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ABSTRACT 
 

One of the main problems of safflower cultivation in Sudan is the lack of 

information dealing with its production, mainly cultural practices. The 

present work was carried out, to investigate the effect of time of nitrogen 

application (TNA) on growth and yield of safflower under irrigation 

conditions of South Omdurman region, Sudan. The study was conducted 

in two consecutive winter seasons (2009/2010 and 2010/2011) at the 

Demonstration Farm of the Faculty of Agriculture – Omdurman Islamic 

University, Alfitaihab, Sudan. Four TNA were used, namely, at sowing 

(T1), and then after 15, 30 and 45 days from sowing (denoted as T2, T3 

and T4, respectively). The time of nitrogen application was randomly 

assigned in a randomized complete block design with three replicates. 

The growth parameters studied include: plant height, number of 

leaves/plant, plant fresh and dry weight. The first three parameters were 

taken 8 weeks after sowing. Yield and yield components studied were: 

days to start and to 50% flowering, disc weight/plant, number of 

seeds/plant, 100-seed weight, seed weight /disc, seed weight /plant and 
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seed yield/unit area. The findings of the study indicated that, TNA 

significantly affected number of leaves/plant and plant fresh weight 

during 2010, whereas plant height, plant dry weight and days to start and 

to 50% flowering were not significantly affected by time of N 

application. Application of N 45 days from sowing (T4) resulted in a 

significantly lower number of leaves/plant as compared to T1, T2 and T3 

treatments. On the other hand, both T1 and T4 during the 1
st
 season gave 

significantly higher plant fresh weight than T2 and T3. 

 
Keyword: Nitrogen; Application time; Growth; Yield and Yield components; 

Safflower 

 2051 Omdurman Islamic University, All rights reserved 

 

 

1. INTRODUCTION 

Safflower (Carthamus tinctorius L.) Usfur or Gurtum in Arabic is 

belongs to the family Composite /Asteraceae. It is an annual crop, with 

strong tap root and broad leaf with spiny edge. The crop is cultivated for 

different purposes, especially the compositional contents of seed such as 

oil, fabric dyes, food coloring, medicinal and industrial purposes (Katole 

and Meena, 1988; Cho and Hahn, 2000; Zarei et al., 2011; Abd El- 

Mohsen, and Mahmoud 2013; Eryiğit et al., 2014). Currently safflower is 

cultivated mainly for its edible oil. Safflower is known to be well adapted 

to irrigated cropping system, dry land and resistant to salinity (Rohini, 

and Sankara, 2000; Bassil and Kaffka, 2000; Eslam  et al., 2010; Khalil 

et al., 2011). 

The beginning of Safflower evaluation in USA started in 1925 and the 

commercial production did not begin until the 1950s (Jaradat and Shahid, 

2006). In Sudan, commercial interest of safflower cultivation started in 

the early 1950S, but the lack of information associated with its cultural 

practices during both the vegetative and reproductive development in 

addition to its competition of winter crops led to rule out the extension of 
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the crop as oil crop (khider, 1981). Nur (1976) observed that yield of 

safflower was significantly increased by application of three levels of N 

fertilizer and the higher level (84.6 Kg N/ha) significantly exceeded the 

control by 100%. The growth and yield of safflower are influenced by 

many biotic and a biotic factors, such as genotype, climatic factors, soil 

factors and agronomic practices (Singh and Singh, 1984; Dalip et al., 

1994; Kolsarici and Güney, 2002; Olsarıcı et al., 2005; Dordas and 

Sioulas, 2008 and Omidi and Sharifmogadas, 2010). Application of 

fertilizer especially N element is the most important factor which 

determine safflower yield because of its multidimensional aspect on the 

growth, development and cell differentiation. Safflower like many other 

crops has highest need for N than other nutritional elements due to its 

role in vegetative and generative development (Nur, 1976; Bitarafan et 

al., 2011; Morvarid et al., 2012; Mohamed et al., 2012). Management of 

crop nutrients, especially method and optimum time of application is one 

of the critical inputs for good growth and high yield (Mündel et al., 2004; 

Siddiqui and Oad, 2006; Rajesh, and Amitesh, 2013). However, the 

objective of this study; was to evaluate effect of time of nitrogen 

application (TNA) on the growth and yield performance of safflower.  

 
2. MATERIALS AND METHODS 
 

A field experiments were conducted during two consecutive winter 

seasons (2009/2010 and 2010/2011) at the Demonstration Farm of the 

Faculty of Agriculture - Omdurman Islamic University - Sudan at El-

Fetehab, latitude 15
⁰ 

34 N, Longitude 32
⁰ 

34 E and altitude of about 

393m above sea level. The soils of the experimental site as described by 

Hassan and Fadual (2007) suffer from low depth and fertility, with pH 

ranging between 7.0 - 7.5. The treatments were one level of N in form of 

urea 46% applied at four different periods during plant life, namely, at 

sowing (T1), and then after 15, 30 and 45 days from sowing (denoted as 
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T2, T3 and T4, respectively). The experiment was set in a randomized 

complete block design (RCBD) with three replicates. 
 

The Field Experiments 

Before establishment of plots, the soil of the experimental site was first 

disc ploughed, leveled and then ridged. The experimental unit was a plot 

of 12 m
2
 (3X4m) and the treatments were assigned randomly to plots. 

Before the 1
st
 irrigation, a common dose of 50 kg P2O5 (H2PO4 48%) was 

applied. Four seeds/hole of spine safflower, variety (Giza) were sown 

manually on the top of the ridges (70 cm in width and 20 cm plant 

spacing). Sowing date was at mid-November for both seasons. The seeds 

were obtained from the Department of Agronomy, Faculty of Agriculture 

– Sudan University of Sciences and Technology - Shambat, Khartoum 

state, Sudan. Plants were irrigated weekly, and thinned to 1 – 2 

plants/hole and also re-sowing of the missing holes at the 3
rd

 irrigation. 

Weeding was done manually immediately before the 3
rd

, 5
th

 and 7
th

 

irrigations. Moreover, Cyper Methrin 25% E.D. insecticide was applied 

for controlling of white fly. 
 

Plant Measurements 

After 8 weeks from sowing, plant height, number of leaves/plant, plant 

fresh and dry weight were taken from the mean of five randomly selected 

plants for each treatment, whereas days to start of flowering and to 50% 

flowering were taken. At plant maturity and from the five selected plants 

for vegetative growth parameters, the following were measured as yield 

components parameters: disc weight/plant, number of seeds/disc, 100 - 

Seed Weight, seed weight/ disc and seed weight/Plant. Seeds from an 

area of 4.2 m
2
 were harvested for each treatment in each plot and 

weighed in grams and then seed yield/fed was calculated as follows: 
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Statistical Analysis  

Data were analyzed using Analysis of Variance (ANOVA) according to 

Gomez and Gomez (1984). 
 

3. RESULTS AND DISCUSSION 

Growth attributes, which include plant height, number of leaves/plant and 

plant fresh and dry weight were presented in table1.Whereas, yield and 

yield components (days to start and to 50% flowering, disc weight/plant, 

number of seeds/disc, 100-seed weight, seed weight/disc, seed weight/ 

plant and seed yield/unit area were presented in table 2 and table3.  
 
 

Plant Height (cm) 

Table1 showed that, plant height of safflower in both seasons was not 

significantly affected by time of nitrogen application (TNA) and its value 

ranged between 15.70 cm for T3 and 22.90 cm for T1 in the 1
st
 season 

and between 31.06 cm for T4 and 58.6 cm for T1 in the 2
nd

 season. As 

shown in the table that T1 in both seasons resulted in significantly higher 

mean of plant height. This result may indicate the effect of early N 

application on this parameter (although insignificant) and it was in line 

with Precious et al., 2015 finding. 

 
Table 1. Growth attributes of safflower as affected by time of nitrogen application 

during winter of 2010-2011 seasons 

Treatments 
Plant height 

(cm) 

Number of 

leaves/ plant 

Plant fresh 

weight (g) 

Plant dry weight 

(g) 

Years 2010 2011 2010 2011 2010 2011 2010 2011 

T1 22.90 58.60 19.00 40.00 57.00 45.53 14.94 11.93 

T2 16.50 51.60 18.00 42.00 43.00 66.96 11.60 18.06 

T3 15.70 45.60 20.00 39.00 48.00 45.30 09.25 08.73 

T4 20.80 31.06 15.00 30.00 55.00 44.06 09.99 08.00 

L.S.D 23.83 31.97 02.93 15.02 05.17 52.78 01.33 10.89 

Error d.f 6 6 6 6 6 6 6 6 
F - value 0.27 01.22 05.17 01.36 0.01 00.52 0.04 02.12 

C.V% 63.02 34.26 08.15 19.90 05.10 52.28 05.80 46.66 
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Number of Leaves/ Plant 

Number of leaves/ plant as shown in table1 was significantly different 

between treatments in the first season, but not in the second season. In 

the first season, T1, T2 and T3 treatments recorded significantly higher 

number of leaves/ plant (19.00, 18.00 and 20.00, resp.) thanT4 (15.00), 

with an increase estimate of about 26.7%, 20.0% and 33.3%, 

respectively. Effect of early N application on number of nodes and 

branches may be behind the reason of significantly higher mean of 

number of leaves/ plant associated with these treatments as compared to 

T4 treatment (late application).  

 

Plant Fresh and Dry Weight (g)  

Statistical analysis revealed that, TNA significantly affected fresh weight 

of plant in the first season Whereas this parameter in the 2
nd

 season as 

well as plant dry weight in both seasons were not significantly affected 

by treatments as shown in table1. The significantly higher plant fresh 

weight (57.00 gm), which was obtained by T1 as compared to T2 and T3 

(43.00 and 48.00 gm, resp.) may be attributed to the effect of early N 

application on plant height and to some extent number of leaves and leaf 

area as well as the number of branches/plant.  

Early N application (T1) although did not significantly increase plant dry 

weight during the 1
st
 season, but it was reported to be the highest value of 

this parameter (14.94gm) as compared to other treatments, which may 

indicate the relationship between plant fresh and dry weight. This 

observation also could be observed for T2 during the 2
nd

 season, where it 

was reported the highest plant fresh and dry weight, but with no 

significant difference (Table1). 

 

Days to Start and to 50% Flowering 

These parameters were not significantly affected by TNA in both 

seasons, but as shown in Table 2 that days to start of flowering was 

slightly reduced in T2 in both seasons, Whereas days to 50% flowering 
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for both seasons was slightly shortened in T1 than all other treatments, 

except T2 during the 2
nd

 season. Many studies indicated that days to start 

and to 50% flowering are genetically controlled rather than 

environmentally controlled (Jaradat, and Shahid, 2006; Omidi, and 

Sharifmogadas, 2010). 
 

Number of Seeds/ disc 

 Number of seeds/disc in the present study was not significantly affected 

by TNA in both seasons, and it ranged between 17.00 and 43.00 

seeds/disc for T2 in the 1
st
 and 2

nd
 seasons, respectively and 12.00 

seeds/disc for T4 in the 1
st
 season and 29.00 seeds/disc for T3 in the 2

nd
 

season. It was clear that application of N, 15 days after sowing (T2) had 

better result regarding this parameter as compared to all other treatments, 

which could be attributed to the believe that application of N at this stage 

may encourage the seedling growth and hence the plant vegetative 

growth particularly during the 2
nd

 season, as has been noticed previously 

in plant fresh and dry weight, which was finally reflected on this 

parameter.   
 

 

Disc Weight/plant (g) 

Disc weight may be used as indicator of seed size and seed yield/plant. In 

the present study, this parameter showed no significant differences 

between treatments in both seasons ( Table 2), but as shown in table2 that 

the heavy weight in both seasons was associated with T1 treatment 

(21.10 and 49.10 gm/disc, respectively). As shown previously, T1 

treatment showed good performance in respect to vegetative growth, 

which may be reflected on this parameters and other yield component 

parameters, which in turn is a manifestation of a proportional relationship 

between plant dry weight and yield components. 
 

 

Seed Weight/disc (g) 

Seed weight/disc was not significantly affected by TNA in both seasons 

and the value of this parameter ranged between 0.33 - 0.57 gm for the 1
st
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season obtained by T1and T3, respectively and 2.37- 2.64gm for the 2
nd

 

season recorded under T4, and T1, respectively. The result of the 2
nd

 

season indicates direct proportion between disc weight and seed 

weight/disc regarding the performance of T1 (Table 3).  
 

 

Table 2. Effect of Time of Nitrogen Application (TNA) on Some Yield Components 

of Safflower during winter of  2010-2011 Seasons 

Treatments 
Days to start of 

flowering 

Days to 50% 

flowering 

Number of seeds/ 

Disc 

Disc weigh/plant 

(g) 

Year 2010 2011 2010 2011 2010 2011 2010 2011 

T1 76.00 93.00 84.00 99.00 09.00 34.00 21.10 49.10 

T2 74.00 89.00 85.00 99.00 17.00 43.00 15.27 41.74 

T3 77.00 93.00 86.00 100.0 13.00 29.00 14.90 36.00 

T4 75.00 93.00 87.00 103.0 12.00 41.00 16.20 36.30 

L.S.D 04.16 19.20 06.52 07.18 10.90 13.54 34.29 27.60 

Error d.f 6 6 6 6 6 6 6 6 

F-value 00.77 03.17 00.34 00.72 00.97 00.13 03.96 00.59 

C.V% 02.76 02.00 03.82 03.58 42.74 18.42 101.64 33.83 
 

 

100- Seed Weight (g) 

Table3 showed that in both seasons, 100-seed weight was significantly 

affected by TNA treatments, and that T1 and T2 in 2010 had a 

significantly higher mean of this parameter (04.40 gm for each) than T3 

and T4 (03.70 and 03.40 gm, resp.), Whereas in 2011 T1 significantly 

exceeded other treatments for this parameter (04.07 gm), Previous 

justification dealing with the effect of T1 and T2 on vegetative growth 

and hence number of seeds and disc weight may be valid for justifying 

this parameter.  
 

 

Seed Weight/Plant (g) 

No significant differences were observed for seed weight/plant due to 

TNA treatments (Table 3). This parameter in the 1
st
 season was higher in 

T3 (21.30 gm) as compared to T1 (16.50 gm), T2 (08.87 gm) and T4 

(14.27 gm) by about 28.5%, 138.2% and 48.3%, respectively, while 

during the 2
nd

 season T1 achieved insignificantly higher mean of 22.74 

gm corresponding to 17.87, 19.14 and 15.87 gm for T2, T3 and T4, 
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respectively, with an increase estimated by about 26.8%, 18.9% and 

42.8%, respectively. The insignificantly higher value of seed weight 

/plant observed during the 1
st
 season associated with T1 may be due to 

the positive effect of this treatment on seed size and weight. On the other 

hand, the higher seed weight/plant reported under T3 may reflect the 

impact of seed weight/disc as determining factor of seed weight/plant. 

 

Seed Yield (kg/fed.) 

Safflower yield was significantly affected by treatments in both seasons 

(table 3). Both treatments T1 and T2 in the first season, achieved the 

highest yield (483.00 and 449.91kg/ Fed., resp.), whereas T4 recorded 

the lowest yield (375.70 kg/ Fed.). In the second season, treatments T1, 

T3 andT4 achieved higher mean yield/unit area (619.50, 682.79 and 

563.79 kg/ Fed.) respectively than T2 (393.38 Kg/fed.) with an increase 

estimated by about 57.5%, 73.6% and 43.3%, respectively. The good 

performance of T1 and T3 regarding the vegetative attributes as well as 

yield components may be behind their higher yield/unit area. 

  

Table 3. Effect of Nitrogen Application Time (NAT) on Seed Weight (g)/ Disc, 100- 

Seed Weight (g), Seed Weight (g)/ Plant and Yield of Seed (kg)/ fed of Safflower 

Treatments 
Seed 

weight/disc (g) 

100- Seed 

Weight (g) 

Seed Weight/ 

Plant (g) 
Seed Yield (kg/fed.) 

Years 2010 2011 2010 2011 2010 2011 2010 2011 

T1 0.33 02.64 04.40 04.07a 16.50 22.74 483.00 619.50 

T2 0.35 02.64 04.40 03.05b 08.87 17.87 449.91 393.38 

T3 0.57 02.50 03.70 03.43b 21.30 19.14 442.52 682.79 

T4 0.37 02.37 03.40 03.53a 14.27 15.87 375.70 563.79 

L.S.D 0.53 01.55 00.56 00.60 15.09 13.87 67.51 163.66 

Error d.f 6 6 6 6 6 6 6 6 

F-value 01.00 00.13 03.51 08.33 1.41 00.52 5.33 0.69 

C.V% 65.33 30.50 06.98 08.02 49.50 36.66 07.71 14.48 
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4. CONCLUSION 

Based on the findings of the present study it could be concluded that: 

1. Early nitrogen application for safflower plants (either at sowing or two 

weeks after sowing) resulted in good performance for most vegetative 

growth parameters and yield components. 

2. The highest value of coefficient of variation (CV) observed in most 

studied parameters may indicate the heterogeneity of the experimental 

units. This factor beside the small number of replications (degree of 

freedom error is less than10) may be behind the absence of significant 

effect of treatments for the most parameters even in the presence of great 

differences between them.  

3. It was observed that the value of coefficient of variation (CV) for most 

studied parameters was higher, which may be due to soil variability 

where experiment was conducted. It was observed that there was a 

variation between selected plant sampling within each treatment 

regarding these attributes although all cultural practices for the studied 

genotype in each experimental unit was done as the same manner 

4. More investigations on the effect of time of N application on growth 

and yield of safflower in different aspects are recommended.  
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 المستخلص
وبالأخص العسميات  نتاجوإب ةالقخطم في الدهدان ىه نقص السعمهمات السختبطحج السذاكل الخئيدية لدراعة أ

الفلاحية. ىحا البحث ييجف إلى دراسة أثخ مهاعيج إضافة الدساد الشيتخوجيشي عمي نسه وإنتاجية محرهل القخطم 
- 2002/2010) جخيت تجخبة حقمية لسهسسين شتهيين متتاليينأ  تحت ظخوف مشطقة جشهب أم درمان. 

الدهدان.  جامعة أم درمان الإسلامية )الفتيحاب(، –بسدرعة كمية الدراعة م( بالحقل الإيزاحي 2010/2011
يهم من  45 ،30 ،15( وبعج T1السعاملات تسثمت في أربعة مهاعيج إضافة لمدساد وىي الإضافة مع الدراعة ) 

القطاعات العذهائية الكاممة  السدتخجم في الجراسة ىه ترسيم ترسيمال (عمي التهالي. T2،T3،T4 الدراعة وىي )
عجد  ،رست ىي طهل الشبات. معاييخ الشسه الخزخي التي د  إحرائيا   مكخرات لتشفيح التجخبة وتحميل بياناتيا بثلاثة

ات الإنتاجية مؤشخ  لثسانية أسابيع متتالية من الدراعة. ىحه السؤشخاتأ خحت  ،الهزن الخطب والجاف لمشبات ،الأوراق
 100وزن الـ  ،عجد البحور في الشبات ،وزن القخص/الشبات ،% ازىار50ومكهناتيا كانت تاريخ ظيهر أول زىخة و

وزن البحور في الشبات وإنتاجية البحور لهحجة السداحة. أوضحت الشتائج أن مهاعيج إضافة  ،وزن البحور/القخص ،بحرة
في  ،م2011 -2010لأوراق في الشبات والهزن الخطب لمشبات في مهسم الدساد الشيتخوجيشي أتخث معشهيا  لعجد ا

% أزىار لم تتأثخ بسهاعيج إضافة الدساد 50تاريخ ظيهر أول زىخة و ،الهزن الجاف لمشبات ،حين أن طهل الشبات
لعجد  يهم من الدراعة أوضحت الشتائج أنو أقل متهسط بالشدبة 45الشيتخوجيشي. إضافة الدساد الشيتخوجيشي بعج 

لشفذ السهسم حققت أعمي  T4وT1ومن ناحية أخخي فإن السعاملات  ،T1،T2T3الأوراق مقارنة بالسعاملات 
  .T3و T2متهسط بالشدبة لمهزن الخطب لمشبات مقارنة بالسعاملات 
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