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Extended abstract

Introduction

Severe climate changes and rapid population growth have influenced global food security. Oilseeds are
the second main source of human food after cereals. Increases in the demand for vegetable oil at global
markets and thus increases in the price of these oils, an economic pressure has been imposed on the oil-
importing countries. So, concerning population growth and increases in per capita food consumption, it
is necessary to increase the area under oilseeds' cultivation and crop yield. Safflower is an oilseed crop
of the family Asteraceae with favorable and unique characteristics that make it a valuable oilseed crop.
Safflower due to having long roots and the high ability for absorbing water from deep soil layers, is
considered as a low water-tolerant plant; but after the rosette stage, it becomes more sensitive to water
stress such that since the first signs of inflorescence emergence up to the middle of the grain-filling
period, it shows more sensitivity to this kind of stress.

Materials and methods

This study was performed during the 2018-2019 cultivation year in a 400-ha farm located in the Seed
and Plant Improvement Institute, Karaj, Iran. The geographical location of the study area is 35° 49' N,
51° 6' E, and its elevation is 1321 m AMSL. According to climate data and ambrothermic curve, this area,
due to having 150- 180 dry days, is considered as hot and dry Mediterranean climate. Because of having
cold and humid winters but hot and dry summers, it has a dry moisture regime. Based on the average of
30-years of climate data, the mean temperature is 13.5 °C, the soil temperature is 14.5 °C, and in terms
of soil temperature regime classification, it is considered as thermic areas. Table 1 represents the mean
monthly temperature and precipitation during 2018-2019 and 2019-2020 cultivation years in Karaj. The
main factor of this experiment was drought stress in two levels, i.e. normal irrigation (control) and
irrigation cut-off at flowering stage, and two sub-factors include safflower cultivars (Golmehr and
Goldasht) and foliar application of auxin in two levels, i.e. zero-application and applying 4 gL-1 auxin.

Results and discussion

Results of the present study illustrated that compared with Golmehr cultivar, Goldasht had higher
number of grains per head, grain yield and biological yield. On the other hand, Golmehr cultivar had a
higher plant height, percentages of oil, linolenic acid, and oleic acid, compared to Goldasht cultivar.
Under drought stress, the activities of antioxidant enzymes and proline were not significantly different
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between the two cultivars; however, the Goldasht cultivar by accumulating the activities of catalase,
peroxidase enzymes, and proline content showed higher resistance to drought condition than the
Golmehr cultivar. Irrigation cut-off at flowering stage led to decreases in bush height, number of grains
per head, number of plant heads, 1000-grain weight, grain yield, biological yield, harvest index, SPAD
index, percentages of oil, palmitic acid, linoleic acid, oleic acid and increases in proline content, activities
of antioxidant enzymes, i.e., catalase and peroxidase. In comparison with the no-auxin situation,
applying auxin increased SPAD index, proline content and, activities of catalase and peroxidase so, it
could alleviate the side effects of drought stress. Therefore, in addition to the reduction of production
costs and saving water, especially in arid and semi-arid areas, which results from the foliar application
of auxin and cutting of irrigation at flowering stage, also crop yield and oil percentage could be gained
same as the ones gained under normal condition. Furthermore, concerning the evaluated characteristics
and the reaction of studied cultivars to drought, Goldasht cultivar can be introduced as the preferable
cultivar under drought stress conditions.
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Table 1. Average air temperature and cumulative precipitation for 2019-2020 in Karaj

Sep-Oct Oct-Nov Nov-Dec Dec-Jan Jan-Feb Feb-Mar Mar-Apr Apr-May May-Jun

Year JL» 2018 2018 2018  2018-19 2019 2019 2019 2019 2019
ol 6.7 32.6 57.5 47.1 28.0 19.9 104.0 10.1 2.1
Precipitation (mm)
o 18.8 10.9 8.4 4.7 5.7 7.7 14.0 18.3 25.1

Temperature (°C)




N Ko Ll 5o S5 ol ploonton 5 sl srishpe Slio p o Slrtly Jobne 50 iS0n 5 Sty

5 g ool jslateas 0005 bole S L (S g
W) Sy Sypodr lisjse djgrid 95 Ay (g
55 ()5l 6855 e 5l LAlS 3l @SS VO 500 s 5
GLS b 50 0l Bran (234K g poddll dl> e
5 Slopaiges Glp of Sl b ez g il lyea

<d,8 18 oolaiwls e o Slas 5 alizee Slas ow)yy

¥ s 53 SB a5 (S5 loopas gl

oy g S eel mls elel ool eays 3 sl
PSS Ve g e s S 5 p oS B+ wissS
Slind 5 oysl 6355 pnin 30 5l Lalls PoOs JLSa 4o
355 g0t KoO JliSa ;0 0,59l Ve v Jlaka 5 pguigel
i Sl i 43 S VD o0 4 sty il
2 52 3ge S 93 b g o ools S 4 (5l (59

S loj] Joo S ol ofy 5ud Sleoguas 1 (B0 ¥ Jgozr

Table 2. Some of the physicochemical characteristics of soil in the study area

o F cugb, olan o o Uiy 0395
Sl slpdse gl S Y s Caag ciad s
Soil Sampling Soil saturated  Electrical sk Organic  Absorbable Absorbable Total
texture depth moisture conductivity pH carbon  phosphorus  potassium  nitrogen
cm % ds m™! % mg kg™ %
Clav1 0-30 37 1.51 8.0 0.89 14.5 200 0.09
I 30-60 38 1.25 71 098 16.1 152 0.07
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Table 3. Results of compound variance analysis of the effects of auxin foliar application on the morphological,
physioloical and biochemical characteristics of safflower cultivars under drought stress condition

30 Gub olaw Wil Slows S ySlos
o G gl o] Gk Al e 5 ) S 3glew
Oy’ golo Plant Head per Seed per ~ Weight of 4ild 0 ySdos Biological
S.0.V df height plant head 1000 seeds Seed yield yield
o Sk 2 10.59* 0.67m 0.791s 1.88" 33852.54m 460229.63"
Replication
> 1 64.68" 54 30.38"™ 19.26™ 1686990.38™  5558437.5™
Drought stress (a)
Error s 2 0.19 9.5 0.88 0.08 61861.63 78991.13
. ™ 1879.74" 0.671 45.38™ 1658.34™  4261365.38™ 100466784
Cultivar (b)
el 1 10.4* 28.17" 12.04™ 10.01™ 375250.04" 599768.17"
Auxin (¢)
) e T 8.17m 1.041 o 11634338 231280.67™
ax
X S 1 0.06™ 0'0009500007 0.04m 0.18m 681600.04" 1040.17 ™
axe
b oS3 1 0.2 2.67m 0.041s 0.18m 93875.04" 15361
xe
S X S 1 0.431s 0.171s 0.381s 0.004 s 104940.38™ 29.04 s
axbxc
i 12 1.34 3.14 0.61 0.47 53283.75 80612.21
Error
CV% (1) & yads g yu 1.04 6.23 3.06 1.91 10.96 2.89
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Table 3. Continued
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S.0.V SPAD index Percentage of oil Proline Catalase Peroxidase
S, 0.96" 5.09° 0.68° 0.02° 0.05"
Replication
A 32.9% 1.35% 84.38" 5.20% 27.03*
Drought stress (a)
by 0.66 0.17 0.34 0.06 0.15
Error
= 703.08™ 50.17%* 4 0.11° 462"
Cultivar (b)
oSt 12.47° 0.18™ 353" 032" 3.69%
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. PXSES 0.7 0.00000003™ 6.83" 0.09° 1.14°
ax
i | 0.51m 0.07" 5.04" 028" 0.721
axc
oSSy 2.15% 0.01™ 0.6 0.03" 0.1
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oS X Shs 126" 0.000000007™ 0.81 0.03 0.047
axbxc
L 0.17 0.95 0.17 0.007 0.16
Error
CV% (1) Ol s 0.58 3.76 5.91 11 6.45
s o plad |y aoys ) 0 Jlisl zola 10 o ire o e pd il 5 4 FF 5 ¥ s

Ns, * and ** indicates insignificant, significant at significance levels of 5% and 1%, respectively.
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Table 4. Results of comparing the mean of the main effects of auxin foliar application on morphological, physiological
and biochemical characteristics of safflower cultivars under drought stress

G Gub olawy &ils olawy o S ySlos 3 ySlos
’ o slis Wl ol s
el &%) gy @b o ° 7" 002 ails SS 5ol g
Lo Plant Weight of . ;
Factor 7 height Headper  Seed per 1000 seeds Seed Biological
Treatment plant head yield yield
cm g kg.ha!
desmeilel o000 29020 26670 3685 2371670 103040
(S<is gss Normal irrigation
Drought g;b-\.lf 4.19).0 39 ‘5)|.3.3T éhs
Stress  Irrigation cut-off at 109.61°  26.922b  24.42 3506 1841.42° 93415
flowering stage
. 5 120.12 28.25° 24.17° 27.64° 1685.17°  7776.75°
) Golmehr
Cultivar e T WU 9 1 26.92¢ 44270 2527.92° 11868.75°
Goldasht
Syaopas 110.59° 27.33b 24.83b 35.31b 1981.5° 9664.67°
S | Control
Auxin Sr 11910 2950 2625 36.6° 223158 9980.83°

using
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Table 4. Continued alol.f Jous
29556 b Seelomsls OIS MO sy
I . Percentage . .
Factor SPAD index . Proline Catalase Peroxidase
Treatment of oil
% mM.g'FW pmol min "' mg protein™!
e Normal irricati Jyee sl g5 s 26.1% 5.16° 0.29° 5.09°
.. ormal irrigation
Drought BT 4l 5000 ‘S)I*J ok b b a a a
g Irrigation cut-off at flowering 70.2 25.63 8.91 1.23 7.21
stress
stage
. % 65.95° 27.31° 6.63° 0.69° 5.71°
) Golmehr
Cultivar dE 6780 24.425 7.44° 0.83¢ 6.59"
Goldasht
Sraeedt 70,650 25.78° 6.65 0.64° 5.76"
S| Control
Awdn Sree 72000 25.95° 7420 0.88° 6.54°
using
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Means which have at least one common letter are not significantly different at the 5% level using DMRT.
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Table 5. Results of comparing mean proline and catalase and peroxidase activity of different safflower

cultivars under drought stress

S o ) odan e sl
Drought stress Cultivar Proline Catalase Peroxidase
mM.g'FW pmol min - mg protein™!
Jroresilal S 5.28° 0.28° 4.87¢
Normal irrigation Golmehr
Jymolal - cudals 5.03¢ 03" 531
Normal irrigation Goldasht
Pl Al po 50 (g k! adad oS 7.97b 1.12 6.55%
Irrigation cut-off at flowering stage Golmehr
P Aoy solal ¢S ubals 9.85¢ 1.36° 787
Irrigation cut-off at flowering stage Goldasht

25,105 o0 gty e 50 SOl (gl arals wiz yaejl 10 (6 Lol BT s ls S e By ele (o (gl g g o 0 45 Lla ke
Means which have at least one common letter are not significantly different at the 5% level using DMRT.
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Table 7. Results of comparing the mean effect of auxin
foliar application on the SPAD index of different
safflower cultivars.

..\.3...4| uaaub
o) O SPAD
Cultivar Auxin index
4 Control G pao puc 64.92¢
Golmehr using S pao 67°
cohals Control U oo poc 76.38
Goldasht using b oo 77.182

Wl S B> Jole o glp s et ;o 0 a5 S Sile
235,105 a0 gty a5 SSls (sl aiels wix yge3l 5o (g leT BV
Means which have at least one common letter are not
significantly different at the 5% level using DMRT.
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Table 6. Results of comparing the mean effect of auxin
foliar application on proline and safflower catalase
activity under drought stress

GRS G o] oy YUN

Drought stress Auxin Proline  Catalase
mM.g'FW  Mmol min !
mg protein’!
- d)'a'” s c c
LT 523 0.28
Jgors sl Control
Normal &
irrigation rE 508 0.3¢
Using
> 5 bl adad )
3 Gkl ald oo pas 8.07° 1.01°
S al> 1o Control
Irrigation cut-off & o 9.752 1.46°

at flowering stage Using
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Means which have at least one common letter are not
significantly different at the 5% level using DMRT.

oax
Flas 09 o5l (Sl (wibly 425 5 saelissa gls
2o Sy Josl mhw 5o (ST g 08 (St S
508y b (Sid hlite Sl Sl ioren g Sl e (s
oy aeys S Jlisl mhans )3 nSTL (St a
G Cond Sid i (Y o) sl o g )...JL)
sy 018D (i & el Gl s Jgase
Loyl jo cads cubalS o3, ;0 o0 FA/AY g palS 18, 0
G035 055 50 Jsrishes VAD) Culials o8, Sz o



ya

b G Iyl jo S35 Bl oliardisn 5 So3sls5ads8 00 Dlao S LOb sl 1] Sen 5 Sy

0392 b g n Ol Gl uizes S )lo 1y Loty
U"J9)" ‘f) ‘w‘ oL:f Lgl.(b;,dl.v g.;‘ u‘rdo w‘ﬁ‘ » ‘-J..Jé
Sharma and) oS e Joe (5 jomsl (gloaisS ouis ylgrcas

.(Dietza, 2006

s aegerme S0 50 ol Bl oSy Jlasl o]
3 oo cudlil Jobw jo i Lulpd jo opdgn W !
slocyse 52 (Mostajerani and Rahimi-Eichi, 2008)

P 0 ohg ey Gl GiE ST el alS

(S i s 50 K5 IS P8l gl (AL 3 S (Sl Jgmn 53T (raSilen Ao gl A Jgur
Table 8. Results of comparing the mean effect of auxin foliar application on the SPAD index of
safflower cultivars under drought stress conditions

Drought stress Cultivar ) Auxin S| SPAD index
_ Control & ypao pac 66.63¢
Golmehr olS .
Jgezs & kel Using & puao 67.97°
Normal irrigation _ Control < pao pas 77.3%
Goldasht  <ubuls .
Using I pano 78.27°
_ Control & ypas pos 63.2°¢
< - . Golmehr ol
P Ao o 50 5l alad Using S pan 66.03¢
Irrigation cut-off at : b
. Control <& o 75.47
flowering stage Goldasht  cubuls )m F
Using 3 pao 76.1°
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Means which have at least one common letter are not significantly different at the 5% level using

DMRT
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