns 40146ns
Block
Skl oS
e 3 1.05%* 5915%* 1090%* 709888** 9.15 ns *%895204
Deficit irrigation
a gl
6 0.001 71 54 4192 9.48 63293
Ea
,L.u 1 0.15%* 4056%** 852%* 4545751%%* 117 ** 295260%*
Cultivar
P X okl oS
e . 3 0.016** 246 ns 127 ns 449921 ** 14.5 ns 40317 ns
Deficit irrigation x Cultivar
b sl
8 0.0018 82 64 17781 8.1 34506
Eb
Ol s o
e - 34 42 113 47 8.5 19.5
C.V (%)

ns: not significant; *and ** significant at 5% and 1% probability levels, respectively
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Table 2. Continued. aalsl =Y Jgd
Sl Sl
Means of squares (MS)
AAS U Shs &l W e
Flowering stage Grain filling stage
. . ol ol chle
> 05l chle e 5 ) .
e R L JOU P TWE e el kS e s , s
il B ) - ISR ; shdes
- el Catalase Peroxidase Malondialdeh Carbohy Catalase ST Malondial Sk
S.0.V. . .. alondialde drate . P id dehvd Carbohvd
Df activity activity yde activity croxidase chyde arbohydrate
. concentr activity concentrat  concentration
concentration ation .
ion
Sk
Block 2 0.0000093* 0.0000112* 0.000393ns 1972%* 0.0000047** 0.0000279%** 0.00037 ns 62.7 ns
oc
L
&.b.s n.m ) 3 0.000036** 0.0001671** 0.219966** 87327** 0.000033** 0.0001043** 0.05112** 47328**
Deficit irrigation
s> a
E 6 0.0000017 0.00000061 0.000144 40 0.0000012 0.0000005 0.00038 267
a
?ﬂ 1 0.000036** 0.0006731** 0.000204ns 21672%* 0.000017** 0.0003768** 0.00248** 13357**
Cultivar
Wox @l oS
Deficit irrigation 3 0.0000076 * 0.0001627** 0.000191ns 1791%* 0.0000062** 0.0001794** 0.000593* 2404**
xCultivar
sl b
Eb 8 0.0000013 0.0000024 0.000125 27 0.0000005 0.0000025 0.000101 17.70
Dl RS o
T - 16.2 8.4 3.7 3.1 7.1 105 5.7 23
C.V (%)

ns: not significant; *and ** significant at 5% and 1% probability levels, respectively
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Table 3. Mean comparison for agronomic, physiological and biochemical traits of two safflower cultivars under deficit

irrigation
g ot R St S s
o Stomatal conductance otosynthetic OTOPIYHC " Grain yield ! Oil yield
Treatments rate index percentage
mmol m?. 5™ pmol m>. s™ - kg ha™! % kg ha™
ST oS o pte
Deficit irrigation management
dals .
c | 1780° 24.0° 82.7° 4139° 322° 1456 °
ontro
e solal 1280° 23.4° 78.5° 3032° 33.8° 998 °
Mild deficit irrigation
Lo sa LT .
e ool o8 1170 19.3° 68.7 ¢ 2507 ¢ 32.8° 823"
Moderate deficit irrigation
ool
el oS 761 ¢ 17.6" 5234 1531 ¢ 35.0° 534°
Severe deficit irrigation
LSD 120.1 2.44 4.1 91.5 4.35 3554
¢b)
Cultivars
ﬁtvcrq a a a a b a
Goldasht 1320 22.4 76 3238 31.2 1063
oldas
o b b b b a b
Padideh 1160 19.8 64 2367 35.7 842
adide
LSD 80.2 0.73 3.8 125.9 2.68 174.9

Means followed by the same letters for each trait in each column and each experimental factor did not differ significantly
using LSD test at 5% probability level.
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Table 3. Continued. dalsl =¥ J gl

rw?tW > 0 S als A e
Flowering stage Grain filling stage
b Sl g S ble
Treatments VSl STy il T 0l Bl S S B L WSS S ol T s 0l CBE Carpohydrate
Slas Catalase Peroxidase =~ Malondialdehyd Carbohydrate Catalase Peroxidase =~ Malondialdehyd
activity activity e concentration concentrations activity activity e concentration  concentration
s
: : (mg (mg
(mg P nwﬁ_: (mg P Hmﬁ_: (mmol g'Fw) (mg g™ protein protein (mmol g"'Fw) (mg g")
min min - -
min min
ST oS o e
Deficit irrigation
management
L 0.0044 ° 0.0223° 0.115°¢ 154 ¢ 0.0075 0.0097 ¢ 0.077°¢ 110°
Control
Se LT :
Rt 7« ) 0.0061 ° 0.0143 ¢ 0.152° 197°¢ 0.0101° 0.0177° 0.119° 148°
Mild deficit irrigation
Lo gze LT
e N ww . 0.0084 * 0.0135° 0.469 * 209 ° 0.0111° 0.0142° 0.246*° 160 °
Moderate deficit irrigation
s )T S
0.0100* 0.0236 * 0.458* 423° 0.0131° 0.0191° 0.262° 312°
Severe deficit irrigation
LSD 0.0019 0.0011 0.017 9.1 0.0016 0.003 0.028 23.1
£6
Cultivars
CEN g b
0.0084 * 0.0237° 0.295* 276 ¢ 0.0113° 0.0191° 0.166 206 °
Goldasht
oy b b a b b b a b
: 0.0060 0.0131 0.301 216 0.0096 0.0112 0.186 159
Padideh
LSD 0.0011 0.0015 0.0105 49 0.0007 0.0015 0.0095 3.9

Means followed by the same letters for each trait in each column and each experimental factor did not differ significantly using LSD test at 5% probability level.
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Table 4. Correlations coefficient between agronomic, physiological and biochemical traits of two safflower cultivars under deficit irrigation

AR

Ole
Traits GY opP oy SC PR Chl index CAT POD MAD CarC
&ls uu.WF.v 1
Grain yield
sy Aoy -0.54" 1
Oil percentage
s Shes 0.90™ -0.03 ™* 1
Oil yield
PP ITNORIN 0917 -0.43° 0.77" 1
Stomatal conductance
e g s 0.80™ -0.38 ** 0.62 " 0.86" 1
Photosynthetic rate
S sl 0.75 ™ -0.42° 0.58™" 0.80™ 0.83™ 1
Chlorophylle index
VB s -0.62" -0.03"™ -0.64" 0737 0587 -0.39"* 1
Catalase activity
S5 Sl -0.27 "¢ -0.10 ** -0.3 "¢ -0.25 "¢ 0.11"* -0.12 ¢ 0.60"" 1
Peroxidase activity
LT o b -0.82" 022" 0757 0837 0867 0727 0.66™ 017" 1
Malondialdehyde concentration
[ ,UC?‘.»&CW kbl 3 s *k *k *k ok *ok *ok ke
-0.62 0.11™ 0.61 0.75 0.56 -0.59 0.73 0.43 0.67 1

iCarbohydrate concentrations

GY;Grain yield, OP; Oil percentage, OY; Oil yield, SC; Stomatal conductance, PR; Photosynthetic rate, Chl index; Chlorophylle indrx, CAT; Catalase
activity, POD; Peroxidase activity, MAD; Malondialdehyde content, Car C; Carbohydrate content.
*and ** significant at 5% and 1% probability levels, respectively
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Means followed by the same letters for each trait in each column and each experimental factor level did not differ
significantly using LSD test at 5% probability.
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Fig 2. Mean comparison for malodialdehyde concentration in two safflower cultivars
under different levels of deficit irrigation at grain filling stage
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Introduction

Drought is one of the major environmental stress induced by global climate
change that adversely affects the growth and development of plants and causes
significant yield losses in the oil seed crop, safflower. Safflower is mainly
cultivated for the production of vegetable oil, and used in medical, cosmetic and
paint industries (Gecgel et al., 2007). Drought stress adversely impacts growth
and productivity through influencing various physiological and biochemical
processes such as stomatal conductance, photosynthesis, chlorophyll content,
carbohydrate metabolism, lipid peroxidation, and antioxidant defense system.
Moreover, it was shown that inorganic ions and ABA concentrations contribute
to osmotic adjustment under drought stress (Guler et al., 2012). The responses
to drought stress are different at vegetative and reproductive stages of crops.
Drought stress at anthesis results in the formation of empty achene production

due to pollen infertility (Totsky & Lyakh, 2015). Since water resources used for
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irrigated agriculture are fast depleting in many agricultural regions of the world,
therefore, irrigation management is of paramount importance under water scarcity
conditions. Various deficit irrigation management strategies have been developed
in different agroclimatic regions to improve crop performance under water deficit
conditions. However, it is very important to develop crop management strategies
that make plants suited for stressful environmental conditions.
Materials & Methods

In order to study the effects of deficit irrigation management on physiological
and biochemical traits of two safflower cultivars, a field experiment was carried
out in a split-plot arrangement in a randomized complete block design with
three replications. The experimental site (32° 22’ N, 48° 07’ E), was located at
Shahid Chamran University of Ahvaz, with a subtropical hot desert climate. The
main plots consisted of four irrigation management practices including; control
(irrigation treatments: 80%, 80%, 80%, and 80% of field capacity), mild water
deficit (irrigation treatments: 60%, 80%, 80%, and 40% of field capacity),
moderate water deficit (irrigation treatments: 60%, 60%, 60%, and 60% of field
capacity) and severe water deficit (irrigation treatments: 40%, 60%, 60%, and 60%
of field capacity), and the sub-plots consisted of two sunflower cultivars including;
Padideh and Goldasht. The irrigation treatments were applied at stem elongation,
branching, flowering, and grain-filling stages.
Results & Discussion

Deficit irrigation caused a significant reduction in stomatal conductance,
photosynthetic rate, chlorophyll index, grain, and oil yield, butincreased catalase and
peroxidase enzyme activities, carbohydrate and malondialdehyde concentrations.
Goldasht cv. with the highest stomatal conductance, photosynthetic rate, chlorophyll
index, catalase, and peroxidase enzyme activities, carbohydrates concentrations,
and with the lowest malondialdehyde concentrations and oil percentage produced
the highest economic oil and grain yield. As a result, it can be recommended for
cultivation in a water-limited condition. The highest levels of antioxidant enzyme
activity and lowest malondialdehyde content under water deficit conditions may

confer better drought tolerance in this cultivar. The oil yield of the both cultivars
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significantly decreased under moderate and severe water-deficit stresses by 31, 43,
and 63%, respectively, when compared to the control. Goldasht cv. with a higher
grain yield showed a higher oil yield.
Conclusion

Different irrigation managements applied at different growth stages differently
influenced the physiological and biochemical characteristics of safflower cultivars.
The developmental stage and severity of water deficiency played an important role
in the cultivar responses to the deficit irrigation management. All in all, a moderate
deficit regime led to a 43% decrease in oil yield, but by saving about 40% of
available water, this treatment can be recommended as a suitable strategy for water
management to reduce water use in this area.
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