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Abstract: In order to study of yield and grain filling period of different cultivars of rain-fed safflower to improve
seed yield, an experiment was conducted at Zanjan Agricultural Research Center Zanjan, Iran in 2006-2007.
Seventeen safflower cultivars which were obtained from Maragheh Research Center, Maragheh, Iran for dry
land farming were evaluated, using randomized complete block design in three replications. Results showed that
safflower cultivars had significant differences on the probability level of 1% regarding grain filling period, grain
filling rate, maximum of grain weight and thousand-grain weight and there were significant differences among
cultivars regarding grain yield, oil yield and oil content on the probability level of 5%. The cultivar PI-537598
had the highest grain and oil yield (800 and 236.8 kg ha  in average, respectively) and Isfahan variety had the1

lowest ones (345.4 and 108 kg ha  in average, respectively). Oil yield, maximum seed weight and grain filling1

rate were positively and significantly correlated with seed yield. These results could be used to improve
safflower seed yield via breeding. 
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INTRODUCTION health and diet has increased the demand for the oil,

Safflower (Carthamus tinctorius L.) is an annual, any oil available. Safflower oil consists of about 90
broadleaf oilseed crop of the family compositae adapted percent unsaturated fatty acids, placing it as one of the
mainly to dry land and irrigated cropping systems [1]. It best oils for popular consumption [6]. Oil content of
originated in southern Asia and is known to have been safflower seed ranges from 35 to 40% [3, 4]. It is
cultivated in Iran, India, China and Egypt [2]. Over 60 nutritionally similar to olive oil, with high  levels of
countries grow safflower, but over half is produced in linoleic oroleic acid, but much less costly [3]. The lack of
India [3]. Production in the USA, Mexico, Ethiopia, oil in Iran has been met by imports that have entailed
Argentina and Australia comprises most of the remainder considerable costs [3]. To make up for the lack of oil in
[3]. Oilseed crops are grown throughout of Iran for use as Iran, oil seed production can be increased by growing oil
oils. The importance of oil plants same safflower in Iran plants in dry land farming or area. The relative importance
agriculture and economy is also getting increased [4]. of each yield component is affected by many factors,
Safflower is not a very selective for soil and climate; it can including genotype, environmental conditions and
be even produce in arid lands [5]. Oil has been produced cultural practices [3]. In Iran, the safflower cropped area
commercially and for export for about 50 years, first as an has increased over the last few years reaching about
oil source for the paint industry, now for its edible oil for 10000 hectares in 2008, where as in 1997 it was 200-300
cooking, margarine and salad oil [3]. Research linking hectares;  it  is  mostly   used   for   grain,   oil   and  flower

which has the highest polyunsaturated/saturated ratios of



World Appl. Sci. J., 18 (9): 1257-1263, 2012

1258

production [3]. In terms of supply, most of the oil MATERIAL AND METHODS
consumed  in  Iran  is  imported  from   foreign  sources
and  in  the  context  of  rising  population  and  per  capita This experiment was carried out in Do-tappeh rain-fed
oil consumption, an increase in cultivation and farming research station in Zanjan Province, Zanjan, Iran
productivity of oil seeds is of vital importance. Although during 2006-2007 (alt. 1887 m.; Long. 35°48' E.; Lat. 36°07'
safflower is a native plant of Iran and wild species are N.). Mean minimum, average and maximum absolute
plentiful [7], the species has not gained much recognition temperature in a seven-year period from 1999 to 2005 has
and very little research has been done on the seed [6]. been reported as -20°C, 11.2°C and 37°C respectively and
The increasing area of oilseed crop production is an mean annual precipitation was 395.5 mm. Field soil texture
indication of the success of plant breeders and was silt-loom-clay including 40% clay, 46% silt and 14%
agronomist in developing suitable cultivars [8]. The sand. The cultivars were selected from observatory
average grain yield of safflower in Iran is about 500 kg per researches which had been conducted in rain-fed farming
ha. A high yield of tow tons per hectare is considered research stations of Kermanshah, Maraqeh, Kordestan,
desirable [9]. Safflower seed potential yield is about four Zanjan, Ardabil, Gonbad, Ilam and Lorestan (Provinces of
tons per hectare however, the results of some Iran), while the superiority of some cultivars had been
experiments, have harvested more than 4/5 tons of grain proved in on-farm researches [14]. The foreign cultivars
per hectare [6]. used in the study were as following: PI-537598, SYRIAN,

Johnson et al., [10] indicated that grain yield was PI-537636, CW-4404 LESAF, CYPRUS, CW-74, KINO-76,
positively correlated with seed weight. Cope et al. (1988) S-541,PI-250536, PI-250537, HARTMAN, GILA, PI-537636-
studied four different varieties of safflower seeds with S, PI-198290 and DINCER. They are spin, early-maturity,
different filling periods. They reported a significant dwarf with thousand-grain weight of 33-40 g, mean grain
correlation between the grain filling period and seed yield of 500-900 kg ha  and oil content of 28-32%. In
yields, [11] attributed seed weight variation to; differences addition, Isfahan indigenous variety had been entered
in grain filling periods, weather conditions and the due to its vast cultivated area in the region. It is late-
differences in crop density among the contributing maturity, spineless with oil content of 31-33%, thousand-
factors. The first report from Sararood station, grain weight of 34-36 g and resistant to root rot [14]. The
Kermanshah, Kermanshah, Iran showed that the best seeds were procured from Agricultural Research Station
cultivar had the yield of 703 kg ha  in spring rain-fed of Zanjan Province and the study during which 171

culture [12]. In Kordestan, Kordestan, Iran the cultivars safflower cultivars were evaluated, was carried out in the
CW-74 and PI-537598 had the highest yields (513.8 and form a Completely Randomized Block Design with three
504.3 kg ha , respectively) [13]. In a study on 20 replications. Each block included 17 plots (7× 2.1m) with1

safflower cultivars in spring rain-fed culture, Poordad [14] 7 rows with interspacing of 30 cm. Plants were 10 cm apart
found that the cultivars PI-537598, PI-250537 and SYRIAN from each other as Research Station had recommended.
had the highest yields. In a study on 16 safflower All seeds were disinfected prior to planting by Benomyl
cultivars under spring culture in Koohdasht, Koohdasht, (2:1000). Then they were planted two cm apart from each
Iran the cultivars SYRIAN, CW-4440 and PI-537598 were other at the depth of four cm on March 19, 2006. After
found to have. In another study on 22 spring safflower emergence, they were thinned leaving 10 cm between
cultivars under rain-fed culture in Kermanshah, Akhtar et them.
al., [15] reported the yield of PI-250537 as 471 kg ha  and To measure grain yield, oil yield and to record1

that of LESAF as 756 kg ha  . The mean yield of cultivars qualitative traits of cultivars, the plants were harvested by1

was 550 kg ha  under the precipitation of 303 mm and 588 sickle after removing the effects of surface margin of 1.51

kg ha  under the precipitation of 426 mm. In a study on m . Then, 20 plants were randomly chosen and their traits1

18  safflower  cultivars,  Khider  [16]  reported  that  grain were measured. Afterwards, the samples were put in
yield had significant positive relation with oil content. plastic bag to avoid moisture loss and were transferred to
Qarineh et al., [17] found that grain yield is significantly laboratory for evaluating their qualities.
affected by cultivar. Grain filling period was estimated using increasing

The present study was undertaken to assess the trend of dry weight and mean increase of grain weight
correlation between components of grain filling and grain measured in gram per day. The following equation was
yield of different cultivars of rain-fed safflower. used to calculate the changes of seed’s dry weight [18].
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Fig. 1: Clustering 17 rain-fed safflower cultivars for grain DINCER cultivar in the time of maturity weight has been
yield due to longer EFP and higher accumulation of storage

weight of Esfahan local cultivar could lie in lower GFR. 

Where, W is grain weight, a is distance from intercept, b decreasing GFR led to extended EFP. Furthermore, we
line slope to maturity weight which represent the rate of could see that the cultivars with very high yield had
grain filling, t is the time of harvest and tm is end of grain higher GFR and accordingly lower grain filling period.
filling (maturity weight). Similarly, cultivars with high yield such as DINCER had

To determine the effective grain filling period, the higher grain filling period than those of groups with
following equation was used [18]. medium, low and very low yield. Since rate and length of

yield, it seems that the yield difference between 17

In this equation, EFP is the effective grain filling factors on grain weight and subsequently on the yield. Li
period, MGW is maximum grain weight and GFR is the [19] believes that in all varieties grain weight is a function
grain filling rate. The variance analysis of the data of rate and length of effective grain filling. 
gathered at final harvest was carried out by software MS- In present study, we found that SYRIAN cultivar,
TATC and SAS based on a completely randomized block which is one the highest yielding cultivars, had the
design and their means comparison was carried out by highest GFR among the cultivars. Nevertheless, it is not
Duncan Test. To reduce the extent of data for better significantly different from some of the medium yielding
study, cluster analysis was used by the software SPSS. cultivars in terms of GFR. In addition, at least one cultivar
Among different cluster analysis methods, between- in all groups, except for Esfahan local cultivar (with a very
groups linkage was used considering coefficient and low low yield), had a high EFP, which was placed in A
serials (Figure 1). category (Table 2).

RESULTS AND DISCUSSION

Grain Filling Period/Rate and Maximum of Grain
Weight: Results showed that there was a significant
difference between 17 safflower cultivars in terms of
effective GFR (grain filling rate), EFP (effective grain-filling
period) and MGW (maximum grain weight), at 1%
probability level (Table 1). The significant variation of
cultivars in terms of EFP represents their various weight
maturities, which marks the end of grain filling period.
Based on values in Table of mean comparison (Table 2)
we can see that DINCER had the highest 1000 grain
weight (40.5gr), whereas Esfahan local variety had the
lowest value (28.86 gr) for this trait, among the cultivars
being studied. Thus, seems that the high grain weight of

materials in the grain. However, the reason for low grain

Diagrams of rate and period of effective grain filling
and maximum grain weight (Figures) indicated that the

effective grain filling is critical in determining the plant

safflower cultivars is due to significant effect of these two

Table 1: Summary of variance analysis of some traits in 17 safflower rain-fed cultivars

Means of squares
--------------------------------------------------------------------------------------------------------------------------------------------------------------------

Source of variation df Grain yield Oil yield/ha Oil content (%) 1000-seed weight Grain filling rate Grain filling period Maximum of grain weight

Replication 2 187142.2 19477.7 3.2 0.18 0.012 22.86 0.0886** ns ns n.s n.s n.s

Cultivar 16 45601.6 3699.08 2.45 15.26 0.055 95/74 17/63* * * ** ** ** **

Error 32 31737.0 2781.7 1.95 0.27 0.012 19.97 0.074
CV (%) - 25.9 22.99 4.7 1.58 12.010 12.13 0.81

n.s. = non-significant; * and ** = significant on the probability levels of 1 and 5%, respectively
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Table 2: Means comparison of some traits in 17 safflower rain-fed cultivars

1000-seed Grain filling Grain filling Maximum of grain
Grouping Cultivar Grain yield Oil yield.(Kg/ha) Oil content (%) weight rate (mg.day) period (day) weight (mg)

PI-537598 32.0 a 236.8 a 29.27 ab 33.7 c 870.0 bcdef 26.39 ab 79.33 cd 
Very high yield S-541 31.0 ab 217.4 ab 29.48 ab 33.6 c 038.1 abcd 95.32 bc 83.33 c

Syrian 30.4 ab 212.5 abc 28.86 ab 33.29 cd 20.1 a 55.27 c 21.33 cde
Dincer 30.16 ab 193.2 abc 28.01 b 40.5 a 881.0 bcdefg 97.45 a 50.40 a
CW-4404 30.03 ab 200.2 abc 30.34 ab 33.4 cd 823.0 defg 57.41 ab 71.33 cd

High yield PI-537636 27.3 abc 154.3 abc 29.33 ab 32.5 d 979.0 bcdef 38.34 bc 32.86 e
CW-74 28.6 abc 191.2 abc 30.9 a 33.26 cd 727.0 g 91.45 a 15.33 de
Hartman 28.9 abc 165.5 abc 29.03 ab 33.4 cd 806.0 efg 03.41 ab 70.32 e
Cyprus 17.8 abc 168.4 abc 30.58 ab 32.4 de 07.1 ab 41.29 c 38.31 f 

Medium yield PI-198290 29.3 abc 153.1 abc 28.29 ab 33.1 cd 855.0 cdefg 47.39 ab 23.33 cde
KINO-76 27.3 abc 151.4 abc 28.83 ab 31.1 f 06.1 abs 03.30 c 43.31 f
PI-250536 29.2 abc 186.3 abc 29.54 ab 35.07 b 02.1 abcd 59.34 bc 16.35 b
PI-537636s 27.1 abc 154.6 abc 29.78 ab 34.06 c 018.1 abcde 81.34 bc 0.35 b

Low yield PI-250537 25.3 bc 137.4 abc 30.74 ab 31.5 ef 70.0 g 56.44 a 33.31 f
Lesaf 24.9 bc 132.5 abc 29.71 ab 33.09 cd 953.0 bcdef 14.35 bc 3.33 de 
Gila 24.8 bc 129.8 bc 30.33 ab 32.4 de 944.0 bcdef 43.33 bc 30.31 f

Very low yield Isfahan 23.1 c 108.8 c 31.16 a 29.3 g 798.0 fg 14.36 bc 86.28 g

Note: In each column, the means have same letters did not show significant difference on the probability level of 5%

Oil Yield and Grain Oil Content: Results showed that the cultivars HARTMAN, CYPRUS,PI-198290, KINO-76,
there were significant differences among cultivars PI-250536 and PI-537636- S (with grain yields of 574.6,
regarding oil yield on the probability level of 5% (Table 1). 556.3, 538, 527, 526.3 and 521.3 kg ha , respectively) in
According to means comparison (Table 6) and cluster group of fair-yield cultivars, the cultivars PI-250537,
analysis (Figure 1), 17 safflower cultivars can be divided LESAF and GILA (with grain yields of 449.6, 444.3 and
into five following groups: grain oil content. However, 426.7 kg ha , respectively) in group of low-yield cultivars
Isfahan variety and DINCER (with oil content of 31.16 and and  Isfahan  indigenous  variety  (with  grain  yield of
28.01%, respectively) had the lowest and highest oil 345.4 kg ha ) in group of very low-yield cultivars. The
contents and other cultivars stood between them with no results of Iranian research stations show the superiority
significant  differences  (Table  1).  Variance  analysis of the cultivars PI-537598, CW-74 [13], PI-537598 and
(Table 5) showed no significant differences among SYRIAN [14]. In a study on 16 spring safflower cultivars
cultivars regarding grain oil content. However, Isfahan in Koohdasht, it was shown that the cultivars SYRIAN,
variety and DINCER (with oil content of 31.16 and 28.01%, CW-4404 and PI-537598 with grain yields of 918.5, 892.6
respectively) had the lowest and highest oil contents and and 874 kg ha  had the highest grain yields [12]. The
other cultivars stood between them with no significant comparison of the results of this study with the results of
differences (Table 2). other studies carried out in other stations proves the

Grain Yield and Thousand-grain Weight: Table 1 shows regions of Iran. Akhtar et al. [15] reported that under rain-
the results of grain yield and 1000-grain weight variance fed farming conditions in Kermanshah, CYPRUS and
analysis. According to these results, there were LESAF had the highest (790 kg ha ) and lowest (340 kg
significant differences among cultivars on the probability ha ) grain yields, respectively. Combined analysis of the
level of 5% regarding this trait. The results of means studied cultivars in different regions such as Zanjan,
comparison (Table 2) as well as clustering of the cultivars Maraqeh, Kermanshah, Sanandaj, Koohdasht, Ardabil
regarding grain yield (Figure 1) indicates that 17 safflower and Qonbad showed that the cultivar PI-537598 had the
cultivars can be divided into five groups: the cultivars PI- highest grain yield (872.8 kg ha ) [12]. On-farm study of
537598, S-541 and SYRIAN (with grain yields of 800, 733.5 safflower cultivars in three regions of Kermanshah
and 728.5 kg ha , respectively) in group of very high- Province showed that Isfahan variety had the lowest grain1

yield cultivars, the cultivars DINCER, CW-4404, PI-537636 yield and SYRIAN had the highest one [14]. Some traits
and  CW-74  (with  grain  yields of 693.5, 663.5, 632.1 and effective on high- and low-yield cultivars are discussed
622 kg ha , respectively) in group of high-yield cultivars, later.1
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higher yield potential of these cultivars in different
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Fig. 2: Seventeen varieties of safflower seed filling rate (A), Effective grain filling period (b), Maximum grain weight (c).

Variance analysis shows that there was a significant In  addition,  these  traits  produced  a  positively
difference among different cultivars regarding thousand- significant  correlation  with  oil  yield.  In an
grain weight on the probability level of 1% (Table 1). investigation on 50 safflower lines Chaudhary [20]
According to means comparison (Table 2), the cultivar concluded  that  there  is  a  positively  significant
DINCER had the highest thousand-grain weight (40.5 g) correlation   between  grain    yield    and    grain  weight.
and Isfahan variety had the lowest one (29.3 g). Table 2 Li [19] after studying 9 safflower cultivars claimed that
shows the mean thousand-grain weight of groups with grain weight had the highest effect on the yield. Later
different yields according which high and very high-yield Omidi [21] reported consistent results by conducting
cultivars like DINCER and SYRIAN had better study on 12 safflower cultivars. Oil yield was heavily
performance regarding thousand-grain weight than very influenced by grain yield and produced a positive
low-yield group including Isfahan variety. correlation (r=0.98) with grain yield at 1% probability level.

Correlation Between Traits: Results in Table for between oil percentage and oil yield per hectare. Negative
correlation coefficients of the traits (Table 3) showed that correlation between these two traits represents the very
traits such as GFR, oil yield and MGW had a positively little effect that oil percentage had on oil yield per unit
significant  correlation   with   grain   yield   of   Safflower. area. In other words, lower oil percentage of the cultivars

There was a negative but insignificant correlation
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Table 3: The correlation between the traits studied

Grain Filling Period

0.91-** Grain Filling Rate

0.30* 0.07 Maximum Grain Weight

0.02 0.20* 0.07 Oil Yield

0.02 -0.02 0.37-** 0.02- Oil Content

0.07- 0.22* 0.30** -0.16 0.98** Grain Yield

0.3* 0.06 0.96** 0.20* 0.34-* 0.25* Thousand-Grain Weight

has   not had   a   significant effect on decreasing oil REFERENCES
yield, rather  other   factors   effective   on  increasing
yield such as grain weight has compensated for the
decreasing effect of oil percentage so that in spite of little
oil percentage of a given cultivar more oil yield was
produced in unit area. Results from this experiment
showed that oil percentage had a negatively significant
correlation with 1000 grain weight (r=0.34). This can be
due to increased skin percentage and decreased oil
percentage in coarse grains. Barzgar and Rezai [22] also
reported the same correlation in his study on safflower
cultivars. Results also showed that EFP had a positively
significant correlation with grain weight at 5% probability
level; however, GFR had a positively insignificant
correlation with grain weight. This suggests that both
components contribute in determining MGW, but in this
experiment EFP was more effective on maximizing grain
weight than GFR. 

CONCLUSION

According to variance analysis, there were
significant differences among cultivars regarding grain
filling period, grain filling rate, maximum of grain weight
and thousand-grain weight on the probability level of 1%
and there were significant differences among cultivars
regarding oil yield on the probability level of 5%.
According to cluster analysis, all 17 cultivars were divided
into five groups regarding grain yield including very high,
high, fair, low and very low yield and all traits were
compared on the basis of this grouping. The results
showed that PI-537598 had the highest grain and oil yield
(800 and 236.8 kg ha  in average, respectively) and1

Isfahan variety had the lowest ones (345.4 and 108 kg
ha  in average, respectively). It is concluded from the1

effective grain filling period and grain filling rate on grain
and oil yield. Results from this study can be used in
breeding programs in order to increase safflower yield.
Conducting similar researches on this crop in various
years and locations will help identifying production
potentiality of this Iranian local plant. 
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