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A field experiment was carried out during two consecutive rainy seasons (2008 and 2009) at Gedarif 
University Research Farm. The objective was to assess the effect of two seedbed preparation methods, 
five nitrogen fertilizer rates and their interactions on the performance of a sunflower (Helianthy annuus 
L.) hybrid (Hysun-33). The seedbed preparation methods were; conventional plowing (7 cm deep) using 
wide level disk and un-plowing. Nitrogen fertilizer in form of urea (46% N) was applied at rates of 0, 47.6, 
95.2, 142.8 and 190.4 kg urea/ha. The experiment was arranged in a randomized complete block design 
in factorial arrangement with four replications. The urea was applied four weeks after crop emergence. 
Preparing the seedbed by the wide level disk accelerate the emergence and flowering of sunflower crop 
compared to un-plowed. Plowing seedbed had significantly and positively affected the sunflower 
attributes and significantly (P > 0.001) out yielded the un-plowed seedbed by 22%. But no significant 
difference in soil moisture content between seedbed preparation methods. Neither urea application nor 
its interactions with seedbed preparation methods had an effect on all growth attributes and grain yield 
of sunflower. It can be concluded that good seedbed preparation is necessary for improving sunflower 
production whereas the effect of urea application is minor for improving the yield of the crop under 
rain- fed conditions. 
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INTRODUCTION  
 
Sunflower (Helianthy annuus L.) is one of the major 
sources of vegetable oil, and it is also important for 
feeding livestock and poultry. In the Sudan it can be 
grown throughout the year, and its potential in the 
irrigated and rainfed sectors of the central clay plains is 
being recognized. Commercial production of sunflower in 
Sudan began since 1987 in Southern Blue Nile Province 
as a rain fed crop (Ishag, 1988). The importance and the 
relative advantages of sunflower crop convinced 
stakeholders to introduce it in many areas in the Sudan 
under  different  farming  system  and  environmental  
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conditions. The inadequate information about the 
husbandry of this crop, the instability of input costs and 
crop value as well as climate variability were the main 
constrains facing its production in rain fed areas. 
Seedbed preparation and nitrogen containing fertilizer 
application are believed to be the two major factors 
contribute to yield improvement. It is well known that 
sunflower had a tab deep root system, thus plowing may 
enhance root development and flourish crop growth.  

Seedbed preparation is the practice of modifying the 
state of the soil to provide favorable conditions for crop 
growth (Culpin, 1986). The main objectives of seedbed 
preparation in rain fed areas are soil moisture 
conservation and weed control. El-Awad (2009), reported 
that a lot of research work on seedbed preparation has  
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been carried out in irrigated and rain fed sectors in the 
Central Clay Plain of the Sudan, with the use of different 
implements and land preparation systems. The results 
revealed that no significant differences in yields of all field 
crops studied. Generally, pre-seeding tillage operations 
can contribute in improving the infiltration characteristics 
of the soil (Saeed and Eissa, 2002). Farmers in rain fed 
areas preferred to produce crops with minimum cost. 
Yousif et al, (2009) mentioned that zero tillage coupled 
with high rainfall is promising and justifiable for increasing 
the yield in rain-fed areas.  

No-till system (un-plowed or direct seeding) implies 
that: no use of tillage implements for establishing a 
seedbed. Crops are simply planted into the previous 
year’s crop residue via special planters. Untilled soil also 
has its merits to develop large cracks which facilitate 
deep penetration of early shower into the soil. But it has 
been criticized for a heavy reliance on chemical 
herbicides for weed control.  

Several studies showed the positive response of 
Sunflower to fertilization under irrigation in the central 
clay plains of the Sudan (Hasan and Mukhtar, 2000; Ali, 
2000; Mohamed et al., 2003; Khashmelmous, 2004) and 
rain fed conditions (Khalifa, 1980; Elhassan et al., 2006). 
However, nitrogen fertilizer application in rain-fed areas 
was avoided due to volatilization that occurring during 
few showers or absence of water. Few researches 
dealing with the effect of seedbed preparation and 
nitrogen fertilizer application were carried out in the rain 
fed areas. Therefore, the objective of this study is to 
investigate the effect of seedbed preparation method, 
nitrogen fertilizer doses and their interaction on the 
performance of a sunflower hybrid under rain-fed 
conditions.  
 
 

MATERIALS AND METHODS 
 

Experimental site 
 

The experiment was carried out for two consecutive rainy 
seasons (2008 and 2009) at Gedarif University Research 
Farm; which is located in a semi-arid zone. The soil is 
heavy clay soil (65%), alkaline (PH = 7.8), with lower 
values of organic matter content (0.663%) and Nitrogen 
content (0.79%). Rainfall is always in summer and most 
of it occurs within June to October. The rainfall 
distribution is erratic within the year and vary from year to 
year. The long term average annual rainfall was between 
400 to 500 mm. The amounts of rain and rainy days 
during both seasons were recorded from rain gauge 
existing at the experimental site (Table 1). The site in the 
previous seasons was cropped by sorghum and tilted by 
wide level disk. 
 
 

Tested treatments and procedure  
 
The experiment consisted of seedbed preparation 
methods  and  nitrogen  fertilizer  doses. The  seedbed 

 
 
 
 
preparation methods were: 
 
1. Plowed: by wide level disk, the conventional machine 
in the area, it is a trailed implement having 24 disks with 
seeder box and 3.75 m operating width. In both seasons, 
the plowing operation (7 cm deep) was carried in the first 
week of July.  
2. Zero tillage: the experimental plots were directly 
seeded without any tillage. 

Nitrogen fertilizer in form of urea (46% N) was applied 
at 0, 47.6, 95.2, 142.8 and 190.4 kg urea/ha. The urea 
was manually side dressed four weeks after crop 
emergence.  The Nitrogen fertilizers doses were 
arranged in a randomized complete block design in a 
factorial arrangement with four replications. Plot size was 
6.4 ×12 m (8 rows ×12 m).  

The experimental area was sown by a sunflower Hybrid 
(Hysun-33) with the use of a row crop planter equipped 
with double disk furrow openers and 80 cm inter-row 
spacing. The planter was adjusted to give the optimum 
plant density (5 plants/ m

2
). Sowing dates were on 29 and 

20 of July for the first and the second seasons, 
respectively. The experimental plots were kept weed free 
during the course of the experiment. 
 
 

Data collection and statistical analysis 
 
Observation on the date of 50% emergence was reported 
for both seasons. Auger samples were taken to 
determine soil moisture content at 0  to 20 cm depth 45 
days after crop emergence. Using the method described 
by Michael (1978) as follows: 
 

M% =      (Ww – Wd) X100

      Wd  
 
Where: 
 

M = soil moisture content (%), Ww = wet soil weight (g) 
and Wd = dry soil weight (g).  

Days to 50% flowering were recorded when 50% of the 
plants reach blooming for each plot. At harvest five 
random samples, each was of 1.25 m length, were taken 
from the four inner rows in each plot, from which mean 
plant height, number of heads and grain yield (g/m

2
) were 

determined. Beside that head diameter, empty seeds % 
and 1000 seeds weight were determined form five 
randomly selected heads from the middle of each plot. 
The collected data was statistically analyzed using M-Stat 
soft ware program.   
 
 

RESULTS AND DISCUSSION 
 

Effect of seedbed preparation  
 
The effect of seedbed preparation methods on sunflower 
crop emergence for the two seasons is shown in Figure 
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Table 1. Monthly rainfall (mm) and rainy days at the experimental site, two seasons. 
 

Seasons June July August September October Total 

Season 2008       

Rain (mm) 67.3 88.5 168.8 65.3 0 389.9 

Rainy days 6 9 12 6 0 33 

Season 2009       

Rain (mm) 25.1 179.7 116.5 188 0 509.3 

Rainy days 3 12 14 3 0 32 

 
 
 

0

2

4

6

8

season 2008 season 2009

D
a

y
s 

to
 5

0
%

 e
m

er
g

en
ce

plowed unplowed  
 
Figure 1. Effect of seedbed preparation methods on days to 50% crop emergence. 

 
 
 
1. Good seed bed preparation accelerated emergency of 
the seedlings by two days compared to the zero 
tillage.This result could be attributed to the fact that, 
plowing the soil enhance the water penetration deeper in 
the soi, improve soil water holding capacity and facilitate 
the seedlings and the newly developed embryos to 
emerge. 

The results of soil moisture content showed no 
significant difference between the two seedbed 
preparation methods (Table 2). Similar result was 
obtained by Yousif et al. (2009). This may due to the 
shrinking and swelling characteristics of heavy clay soils 
of the studied area, this phenomenon equalizes the 
effects of seedbed preparation methods (El-Awad, 2009).  

The effect of seedbed preparation methods on crop 
performance and yield parameters are presented in Table 
3. Plowing by wide level disk resulted in highly 
significantly (P > 0.001) earlier flowering, lower empty 
seeds % and higher seed yield; and significantly (P > 
0.05) larger head diameter and higher seeds weight than 
unplowed. Plowing the soil out yielded the un-plowed one 
by   22%.   No   significant   difference   between  

 
 
 
seedbed preparation methods in plant height. These 
results indicated the superiority of plowing over un-
plowing on sunflower crop performance and yield, and 
could be due to the positive effect of plowing on root 
development and ventilation of the soil, hence vigorous 
crop development and high yield was obtained. 
 
Effect of urea dose  
 
Table 3 shows the effect of Nitrogen fertilizer rates on 
sunflower attributes and yield. Results revealed that 
applying urea had no significant effect on days to 50% 
flowering, plant height, head diameter, 1000 seeds 
weight and seed yield compared to not applying urea. 
Similar findings were reported by Adam (1987, 1988). 
Many growers believe that sunflower do not require as 
much applied fertilizer as cereal crops, because 
sunflower has an extensive root system which may help 
in utilizing residual soil nutrients. However, the obtained 
results are in contrast with those of Daffalla et al. (2006) 
and Elhassan (2006) who found that seed yield increased 
with   an   increase   in   nitrogen   rate.  Only  significant  
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Table 2. Results of the statistical analysis (ANOVA) for the soil moisture content, combined over two 
seasons (2008 and 2009). 
 

Source of variation df Mean square F value Probability ± S E 

Seasons 1 62.66 0.0302 - 7.2036 

Replications (R)  6 1935.64 0.9325 - 14.4073 

Seedbed preparation (A) 1 1778.50 0.5868 - 7.2036 

R ×A 1 2851.27 0.3737 0.2463 10.1875 

Nitrogen levels (B) 4 2015.75 0.9711 - 11.3899 

B ×R 4 1976.92 0.9524 - 16.1078 

A ×B 4 1914.12 0.9222 - 16.1078 

R ×A ×B 4 2072.11 0.9983 - 22.7799 

Error  54 2075.69 - - - 

Total 79 - - - - 

 
 
 

Table 3. Effect of seedbed preparation methods on days to 50% flowering (DTF), plant 
height (PH), head diameter (HD), empty seeds% (ESP), 1000 seed weight (1000 SW) and 
seed yield/m

2
 (SY) as average values for the two seasons. 

 

 DTF PH (cm) HD (cm) ESP (%) 1000 SW (g) SY (g/m
2
) 

Plowed 59.48 137.98 14.91 19.92 47.54 241.23 

Non-plowed 61.40 140.63 14.13 26.23 44.32 198.36 

Significant level *** N. S. * *** * *** 

Mean 60.44 139.3 14.52 23.07 45.93 219.80 

S. E. (±) 0.38 1.48 0.2121 1.14 0.89 8.075 

C.V. (%)  4.01 6.73 9.24 31.19 12.25 23.24 
 

* = significant at 0.05 probability level; *** = significant at 0.001 probability level; N. S. = Not 
significant. 

 
 
 
Table 4. Effect of nitrogen fertilizer on days to 50% flowering (DTF), plant height (PH), head diameter (HD), empty seeds% (ESP), 1000 seed 

weight(1000 SW) and seed yield (SY) as average values for the two seasons. 
 

Urea level, kg/ha DTF PH (cm) HD (cm) ESP 1000 SW(g) SY(g/m
2
) 

0  60.19 143.63 14.69 26.13 45.76 210.75 

47.6 61.50 138.38 14.21 20.39 46.94 226.26 

95.2 59.90 139.94 14.51 26.18 45.10 207.58 

142.8 61.25 134.69 14.61 19.99 46.91 243.54 

190.4 59.38 139.88 14.60 22.68 44.94 210.85 

Significant level N. S. N. S. N. S. * N. S. N. S. 

Mean 60.45 139.3 14.52 23.07 45.93 219.80 

C.V. (%) 4.01 6.73 9.24 31.19 12.25 23.24 

S. E. 0.61 2.34 0.36 1.80 1.41 12.77 
 

* = significant at 0.05 probability level; N. S = Not significant. 
 
 
 

difference (P > 0.05) was observed for empty seeds % 
due to addition of Nitrogen fertilizer. The empty seed % 
did not follow a consistent trend with fertilizer rate. 
Generally, nitrogen fertilizer had no evident effect on 
sunflower crop attributes and seed yield components. 
These results may suggest more study on the effect of 
the  time (date) and  methods  of  applying  fertilizer  to 

sunflower in the rain fed areas.  
 
 
Interactive effect of seedbed preparation method and 
nitrogen fertilizers  
 
The interactions between seedbed preparation methods 
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Table 5. Interactions between seedbed preparation methods and Nitrogen fertilizer levels on some attributes of sunflower 
crop and seed yield, two seasons. 
 

Seedbed preparation methods  
Nitrogen fertilizer rates (kg urea/ha) 

0 47.6 95.2 142.8 190.4 

 Days to 50% flowering (S.E. = ± 0.86) N. S      

Plowed 59.5 60.8 58.9 60.1 58.1 

Non-plowed 60.9 62.3 60.9 62.4 60.6 

Plant height (cm), (S.E. = ± 3.32) N.S      

Plowed 143.6 136.4 136.6 133.4 139.9 

Non-plowed 143.6 140.4 143.3 136.0 139.9 

Head diameter (cm), (S.E. = ± 0.47 ) N.S      

Plowed 14.9 14.6 14.6 15.0 15.4 

Non-plowed 14.5 13.8 14.4 14.2 13.8 

Empty seed (%), (S.E. = ± 2.55 )      

Plowed 22.3 20.3 21.0 17.5 18.7 

Non-plowed 23.0 20.6 31.3 22.5 26.7 

1000 seeds weight (g), (S.E. = ± 1.99) N.S      

Plowed 47.7 48.5 46.2 47.6 47.8 

Non-plowed 43.8 45.4 44.0 46.3 42.1 

Seed yield (g/m
2
), (S.E. = ± 18.06 ) N.S      

Plowed 228.0 228.9 227.1 259.7 262.5 

Non-plowed 193.5 223.7 188.1 227.4 159.2 
 

N. S = Not significant. 
 
 
 

and Nitrogen fertilizer rates showed no significant 
differences for all attributes and yield of the crop (Table 4 
and 5). In this study nitrogen in form of urea showed no 
significant effect for all parameters under study except for 
the empty seed percentage and therefore insignificant 
interaction of the nitrogen fertlizers with seedbed 
preparation methods. This could be attributed to 
unsuitable time of urea application.  

Tenebe et al.1996 reported that the addition of 100 kg 
N/ ha gave highest yield for the crop under irrigation. 
However, this experiment was carried out under rain-fed 
conditions and the effect of the urea application was not 
detected probably due to inconsistency of rain-fall with 
time of urea application and thus the fertilizers was lost 
through volatilization of the nitrogen. 
 
 
Conclusions  
 
From the results of this study, the following conclusions 
could be drawn: 
 
1. Good seedbed preparation by plowing the soil is 
necessary for improving the yield of sunflower under rain- 
fed conditions. 
2. Neither Nitrogen fertilizer, in form of urea, nor its 
interaction with plowing had significant effect on 
improving the yield of the crop.  
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