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Table 1- Some physical and chemical properties of field soil

Chemical properties

Physical properties

EC@S.m?) pH %N P (mgkgh
11 7.7 0.09 7.1

K (mg.kgh) 17% clay, 42% silt and 41% sand
296 Loam
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Table 2. Results of variance analysis effect of foliar application with jasmonic acid and ascorbic acid on some
physiological trait, biochemical traits, grain yield and oil yield of safflower genotypes under deficit irrigation

Ol po (2o
Mean square

O kS g @ cus Jd ol s it

Sk ol sl 4 - e mpledl 299 JS Jgid . 5,Slos
Source of variation JS ol il Wil ¥l Js &3 > Shos .

df ool IWH o Total T o595
Antioxidant Phenylalanine Total henol ~ Crainyield i
D : . p Oil yield
activity ammonia lyase  flavonoid

Rep. & 2 245.19 121.76 105.1 367.33 11037.97 3815.38
ot O 2 390.79** 1677.79" 99.87"  676.37 350746.004" 31979.66"
Water stress
Ea Lol olusl 4 18.79 5.65 1.34 4.5 21106.64 3234.55
Genotype s 2 722.27** 165.57™ 32.45™  376.847 821163.43"  112202.117
G o e 4 12.12™ 3.41 29.78 11456.11"  1221.95™
Water stress xGenotype
Eb _e,5 olzsl 12 12.18 3.46 0.79 2.81 13458.006 659.43
Sl 2 566.83" 57.2" 8422 13651 158694.01”  18898.04"
Foliar application

:.b h.»uj .n
iyl X ' 4 8.74™ 1.80™ 2.29™ 1.43® 1261861  2717.55™
Foliar applicationxGenotype
bt xS . .
Foliar xWater stress 4 41.31 0.58™ 4,75 2.59™ 14879.74™ 460.16™
application
g} b sl X gylnleS (25
Foliar xWater stress 8 3.6™ 2.21™ 1.68™ 1.96"™ 13545.76™ 1025.09™
Genotype xapplication
Eb )b e)b ol 36 2.5 1.36™ 1.12 1.35 12783.49 1194.49
CV (%) s o 5.1 6.6 12.8 4.7 75 8.6
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ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively
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Table 3- Mean comparison of main effect of deficit irrigation and foliar application on some physiological trait, biochemical
traits, oil yield and grain yield of safflower genotypes

Culled
sl oYl S g Sy ‘
o Antioxidant SWligel h Totlal h Totlal Ma.:; . ‘}cs.’ 3“.
Treatment activity Phenylalanine gAeno_l (dmg g:no_l (dmg Grainyield  Oil yield
(Percent ammonia lyase (umol. -g7 dw) .gTdw)  (kg.ha) (kg.ha™)
inhibition of g FW. Min)
linoleic acid)
Water stress il s
el Sl 20,0 Ve ol e 66.77b 10.19¢ 6.16¢ 19.51¢ 160927a  430.03a
100% water requirement
Sl 18 20, V0 el e 82.98a 16.56b 8.31b 24.36b 1513.29a 404.48b
75% water requirement
el 18 20, 00 el e 93.69a 26.06a 10.19a 29.74a 1382.22¢ 335.14c
50% water requirement
Genotype g5
Faraman |8 71.80b 17.36b 8.33b 24.56b 1476.35b 401.59b
Local Isfahan  ldol e 65.62¢ 15.38¢c 7.17c 21.93c 1341.21c 333.03c
Sina (oo 75.13a 20.08a 9.18a 28.39a 1687.24a 462.18a
Foliar application sl Jslxe
sHldsbee o 65.86¢ 16.09¢ 6.31c 22.39¢ 1450.18¢ 368.92b
Without foliar application
Sigenly Aol b (b gl
Foliar app"cation with 73.77a 17.78b 8.83b 25.08b 1537.53b 412.07a
jasmonic acid
StpgSoal 3l il Joloce
73.93a 18.95a 9.53a 26.42a 1542.09a 416.66a

Foliar application with
ascorbic acid
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Means followed by the similar letters have not significant differences by Duncan test.
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Table 4- mean comparison of interaction of deficit irrigation and genotype on some physiological trait, biochemical traits, oil

yield and grain yield
Treatment  ,lo Trait ol
& g Wigel ¥l Jutd cullad JS agiglé Js Jgid
- v Phenylalanine ammonia lyase Total flavonoid (mg Total phenol (mg GA.

Irrigation Genotype (umol.g™* FW. Min) quercetin. Gr! dw) g!dw)
bl b sy Ven Sina L 11.38f 6.65e 20.94d
100% water Faraman )l 10.80f 6.59% 20.1d

requirement Local Isfahan il e 8.4g 5.25f 17.6e

el 55 s VO Sina L 20.28c 8.87c 28.79b
75% water Faraman Ll 16.07d 8.57¢c 24.23c
requirement Local Isfahan ;léw! oo 13.34e 7.51d 20.88d
ol b sy B Sina Ly 28.57a 12.07a 35.45a
50% water Faraman Ll 25.21b 9.77b 29.45b
requirement Local Isfahan ;ykéo! J=e 24.4b 8.74c 24.33c

555l ixe gl oy gy Jlein] gaws 53 (Sl gesl bl 1 A S jiiie g (gl &S gt o (sla uSikie
Means followed by the similar letters have not significant differences by Duncan test.
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Table 5- Mean comparison of interaction of deficit irrigation and foliar application on some biochemical traits

Treatment slowd Trait Olee
S\ VU1 ] GO | PY " c s
Lo SLJ O (o S g5 Jgd Total J5 anigighd
| S F I.“M ibm ,?Stlomda'nthgtc)yylty Total phenol (mg flavonoid (mg
rrigation olier application ercent inhibition &) |
of linoleic acid) GA. gr- dw) quercetin. g~ dw)
e e 54.68f 17589 5.24f
Without foliar application
bl i 2o V- Sl el b b 69.38¢ 20.83f 7.01d
100%water requirement  Foliar application with ascorbic acid
Sl sl gl 78.78¢ 20.14f 6.23¢
Foliar application with jasmonic acid
b g 76.49d 22.60¢ 6.16¢
Without foliar application
el 15 20,0 V0  Sapgteldll i gbee 86.14a 26.73c 9.86b
75%water requirement Foliar application with ascorbic acid
Syl b s 84.23b 24.56d 8.92¢
Foliar application with jasmonic acid
b ogn 78.57c 27.06¢ 7.53d
Without foliar application
bl 5L M}_’ . _ Lgﬁ-é)?gwl_v\wl l’Lr“’L'J}l’“ ) 86.85a 31.69a 11.73a
50% water requirement Foliar application with ascorbic acid
gl el b (23 Jslee 84.70D 30.54b 11.32a

Foliar application with jasmonic acid
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Means followed by the similar letters have not significant differences by Duncan test.
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Introduction

Safflower is an annual plant native to the Mediterranean countries and cultivated in Europe and U.S.
Safflower petals are very important as a source of medicinal preparations, natural food color and dyes for
coloring fabrics. Water deficit stress severely limits crop growth especially in arid and semiarid regions of the
world as it affects all stages of plant growth and development. Exposure to environmental stresses such as
drought stress, heat stress, cold stress, salt stress and plant diseases often leads to the production of reactive
oxygen species and other toxic compounds that diminish a plant’s performance. Reactive oxygen species (ROS)
are highly toxic to plant cells and in an absence of any protective mechanism they can react with proteins, lipids
and DNA and this can inactivate an antioxidant defense system. Plants have an elaborate system of enzymatic
and non-enzymatic scavenging pathways or detoxification systems that working together function as an
extremely efficient system to counter the deleterious effects of ROS. Higher plants have active oxygen-
scavenging systems consisting of several antioxidant enzymes, and some low molecules of non-enzyme
antioxidants, such as phenolic compounds, flavonoids, anthocyanins and ascorbic acid. Water deficit is
considered to be a major abiotic factor affecting many aspects of plant physiology and biochemistry causing a
significant reduction in agricultural production and changes its behavior regarding the biosynthesis of bioactive
compounds such as phenolic compounds, flavonoids and anthocyanins in safflower. Ascorbic Acid is a major
metabolite in plants. It is an antioxidant, in association with other components of the antioxidant system, protects
plants against oxidative damage resulting from aerobic metabolism. Jasmonic acid (JA) is a plant-signaling
molecule that shows a wide range of plant responses, with effects at the morphological to molecular levels.
Many morphological, physiological, and biochemical processes occurring within the plants can be regulated by
jasmonic acid. Previous studies have documented that foliar application of JA and ascorbic acid could modulate
plant physiological responses towards abiotic stress tolerance. Considering the importance of safflower plant in
terms of quantity and quality of oil, and its various applications in the oil, dyeing and pharmaceutical industries
in the semi-arid regions of the world, it seems that increasing yield per unit area in low-irrigated conditions is a
good way to increase the production of this plant and improve the economic conditions of farmers. Compared to
breeding methods that are often long-term and costly, some agricultural management practices, such as the use
of chemicals like ascorbic acid, jasmine acid and other compounds, are easier, cheaper and faster. Therefore, the
aim of this study was to determine the effects of jasmonic acid and ascorbic acid on grain yield and Changes in
antioxidant compounds of safflower genotypes under drought stress conditions.

Materials and Methods

This experiment was carried out as a split-split plot in a completely randomized block design with three
replications at Shahrekord University Agricultural Research Station during spring planting season 2017. The
main plots consisted of three levels of irrigation of 100%, 75% and 50% of the plant's water requirement of
safflower and sub-plots including safflower genotypes including Sinai, Isfahan local and Faramanand sub-sub
sub-plots including foliar application with three levels including ( control, foliar application of jasmonic acid
with 0.5mM concentration and foliar application of ascorbic acid with 20 mM concentration. In this study, the
amount of total flavonoid, total phenol, antioxidant activity, ammonialase enzyme activity, grain yield and oil
yield were measured.

Results and Discussion

The results showed that simple effects of low irrigation treatment, genotype and foliar application were
significantly in all traits studied in this study. The highest grain yield (1609 kg.ha™) and oil yield (430 kg.ha™)
obtained in 100% of the plant's water requirement and the least of grain yield (1382 kg.hal) and oil yield (335
kg.ha) obtained in 50% of the plant's water requirement. The interaction of genotype x deficit irrigation
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treatments on total phenol content, total flavonoid content, phenylalanine ammonialase enzyme activity and oil
yield as well as interaction of low irrigation treatment x foliar application on the amount of antioxidant activity,
total phenol total flavonoid content were significant. The results show that the highest total phenol content (35.4
mg GA. g DW), total flavonoid content (12.1 mg quercetin .g" DW), phenylalanine ammonialase enzyme
activity (28.6 pmol.g “FW. min) obtained in interaction 50% of the plant's water requirement and sina genotype
and the least amount oftotal phenol content (17.6 mg GA. g DW) total flavonoid content (5.2mg quercetin . g°
'DW), phenylalanine ammonialase enzyme activity (8.4 pmol.g “FW. min ) obtained in interaction 100% of the
plant's water requirement and Isfahan genotype. Foliar application with jasmonic acid and ascorbic acid
increased antioxidant activity, total phenol, total flavonoid, phenylalanine ammonialase enzyme activity, oil
yield and grain yield. So that the highest amount of antioxidant activity (85. 9 % inhibition of linoleic acid), total
phenol (31.7 mg GA. g DW) and total flavonoid (11.7 mg quercetin . g DW) related to 50% of the plant's
water requirement and foliar application with ascorbic acid and the least amount of antioxidant activity (54.7
antioxidant activity), total phenol (17.6 mg GA. g*DW) and total flavonoid (5.2 mg quercetin . g DW) related
to 100% of the plant's water requirement and without foliar application.

Conclusions

Results indicated that deficit irrigation stress could increase antioxidant activity, Phenylalanine ammonia
lyase (PAL) activity, Total phenol, total flavonoid and anthocyanin content in safflower genotype but, grain
yield decreased. The increase in tolerance to drought in sina genotype is associated with antioxidant enzyme and
non-enzyme activity. Also foliar application of jasmonic acid and ascorbic acid increase antioxidant activity,
Phenylalanine ammonia lyase (PAL) activity, Total phenol, Total flavonoid, anthocyanin content and grain yield.
According to these results, it may be suggested that increased activity of antioxidant enzymes and non-enzymes
can reduce the harmful effects of reactive oxygen species and improve plant drought tolerance, therefore
antioxidant enzymes and non-enzymes can be taken as indices of drought tolerance in plants.
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