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ABSTRACT 
 
In order to investigate the effect of water stress (primary factor) on the amount of seed oil in different lines 
(secondary factor) of cultivated safflower (Carthamus tinctorius L.), an experiment was performed in the 
experimental farm of Urmia University. The safflower lines under investigation consisted of four winter types (697, 
Zarghan 279, LRV51-51 and LRV51-279) and one spring type Esfahan-1.  Seeds of the above five lines were planted 
each in two rows with four replications during spring season.  The experimental design used for the winter types 
was a split plot and a completely randomized design was used for the spring type.  Water stress levels were applied 
in the form of increasing the days between irrigations beginning with plot A towards plot D at flowering time which 
consisted of four treatments for the four plots A, B, C and D.  Data analysis for the amount of oil in winter types 
indicated that water stress level C had the highest effect on the increase of seed oil.  On the other hand the line 697 
had the highest overall seed oil among the entries.  The highest interaction was recorded for the line 697 in the A 
plot (check) having 35.55% seed oil.  In the one way analysis of variance for the seed oil in the spring type plot B 
was considered as check.  The interaction between winter type × stress resulted in a decrease in oil content, 
however, in the Spring types, water stress caused an increase in oil content.  These contrasting results were due to 
genetic differences between spring and winter types and the meteorological specificity of the experimental site. 
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INTRODUCTION 
 

Safflower (Carthamus tinctorius L.) is a plant of the Compositae family which is cultivated mainly for its seed as a 
source of edible oil or to be used as birdseed. In the past, safflower was being cultivated for its flowers as a source of 
dye for textile and as a source of medicine, although this latter use is still in effect.  Safflower seed oil having a high 
level of linolenic acid has a precious medicinal effect for people with high blood pressure and coronary heart disease 
[17].  Safflower oil has a purgative effect and when used as rubbing oil is effective for the cure of rheumatism and 
paralysis [19].  Safflower has a strong taproot which renders the plant resistant under dry climatic conditions.  A 
fully mature safflower seed from a common variety consists of 30-60% seed coat and 40-67% of pulp.  The amount 
of seed oil ranges between 20 and 45 percent and sometimes higher[3].  The major safflower growing countries are 
India, Mexico and USA and the first two grow about 70%  of the world production [8]. 
 
In Iran, safflower is grown in Khorasan, Yazd, Esfahan and Azerbaijan provinces and in some areas its growth 
encounters such unfavorable conditions as drought and salt stress [5].Various factors, among them water stress exert 
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their effect on yield and seed quality of safflower. It has been  have that the amount of oil in line S-144 is 2% higher 
than line 7-13-3 under similar water regime and the former line is more tolerant to water stress  [20]. work on 
irrigation methods in safflower has shown that the variety Gila and lines C2517 and VFSTP have the highest 
tolerance to water stress [4]. It has been shown that the increase in the frequency of irrigation results in an increase 
in seed oil percentage in several varieties and lines except for the lines 894 and S208 [7].  
 
In an experiment on the effect of irrigation on safflower line JSF1 in plot irrigations including non-irrigated plots, 
irrigation before planting (BS), +BS at bloom time and seed filling period and the application of various amounts of 
nitrogen (0, 30, 60 and 90kg/ha). It has shown a 31% increase in yield as compared with non-irrigated plots for the 
BS treatment, while the highest oil percentage was observed during the +BS, flowering and seed filling periods [11]. 
Experiment on safflower has  shown that the application of one irrigation (10 cm water) before planting, 6 cm water 
irrigated at branching period, 5 cm water irrigated at bloom time for the N10 variety, the highest yield was obtained 
when watered at bloom time when the highest amount of water was also consumed [13]. In an experiment on the 
effect of water shortage on safflower lipids have shown that an intermediate stress caused an increase in total lipids 
but a severe stress results in a rapid decrease in lipid content [6].  
 
work on the effect of water regimes in safflower line Kuseh, PI and IL111 have shown that water stress reduces seed 
oil content and that an appropriate water regime can enhance the quality of seed oil [2]. work on the effect of the 
amount of irrigation water and its salinity on various lines namely local 2811, Bhima, Acetaria, 241, N133 and V51-
4209 has reported the observation of a significant difference at 1% level between the lines  [5]. studying the 
botanical and morphological characteristics of a safflower collection under Fall planting has reported that in the line 
LRV51-51, the seed yield has been 2010 kg/ha with 28.9% oil and a total of 582 kg oil/ha [12].  In this experiment 
the seed oil percentage in lines 697, Zarghan 279 and Esfahan-1 has been 26.68, 25.01 and 30.49 percent, 
respectively.  
 
In another study on the effects of water stress on seed oil content in three safflower selections, namely, LRV51-51, 
Zarghan 279 and Varamin 295, have shown that water stress treatments have had no significant effect on the seed oil 
content [15]. In a different study of water stress in safflower, there are some reports about minor and non-significant 
effect on oil content [9]. It has been shown that various levels of water stress reduces seed oil content as compared 
with the check, however, no significant differences was observed between the stress levels [10]. water stress has no 
significant effect on seed oil content in spring type safflower lines [16]. The main use for safflower oil is in culinary, 
as salad oil, and the industrial preparation of margarine.  In addition, because of its semi-dry characteristics, 
safflower oil was being used in the past in the preparation of paints [1]. 
 
Due to the importance of safflower oil and considering the effect of irrigation in various growing phases of the plant 
on seed yield and oil quality, this experiment was performed to elucidate the effects of water stress on seed oil 
content on safflower lines, namely, 697, Zarghan 279, LRV51-51, LRV51-279 and Esfahan-1 under our climatic 
conditions. 
 

MATERIALS AND METHODS 
 

The specifications of safflower lines under study based on a report from Karaj Experimental Station is shown in 
table1.  

  
Table1: The specifications of safflower lines under study based on a report from Karaj Experimental Station. 

 
Safflower lines Flower color Spininess Days from planting to maturity 

LRV51-51 Orange Spiny 299 
Zarghan 279 Red Spiny 300 

697 Orange Spiny 299 
LRV51 295* --- --- --- 
Esfahan-1 Orange Spineless 101 

* this line was missing from Karaj studies 
 
A plot of land measuring 200 square meters with sandy-clay soil and a pH=7 was ploughed twice and prepared for 
planting in May.  The experimental plots were prepared for winter type lines using a split plot design and for the 
Spring type using a completely randomized design.  The main plots were designated as A, B, C and D and each plot 
contained the five lines of safflower under investigation.  Each line was planted on two adjacent rows 5 m long and 
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60 cm apart and these five lines were planted with 110 cm distance between them to avoid any water leaching 
among them during irrigation. Therefore, each plot consisted of ten rows from the five lines of safflower, namely, 
697, Zarghan 279, LRV51-51, LRV51-279 and Esfahan-1.  Water stress was applied at four different levels.  In 
order to prevent water logging and to avoid the expansion of phytophtora root rot, raised beds were prepared for 
seeding.  Watering was performed in furrows between the two rows for each line.  The winter type seeds were 
received from Kermanshah Agricultural Experiment Station and the spring type seed was received from the Center 
for Oilseed Research in Tehran.  
 
A germination test was initially performed on the received seed samples using ten seeds from each line after their 
dusting with a fungicide in a petri dish at 25°C in an oven.  Good germination result was obtained after 4-5 days.  
From each safflower line, 400 g of seed, after dusting with a fungicide, was used for planting the experiment in 
May.  Seeds were planted 4-5 cm deep and the experimental field was irrigated on the following day.  During the 
plant growth period, weeds were hand removed in several occasions which was essential for obtaining dependable 
results from the experiment.  Six weeks after planting, the emerged seedlings were thinned in each row to ensure 
their optimum and uniform growth.  Two months after planting, a complete nutrient solution was sprayed on all 
safflower seedlings.  Using different chemical sprays, namely diazinon, dinocap and topsin, various insects and 
fungal diseases were kept under control.  The experimental field was uniformly irrigated as required until the time 
when water stress was established.  
 
Based on reports by [11-13], as safflower plants are highly vulnerable to irrigation for root rot diseases before 
flowering time, therefore, water stress treatments were begun after the completion of branching period and at the 
beginning of flowering time.  As the spring type safflower has a shorter growing period compared to Winter types, 
flower initiation was observed three weeks earlier in the Spring type line.  Using a ten year meteorological data for 
the experimental site, it was decided for the plots A, B, C and D to apply irrigation once every 5, 8, 11 and 14 days, 
respectively, for the Spring type and once every 8, 11, 14 and 17 days, respectively, for the Winter types.  In the 
meantime, for Spring safflower, the B plot was considered as check which was based on the observed wilting 
symptoms.  The check plot for Winter type rows was the A plot.  
 
The amount of water applied to each twin row was under control by a water meter at 300 liters for each irrigation 
period.  Due to cooling of the weather towards the end of growing season, the volume of water applied was reduced 
to 250 liters.  In addition, the irrigation cycles were increased uniformly for all rows by five days.  One month after 
the final irrigation, plants were mature enough for harvest.  At harvest time, each twin row was subdivided into four 
longitudinal parts and seed harvest was performed from each part separately and was considered as one replication.  
Seed samples were kept for two days at 50oC for uniform drying.  Each sample was ground separately with an 
electric grinder.  
 
The Soxhelet method using a mixture of chloroform and methanol (2:1) was used for oil extraction using a 5 g 
sample [18].  Oil extraction was carried out from each sample for 4.5 hrs.  A rotary evaporator was used for solvent 
evaporation and the purification of oil from each sample.  The amount of oil in each sample was calculated on a 
percentage basis.  An appropriate analysis of variance was carried out to determine treatment significance and for 
the comparison of means.  

 
RESULTS AND DISCUSSION 

 
Comparison of means for the seed oil percentage among the four stress levels in Winter type safflower lines 
indicated that the highest oil percentage of 30.33 belongs to stress level C which was significantly different from 
stress levels A and B but not different from D at 1% level of significance (Fig. 1).This result is in accordance with 
results obtained by [6], in which a medium level of water stress resulted in an increase in seed oil percentage. 
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Fig. 1. Average seed oil percentage in Winter type safflower under different 

levels of water stress. 
 

Mean comparisons among Winter type safflower lines using Duncan's multiple range test indicated that line 697 
contained the highest level of seed oil percentage which was significantly higher than the other lines at 1% level of 
significance (Fig. 2). 
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Fig. 2. Average seed oil percentage in various lines of Winter type safflower. 

 
In the studies by [20], the safflower line S-144 contained the highest seed oil percentage and in the studies by [4] on 
safflower variety Gila and lines C2517 and VFSTP, some lines had a better tolerance to water stress.  Hence, in our 
studies, line 697 can be suggested for planting under the situation of dry and low water availability conditions.  In 
our data analysis when both factors of water stress as the primary factor and line as the secondary factor was 
analyzed together, the following results were obtained.  Mean oil percentages among lines in stress level A showed 
that line 697 had the highest seed oil of 35.55% which was significantly different from the other lines (Fig. 3A).  
Similar results was obtained under stress level B in which line 697 again had the highest seed oil percentage.  
However, it was significantly different at 1% level of significance only when compared with the line Zarghan 279 
(Fig. 3B).  Under the stress level C, also, the highest seed oil percentage of 33.30 was recorded for line 697 which 
was significantly different from the other three lines (Fig. 3C).  Again, when data analysis was performed for stress 
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level D, it was observed that line 697 had the highest seed oil percentage which was significantly higher than the 
other lines except for the line LRV51-51 (Fig. 3D). 
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Fig. 3. Average seed oil percentage among Winter type lines of safflower 

under water stress levels A, B, C and D 
 
Fig. 4 depicts the results of overall analysis of variance of the seed oil in the four winter type safflower lines over the 
four water stress levels.  As can be seen, line 697 has shown the highest seed oil content (35.55%) in stress level A 
which is significantly higher than the other combination of line x stress levels except for the same line in stress 
levels C and D.  Hence, it can be deduced that similar  to results obtained by [2]. water stress results in a general 
reduction in seed oil content.  Studies by  [5], is in confirmation of results obtained in our study.  In contrast, some 
other reports such as [7-10-15], indicate that water stress has no significant effect on the level of seed oil.  It appears 
that these contrasting results is due to variation in environmental conditions, differences in safflower line 
characteristics and the severity of water stress applied in these studies. 

A B 

C D 
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Fig. 4. Comparison of mean seed oil percentage among lines of Winter type 

Safflower under four water stress levels. 
 

Analysis of results obtained from the seed oil of the Spring type safflower Esfahan-1 indicated that under the most 
severe stress level (D), the oil percentage was increased to a level of 43.20% which when compared with the check 
(stress level B), was 6.40% higher and its difference was statistically significant (fig.5).  In a study of water stress 
test by [16] on Spring type safflower, no statistically significant differences were obtained between the stress levels 
under investigation. Hence althouth it is a general belief that drought stress basically decreases safflower seed oil 
level in sensitive phonological stages [21], our results with line Esfahan-1shows a reverse situation. It appears that 
the main reason is due to the fact that Esfahan-1 is a selected line for growing under the dry conditions of Esfahan 
province in iran. Therefore, genetic differences between safflower lines due to their breeding background can play a 
major role in the obtained experimental results in each area.  It can be concluded that both factors of line 
characteristics and water regime should be taken into account in order to be able to enhance the seed oil level of 
safflower. 
 
 
 

 
Fig. 5. Mean seed oil percentage in the Spring type safflower line Esfahan-1 as effected by different water stress regimes. 
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CONCLUSION 
 

Contrasting oil content results were due to genetic differences between Spring and Winter types and the 
meteorological specificity of the experimental site. Hence increasing the period of irrigation affected seed oil 
percentage for Winter and Spring types of safflower diffrently. Although increasing the period of irrigation on 
Spring type safflower was more effective increasing seed oil percentage as compared with the Winter types of 
safflower.   
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