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Abstract 

Two field experiments were conducted at the Experimental farm in Agricultural Studies College, Sudan 
University of Science and Technology at Khartoum state and Agricultural Science College, Dongola University 
in Northern State in winter of 2011/2012. The   experiments were  conducted  to  study  the  effect  of  
locations and three water intervals (7,14and 21days) on growth and seed yield of two varieties  of 
safflower,(Gieza and Baldi varieties) .The experiment was laid out in Factorial Randomized  Block Design  
with 3 replications. The results indicated that location and varieties had a significant effect on growth attributes 
(Plant height, number of leaves/plant, number of branches /plant and stem diameter) and on yield  characters 
( number of seeds /capsule, thousand seed weight) .Location and variety displayed significant effect on 
number of seeds /capsules. Geiza variety gave promising results in term of vegetative growth (plant height) 
and number of seeds/capsule and seed yield more than Baldi (P ≤0.05). Water intervals significantly affected 
thousand seed weight and irrigation every 7 and 14 day were more suitable compared to 21 day interval. 
There were negative correlation between number of seeds /capsule and plant population and stem diameter. 
Seed yield expressed similar trend with the same parameters. Moreover seed yield was positively correlated 
with plant population, plant height and number of seeds / capsule  
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Introduction 

Safflower was originally grown for the flowers that were used in making red and yellow dyes for clothing and food 

preparation (Robinson, 1976). Today this crop supplies oil, meal, birdseed, and foots (residue from oil processing) for the 

food and industrial products markets, although the crop is now primarily grown for the oil. The oil of safflower contains 

nearly 75% linoleic acid, which is considerably higher than corn, soybean, cottonseed, peanut or olive oils.  Safflower 

contributes partially in the world edible and industrial oil market. This merit made safflower an important crop for 

vegetable oil (Emongor, 2010). The crop has been cultivated for edible oil extraction (McPherson et al. 2004). The oil is 

light in color and will not get yellow with aging; hence it is used in white and light-colored paints. This oil can also be 

used as a diesel fuel substitute, but like most vegetable oils, is currently too expensive for this use (Smith and Rust, 

1989). The by-products of oil extraction, whole seed or kernel meal, is available for stock feed.  All plant can be grazed 

or stored as hay or silage (Ravi S 2008). The forage is palatable and its feed value and yield are similar to or better than 

oats or alfalfa (Smith, 1996; Tabatabaei,et al2010).In China safflower is grown as a medicinal plant (Singh, 2007). 

Safflower is considered as important winter crop in some semiarid regions due to its deep roots and its drought tolerance 

(Blachshow, 1992; Zaman .et.,al 1998) reported deeper water extraction from sandy loam soils under dry land than under 

irrigated cultures. Leaf area and evapotranspiration rate reduction, osmotic adjustment and increments in the cell density 

are other adaptive mechanisms of safflower plants to water stress conditions The effects of water stress on safflower 

yield has an important goal as (Hashemi Dezfuli,1994)  indicated that water stress resulted in a decreased  value in  plant 

height and number of heads. Since safflower is known by its efficient use of soil moisture, because of its deep tab root, 
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the crop is suitable for arid regions.( Ashrafi,et al 2010) indicated that an increase in the irrigation interval up to 15 days 

after the six-leaf stage had no significant effects on grain yield, but grain yield did decrease  by  18  and  29.8%  with  

increased  irrigation  intervals  to  22  and  28  days respectively. 

Safflower may be the alternative or rather the supplement for other oil seed crops because of its spiny nature which 

makes the crop more resistant for bird attack and no pest or diseases were recorded.. Safflower growth as well as 

composition and quality of seeds are influenced by many factors like genotype, environment and agronomic practices 

(Nagaraj, 1997; Weiss, 2000). One of the key points for optimizing safflower productivity is a choice of location and the 

appropriate sowing date (Burhan, A., E.,et al 2001). Despite many uses of safflower, the crop remained minor, neglected 

and no enough agronomy and ecophysiology information of the crop and very limit work has been done with safflower in 

Sudan .Thus this study proposed to compare the potential of the two varieties under Northern and Khartoum states 

condition using three water intervals 

Materials and Methods 

The experiments were conducted in the experimental farm of the Department of Agronomy, College of Agricultural 

Studies, Sudan University of Science and Technology, Shambat, Khartoum, and Agricultural Science College Dongola 

University in Northern state during winter of 2011/12 season. 

Shambat area is suited in the low land of river Nile, at 15
0
 40'N and 32

0
 32' E. The climate is described as tropical semi-

arid.  Annual rainfall ranges 750-800 mm.. Relative humidity ranges between 31-51% during wet season and14-

27%during dry season.  Mean maximum and minimum temperature in Khartoum are 41.7
0
C and 15.3

0
C, respectively. 

The winter season from November to March and is relatively cool and dry. The soil is silty clay loam. Pumping water 

from the river Nile is common, (Sayed 2012). 

Demonstrative farm of Agricultural Science College Dongola University at the eastern bank of the Nile, latitude19
0
-10

-
 N 

longitude 30
0
- 29

- 
 The climate of the area is described as desert which is characterized by high temperature during 

summer and very low during winter ,it ranged between 36.4
0
 c and 18.2

0
 c respectively. Rainfall is very low an average 

of 12.3 mm. The soil is desert type .It is salt affected soil .Irrigation water from river Nile (Elfatih 2004). 

The experiment was laid out in Factorial Randomized Complete Block Design with 3 replications. The main plots were 

varieties and the subplots were water intervals in the two locations. The field was first plowed then, it was leveled and 

divided to plots, plot size was 3x4m.  After testing the germination percentage of the seeds, they were planted with the 

on-row spacing of 30cm at the depth of 4 cm. At the same day, the first irrigation was done. Data were collected from the 

central part of each plot.  Five safflower plants were randomly selected and tagged and used for observations. To measure 

seed yield one meter square of each plot was harvested, the plants were dried in open air. Then, their seeds were separated 

and weighed. Next, seed weight per unit area and per hectare was measured.  Prior to analysis of variance (ANOVA), 

data were subjected for normality and homogeneity of variance test using Shapiro-Wilk-W test and the Levene test, 

respectively. 

The ANOVA directive of SAS package was used to perform the analysis of variance. Mean separation were made by 

Duncan test. Statistical significance was accepted at a level of P < 0.05 (Statgraphics 1985–1989). 

Results and Discussion  

Statistical analysis showed significant difference of location on stem diameter, number of leaves/plant and number of 

branches/ plant .Dongola area and baladi variety achieved   higher number of leaves and thicker stem diameter than 

Shambat area and Geiza varity (Table 1) 
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Table 1: Number of leaves /plant and number of branches/plant as influenced by location and water levels 7, 14 

and 21 day respectively and their interactions of the two varieties of safflower 

  Number of leaves/plant Number of branches/plant 

Varieties Water intervals Dongola Shambat Dongola Shambat 

 7 days 22.6±(1.77)bb 20.2±(1.77)bb 7.17±(1.15)b 4.66±(1.12)b 

Gieza 14 days 22.5±(2.38)bb 22.1±(2.33)bb 6.39±(0.69)b 3.89 ±(0.57)b 

 21days 24.6±(1.17)ba 22.2±(1.71)ba 7.28 ±(1.02)b 4.77 ±(1.01)b 

 7 days 24.6±(1.77)ab 22.2±(1.77)ab 9.37 ±(1.15)a 6.86 ±(1.17)a 

Baladi 14 days 24.5±(2.35)ab 22.1±(2.38)ab 8.59 ±(0.69)a 6.08 ±(0.70)a 

 21days 26.6±(1.17)aa 24.2±(1.17)aa 9.48 ±(1.02)a 6.97 ±(1.07)a 

                                                                            

Data between parentheses are the standard error of the mean .Date followed by different letters is significant at P< 0.01 

(Duncan test). 

Differences between treatments on plant height were not significant in both locations but Geiza variety gave slightly 

taller plants compared to Baladi (Fig .1) 
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Fig1. Effect of location and water intervals on plant height 

Error bars represent the standard error of the means. Bars marked with the same letters are not significantly different at 

P<0.05 (Tukey test). 

According to statistical analysis it was clear that varieties had significant effect on stem diameter in both areas among 

other factors, Baladi variety gained thicker stem diameter (Fig .2). Baladi variety has more branches and a lot of leaves. 

The differences of the interactions between location, water intervals and varieties appeared on number of branches /plant. 

However it was significant. 
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Fig 2: Effect of location and water intervals interaction on stem diameter 

Error bars represent the standard error of the means. Bars marked with the different letters are significantly different at 

P<0.05 (Tukey test). 

Analysis of variance showed significant differences (p=0.01) of water intervals treatment on growth parameters except 

plant height, irrigation every 14day seem to be more suitable.  

There were obvious differences of varieties seed yield in both locations. However Dongola area achieved highest seed 

yield 22540.5 kg and 24000kg / ha compared to 17000 kg and 20000 kg /ha from Geza and Baldi varieties  respectively 

(Table 2) ( Zahra Bitarafan 1995) reported that the   key  point  for  optimizing  safflower productivity is the  choice  of 

appropriate location  .. It was evident that there was no effect of water intervals on seed yield in the two locations. 

Moreover, all treatments displayed significant difference on thousand seed weight and number of seed/ capsules the same 

finding of (Mosallayi   A.A2011) indicated that   high irrigation   regime   intervals   would decrease   the   seed    content 

of   the head, as the least quantity of the head seeds   (Table 2) 

Table 2: F-values for yield and some yield components. 

Number of seeds /capsules Thousand seed weight  Seed yield kg/ha 

 

 

 

 

F value 

 

Mean square 

 

F value 

 

Mean square 

F value Mean square DF Sources 

5.08* 61.36 79.16*** 86.49 0.03* 2.30 1 Location (L) 

73.31*** 910.02 50.93 *** 55.65 0.05* 0.02 1 Varieties (v) 

6.54* 79.08 34.86** 38.09 1.36 0.62 2 Water intervals(W) 

0.28 3.36 0.00 0.00 0.08 0. 03 1 L  Х  V 

0.21 2.52 49.28*** 53.84 0.07 0.03 2 L  Х  W 

3.08 37.19 6.49** 7.08 1.07 0.49 2 V Х  W 

0.98 0.19 0.00 0.00 0.08 0.03 2 L Х V Х W 

 

   *=P<0.05;**=P<0.01;***=p<0.001 

L= Location, V= Varieties and W= Water interval.  
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The general trend is there a negative correlation between number of seeds /capsoules , plant  population and stem 

diameter  also between seed yield , plant  population and stem diameter . All other growth parameters  were  positively 

correlated Moreover there was positive relationship of seed yield with number of seed /capsouls ,this in agreement to 

(Steer and Harrigan 1986) reported that the number of capitulums  per  plant  and  the  number  of  filled  seeds  per  plant  

in  safflower  were  linearly  correlated  with  each  other. (Table3)  

 

Table 3: Spearman correlation between growth parameters and yield components 

 Plant population Plant height Stem diameter Seed/cap Yield kg/ha 

Plant population 1.000     

Plant height 0.259 1.000    

Stem diameter 0.388* 0.509** 1.000   

Seed/cap -0.011 0.102 -0.076 1.000  

Yield kg/ha -0.041 0.563** 

 

 

 

 

 

 

 

 

 

88 

-0.486** 0.154 

 

1.000 

 

*=P<0.05;**=P<0.01;***=p<0.001 

Conclusions  

In summary, it is concluded that Geiza is a promising variety and northern state is more suitable for growing safflower 

than other areas in Sudan. Water supply is necessary to increase grain yield in safflower.  Number of seeds /capsule was 

negatively correlated with plant population in safflower. Drought stress can severely reduce the grain of   safflower, but 

moderate drought stress had no significant effects on these traits.   Although  safflower  is  an  important  oil  seed  crop  

well  adapted  to  drought stress, further investigations are required to determine agronomic    treatments of this crop. 
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