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Abstract

Drought stress limits the oilseed crops productivity in semi-arid areas. To alleviate drought stress effects during seed-filling
stage, the effect of foliar application of different Zn concentration (0, 0.6 and 1.2 kg ha™') on five safflower genotypes was
investigated in a 2-year (2015-2016 and 2016-2017) field experiments. The results showed that supplemental Zn (1.2 kg ha™)
significantly increased drought resistance by enhancement in proline (20%) and carbohydrate accumulation (4.3%), relative
water content (2.4%) and chlorophyll content (3.8%) in all studied safflower genotypes. The induced improve in safflower’s
physiological traits achieved in the Zn supplemented treatment resulted in a significant increase in genotypes yield and its
components. Moreover, Zn foliar application significantly reduced the drought adverse effect on oil yield and improved the
unsaturated fatty acids content. Finally, Zn foliar application can represent an effective means to mitigate the adverse effects
of drought stress on growth and the yield of safflower genotypes in water shortage condition.
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Introduction

Drought stress will increase in intensity in the future as a
result of climate change, mainly due to decreases in regional
precipitation but also because of increasing evaporation
driven by global warming (Lobell et al. 2008; Sadeghi and
Delaviz 2016). Water stress has severe adverse effect on
plant physiology, growth and productivity. For this reason,
need to crops with higher drought resistance strongly ris-
ing (Sadeghi and Robati 2015; Sadeghi and Rostami 2017).
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Safflower (Carthamus tinctorius L.) is a deep rooted drought
tolerant crop that originated in desert environments of the
Middle East and mainly grown as oilseed in the arid and
semi-arid regions of the world (Hojati et al. 2011b; Singh
et al. 2016). Nutritional edible oil contains the unsaturated
fatty acids whereas, high oleic safflower cultivars contain
over 85% oleic acid and the high linoleic safflower cultivars
contain 87-89% linoleic acid in their storage oil (Li and
Miindel 1996).

The importance of oil crops such as safflower has
increased in recent years. Due to that safflower, can resist-
ance in drought condition without reduction in yield, it can
be a promising alternate crop in dryland agro-ecosystems
(Kar et al. 2007). Plant have developed a wide variety of
drought tolerance mechanisms in morphological and physi-
ological levels (Ghanaatiyan and Sadeghi 2017). There are
wide variations among the safflower genotypes with respect
to seed and oil yields at drought stress condition (Yeilaghi
et al. 2012). Genetic variations among genotypes with vari-
ous drought tolerance have been reported in different crops
(Kauser et al. 2006). Therefore, safflower cultivation consti-
tutes a more profitable crop for the farmers in some countries
especially arid and semi-arid areas compared to other crops
(Yau 2004).
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Zinc, as one of the essential microelements in crop plant,
plays a crucial role in resistance to drought stress (Khan et al.
2003; Yavas and Unay 2016). In addition, this element is
also very important in maintaining the bio membrane struc-
ture and for detoxifying ROS (Rehman et al. 2012). Zinc
also plays an important role in the production of biomass
(Cakmak 2008), as well as in the nitrogen and carbohydrate
metabolism of plants (Pandey 2015). Zinc is required in seed
development (Hénsch and Mendel 2009). Moreover, zinc is
a ubiquitous micronutrient required as a structural and func-
tional component of many enzymes and proteins (Coleman
1998). The mechanisms for Zn-mediated drought tolerance
are still not fully understood, but have been suggested to
be involved in the increases of water use efficiency (Karim
et al. 2012; Khan et al. 2004), the leaf osmotic potential
and transpiration rate changes (Khan et al. 2004; Sadoogh
and Shariatmadari 2014), and involvement in modulating
biochemical damages by antioxidant enzymes (Upadhyaya
et al. 2013). Numerous studies have demonstrated marked
increases in seed Zn concentrations due to foliar Zn spray,
whereas soil Zn applications and seed priming are less effec-
tive (Cakmak et al. 2010; Hussain et al. 2012; Yang et al.
2011). Given that the root absorption capacity of Zn and
macronutrients (e.g., N, P, and K) is easily compromised by
drought or salinity, particularly during the seed-filling stage
(Fernandez and Eichert 2009), the simultaneous and effec-
tive delivery of these nutrients through foliar applications
is of great importance from an economic, agronomic and
environmental point of view (Wang et al. 2017).

Drought is very unpredictable among abiotic stresses in
terms to occurrence, severity, timing and duration (Anosheh
et al. 2011; Ashraf et al. 2005). Hence, the main objective
of this study was to evaluate of Zn foliar application as an
applied method to alleviate drought stress effects occurring
unexpectedly almost in seed-filling stage on yield of differ-
ent genotypes safflower.

Materials and Methods
Site Description

This study consisted of two field experiments was conducted
during 2016-2017 and 2017-2018 at experimental field
of seed and plant improvement institute (SPII) in Alborz
province, Iran (35°49'12"N, 51° 06'33"E, 1321 m). The
study location is characterized by a semi-arid climate with
an annual average precipitation of 243 mm, and the annual
mean maximum and minimum temperatures of 30 and 1 °C,
respectively. Local climatic data of growing seasons are pre-
sented in Fig. 1. Soil type of the study site was clay-loam,
and soil pH, electrical conductivity (EC) was 7.2 and 2.2,
respectively.
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Fig.1 Variation in air temperature and rainfall at the experimental
site during 20162018

Field Preparation and Planting

The experiment field was disked and ploughed before
planting to incorporate residue and to form a seedbed each
year. Two weeks before planting, soil and water samples
were taken in order to determine the physical and chemi-
cal properties. A composite soil sample was collected at
a depth of 0-30 cm. After air drying, the soil was passed
through a 2 mm sieve to allow the measurement of a set
of standard soil characteristics (soil texture, pH, electri-
cal conductivity, organic carbon content, total nitrogen,
available phosphorus and available potassium) (Guo 2009)
(Table 1).

The experimental design was a factorial split plot in
a randomized complete block with three replications.
The irrigation was conducted at two levels routine irriga-
tion (blank) and the elimination of watering after late of
flowering stage (drought stress) in main plots. Subplots
were 30 treatments in number and consisted of a facto-
rial combination of five safflower genotypes (Soffe, Gol-
dasht, Golmehr, Padideh and Parnian), and three foliar Zn
applications including 0, 0.6 and 1.2 kg ha™! Zn (0.5%
surfactant-containing solution). The foliar application was
applied with a pressurized backpack sprayer (12 1 capac-
ity) calibrated to deliver 1000 1 ha™! of spray solution.
Prior to seeding according to results of soil analysis, half
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Table 1 Physicochemical
characteristics of the soil

Soil depth Sand (%) Clay (%) Silt(%) pH EC(Sm™) EC(Sm™) N (%) P (ppm) K (ppm)

sample 0-30 24 27

724 222 0.58 0.06 12.6 256

of urea and total of super phosphate were broadcasted
and incorporated into the soil. The other Half of urea was
applied when stem elongation began. Safflower seeds were
disinfected with fungicide prior to planting and sown on
30 September 2016 and 1 October 2017 in six rows at 5 cm
intervals (row length: 4 m, row distance: 30 cm). Between
all main plots, a 2 m alley was kept to eliminate all influ-
ence of lateral water movement. In sampling, 50 cm from
the side of plots was removed as marginal effect. Physi-
ological parameters was measured by selecting specified
leaves from five plants per plot under fair weather con-
dition. To evaluate of yield components also at maturity
stage, whole plants harvested in July.

Agronomic Measurements

At maturity in July of 2017 and 2018 plants were cut at
ground level then oven dried at 70 °C until a constant
weight. Seeds were separated from straw by crushing. Seed
and straw (stem plus leaf, biological yield) were weighted
by a balance and harvest index was computed as the ratio of
seed yield to the total plant biomass.

Yield components were number of heads per plant, num-
ber of seeds per primary and secondary heads, number of
branches per plant, number of seeds per plant which meas-
ured by counting and 1000-seeds weight measured with an
analytical balance (0.001).

Physiological Measurements
Relative Water Content

Three young and developed leaves of each plot were sampled
at noon and the RWC of the leaf samples was calculated
using the equation:

FW — DW

RWC% = (
W — DW

) % 100,

where FW represented the fresh weight of the sample leaf,
TW their overnight turgid weight and DW their weight after
oven drying (Cornic 1994).

Chlorophyll Measurements

Chlorophyll readings were taken with a hand-held dual-
wavelength meter (SPAD-502, Minolta, Japan). For each
plot the 30 youngest fully expanded leaves per plot were
used when the plants were at pod development stage.

Free Proline Content

The free proline content was extracted from 0.5 g leaf sam-
ples in 3% (w/v) aqueous sulphosalycylic acid and estimated
using ninhydrin reagent according to the method described
by Bates et al. (1973). The absorbance of fraction with tolu-
ene aspired from the liquid phase was read at 520 nm. Pro-
line concentration was determined using a calibration curve
and expressed as pmol proline g~! FW.

Oil Content and Qil Yield

Oil content was determined by NMR spectrometer at 25 °C,
fitted with a permanent magnet of 0.23 T (9 MHz for 1H)
and a 13 mm X 30 mm catheter of useful area, using the Con-
dor IDE software with CPMG pulse sequence with Qdamper
(Colnago et al. 2011), expressed on a dry basis (DB%). Oil
yield was determined by multiplying seed yield by oil con-
tent, hereby obtaining yielding oil in kg ha™!.

Linoleic, Oleic and Palmitic Acids Content

The fatty acid composition of the oil samples was determined
by gas chromatography. The oil sample of each experimen-
tal unit (plot) was converted to its fatty acid methyl esters
(FAME). Oil samples (0.2 ml) were dissolved in hexane and
trans esterified with sodium methylate (0.1 M). Analyses
of FAMESs were carried out using a Varian CP-3800 model
gas chromatograph (Agilent Technologies, Santa Clara, CA,
USA) equipped with a flame ionization detector (FID) and
a fused silica capillary column (CP-Sil88, 50 m, 0.25 mm,
0.2 um). The samples were injected in split mode (split ratio
1:40). The initial oven temperature was set at 150 °C for
1 min, elevated at a rate of 5 °C min~! to 190 °C for 3 min,
and then ramped at 5 °C min™"! to the final 240 °C for 8 min.
The injector temperature was set at 250 °C and the detector
temperature was set at 280 °C. Nitrogen with at a flow rate
of 1.5 ml min~' was used as the carrier gas. Peak identifica-
tion was performed by comparing the relative retention times
with those of a commercial standard mixture of FAME. The
fatty acid content of palmitic (C16:0), oleic (C18:1) and lin-
oleic (C18:2) were determined using a computing integrator
and showed as the percentage of the oil.

Statistical Analysis

Routines implemented in the SAS statistical analysis soft-
ware v9.1 package (SAS Institute, Cary, NC, USA) were
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used to derive analyses of variance. The least significant
difference (LSD) test was used to compare treatment means,
applying a p threshold of 0.05 to declare significance. More-
over, Microsoft Office Excel and R software were used to
draw the figures.

Results

Effect of Foliar Application of Zn on Physiological
Parameters in Drought Condition

The results showed that agronomic and physiological param-
eters of safflower genotypes significantly affected by climatic
conditions in two growing season. Improved agronomic
traits of genotypes were obtained in second year (Table 2),
which can be the result of more precipitation in May and
April (normally safflower flowering stage occurs in this
period) and a higher average temperature of the second year.

The results of physiological assessment of different saf-
flower genotypes treated by Zn in drought stress condition
for 2-year experiment have been shown in Tables 3 and 4.
The results a significantly reduction in RWC in stress con-
dition for all genotypes in both experiment. Result of first
year experiment showed that the foliar applied Zn signifi-
cantly increased relative water content only in Soffe, Padi-
deh and Parnian genotypes in drought stress condition and
highest increase was related to treatment by Zn in amount
of 1.2 kg ha™! (Table 3). There was no significant effect of
Zn on this trait in control condition in both experiments.
Relative water content affected significantly by foliar appli-
cation of Zn in drought stress condition just in Parnian geno-
type in second year (Table 4). Drought- enhanced proline
accumulation observed in all genotypes and in both experi-
ment. Interaction of drought and Zn foliar application led to
highest proline accumulation in all genotypes so that most
increase was related to Parnian genotype from 9.53 into
12.7 umol g~! FW (Table 3). In the second year experiment
proline accumulation due to Zn treatment observed in all
genotypes expect of Soffe (Table 4). Carbohydrate content
in the plants grown in drought condition was considerably
higher than in control plants in the both experiment. Foliar
application of Zn noticeably raised carbohydrate content in
all genotypes except of Goldasht in first experiment (Table 3)

and Parnian in second experiment (Table 4). The highest
carbohydrate accumulation in all genotypes and both experi-
ment was achieved in with zinc treatment at 1.2 kg ha=!.
Highest amount of carbohydrate content in response to
1.2 kg ha™! Zn treatment observed in Parnian genotype in
amount 106.6 and 142.1 umol g~! FW in first and second
experiment, respectively. The SPAD value decreased sig-
nificantly by drought stress in all genotypes. An increase
trend observed in SPAD value measured in treated plants
by Zn in both experiments. In the first year experiment there
was no significant difference between Zn foliar concentra-
tions treatments in increase SPAD value while in the second
experiment higher SPAD value observed in Parnian geno-
type treated by 1.2 kg ha™!' compare to 0.6 kg ha™".

Effect of Foliar Application of Zn on Yield
Components in Drought Condition

Results of yield components of different safflower genotypes
treated by 0.6 and 1.2 kg ha™! Zn in drought condition rep-
resented in Figs. 2 and 3 for 2 years of field experiment
as fold changes compare to control condition (calculated
using formula: log2 (drought/control). Results showed that
foliar application of Zn significantly alleviated effects of
drought on total seed number (TSN) in both years so that
it led to lower reduction of this trait in drought condition
in all studied genotypes. Also highest increasing effect of
Zn on TSN was 0.12-fold increase in this trait observed in
Parnian genotypes harvested in drought condition com-
pare to control plants (untreated with Zn) in the first year
experiment. Drought stress significantly decreased thousand
seed weight (TSW) in all genotypes expect of Golmehr in
first year experiment (Fig. 2c) and Goldasht in second year
experiment (Fig. 3b). Drought increased significantly total
seed weight of Padideh genotype in first year experiment
(Fig. 2d). Zn treatment in amount of 1.2 kg ha™' reduced
drought stress effects on TSW in Goldasht, Golmehr
and Padideh genotypes harvested in second experiment
(Fig. 3b—d). Seed yield reduced significantly in drought con-
dition in Soffe, Golmehr and Parnian genotypes in first year
experiment and there was no significant change in this trait
in second year experiment. Seed yield was not affected by Zn
foliar application in all genotypes expect of Golmehr which
treatment by 1.2 kg ha™! led to significant increase in this

Table 2 Effect of growing

, Year TSN TSW SY BioY Hi OP OY RWC Pro Car SPAD
season on agronomlc and
Phgisiological parameters of 20162017 794> 327> 1802® 11087° 17.4° 26.6*° 482> 714> 49° 66" 63.2°
sattiower 2017-2018  855% 337° 2529%  12515% 20.1* 264° 659% 73.1° 39° 89%  69.8°

Values denoted by different letters are significantly different, P <0.05

TSN total seed number, TSW thousand seed weight, SY seed yield, Bio Y biological yield, Hi harvest index,
OP oil percentage, OY oil yield, RWC relative water content, Pro proline, Car carbohydrate
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Table 3 Effect of Firot}ght stress Variety Irrigation
and Zn foliar application on
physiological parameters of Normal Stress
different safflower genotypes in = 3
first year experiment Zn (kg ha™) Zn (kg ha™)
0 0.6 1.2 0 0.6 1.2
Soffe
RWC 76.66* 76.5° 76.46% 62.66° 63.93% 65.56°
Proline 1.70¢ 1.71¢ 1.70¢ 7.47° 8.47° 9.05°
Carbohydrate 45.70° 45.80° 45.83¢ 84.53° 88.17° 90.63*
SPAD 67.00 67.13 68.33% 59.73¢ 62.17° 63.43°
Goldasht
RWC 71.33% 71.43 71.60* 59.67° 60.17° 61.20°
Proline 1.94° 1.89° 2.00° 3.80° 3.86 447
Carbohydrate 42.17° 43.30° 43.60° 70.23 72.50° 73.27°
SPAD 64.77% 64.67° 65.37° 45.27° 46.77% 48.43°
Golmehr
RWC 78.33% 78.57° 79.00* 62.00° 62.30° 63.20°
Proline 1.96¢ 1.92¢ 1.93¢ 5.40¢ 6.28° 7.03
Carbohydrate 44.509 45.67% 46.83° 78.33° 79.87° 82.60°
SPAD 68.40* 69.07° 69.97° 57.50° 59.70° 60.53°
Padideh
RWC 77.33% 78.13 78.50% 68.67° 70.57° 72.10°
Proline 2.13¢ 2.10¢ 2.20¢ 9.30° 10.43° 11.73?
Carbohydrate 43.53¢ 44.97° 43.97° 92.33° 94.00%° 95.57°
SPAD 59.60" 60.13% 60.50%° 59.10° 62.20% 63.57°
Parnian
RWC 79.33P 79.97% 80.67% 70.00° 72.60¢ 75.43¢
Proline 1.91¢ 1.90¢ 1.90¢ 9.53¢ 11.27° 12,172
Carbohydrate 47.50° 47.27¢ 48.57° 100.67° 103.93? 106.63?
SPAD 70.87% 71.67% 72.60% 67.47¢ 69.83¢ 70.93%

Values denoted by different letters are significantly different, P <0.05

trait compare to control (Fig. 2c). Biological yield was found
to be significantly decrease in drought stress condition in all
genotypes in first year experiments, except Padideh genotype
which positively correlated with drought (Fig. 2d). Drought
had no significant effect on biological yield of Golmehr,
Padideh and Parnian genotypes in second year experiment
(Fig. 3c—e). Zn treatments were effective to reduce harmful
effects of drought stress on biological yield of Soffe in the
first year experiment (Fig. 2a) and Soffe, Goldasht, Gol-
mehr and Padide genotypes in the second year experiment
(Fig. 2a—d). Drought-caused increased biological yield of
Padideh genotype affected negatively by foliar application of
Zn in the first year experiment (Fig. 2d). Changes in harvest
index (HI) as the ratio of seed yield to the total plant biomass
in drought condition was different among various genotypes
so that in Goldasht and Parnian genotypes increased in stress
condition of the first year experiment (Fig. 2b, ¢). Zn treat-
ment led to increase HI in Goldasht, Golmehr and Padideh
genotype in drought condition compare to non-application

of Zn in the first year experiment (Fig. 2b—d). Oil percentage
significantly reduced in drought condition in Golmehr and
Parnian genotypes in first year experiment (Fig. 2c, e) and
also in Soffe genotype in second year experiment (Fig. 3a).
In contrast Goldasht genotype showed significant enhance-
ment in oil percentage in drought condition in the first year
experiment (Fig. 2b). Interaction of drought stress and Zn
foliar application in the first year experiment showed that
oil percentage of Golmehr and Padideh genotypes positively
affected by Zn 0.6 and 1.2 kg ha™! respectively (Fig. 2c, d),
while it reduced in Goldasht and Parnian compare to non-
application of Zn (Fig. 2b, e). In the second year experiment
Zn treatment led to significant increase in oil percentage in
Golmehr too (Fig. 3c). Oil yield affected significantly by
drought and Zn foliar application in some genotypes just in
the first year experiment. No significant change in this trait
observed in second year experiment. Drought led to signifi-
cant reduction in oil yield of Soffe, Golmehr and Parnian
genotype (Fig. 2a, c, e), and Zn foliar application reduced
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Table 4 Effect of drought stress

. . Variety Irrigation
and Zn foliar application on
physiological parameters of Normal Stress
different safflower genotypes in - =
second year experiment Zn (kg ha™) Zn (kg ha™)
0 0.6 1.2 0 0.6 1.2
Soffe
RWC 78.20° 79.332 79.43? 65.47° 67.17° 67.80°
Proline 1.68° 1.61° 1.38° 3.08% 3.07% 3.08%
Carbohydrate 53.434 59.73¢ 61.20° 94.63% 100.63? 101.37
SPAD 71.00° 72.03° 73.43% 65.47" 67.13° 68.46°
Goldasht
RWC 77.30% 80.07* 80.77° 68.67° 72.30° 72.90%
Proline 1.32¢ 1.07¢ 1.03¢ 8.89" 9.27% 9.47*
Carbohydrate 70.17° 71.57¢ 73.37° 133.23° 137.17% 140.90°
SPAD 76.00° 78.23 78.40% 72.73¢ 75.07° 75.33%
Golmehr
RWC 78.57° 78.40° 78.40% 66.73" 67.20° 68.40°
Proline 1.90°¢ 1.88° 1.84¢ 5.33b 6.78* 6.51°
Carbohydrate 51.27¢ 52.27¢ 52.53¢ 103.47° 106.33° 110.10
SPAD 68.80% 68.90° 71.40°% 63.704 66.40° 68.30%
Padideh
RWC 70.83? 72.00° 72.77 63.83% 65.17° 66.47°
Proline 1.91° 1.89° 1.88° 5.07° 5.20% 5.88%
Carbohydrate 53.63¢ 55.50° 55.70° 102.43° 104.03° 108.93?
SPAD 66.57° 67.00° 67.03? 63.27° 64.37° 64.07°
Parnian
RWC 78.67° 79.43? 80.40° 70.30° 72.93° 74.60°
Proline 1.66¢ 1.57¢ 1.71¢ 5.66° 7.17% 8.98%
Carbohydrate 74.10° 77.87° 80.67° 132.70* 135.47% 142.172
SPAD 71.40° 72.20° 72.70° 68.10° 68.90° 69.40¢

Values denoted by different letters are significantly different, P <0.05

significantly drought effect on oil yield of Golmehr genotype
(Fig. 2¢).

Effect of Foliar Application of Zn on Fatty Acid
Composition in Drought Condition

Change in palmitic acid (C16:0), linoleic acid (C18:2) and
oleic acid (C18:1) as major fatty acid of seed oil extracted
from seeds of five safflower genotypes treated by Zn foliar
application in drought condition in the first year experi-
ment summarized in Fig. 4. Results showed that drought
led to significant reduction in linoleic acid content in all
studied safflower genotypes. Also drought stress caused
a significant increase in oleic acid content in Soffe, Gol-
dasht and Parnian genotypes. In contrast to drought-caused
enhancement in palmitic acid content in Golmehr, Padi-
deh and Parnian genotypes, significant decrease observed
in this fatty acid content in oil of Soffe and Goldasht

@ Springer

genotypes. Zn foliar application had various significant
effects on fatty acid composition of all genotypes. Sig-
nificant increase and decrease in linoleic acid content
observed in Soffe and Padideh genotypes treated by Zn in
drought condition respectively. There was no significant
effect caused by Zn on linoleic acid content of other geno-
types. Foliar application of Zn in stress condition resulted
in oleic acid significant enhancement in Goldasht, Gol-
mehr and Padideh genotypes. In contrast treatment by 0.6
and 1.2 kg ha™! Zn in stress condition led to significant
reduction in oleic acid content to 14.2 and 15.8% in Soffe
and Parnian genotypes respectively. Relative to the effect
of water deficiency, a progressive decrease in palmitic
acid content from 7.5 to 6.4% in Goldasht and from 6.8 to
5.6% in Padideh genotypes observed in treated plants by
1.2 kg ha™! of Zn. Also Zn-caused reduction in palmitic
acid from 6.7 to 6.3 and 6.8 to 6.6 respectively observed in
Soffe and Golmehr genotypes treated by 0.6 kg ha™! of Zn.



International Journal of Plant Production (2019) 13:297-308 303

* o R a * o b
oy * gt oy * g oo
R — R —
a * b [
OP a OP * o B
a 1 *a
a [ 1 *a
HI a [ HI I *x}p
*a ] | *c *b
BioY P BioY ap Lo
A — A —
SY * gl sy 50
a
P — P —
e *g
TSW * 9% TSW % g
*p I —
* 5 PTTTTT a P
TSN * g | TSN *a
*gq l *b
0.9 0.4 0.1 0.6 -0.9 04 0.1 0.6
f C a [ d
oY =] oY * 5 O
*b a [
(& la
op *al op *o [
*
b 1% g *a b
HI SRR Y HI *p
. — .
C *a , S
BioY x5 [ BioY | b x
— ——
*a
0 &
SY h e 2 Sy * 295
*p [ a [ * g
i A
TSW [a TSW T *a
a I
TSN **a:': TSN a b :
*a *b

-0.9 0.4 0.1 0.6 -0.9 -0.4 0.1 0.6
*a e
oy * g o
R
opP *ab [
*a Tk, .
HI R I P Supplemented with 1.2 kg ha
AT

BioY * 1 e

-1
*a l (-] Supplemented with 0.6 kg ha
a
SY *a l R
*q a;[: [] Not supplemented
TSW a [
* gl
B * g
TSN Ja
*b
-0.9 -0.4 0.1 0.6

Fig.2 Logarithmic ratio of yield components (7SN total seed num- Parnian) in drought condition to control in first year experiment.
ber, TSW thousand seed weight, SY seed yield, Bio Y biological yield, Asterisk indicates significantly change (P <0.05) in compare to con-
HI harvest index, OP oil percentage, OY oil yield) of different saf- trol. The different lowercase letters indicate significant difference

flower genotypes (a Soffe, b Goldasht, ¢ Golmehr, d Padideh and e (P <0.05) between Zn treatments

@ Springer



304 International Journal of Plant Production (2019) 13:297-308
a ] * q b
oY g Lo a (6)'¢ a b
al al |
*q [ i
OP *3 E OP % R
*a [l al
a B a [
HI SRR HI a [
a |—: a [|
. * q [ . a E
BioY * ab [t BioY * b [
*ph [ *co [
a B a E=
SY *q SY a [l
al al |
* q B a [
TSW :’; a TSW b E
* o I *a b7
TSN * o I TSN *ab Eo
*a *b
-0.9 -0.6 -0.3 0 0.3 0.6 -0.9 -0.6 -0.3 0 0.3 0.6
* g [T | S
oY el s c oy a d
* g I:[ a |:[
a a
opP *b E opP a E
c
*a a g2
HI a E= HI a o
a [ al |
a [ a
BioY * gb [ BioY *p [
| — c [
*a b a_ g
SY a B SY a [
b — al
*a] ap
TSW * ab E TSW *bb E
*
* 0 W 777
TSN * g Eiimrioooo TSN * abh B
*a * b
-0.9 -0.6 -0.3 0 0.3 0.6 -0.9 -0.6 -0.3 0 0.3 0.6
]
oY a e
al |
a k
OP *q [
a [l
=
HI a |ﬁ:: |
aa e Supplemented with 1.2 kg ha
BioY a =
a [ .
SY a |—a:: L] Supplemented with 0.6 kg ha
al |
* a E
TsW *3 E [] Not supplemented
TSN "3 l:q ssRaRS
*a
-0.9 -0.6 -0.3 0 0.3 0.6

Parnian) in drought condition to control in second year experiment.
Asterisk indicates significantly change (P <0.05) in compare to con-
trol. The different lowercase letters indicate significant difference
(P<0.05) between Zn treatments

Fig.3 Logarithmic ratio of yield components (7SN total seed num-
ber, TSW thousand seed weight, SY seed yield, Bio Y biological yield,
Hi harvest index, OP oil percentage, OY oil yield) of different saf-
flower genotypes (a Soffe, b Goldasht, ¢ Golmehr, d Padideh and e
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Fig.4 Effect of Zn foliar application (Zn1: control, Zn2: 0.6 and Zn3:
1.2 kg ha™") on linoleic, oleic and palmitic acids content of different
safflower genotypes (a Soffe, b Goldasht, ¢ Golmehr, d Padideh and

Discussion

Results of physiological assessment showed that drought
stress increased significantly proline and carbohydrate con-
tent in all safflower genotypes in both years experiment.
Moreover, a reduction in relative water content and SPAD
value were recorded in drought condition. In biochemical
responses, proline is an important osmolyte involved in the

e Parnian) in control (C) and drought (S) conditions. The different
lowercase letters indicate significant difference (P <0.05) between Zn
treatments

control of osmotic pressure in the cells (Errabii et al. 2007,
Gandonou et al. 2006; Patade et al. 2008). Also increase in
carbohydrate content in drought condition reported in pre-
vious works (Valliyodan and Nguyen 2006). Decrease in
RWC and SPAD value in safflower and Gossypium respec-
tively reported under drought condition (Hojati et al. 201 1a;
Wu et al. 2015). Results showed that foliar application of
Zn alleviated harmful effects of drought stress on yield of
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safflower genotypes. Zn is an essential plant nutrient and
plays an important role in plant growth (Cakmak 2008).
Previous research reported that the biochemical responses
related to photosynthesis are regulated by Zn, such as repairs
PSII process and integrates the structure of Rubisco (Tso-
nev et al. 2012). Supplemental Zn significantly enhanced
SPAD value in all genotypes in both years experiment. It
has been reported that zinc may be required for chlorophyll
production (Cakmak 2008; Kaya and Higgs 2002; Pandey
2015). It has been reported that Zn application under adverse
conditions, such as salt stress and cadmium toxicity, could
increase chlorophyll a and b content and photosynthesis rate,
and improve plant growth (Hassan et al. 2005; Tavallali et al.
2010). Zn also plays main roles in regulation of protein syn-
thesis and carbohydrates metabolism (Mousavi 2011). Our
results also indicated the significant increase in carbohy-
drate content resulted from Zn application in all genotypes.
Proline as an osmo-protectant also increased by treatment
safflower genotypes by Zn. Greater accumulation of proline
due to Zn application can help in maintaining water content,
prevent membrane distortion, and acts as a hydroxyl radical
scavenger (Xu et al. 2009). Higher RWC observed in some
treated genotypes by Zn also indicated role of Zn in increase
resistance to drought. Apposite of resistance to drought,
yield reduction of safflower due to drought stress has been
reported in previous works (Ashrafi and Razmjoo 2010).
Results of current study showed that drought caused
reduction of seed yield components in different safflower
genotypes in 2 years’ experiments. Other researchers have
also pointed out the harmful effect of drought on total seed
number, thousand seed weight and seed yield of safflower
(Abd El-Lattief 2013; Ghamarnia et al. 2010; Istanbulluoglu
et al. 2009; Movahhedy-Dehnavy et al. 2009). Reduce of saf-
flower seed yield under water stress has also been reported
too by Pourdad (2008). Yield reduction in low water avail-
abilities due to low biomass production is associated with
decreased photosynthesis in these conditions (Pinheiro and
Chaves 2011). Translocation of assimilates to the seed is a
crucial physiological process during the filling phase of saf-
flower seeds, especially under drought. Similar to plant seed
yield, biological yield was significantly lower in drought
condition in most genotypes. It has been reported that dur-
ing seed filling stage, the drought stress exerted destructive
consequences in relative water content, osmotic adjustment
and leaf weight in five safflower genotypes (Eslam 2011).
Genotype variation for HI was due to their different growth
habits. Genotype with higher HI were more efficient in par-
titioning their biomass into seed yield. Change in fatty acid
composition of oilseed crops in stress condition reported
previously (Nazari et al. 2017; Reiahisamani et al. 2018).
Our results also showed change in linoleic, oleic and pal-
mitic acids content in most genotypes, which was differ-
ent between genotypes. Linoleic acid content reduced
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significantly under drought condition in all genotypes. Under
water-stress conditions, earlier maturity of plants will result
in a shorter period of seed filling and as a consequence a
shorter time span for conversion of oleic to linoleic acid,
which can be the main reason for relative decline of lin-
oleic acid content under drought stress (Nazari et al. 2017).
Moreover, the results showed an increase in TSN and TSW
caused by Zn foliar application in most of genotypes in both
years. Foliar Zn application has also been shown to improve
safflower seed yield and seedling dry weight grown under
water deficit condition (Movahhedy-Dehnavy et al. 2009).
Changes in fatty acid content in response to Zn foliar appli-
cation was different among various genotypes and there was
not a constant trend in the observations.

Conclusion

Drought stress had a negative effect on the growth and yield
of safflower. Supplemental Zn dramatically increased the
safflower resistance to drought stress. Therefore, a conclu-
sion cloud be presumed that the enhanced proline and car-
bohydrate content in order to osmotic adjustment and having
higher relative water content, protecting photosynthetic pig-
ments and continue photosynthetic activity, resulted in the
increase of yield in the Zn treatment in safflower genotypes
under drought stress. Taken together, the present research
clearly demonstrated that supplemental Zn could enhance
the drought tolerance in safflower.
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