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Abstract: To assess the response of promising safflower genotypes to late-season drought stress in delayed planting
conditions, an experiment was conducted in two years (2016—2017 and 2017-2018) in Iran. The irrigation regime
was specified in two levels, including normal irrigation and irrigation cut off in the seed filling stage in main plots,
and five safflower genotypes, including Soffe, Goldasht, Golmehr, Padideh, and Parnian were categorized in subplots.
Applied drought stress significantly reduced the seed yield and yield components of all genotypes, which accompa-
nied with a substantial decrease in oil content and oil yield of all genotypes. However, the highest seed and oil yield
in drought stress conditions obtained in the Parnian genotype by value 2338 and 561 kg/ha, respectively. Moreover,
a significant drought-induced increase in palmitic, stearic, and oleic acids, as well as a decrease in linoleic acid
content, was observed in all genotypes. Parnian genotype with high unsaturated fatty acids content (90.9%) and the
minimum amount of saturated fatty acids (8.7%) might be a promising genotype to starting a formal crop improve-

ment program to achieve more drought-tolerant safflower genotype.
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Drought as critical environmental stress negatively
affects the growth and production of crop plants.
Safflower (Carthamus tinctorius L.) is considered
as a crucial annual oilseed crop, which contains
30-40% oil and 15-20% protein (Rahamatalla et al.
2001). Fatty acids in safflower seeds mostly possess
stearic acid (2-3%), oleic acid (16—20%), palmitic acid
(6—8%), and linoleic acid (71-75%) (Nagaraj 1993).
Safflower tolerance to drought conditions with low
yield reduction has made it as an alternative crop in
semi-arid ecosystems (Kar et al. 2007). The result of
researches on drought response of safflower showed
that drought stress at vegetative, flowering and/or
seed filling stage substantially decreases the sun-
flower yield and oil content (Razi and Assad 1999).
In spring safflower genotypes, drought at the late
flowering and seed filling stages, reduced oil yield
by declining yield components like the thousand
seed weight, the number of seeds in the capitulum,

and harvest index (Eslam et al. 2010). However, re-
sponse to drought stress is varied among different
safflower genotypes (Aprile et al. 2013, Zandalinas
et al. 2016). Breeding by the goal of drought-tole-
rant crops mainly needs the availability of the high
diversity genetic resources for tolerance, precise
screening techniques, determination of main tole-
rance components, and reach to drought-tolerant
genotype with reliable yield components. Also, due
to the dependence of water scarcity effects on the
genotype (Bannayan et al. 2008), particularly in de-
veloping steps (Ozturk et al. 2006), it is important
to identify adapted safflower cultivars which able
to grow water-limited environments. Results of the
evaluation of ten Iranian safflower genotypes in re-
sponse to drought occurring in the flowering stage
by emphasis to substantial differences among the
genotypes for all the studied characters showed that
the flowering period as the most sensitive stage to
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the water shortage that in turn decreases perfor-
mance (Zareie et al. 2013). Therefore, the present
work was carried out in aiming to a comparison of
Iranian safflower genotypes in response to drought
occurring in the flowering stage, with particular
emphasis on changes in oil quality characteristics.

MATERIAL AND METHODS

Experimental design and procedure. In this re-
search, five safflower genotypes were cultivated in
a field for two growing seasons (2016-2017 and
2017-2018) under two different watering regimes.
Field experiments were conducted at the experimental
field of seed and plant improvement institute (SPII)
in Alborz province, Iran (35°49'12"N, 51°06'33"E,
1321 m a.s.l.). To investigate the effects of drought
stress on the safflower yield, a factorial split-plot
test conducted in a complete randomized blocks
design with three replications in which a combined
analysis over five genotypes and two irrigation tre-
atments carried out. The irrigation was performed
in two levels: regular watering (control) and the cut
off the watering after late of the flowering stage in
main plots and five safflower genotypes, including
Soffe, Goldasht, Golmehr, Padidehh and Parnian in
subplots.

Before planting, the experimental field was disked
and tilled to combine residue and to form a seedbed.
Based on the results of the soil tests, fertilisers applied
with 150 kg N/ha and 55 kg P/ha in 2016 and 2017.
Safflower genotypes were planted on October 15
(2016) and October 11 (2017), respectively, using a
plot drill (Wintersteiger, Ried, Austria). Each experi-
mental plot included six four-meter lines with 30 cm
spacing and plant spacing on the line was 5 cm, with
two lateral lines as margins.

Measurements. Matured plants were harvested in
July 0f 2017 and 2018, then oven-dried at 70°C. After
separating, the seed and straw were weighted, and
the harvest index was calculated as the proportion of
seed weight to the total plant biomass. The number
of seeds per plant and thousand seed weight also was
measured. Oil content was calculated by the nuclear
magnetic resonance spectrometer (NMR) at 25°C
(Colnago et al. 2011). Oil content uttered based on a
dry weight (DB, %), and oil yield was determined as
kg/ha. The composition of fatty acid in obtained oil
was analysed by gas chromatography (Agilent, Santa
Clara, USA) equipped with an FID and a capillary
column (CP-Sil88, 50 m, 0.25 mm, 0.2 pm). Initially,
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the oil converted to fatty acid methyl esters (FAME) by
hexane and potassium methylate. The initial column
temperature was 150°C, then increased to 240°C at
the rate of 5°C/min. The injector and detector tem-
peratures were, respectively, 250°C and 280°C. Peaks
were recognized by comparing retention times with
those of a commercial standard FAMEs mixture. The
details on the GC running program are provided in
Reiahisamani et al. (2018).

Statistical analysis. Analyses of variance carried
out by SAS statistical analysis software (v9.1 package,
SAS Institute, Cary, USA). The least significant di-
fference (LSD) test was used to compare treatment
means with a probability threshold of 0.05.

RESULTS AND DISCUSSION

Yield and yield components. The results showed a
significant decrease in the growth and yield of all of
the genotypes in drought stress conditions (Table 1).
In normal conditions, the highest plant height value
recorded in the Golmehr genotype with an average of
142 cm. Drought stress reduced plant height by 5.34%
compared to normal condition; the highest decrease
of plant height at drought condition was observed in
the Parnian genotype (Figure 1). Among genotypes,
the highest total seed number (TSN), thousand seed
weight (TSW) recorded in Parnian genotype at both
normal and drought stress conditions (Table 1). TSN
and TSW significantly dropped in drought stress
conditions by 28.2% and 6.2%, respectively. The
highest reduction of TSN and TSW was observed
in the Soffe genotype (Figure 1). Seed yield (SY) of
safflower genotypes significantly reduced in drought
conditions by 17.2% compared to normal conditions.
Parnian genotype showed the highest SY in both
normal and drought stress conditions by 2760 and
2338 kg/ha, respectively (Table 1). The highest re-
duction of SY at drought conditions was observed
in the Soffe genotype (Figure 1). The present results
demonstrated natural diversity among the safflo-
wer genotypes studied, showing differential growth
properties of them in drought conditions. Results
showed that different safflower genotypes differ in
biomass yield components and oil productivity in
water-deficient conditions. Yield decreasing in water
shortage due to low biomass production is related to
reduced photosynthesis in these conditions (Pinheiro
and Chaves 2011). Pourdad (2008) has also repor-
ted a decrease in seed yield in droughted safflower.
Previous studies have also mentioned the impact
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Table 1. Yield and yield components of safflower genotypes in different irrigation regimes
Irrigation Cultivar PH TSN TSW SY BY HI or oYy
Sofe 1412 959b 27.34 2233P 13 090P 17.3%b 29.42b 655
Goldasht 112f 7304 42.32 2273P 12 283°¢ 19.32 25.7¢ 577bed
Normal Golmehr 1422 786¢ 25.6¢ 2021P¢ 11 5424 17.52 29.62 5972bc
Padide 129¢ 6944 28.14 2062P¢ 10 129f 20.42 28.5¢d 585bcd
Parnian 134b 10312 41.3b 27602 14 3922 20.22 25.5¢f 6912
Sofe 132b 607¢ 23.68 14904 10 733¢f 13.9P 29.12b 435¢
Goldasht 113f 513f 40.5P 2070P¢ 10 243f 20.12 25.2f 514cde
]s);z:sght Golmehr 134P 531f 24.6 1698¢d 93428  18.5% 28.9b¢  48gde
Padide 1254 544f 27.24 1797¢d 87708 21.02 28.24 507¢de
Parnian 122¢ 816¢ 39.0¢ 2338P 11 3364 20.52 24.28 561bcd

Means followed by same letter do not significantly (P < 0.05) vary from one another based on least significant differ-
ence. PH — plant height (cm); TSN — total seed number; TSW — thousand seed weight (g); SY — seed yield (kg/ha);
BY - biological yield; HI — harvest index (%); OP — oil percent (%); OY - oil yield (kg/ha)

of drought on a total seed number, thousand seed
weight, and seed yield of safflower (Istanbulluoglu
et al. 2009, Abd El-Lattief 2013). It has been repor-
ted previously that safflower seed yield impacted
by drought mainly in flowering and heading stages
(Koutroubas and Papakosta 2010, Zharghami et al.
2011). Under drought stress, the translocation of pre-
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-anthesis assimilates to the seed is a vital functional
process at the filling phase. Biological yield (BY) of
safflower genotypes significantly reduced in drought
stress by 17.9%, compared to normal condition. The
most decrease of BY by drought stress recorded in
the Parnian genotype (Figure 1). However, among
the genotypes highest BY values at both normal
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Figure 1. Log2 fold change of yield
and yield components of differ-
ent safflower genotypes in drought
stress condition to control. The as-
terisk indicates significantly change
(P < 0.05) in comparison to control.
OY - oil yield; OP - oil per-
cent; HI — harvest index; BY —
biological yield; SY — seed yield;
TSW - thousand seed weight;
TSN - total seed number;
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PH — plant height
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and drought stress conditions were obtained in the
Parnian genotype (Table 1). In contrast, there was
no significant effect of drought conditions on har-
vest index (HI) of different genotypes. Results also
demonstrated no significant impact of drought on
HIin studied genotypes. Because the safflower needs
to water in a productive stage is lower and excessive
of irrigation water uses for vegetative growth, it
will lead to a reduction in HI compare to drought
conditions (Istanbulluoglu et al. 2009).

Oilyield. Oil percentage (OP) of different genotypes
significantly reduced by drought conditions. In normal
condition, Golmehr and Parnian genotypes showed
the highest and lowest OP values by 29.6% and 25.5%,
respectively; the respective values in drought condi-
tions were obtained in Soffe and Parnian genotypes
by 29.1% and 24.2%, respectively (Table 1). Moreover,
the highest and lowest OP reduction by drought stress
observed in Parnian and Soffe genotypes, respectively
(Figure 1). However, the highest oil yield (OY) value
at both normal and drought conditions recorded in
Parnian genotype by 691 and 561 kg/ha, respectively
(Table 1). Furthermore, the results showed a signifi-
cant decrease of OY in drought stress conditions by
19.3%, so the most OY reduction obtained in the Soffe
genotype (Figure 1). Results also showed a reduction
in oil yield and oil percentage in response to drought
which was more impressive for oil yield. A decrease in
safflower oil content with rising in drought has been
documented reported by Nabipour et al. (2007) and
Ashrafi and Razmjoo (2010).

https://doi.org/10.17221/591/2019-PSE

Fatty acids composition. Change in the compo-
sition of primary fatty acids in extracted oil from
five safflower genotypes in both normal and stress
conditions is shown in Figure 2. In all studied safflo-
wer genotypes, drought stress led to a substantial
decrease in linoleic acid content, the highest and
lowest respective decrease in Soffe and Padideh
genotypes. Besides, a significant drought-induced
increase was observed in palmitic, stearic and oleic
acid content, the values recorded in Padideh, Parnian
and Soffe genotypes, respectively. Furthermore, the
highest content of unsaturated fatty acids in nor-
mal and drought stress conditions were obtained in
Golmehr and Soffe genotypes, respectively. Analysis
of the fatty acid composition of extracted oil from
safflower seeds showed that linoleic acid negatively
affected by drought while increasing response in
palmitic, stearic and oleic acid content was observed.
A similar relation between the fatty acids fraction
and the salinity stress has been reported for cotton
(Smaoui and Chérif 2000), safflower (Yeilaghi et al.
2012), and Salicornia (Reiahisamani et al. 2018).
Some evidence confirms that the concept that mem-
brane lipids augmented by the polyunsaturated fatty
acid fraction are better able to conserve the plant’s
photosynthetic system (Allakhverdiev et al. 2001).

The outcome of this study showed a significant
variation among the Iranian safflower genotypes in
biological yield, oil yield, and response to drought
conditions, which may be appropriate to start a
proper crop development program to increase the
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Figure 2. Variation of fatty acids composition in different genotypes (Soffe, Goldasht, Golmehr, Padideh, and Parnian),

in normal and drought stress conditions
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drought tolerance in safflower plant. The effect of
water scarcity on seed oil yield also emphasizes the
importance of attention to drought tolerance potential
in different safflower genotypes.
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