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Abstract 

Zinc is considered as one of the most important micronutrients for safflower nutrition and has an obvious role on seed 
yield of this crop. In order to evaluate the effects of different Zinc rates on yield and yield components of 10 safflower 
genotypes, a field experiment was conducted during growing season of 2008-2009 in Jiroft. The experiment was carried 
out in a split plot design based on Randomized Complete Blocks with 3 replications. Zinc rates (Zinc sulphate) were ar-
ranged as main factor with 3 levels (0, 2 and 4 spraying times with a dosage of 2.5/1000) and 10 safflower genotypes con-
sisting 7-433, Isfahan 28, Shiraz landrace, Gol-sefid, Isfahan landrace, Isfahan 14, Kashan landrace, Arak 2811, 22-191 
and IL-111 as sub factor. Traits such as yield and yield components (head number/plant, seed number/head, head diame-
ter, 1000-seed weight), culm length, number of branches, biological yield and harvest index were measured. Variance 
analysis showed that higher levels of Zinc had significant effect on biological yield, head number/plant, seed yield and 
harvest index, but it was insignificant for seed number/head, 1000-seed weight and number of branches. The highest seed 
and biological yields were obtained from 4 times Zinc spraying. The studied genotypes highly significantly affected all 
studied traits but head diameter. Interactions of Zinc rates and genotypes were highly significant for head number/plant, 
number of branches, seed yield and harvest index. Genotypes IL-111 and 22-191 with the highest 1000-seed weight, seed 
yield, biological yield, harvest index, head number/plant in 4 times Zinc spraying showed the best performance. Based on 
correlation coefficients analysis, seed yield showed positive significant correlation with head number/plant (0.568**), 
biological yield (0.735**). According to regression analysis results, head number/plant explained 36 percent of seed yield 
variation and entered as the first significant variable to the regression model, and it could be considered as the most impor-
tant trait in increasing the yield among the studied traits. 

Keywords: safflower; Zinc; different; yield and yield components 

Introduction 

Due to rapidly increasing population and food 
requirement, oil consumption has been increased 
recently, so development of edible oils produc-
tion by increasing oil crops cultivation is essen-
tial. Safflower (Carthamus tinctorius L.) is an 

internationally important oil crop and may have a 
certain production potential under low input con-
ditions, particularly in organic farming systems. 
Safflower (Carthamus tinctorius L.) is a tap-
rooted annual crop which can tolerate environ-
mental stresses including salinity and water stress 
(Lovelli et al., 2007). It ranks eighth in terms of 
world oil seed production.  India, Mexico, the 
USA, Ethiopia, Argentina and Australia together 
account for 99 and 87% of the world safflower 
area and production, respectively (Dwivedi et al., 
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2005). 
Generally safflower is produced on marginal 

lands that are relatively dry and deprived of the 
benefits of fertilizer inputs. Attempts to improve 
seed yield and quality by developing new culti-
vars and agronomic practices are underway 
throughout the world. Since Iran is located in arid 
region where some abiotic stresses such as salini-
ty and drought are prevalent, safflower can be a 
candidate crop in dry land agro-ecosystems due 
to its potential for growth under water stress and 
the economical value in terms of both oil and 
seed (Yau, 2004; Kar et al., 2007). Several stu-
dies have shown that small amounts of nutrients, 
particularly Zn applied by foliar spraying can 
significantly increase the yield of crops (Crabt-
ree, 1999; Gadollah, 2000; Hebbern et al., 2005; 
Mirzapour and Khoshgoftar, 2006; Sarkar et al., 
2007). Also, foliar nutrition is an option when 
nutrient deficiency cannot be corrected by appli-
cations of nutrients to the soil (Crabtree, 1999; 
Sarkar et al., 2007; Cakmak, 2008). 

Zinc is considered as a micronutrient which 
has an obvious role in seed yield of safflower and 
also plays an important role in the production of 
biomass (Kaya and Higgs, 2002; Cakmak, 2008). 
Furthermore, Zinc may be required for chloro-
phyll production, pollen function, fertilization 
and germination (Kaya and Higgs, 2002; Pandey 
et al., 2006; Cakmak, 2008). 

Zinc spraying (Zinc sulphate with a dose of 
2.5/1000) increases grain yield from 6350 to 
7530 kg/ha (Sangale et al., 1983). Zinc spraying 
under drought stress improves safflower toler-
ance to the stress by increasing proline and so-
luble sugar (Modarres-Sanavi, 2001). Zinc and 
Manganese improved yield components such as 
head number/plant, seed number/head and 1000-
seed weight in safflower and there was signifi-
cant interaction between Zinc spraying rates and 
safflower genotypes (Movahhedi Dehnavi, 2002). 
Zinc and Manganese had significant effects on 
harvest index (Modarres-Sanavi, 2001).  

The purpose of the study was to evaluate po-
tential of different safflower genotypes under 
different Zinc levels in Jiroft region, Iran.  

Materials and methods 

This research was carried out in an experi-
mental field of Jiroft region (28°35' N, 58°49' E 

and 639 MASL) in 2008. The amount of average 
rainfall, temperature and relative humidity during 
the growing season were 23.61 mm, 18.23°C and 
51.4%, respectively. 

In order to detect physical and chemical prop-
erties of the experimental field soil, sampling was 
done from the soil depth of 30 cm. Soil analysis 
showed that there were no salinity and sodicity 
problems and soil texture was sandy loam.  

The experiment was carried out as a split plot 
based on Randomized Complete Block Design 
with 3 replications. There were 30 treatments (3 
Zinc sulphates rates and 10 genotypes). Zinc 
rates  were considered as main factor in 3 levels 
(0, 2 and 4 Zinc sulphate spraying times with 
2.5/1000 dose) and 10 safflower genotypes (7-
433, Isfahan 28, Shiraz, Gol-sefid, Isfahan lan-
draces, Isfahan 14, Kashan, Arak 2811, 22-191 
and IL-111) as sub factor. Each plot consisted of 
four rows 40 cm apart and 4 m length. Factors 
such as yield and yield components (head num-
ber/plant, seed number/head, head diameter, 
1000-seed weight), culm length, number of 
branches, biological yield and harvest index were 
evaluated. 

Yield components were measured on 10 ran-
dom samples taken from the middle rows per 
plot, and seed and biological yields were assessed 
on the middle row of the plot after removing the 
border rows. After data collection, different sta-
tistical analyses including ANOVA, correlation, 
regression, and path analyses were done using 
Microsoft EXCELL, SAS, SPSS, MSTATC and 
Path Software. 

Results and Discussion 

Results of ANOVA showed significant effects 
of Zinc rates on head number, seed yield, biolog-
ical yield and harvest index and insignificant ef-
fects on other traits (Table 1). The highest seed 
yield was obtained from four times of spraying 
and no significant difference observed between 0 
and 2 times spraying (Table 2).  

Except head diameter, different safflower ge-
notypes did not significantly affect the studied 
traits (Table 1). IL-111 and 22-191 had the high-
est seed and biological yields and Isfahan and 
Shiraz landraces showed the lowest amounts of 
those traits (Table 3). 
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In safflower, main yield components are plant 
number/unit area, head number/plant, seed num-
ber/head and 1000-seed weight and also compari-
son of high-yield plants with low-yield ones indi-
cated that the difference was generally caused by 
head number/plant and 1000-seed weight rather 
than seed number/head (Table 3). 

The interaction of Zn and genotypes was 
highly significant for head number/plant, branch 
number, seed yield and harvest index (P ≤ 0.001), 
which showed that genotypes were differently 
affected by Zn rates for these traits and were in-
significant for plant height, seed number/head, 
head diameter, biological yield and 1000-seed 
weight.  

Regarding seed yield, a high change in rank 
was observed and in total, lines 22-191, IL-111, 
433-7 and Isfahan 28 had the highest yield in four 
times of spraying, while the highest yield of Arak 
2811 was obtained in 2 times spraying (Fig. 1). 
Therefore, it is impossible to give a general rec-
ommendation about Zn application for all saf-
flower cultivars and such a recommendation 
should be cultivar-based. Lines 22-191 and IL-
111 by 4 spraying times could be considered as 
the best treatments for Jiroft region.  

Correlation analysis 

Seed yield showed significant positive corre-
lations with head number/plant, 1000-seed 
weight, biological yield and harvest index and the 
highest correlation of yield was related to head 
number/plant, while yield components did not 
show significant correlation with each others 
(Table 4). So, path analysis was needed.     

Path analysis 

Dissection of correlation coefficients to direct 
and indirect effects is shown in Figure 2. Consi-
dering path coefficients, head number/plant and 
1000-seed weight had the highest direct effects 
on the yield, respectively, while seed num-
ber/head possessed the least direct effect. 

1000-seed weight had the most positive indi-
rect effect on seed yield via head number and 
also the highest negative indirect effect via seed 
number/head, which was justifiable due to nega-
tive correlations of seed number/head and 1000-
seed weight (-0.197). Increased seed num-
ber/head decreased seed sizes due to nutrition 
competition. So 1000-seed weight decreased too 

Table 1. Analysis of variance (ANOVA) for the traits measured in safflower. 

Harvest Index 
1000-seed 

weight Biologic 
yield 

Seed 
yield 

Branch 
No. Head 

diameter 
Seed 
No. 

Head 
No. 

Height 
(cm) df S.O.V 

Replication 
Fertilizer (Zn) 
Error (A) 
Genotype (G) 
Interaction (F×G) 
Error (b) 
C.V. 

2 
2 
4 
9 
18 
54 

520.165 
754.18ns 

752.848 
1077.60** 
424.278ns 
366.078 

11.88 

373.755 
645.107* 

86.26 
851.804** 
443286* 
119.040 

28.15 

301.69 
118.78ns 
568.700 
1374.26 
442.78 
263.434 
29.27 

0.118 
0.075ns 
0.036 

0.154ns 
0.099ns 

0.84 
12.19 

47.23 
13.14ns 
28.64 

57.14** 
41.32** 
15.48 
28.33 

3.64 
58.42ns 
12.40 

10.78** 
10.97** 

2.60 
28.94 

282.306 
1187.63* 
1038.68 

711.54** 
314.82ns 
198.42 
34.96 

42.34 
27.96ns 
43.66 

233.40** 
77.00ns 
68.51 
11.04 

1.18 
139.04* 
19.31 

35.17** 
28.59** 
10.57 
25.69 

 

Table 2. Means comparison of Zinc fertilizer for the traits measured in safflower. 

Fertilizer Treatment 
Height 
(cm) 

Head 
No. 

Seed 
No. 

Head 
diameter 

Branch 
No. 

Seed 
yield 

Biologic 
yield 

1000-seed 
weight 

Harvest 
index 

Without zinc spraying 
2 times zinc spraying   
4 times zinc spraying 

155.53a 

162.00a 

165.40a 

33.21b 

41.20a 

42.23a 

53.28a 

55.79a 

57.48a 

2.32a 

2.39a 

2.42a 

13.10a 

14.23a 

14.35a 

4.71b 

4.74b 

7.40a 
33.08b 

43.51a 

45.03a 

74.33a 

74.24a 

76.11a 

14.44a 

10.28b 

13.78a 

 
Table 3. Means comparison of genotypes for the traits measured in safflower 

Genotypes 
Height 
(cm) 

Head 
No. 

Seed 
No. 

Head 
diameter 

Branch 
No. 

Seed 
yield 

Biologic 
yield 

1000-seed 
weight 

Harvest 
index 

Line 7-433  
Isfahan 28 
Landrace of shiraz 
Gol sefid 
Landrace of Isfahan  
Isfahan 14 
Landrace of Kashan   
Arak 2811 
22-191  
IL-111 

156.33a-c 

143.05c 

164.81ab 

168.67ab 

168.12ab 

174.21a 

175.62a 

150.12bc 

157.23ac 

151.57bc 

22.12e 

56.22a 

26.12de 

45.000a-c 

34.28cd 

36.14b-d 

43.12bc 

36.37b-d 

36.14b-d 

47.75ab 

44.37c 

51.62bc 

64.62ab 

47.222c 

69.000ab 

67.622ab 

79.85a 

46.556c 

42.85c 

44.11c 

2.40a-c 

2.55a 

2.377a-c 
2.35a-c 

2.53ab 

2.444ab 

2.20b-c 

2.455ab 

2.37a-c 

2.111c 

13.33b 

15.37ab 

13.00b 

13.55b 

14.85ab 

18.87a 

14.77ab 

8.12c 

14.28b 

13.000b 

80.00ab 

73.14bc 

70.333bc 

79.14ab 

71.111bc 

67.75c 

74.37bc 

76.00bc 

73.000bc 

86.12a 

5.05bc 

6.05ab 

4.000c 

6.033ab 

3.778c 

5.070bc 

5.490bc 

6.60ab 

6.61ab 

7.51ab 

25.453d 

52.53a 

30.12cd 

42.67a-c 

31.97b-d 

33.226b-d 

43.54a-c 

42.99a-c 

47.851ab 

50.17a 

12.30ab 
12.89ab 

8.21c 

13.02ab 

12.26ab 

15.06ab 

14.77ab 

11.36bc 

11.24bc 

15.51a 
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and this decrease, which is caused by the increase 
in seed number/head lowers seed yield. The re-
sults were in accordance with other reports about 
safflower genotypes (Omidi Tabrizi, 2001; Pas-
caul and Alburquerque, 1996; Hajghani, 2006) 

Modeling of total yield based on linear multiple 
regressions 

In order to gain a predictor model of yield 
variation and study the traits effective on yield, 
regression modeling was conducted. Based on 
stepwise regression, head number/plant was con-
sidered as the main trait explaining 36% of yield 

variation. According to variance analysis, a high-
ly significant regression model was obtained for 
this trait. Being one of the main yield compo-
nents, it can play the most important role in yield 
increasing. 

Linear model of yield based on head number/plant: 
ŷ = 0.098 + 0.605x 

where x is head number/plant and regression 
coefficients test pretends that coefficients of 
mentioned model are significant. 

Finally, based on stepwise regression and R2 

as well as path analysis, head number/plant was 
proved to be a valuable trait in selecting high-
yielding genotypes.   

Table 4. Correlation coefficients among the traits measured in safflower. 

Trait 
Height 
(cm) 

Head 
No. 

Seed 
No. 

Head 
diameter 

Branch 
No. 

Seed 
yield 

Biologic 
yield 

1000-seed 
weight 

Harvest 
index 

Height (cm) 
Head No. 
Seed No. 
Head Diameter (cm) 
Branch No. 
Seed Yield (tone/ha) 
Biologic Yield (tone/ha) 
1000-seed weight (gr) 
Harvest Index 

1 
0.157 
0.150 
-0.092 
0.170 
0.071 
0.094 

-0.271* 
-0.170 

 
1 

-0.078 
0.120 
0.212 

0.568** 
0.760** 
0.042 
0.119 

 
 
1 

-0.013 
0.242* 
0.049 
-0.119 
-0.197 
0.216 

 
 
 
1 

-0.097 
0.067 
-0.009 
-0.219 
-0.042 

 
 
 
 
1 

0.201 
0.179 
-0.104 
0.028 

 
 
 
 
 
1 

0.735** 
0.257* 
0.412** 

 
 
 
 
 
 

1 
0.102 
0.014 

 
 
 
 
 
 
 

1 
0.181 
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Fig.1. Interaction of Zinc × genotype on seed yield. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Diagram of path coefficients for the traits measured; X1: head number/plant; X2: seed number/head; X3: 1000-seed weight; Y: Seed 
yield 
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Evaluation of genotypes resistance to Acanthio-
philus helianthi 

Since the final aim of the research was to in-
troduce the best genotype for Jiroft region, and 
due to the yield losses caused by the aphid (Acan-
thiophilus helianthi) in this region, studied geno-
types were evaluated for tolerance to this pest. 
According to t-test, significant differences were 
observed among them, so that Gol-sefid was de-
termined as the most resistant and Line IL-111 as 
the most susceptible genotypes to the pest, re-
spectively.  

Conclusions 

In this research, Zinc application rate was 
found to be dependent on genotype, so that IL-
111 and 22-191 had high yield potential at 4 
times spraying, while Isfahan and Shiraz landrac-
es had the lowest one and other genotypes 
showed a mean reaction to this rate and regarding 
the high susceptibility of IL-111 to Acanthiophi-
lus helianthi, the lines 7-433 or 22-191 could be 
used for regions where the pest infection may 
happen.  

Head number/plant, which can be more af-
fected by Zn, was determined as the most impor-
tant trait affecting yield, which showed the high-
est direct effect on safflower seed yield and was 
considered as a trait with high potential for yield 
breeding of safflower.  Regarding the low herita-
bility of grain yield, it is suggested that indirect 
selection for head number/plant can lead to high 
yielding genotypes in breeding programs. 
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