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A b s t r a c t. In order to investigate the effects of salinity 
and drought stress on the photosynthesis, growth and produc-
tion responses of safflower, two experiments were performed in 
Isfahan, Iran using four different levels of saline water, four differ-
ent levels of irrigation water, and their combinations which were 
applied at three different growth stages (stem elongation, heading, 
and flowering) in 2016 and 2017. A split-plot experiment based 
on complete block design was performed with three replicates. 
The plant height, leaf area index, relative water content, number 
of heads per plant, number of seeds per head, 1000-seeds weight, 
seed yield, oil content, net photosynthetic rate, stomatal conduct-
ance and transpiration rate decrease under salinity, drought, and 
simultaneous stresses. The reduction in seed yield caused by 
the 10 dS m-1 and 40% of irrigation treatment was higher at the 
heading stage (92.6%) when compared with the stem elongation 
(71.04%) and flowering (89.9%) stages. In general, the reduction 
in seed yield caused by salinity-drought stress was higher at the 
heading stage as compared with stem elongation and the flower-
ing stages.

K e y w o r d s: combined stress, net photosynthesis, oil con-
tent, plant growth, stomatal conductance, safflower

INTRODUCTION

Plants are mainly subjected to many stresses such as 
limited water, low/high temperature, salinity, flooding, and 
heavy metal toxicity (Umar and Siddiqui, 2018). Studying 
the effects of environmental stresses is an important stage 
toward increasing our level of understanding of plant 

behaviour under field conditions (Patil, 2012). Certain 
abiotic stresses, which pose a threat to crop productivity 
worldwide, are drought and salinity (Guo et al., 2014). At 
present, 33% of irrigated agricultural land and 20% of cul-
tivated land is affected by salinity (Shrivastava and Kumar, 
2015), with some predictions that salinization could impact 
50% of agricultural lands by 2050 (Jamil et al., 2011). 
Approximately 40% of the world’s available land is affect-
ed by drought (Zhang et al., 2014).

Increasing our understanding of the mechanisms of how 
plants respond to salinity and drought stresses is necessary 
for the adaptation of management strategies for crop plant 
production under harsh/suboptimal weather conditions, 
with a view to increasing the yield stability of crop per-
formance under drought and saline conditions (Chaves et 
al., 2009). Both of the above-mentioned abiotic stresses 
decrease the water potential in the soil and the ability of 
plants to absorb water, thereby reducing the rate of cell 
expansion in growing tissues, the stomatal conductance 
and hence the net photosynthetic rate (Munns, 2011). The 
effects of combined stresses on plants are significantly dif-
ferent to their responses to individual stresses (Grzesiak 
et al., 2016). Sahin et al. (2018) reported that drought and 
salinity stress have a negative effect on plant height, leaf 
area, stomatal conductance and also on the net photosyn-
thetic activity of cabbage (Brassica oleracea L.) when 
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applied separately, while their combination increases the 
harmful effects of each stress factor. Ahmed et al. (2013) 
showed that the combination of salinity and drought stress 
caused the largest reduction in plant height, stomatal con-
ductance and net photosynthesis of barley as compared 
to the separate application of salinity and drought stress-
es. Similar to these findings, Umar and Siddiqui (2018) 
reported that a greater decrease in stomatal conductance in 
safflower leaves was observed when the plants were treated 
with a combination of salinity and drought stresses.

Safflower (Carthamus tinctorius L.) is a member of the 
Asteraceae family and one of the prospective and high-qual-
ity oilseed crops (Weiss, 1971). The Iranian Agricultural 
Organization reported that the acreage of safflower is 
24 855 ha in Iran and that Isfahan province had a 4 850 ha 
planting area in the planting year of 2019. With regard to 
water and salinity limitations, the average safflower yield in 
the most cultivated area in Iran is less than world average 
(0.965 vs. 4.9 t ha-1 for California, 2.8 t ha-1 for Australia 
and 2.5 t ha-1 for Mexico (Gilbert, 2008). It is cultivated in 
arid and semi-arid areas where salinity stress is one of the 
major threats to agriculture (Kaya, 2009). Also, due to the 
growing potential of safflower under drought stress without 
a substantial reduction in oil and seed yields, it may be con-
sidered as an alternate crop (Kar et al., 2007). 

Extensive research has been conducted to investi-
gate the effects of separately applied salinity and drought 
stresses on a variety of plants including safflower, while 
research concerning this topic is limited to the growth and 
photosynthetic responses of safflower caused by combined 
salinity-drought stress at different growth stages. In this 
respect, the objectives of this research were to evaluate the 
individual and combined effects of salinity and drought 
stresses on certain photosynthetic parameters, the growth 
performance, and the production yield of safflower at dif-
ferent growth stages.

MATERIALS AND METHODS

Two field experiments were conducted in 2016 and 2017 
in the Kabotarabad region of Isfahan province, Iran (32° 
30ʹ N, 51° 49ʹ E and altitude 1541 m). There was a weather 
station located near the field (about 1000 m from the exper-
imental field) which served to provide a daily recording of 
the climatic parameters that are shown in Table 1. The soil 
characteristics of the experimental site are shown in Table 2.

Safflower seeds (the Sofeh variety used were obtained 
from the Isfahan Agricultural and Natural Resources 
Research and Education Centre) and were planted on the 
3rd and 7th of April 2016 and 2017, respectively. 

Each experimental unit had an area of 10 m2 with five 
rows (0.4 m spacing). In order to prevent the lateral move-
ment of water between treatments, a distance of 1.5 m was 
maintained between plots. The phosphorus and potassium 
fertilizers were mixed with the soil along with the soil 

preparation two weeks before planting. Triple superphos-
phate (46% P2O5) and potassium chloride (60% K) were the 
sources of phosphorus and potassium fertilizers, respective-
ly. Urea was used in 3 split applications (base fertilizer 2: 
seedling 1: flowering 2). Safflower seeds were hand-planted 
in each row with a separation of 0.10 m (25 plants m-2). 

The study was performed in a split plot experiment 
based on a complete block design with three replica-
tions. The experimental factors were salinity and drought 
stress levels which were applied at three different growth 
stages (stem elongation, stage 30, heading, stage 50, and 
flowering, stage 61) (Table 3). The growth stages of saf-
flower were determined according to the extended BBCH 
scale (Flemmer et al., 2015). For each growth stage, salin-
ity and drought stress treatments were applied, separately 
(each experimental plot received treatments at only one 
of these growth stages). Four different salinity treatments 
were applied as the main plots were irrigated with different 
saline waters (2.5 dS m-1 for S0, 5 dS m-1 for S1, 10 dS m-1 
for S2, and 15 dS m-1 for S3). Sodium chloride (Sigma-
Aldrich, purity 100%) was used to provide the required 
salinity levels (25, 50, 100, and 150 mM NaCl). Drought 
stress treatments for the subplots were adjusted at a rate 
of 80% (D1), 60% (D2), and 40% (D3) out of 100% field 
capacity (D0) of the soil (a total of 11 irrigation treatments 
were performed with a 7 to 10 day irrigation interval). The 
volume of full irrigated water (dj) was obtained by Eq. (1) 
(Babazadeh et al., 2017):

dj = (FC – Pv) Z, (1)

Ta b l e  1. Monthly values of maximum and minimum air tem-
perature and rainfall for the years 2016 and 2017

Year Month
Air temperature (°C) Rainfall

(mm)Max Min

2016

Apr 23.3 7.41 13.8
May 28.5 11.8 0
Jun 35.6 15.4 0
Jul 37.6 18.1 0
Aug 36.6 17.5 0
Sep 33.6 12.1 0
Oct 28.9 8.06 0

2017

Apr 22.3 6.21 14.3
May 25.8 10.3 0
Jun 34.3 16.6 0
Jul 38.7 18.5 0
Aug 38.6 18.6 0
Sep 35.9 16.5 0
Oct 28.2 10.2 12.8
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where: Pv is the soil moisture at irrigation time obtained 
using TDR (Field Scout TDR 350, Spectrum, USA), FC is 
the field capacity of the farm soil and Z is the rooting depth 
at different growth stages.

When the involucral bracts began to turn yellow (stage 
81), four plants were selected from each subplot and the 
leaf area and plant height were measured. The leaf area was 
measured with reference to a square metre (WINAREA-
UT-11, Iran) and leaf area index (LAI) was calculated using 
the Eq. (2) (Gardner et al.,1985):

LAI =

leaf area

ground cover
. (2)

At maturity in July of 2016 and 2017, the plants were 
cut at the ground level from three middle rows of sub-
plots and then oven dried at 80oC until a constant weight 
was achieved. The seeds were separated from the straw 
and weighed using a balance and then the yields were 
determined. Yield components number of heads per plant 
(NHP), number of seeds per head (NSH), and 1000-seeds 
weight (TSW) were determined after the harvest. 

Ten grams of ground seeds was used to extract the 
oil, petroleum ether was used for 6 h in a Soxhlet system 
according to the AOCS method (AOCS, 1993), and then 
the crude fat content as a percentage of the total weight was 
calculated for each sample.

The net photosynthetic rate (Pn), stomatal conductance 
(Cleaf) and transpiration rate (E) of the plants were measured 
between 11:00 am and 14:00 pm using a photosynthesis 
meter (Cl-340, CID Bio-Science, USA, with square leaf 
chamber; 25 × 25 mm) when the involucral bracts are 
beginning to turn yellow; stage 81. For this purpose, the 
fully expanded young leaves of the plants (from the centre 
row of each subplot) were selected. 

The relative water content (RWC) was measured accord-
ing to Farahbakhsh et al. (2017). The following equation 
was used to calculate RWC:

RWC =

Freshweight− dry weight

Turgidweight− dry weight
100. (3)

The relative water content and electrolyte leakage were 
measured when the involucral bracts are beginning to turn 
yellow; stage 81. Fresh leaf discs (0.25 cm2 of each leaf) 
were used to determine electrolyte leakage according to 
Campos et al. (2003). 

The proline content was measured according to Bates 
(1973). L-proline (Sigma-Aldrich, purity ≥ 99%) with 
defined concentrations of (0.01-1.5 mM) being used for 
calibration curve construction.

Bartlett’s test was used to evaluate the homogenous 
mean square error over a period of two years. Due to the 
non-significant χ2 value from Bartlett’s test for most traits, 
the data were combined. A Combined Analysis of Variance 
(PROC ANOVA of SAS ver. 9.2, 2010) was used for each 
growth stage, separately. The means of treatments were com- 
pared using an LSD test procedure at p < 0.05. A linear re-
gression analysis was performed separately for each growth 
stage using a Stepwise Method (SPSS software, ver. 18.0 
was used). The growth stages were compared using SPSS 
(ver. 18.0, 2010) with an Independent-Samples T-Test.

RESULTS

Plant height and LAI were affected by both salinity and 
irrigation levels at the stem elongation stage (Table 3). The 
cumulative effects of increasing the salinity and reducing 
the irrigation water level resulted in greater decreases in 
plant height and LAI (Table 4). The leaf area index in the 
S0D3 (drought stress), S3D0 (salinity stress), and S3D3 
(combined salinity-drought stress) treatments were lower 
by 24.39, 40.76, and 55.75%, respectively, as compared to 
the S0D0 (control) value (Table 4). 

The means of Pn and Cleaf decreased to a significant 
extent due to salinity stress. Leaf stomatal conductance was 
decreased under both salinity and irrigation levels, while E 
was not significantly affected by these experimental fac-
tors (Table 3). Salinity and drought interaction did not have 
a significant effect on the photosynthetic parameters of saf-
flower (Table 4). 

The highest RWC value of 76% was determined in the 
S0 and S1 treatments and the S3 treatment had the low-
est value, 64% (Table 3). The general trend showed that 
the REC and proline values increased with increases in the 
level of salinity and drought (Table 4).

The application of drought and salinity stresses showed 
a significant reduction in the NHP, NSH, seed yield and 
oil content of safflower (Table 3). The interaction between 
salinity and drought did not have a significant effect on 
the NSH, TSW and oil content (Table 4). Seed yield was 
reduced by 55.56, 71.40, and 87.13% in the S0D3, S3D0, 
and S3D3 treatments respectively as compared to the S0D0 
treatment (Table 4). 

Ta b l e  2. Soil properties at the beginning of the growing season

Year Soil texture
Nitrogen Phosphorus Potassium

pH EC
(dS m-1)

Organic matter
(%)(mg kg-1)

2016 Sandy-Loam 0.091 8 185 7.3 2.15 0.05
2017 Sandy-Loam 0.093 10 188 7.3 2.11 0.05
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The effect of salinity and drought stress on the plant 
height and LAI of safflower plants at the heading stage are 
presented in Table 5. The plant height and LAI decreased 
with increasing salinity and drought stress levels. Minimum 
values of LAI (1.77) and plant height (37.31 cm) were 
obtained from the S3D3 and S2D3 treatments, respectively 
(Table 6). 

The effects of salinity and drought stress on photosyn-
thetic parameters are presented in Table 5. Increasing the 
salinity level and reducing the irrigation water level result-
ed in a decrease in the Pn, E, and Cleaf values of safflower 
(Table 5). The net photosynthesis rate and Cleaf values were 
affected by salinity and drought stress interaction (Table 6). 
The minimum values of Pn (13.65 µmol m-2 s-1) and Cleaf 
(196.1 mmol m-2 s-1) were recorded from the S3D3 
treatment. 

Salinity and drought stresses notably affected RWC 
(Table 5). The relative water content decreased with increas-
ing salinity and drought stress (Table 5). The highest REC 
and proline values in safflower plants were found under 
the conditions of the highest salinity and the most severe 
drought (Table 5). The cumulative effects of increasing the 
salinity and reducing the irrigation water levels resulted in 
the enhanced REC of safflower (Table 6).

The effect of salinity stress on NHP, NSH, seed yield, 
and oil content were statistically significant (Table 5). The 
highest values of NHP, NSH and seed yield were produced 
under the conditions of the zero-salinity stress treatment 
(S0) (Table 5). Drought stress had a significant effect on 
NHP (p < 0.01), NSH (p < 0.01), TSW (p < 0.05), seed 
yield (p < 0.01), and oil content (p < 0.01) of safflower 
at the heading stage (Table 5). Based on these results, the 
aforementioned parameters decreased with reducing irriga-
tion water levels (Table 5). The interaction between salinity 
and drought had a significant effect on NHP, NSH and the 
seed yield of safflower (Table 6). Seed yield was reduced 
by 63.77, 71.21, and 92.60% in the S0D3, S3D0 and S3D3 
treatments respectively, as compared with the S0D0 treat-
ment (Table 6).

At the flowering stage, the effects of salinity and drought 
stress on plant height were non-significant but LAI was 
affected significantly by these factors (p < 0.01) (Table 7). 
Based on the results, increasing the salinity and drought 
stress levels caused a reduction in LAI (Table 7). Salinity 
and drought interaction had no significant effect on plant 
height and LAI (Table 8).

Salinity and drought stresses affected the Pn, E, and 
Cleaf values to a significant degree, at the flowering stage 
(Table 7). The changes in the photosynthetic parameters 
have shown a similar trend, with Pn, E, and Cleaf decreas-
ing with increasing salinity and drought stress (Table 7). 
Salinity and drought interaction did not have any signifi-
cant effect on the Pn value of safflower (Table 8). Salinity 
× drought interaction showed a decrease in the Cleaf value 
of safflower with the decrease in water volume (from the T
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D0 to the D3 level) at each salinity stress level (Table 8). 
Similarly, the Cleaf, transpiration rate (E) of safflower 
reached its lowest value after exposure to the S3D3 treat-
ment (Table 8). 

Drought and salinity stresses exerted a negative effect 
on the RWC as compared to the control (Table 7). The RWC 
value in safflower decreased significantly when the plants 
were exposed to drought and salinity stresses at the flow-
ering stage (Table 7). The proline content and REC were 
affected by salinity × drought stress interaction. The maxi-
mum values of these parameters (2.999 µmol g-1 FW and 
79.53 %, respectively) were obtained from the S3D3 treat-
ment (Table 8).

The highest level of salinity (S3) caused NSH, TSW, 
seed yield and oil content were reduced to a remarkable 
extent by about 30.66, 11.46, 38.74, and 16.18%, respec-
tively, whereas the respective values for the highest level 
of drought stress (D3) were 64.63, 48.85, 82.86, and 47% 
(Table 7). The number of head per plant, seed yield, and oil 
content of safflower were affected to a significant extent by 
salinity and drought interaction (Table 8). The seed yield 
was reduced by 36.64, 81.45, and 89.93% for the S0D3, 
S3D0 and S3D3 treatments, respectively, as compared with 
the S0D0 treatment (Table 8).

The most important variables that significantly affected 
the seed yield of safflower at the stem elongation stage were 
NHP (β = 0.343), LAI (β = 0.711), plant height (β = 0.168), 
RWC (β = -0.299) and NSH (β = 0.089). The adjusted r2 
value for this model was 99.0 (Table 9).

As the momentous parameters entered into the model, 
NHP β = 0.586), LAI (β = 0.486) and TSW (β = -0.125) 
significantly affected the seed yield of the safflower plant 
which was stressed at the heading stage (Table 9). 

A linear regression analysis was performed for safflow-
er plant stressed at the flowering stage using the Stepwise 
Method. The momentous variable that influenced the seed 
yield of safflower at this stage was NSH (β = 0.978) (Table 9).

The greatest reduction in plant growth parameters (plant 
height, LAI and NHP) due to salinity-drought stress was 
obtained at the stem elongation stage as compared with the 
heading and flowering stages. The reduction in seed yield 
caused by salinity-drought stress was higher at the head-
ing stage (52.68%) as compared with the stem elongation 
(46.41%) and flowering stages (46.84%). However, the rate 
of reduction in NSH (34.87%), TSW (26.88%) and oil con-
tent (23.88%) was higher when salinity-drought stress was 
applied at the flowering stage (Table 10).

DISCUSSION

The harmful impacts of salinity and drought stress are 
becoming more intense in areas where saline water is used 
for irrigation (Babazadeh et al., 2016). In this study, plant 
growth properties were affected by both salinity and irriga-
tion treatments, either applied alone or in combination. The T
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combination of salinity and drought has a more negative 
effect on safflower. It has been reported that simultane-
ous stresses more severely limit plant growth compared 
with individual stresses (Ahmed et al., 2013). There are 
similarities and dissimilarities in the responses of the plant 
to drought and salinity. It could be pointed out that the 
occurrence of these responses simultaneously causes the 
combined stress to have more severe effects. These results 
were in agreement with the findings of Cho et al. (2006), 
Manuchehri and Salehi (2014) and Jin et al. (2020).

A decrease in plant height was observed for safflower 
plants treated under drought stress conditions (Hojati et al., 
2011; Bagheri and Sam-Daliri, 2011). This reduction may 
be attributed to the inhibition of cell elongation because 
water flow is interrupted from the xylem to the surrounding 
cells (Nonami, 1998). The inhibition of plant growth under 
salinity stress was believed to be the result of osmotic and 
ionic stress components (Munns and Tester, 2008; Siddiqui 
et al., 2012).

Ta b l e  9. Summary of linear regression analysis for variables predicting the seed yield of safflower (Carthamus tinctorius L.) under 
salinity-drought stress conditions at different growth stages

Growth stage Model Model 
r-Square

Adjusted
r-Square

Unstandardized 
Beta (β)

Standard
Error

Standardized 
Beta (β) t

Stem elongation (Constant) 0.998 0.997 -1783.56 335.74 -5.312**
NHP 82.267 20.30 0.343 4.053*
LAI 1216.28 153.26 0.711 7.936**

Plant height 16.763 5.061 0.168 3.312**
RWC -24.746 5.00 -0.299 -4.949**
NSH 57.520 20.365 0.089 2.824*

Heading (Constant) 0.978 0.972 -875.31 874.33 -1.001ns
NHP 168.072 31.936 0.586 5.263**
LAI 1256.35 309.55 0.486 4.059**

TSW -62.092 26.721 -0.125 -2.324*

Flowering (Constant) 0.956 0.953 -810.842 158.925 -5.102**
NSH 198.678 11.405 0.978 17.420**

Significant at: *5% and **1% and probability level, respectively. Other explanations as in Table 3.

Ta b l e  10. Effects of the growth stage of stress application on plant growth parameters, yield components, seed yield and oil content 
of the safflower

Growth stage Condition
Plant 
height
(cm)

LAI NHP NSH TSW
(g)

Seed yield
(kg ha-1)

Oil content
(%)

Stem elongation Normal 66.30a 2.87ab 16.49a 19.27ab 40.85a 3158.30ab 35.72ab

Stress 49.86b 2.12d 9.69d 17.81b 35.77c 1692.66c 33.26bc

Rate of reduction (%) 24.80 26.13 41.24 7.58 12.44 46.41 6.89
Heading Normal 62.69a 3.09a 16.16ab 21.22a 39.65ab 3541.93a 35.77a

Stress 50.26b 2.46c 10.95c 14.88c 38.10b 1676.05c 33.01c

Rate of reduction (%) 19.83 20.39 32.24 29.88 3.91 52.68 7.72
Flowering Normal 66.30a 2.87ab 16.44a 19.27ab 40.85a 3147.80b 35.72ab

Stress 64.99a 2.73bc 15.90b 12.55c 29.87d 1673.46c 27.19d

Rate of reduction (%) 1.98 4.88 3.28 34.87 26.88 46.84 23.88

In a column, means with a different letter denoted a statistical difference between the treatment groups according to a t-test. * p < 0.05, 
** p < 0.01, ns: non-significant, NHP: number of heads per plant, NSH: number of seeds per head, TSW: 1000-seed weight, LAI: leaf 
area index.
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However, our results show that the reduction in plant 
height and LAI under combined salinity-drought stress was 
more pronounced than the same effect caused by salinity 
and drought stress alone (Tables 4, 6, and 8). Accordingly, 
Ahmed et al. (2013) stated that barley plants treated with 
the single or combined stress of salinity and drought showed 
a significant decrease in plant height, with the largest reduc-
tion occurring due to combined salinity-drought stress.

Based on plant growth parameters, results indicated 
that the stem elongation stage was more sensitive than the 
heading and flowering stages to salinity, drought and salin-
ity-drought stresses. Drought and salinity stresses due to 
a reduction in the water potential of the soil and the ability 
of plants to absorb water during the vegetative stage reduce 
morphological safflower growth components. Iftikhar 
Hussain et al. (2016) reported that the vegetative stage 
constitutes a growth stage of vital importance to safflower 
when it is severely affected by water stress. Similar results 
were found by Shahrokhnia and Sepaskhah (2017) who 
stated that the sensitive growth phase was stem elongation. 

Photosynthesis is one of the most explored mechanisms 
in plant physiology that largely determines plant functional 
activity and survival (Ikkonen et al., 2018). Our results 
found that Pn was affected significantly by both salinity 
and irrigation treatments at all three different growth stages 
but it was also found that the effect of combined salinity-
drought stress on this parameter was only significant at 
the heading stage. At each growth stage, Pn decreased with 
increasing levels of salinity and drought, (Tables 3, 5, 7) 
and combined salinity-drought stresses (Tables 4, 6, 8). 
Hernandez-Santana et al. (2017) indicated that stomatal 
closure, caused by low osmotic potential, is typically the 
first mechanism involved in photosynthesis reduction. On 
the other hand, Kalaji et al. (2018) reported that decreasing 
photosynthesis in salt stressed plants was predominantly 
caused by photosystem II damage. Furthermore, some 
studies have reported that Pn reduction under drought stress 
is considered to be caused by a decrease in CO2 diffusion 
from the atmosphere to the site of carboxylation result-
ing from stomatal closure (Flexas et al., 2004; Grassi and 
Magnani, 2005). 

The results showed that salinity, drought, and salinity-
drought stress reduced the Tr and Cleaf values of safflower 
plants. This is consistent with the results of Kong et al. 
(2012) and Chen et al. (2019) who found that a reduction 
in leaf stomatal conductance occurred under salinity stress 
in cotton and tomato, respectively. Hsiao (1973) pointed 
out that stomatal closure is the main cause of transpiration 
reduction under water stress conditions. Stomatal conduct-
ance of safflower leaves was reduced due to salinity and 
drought stresses and when the plants were subjected to 
a combination of these stresses, a greater reduction in this 
trait was observed (Umar and Siddiqui, 2018).

A steeper decrease in Pn compared to Tr in the present 
study indicated that Pn is more sensitive to a decreasing irri-
gation water level than Tr in safflower. These results were 
in agreement with the findings of Singh et al. (2016). 

In our study, the RWC of the safflower plant was reduced 
for both single and combined stresses. This decrease may 
be attributed to the root systems, which are not able to 
compensate for water loss due to transpiration through 
a reduction in the absorbing surface (Sreenivasulu et al., 
2000). Many reports have revealed that RWC is reduced 
under conditions of drought and salinity (Masoumi et al. 
2010). It is suggested that reduced shoot height, leaf area 
and number of leaves in crops under a stressed condition 
may be due to their leaves having a lower RWC (Umar and 
Siddiqui, 2018). 

Elevated REC due to an increase in the intensity of the 
salinity and drought stresses indicates that an increase in 
membrane permeability or that a loss in membrane stabil-
ity might lead to enhanced solute leakage (Farahbakhsh 
et al., 2017). Enhancing REC under the conditions of 
salinity and drought stresses may be due to ROS accu-
mulation and lipid peroxidation. Oxidative stress caused 
by salinity and drought can cause damage to the plasma 
membrane and increase its permeability and finally, lead 
to the leakage of electrolytes out of the cells (Amooaghaie 
and Moghym, 2011). In line with our results, Sajedi et al. 
(2012) and Mahlooji et al. (2018) reported that electrolyte 
leakage gradually increased under drought and salt stress 
conditions.

The results showed an enhanced proline content in 
plants subjected to salinity-drought stress. Proline is the 
key osmolyte providing osmotic adjustment (Valentovič et 
al., 2006). In response to water deficit and salinity stress, 
plants accumulate large quantities of proline (Hayat et al., 
2012; Krasensky and Jonak, 2012). Our results are consist-
ent with previous studies reporting an increased proline 
content in response to drought or salinity stress (Parida and 
Das, 2005; Yan, 2015; Khan et al., 2017). 

In the present study, a decrease in seed yield, yield 
components and oil content in the salinity-drought treated 
plants was noted. Our results are in accordance with those 
of Rauf (2008), Pourdad (2008), Johnson et al. (2012), 
Yeilaghi et al. (2012), Singh et al. (2016) and Shahrokhnia 
and Sepaskhah (2017).

A yield reduction in drought stress due to low biomass 
production is associated with decreased photosynthesis in 
these conditions (Pinheiro and Chaves, 2011). Singh et al. 
(2016) reported that under drought stress, safflower relies 
more on reducing dry mater and seed yield through a reduc-
tion in photosynthesis and transpiration, than in trying to 
alter biomass partitioning to seed.



M. ESMAEILZADEH et al.102

Johnson et al. (2012) stated that a higher seed yield 
in safflower is relevant to an increase in NHP and NSH. 
As a yield component of safflower NHP is affected by 
drought that can consecutively decrease the yield produc-
tion (Shahrokhnia and Sepaskhah 2017).

Our results are consistent with Singh et al. (2016), who 
found a reduction in safflower NSH under drought stress. 
The reduction in NSH under drought stress conditions may 
be attributed to lower photosynthetic production (Rauf, 
2008).

Yeilaghi et al. (2012) reported a significant reduction 
in seed yield in 64 safflower genotypes following salinity 
treatment. Similarly, Siddiqi et al. (2011) have pointed out 
that the seed yield, NSH and TSW of safflower were affect-
ed by salinity stress.

The results showed that the oil content of safflower 
seeds decreased with increasing salinity and drought stress. 
This is in agreement with Yeilaghi et al. (2012) who stated 
that salinity stress reduced the oil content of safflower by 
7.7% on average as compared with the control conditions. 
Furthermore, a reduction in safflower oil content with an 
increase in drought severity was reported by Nabipour 
et al. (2007), Ashrafi and Razmjoo (2010), Bagheri and 
SamDaliri (2011), and Mohammadi et al. (2018).

CONCLUSIONS

1. Drought and salinity stress negatively affected the 
photosynthesis, plant growth and yield production of saf-
flower. Exposure to mild salinity-drought stress revealed no 
harmful effects on safflower productivity during the stem 
elongation and flowering stages as shown by observations 
of seed yield. 

2. The reduction in seed yield caused by salinity-
drought stress was higher at the heading stage as compared 
with the stem elongation and flowering stages, this may be 
attributed to the sensitivity of this growth stage to com-
bined salinity-drought stress. 

3. As a general guide, it may be concluded that increas-
ing number of heads per plant, leaf area index, plant height, 
relative water content, and number of seeds per head at the 
stem elongation stage and number of heads per plant, leaf 
area index, and 1000-seed weight at the heading stage and 
finally, number of seeds per head at the flowering stage may 
be effective methods in safflower production under salinity-
drought stress conditions. 

Conflict of interest: No potential conflict of interest 
was reported by the authors.
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