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Effect of Irrigation Intervals and Inter- row Spacing on Yield, Yields Components and
Water Use Efficiency of Sunflower(Helianthus annuus L)
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Abstract: A field experiment was conducted during two successive seasons (1990/1991and 1991/1992)
to investigate the effect of irrigation intervals (7, 14 and 21 days) and inter-row spacing of 15 and 30cm
on yield, yields components and water use efficiency of two sunflower (Helianthus annuus L) hybrids,
namely: sunwheat 101 and seed tech 1224, The results revealed that the irrigation interval of 7 days
significantly improved seed yield (t/ha), oil content and oil yield (t/ha). Inter-row spacing and hybrids had
no significant effect on yield and oil content. The highest value of water use efficiency was obtained by
applying irrigation every 7 days.
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INTRODUCTION

Sunflower (Helianthus annuus L.) is one of the
most important oil crops in the world, because it offers
advantages in crop rotation systems, such as high
adoption capability, suitability to mechanization and
low labor needs. Sunflower is the world’s fourth largest
oil-seed crop[13]. It’s originated in the South West
United State-Mexico area [8, 28] and its seed was early
used for food by the Indians of that region. Main
producing countries are Argentina, Eastern Europe and
United state of America. The properties of the soil in
the Sudan are suitable for commercial production of
sunflower. On other hand, requirements of sunflower to
water, temperature and soil, generally indicate the
central clay plain as potential for growing sunflower
under rainfed conditions in Sudan. In regions where
water scarcity is the principal limiting factor for
cultivation, farmers are interested in growing crops that
are able to adapt to drought conditions. Sunflower has
become an important crop for both farmers and
consumers in Sudan. It is a crop that fits well in the
local cropping system and is considered the most
important cash crop of the country [15]. In Sudan,
sunflower is grown in two seasons (winter and
summer). Sunflower has been recognized as a crop
with high potentials that can successfully meet future
oil requirements. Its can be used for many purposes,
mainly for oil extraction, bird feed and human food.
The oil is polyunsaturated and high in energy and
hence is an extremely important food source for
human. Sunflower oil is better nutritionally and more

stable than soybean oil. Also it is used as a salad oil
for cooking and manufacture of margarine [8, 9]. The
seed cake left after the oil is expressed from the seeds,
is a rich source of protein and is usually used for
feeding livestock. The seed hulls used as fuel and the
dried stems of sunflower have also been used for fuel
(to start fire) and as a source of commercial fibre. In
India and Europe sunflower was found to have medical
uses[8] . Sunflower is categorized as a low to medium
drought sensitive crop [26]. Research on the effect of the
agronomic techniques and irrigation on sunflower yield
are scarce and controversial. The quantity and
distribution of water has a significant impact on yield
and oil yield in sunflower [10, 23]. The objective of this
work was to study the effect of different irrigation
intervals and inter-row spacing on yield, yields
components, oil yield and water use efficiency of
sunflower.      

MATERIALS AND METHODS

Site of the Experiment and Climate: The experiment
was conducted in the Demonstration Farm, Faculty of
Agriculture, University of Khartoum at Shambat,
latitude 15o 4o N and Longitude 32o 32' E for two
successive seasons (1990/1991 and 1991/1992). Oliver
[19] described the climate of the locality as a tropical
semi-arid climate with a low relative humidity. The
daily mean maximum temperature was more than 40oC
in summer, with its peak during May and June, and
was about 21oC during winter. The daily mean
minimum temperature was about 25oC during summer
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and 15oC during winter. The mean solar radiation
ranges between 400 - 581 cal/cm2/day. The soil of
the area was heavy montmorillonitic clay with 48 -
54% clay, 25 - 29% silt and 17 - 25% sand. The soil
pH is 7 - 8 [24]

Experimental layout: The experiment was laid out a
randomized complete block design with four
replications. The experimental unit was 4×4 meters.
The treatments consist of three irrigation intervals 7, 14
and 21days designated as I1, I2 and I3 respectively and
two intra-row spacing (15 and 30cm) designated as S1

and S2 respectively, using two sunflower hybrids,
sunwheat 101 and seed tech 1224 designated as V1 and
V2 respectively.

Sowing: Sowing was on July 21st , 1990 and 1992.
The crop was sown on the top of the ridge 60 cm
apart in holes at a spacing of 15 cm and 30 cm
according to spacing needs. Three seeds were placed in
each hole which were then thinned to one plant per
hole two weeks later. Manual weeding was practiced
three times during both seasons.

Meteorological Data: During the period of this work,
daily mean temperature, relative humidity, rainfall,
wind velocity, hours of bright sunshine, pan
evaporation and solar radiation were obtained from
Shambat Meteorological Observatory about 250 m
away (Table 1).

Water Measurements: Irrigation water was measured
using an electric pump of a calibrated discharge (276.5
litres per minute). The time required to apply a certain
volume of water for each subplot was determined with
the help of a stop watch. The irrigation system used
was designed by El Nadi [4]. It consists of an electric
pump and a main pipeline with branches to supply the
experimental subplots. A movable pressure pipe, which
can rotate to a complete circle, served each four plots
at the point of delivery, and was equipped with a valve
for opening and closure. The discharge for each valve
was measured by using a volumetric method according
to  Michael [17] .

Irrigation Treatments: Furrow irrigation was applied
at ten days intervals to all experimental plots for
establishment of plants till they were 30 days old.
Irrigation treatments were applied thereafter. Table 2
shows the number of irrigations and total amount water
applied during the season.

Parameters Measurement: A sample of five plants
was taken, at random from each experimental unit to
measure the following yield attribute.
Head diameter (cm).

Number of seeds per head.
Empty seed %. 
Seed yield (g/plant).

1000-seed weight (g) was estimated by counting
1000-seeds at random from each plot four times and
weighed using a sensitive balance. 
The final grain yield (t/ha) was determined as follows:

Grain weight 
(t) of plot

Grain yield (t / ha ) = )))))))))))))) X 10000
Harvested 
plot area 
(0.735 m2 )

Oil content: The crude oil of sesame seed was
determined by Suxhlet extraction method according to
AOAC [2] by using the following formula:

Weight of oil 
extracted (g)

Oil content (percent) = ))))))))))))))))) X 100
 Weight of the 
sample

Oil yield (t/ha) was determined ass follows:
Oil yield (t/ha) = Grain yield (t/ha) X Oil content %

Statistical Analysis: Data were analyzed statistically
using analysis of variance according to Gomez and
Gomez [6] procedure for a randomized complete block
design. The differences of means were identified by
least significant differences (L.S.D) at P $ 0.05.

RESULTS AND DISCUSSION

Data presented in Table 3 show effects of
irrigation intervals on head diameter. Frequent irrigation
interval (irrigation every 7days) increased head
diameter. This may be due to an increased growth
attributes in this treatment. The extended irrigation
interval (I3) had a lesser head diameter. Similar results
were obtained by lazim [14]. This reduction in head
diameter was due to the effect of moisture in
vegetative growth. Inter-row spacing V1 (15cm)
decreased head diameter (Table 3). Rao and Reddy [21]

found that increasing plant densities decreased head
diameter. The smaller head diameter of closer spacing
may be due to the competition of plants for nutrients,
moisture, light and carbohydrates. The irrigation
interval I1 increased number of seeds per head. This is
because it had a better disc size. I3 interval reduced the
number of seeds per head. This in line with results of
Lazim [14] who reported that, moisture stress reduced
disc size of the crop. The wider inter row spacing (V2)
had a higher seed number per head. Similar results
were recorded by Steer et al. [25] and by Majid and
Schneiter [16]. This was due to larger heads at wider
spacing.
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Table 1: Monthly average of some meteorological data at Shambat during experiment period. Altitude 380 M.A.L, Latitude  15 45' N,
longitude 35  35' E

Month Mean Mean Pan  Wind speed Rainfall Hours of 
Temperature  ْْC Relative humidity evaporation 2m (M.P.H) (mm) bright 

% (mm/day) sunshine
----------------------- ------------------------ ------------------------- ------------------------ -------------------------- ------------------
1991 1992 1991 1992 1991 1992 1991 1992 1991 1992 1991 1992

July 32.9 32.8 37.5 38 15.2 12.7 4.9 4.9 0.1 2.8 9.1 8
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
August 33.8 31.9 31 42.9 13 10.7 3.8 4.7 Nil 15.4 7.9 78
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
September 33.8 32.2 31.5 32.5 12.2 12.5 3.7 3.8 0.8 Nil 8.9 7.9
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
October 33.5 31.8 25.5 26 12.6 12.9 3.5 3.6 0.8 0.2 9.7 9

Table 2: Number of irrigations, amount of water per irrigation and total water applied for each treatment during the season
Per-experimental Amount /irrigation Treatment Number of Amount /irrigation Total amount of water 
period mm irrigations mm applied during the

 season(mm)
1st irrigation 80 I1 6 100 940
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2nd irrigation 80 I2 3 100 640
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3rd irrigation 80 I3 2 100 540
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4th irrigation 80

Table  3: Effect of irrigation interval, intra-row spacing and cultivar on Head diameter, number of seeds per head and empty seed % of
sunflower.

Treatment 1990/91 1991/92
------------------------------------------------------------------- ---------------------------------------------------------------------------------
Head diameter Number of Empty seed % Head diameter Number of Empty seed %
(cm) seeds per head (cm) seeds per head

I1 11.8 696.5 0.8 14.5 972.4 0.9
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
I2 9.9 605.1 0.9 12.0 827.5 1.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
I3 8.7 470.0 1.4 10.6 643.8 1.5
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D 0.7 78.3 0.2 0.8 114.5 0.2
S1 8.7 479.2 1.2 11.0 671.9 1.2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
S2 11.7 701.8 1.0 13.7 957.3 1.1
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D 0.5 63.9 0.1 0.7 93.5 0.2
V1 10.1 522.8 1.2 12.5 774.9 1.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V2 10.1 658.2 1.0 12.2 854.3 1.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D 0.5 63.9 0.1 0.7 93.5 0.2

Frequent irrigation interval (I1) had a heavier 1000-
seed weight. This was due its better performance of
growth and yield components. Extended irrigation
interval (I3) reduced 1000-seed weight. Lazim [14] found
that water stress at flowering reduced 1000-seed
weight. Inter-row spacing (30cm) had a greater 1000-
seed weight than the closer (15cm). Similar results
were obtained by Karami [11], Khalifa [12] and Steer et al.
[25]. The results of empty seed percentage presented in
Table 3. Generally a few number of empty seeds was
recorded in this experiment due to high self
compatibility of two hybrids, hence there was a large
number of pollinators (bees) in the field of the
experiment. I3 interval resulted in increased empty seed
percentage. This support the results of El Sadig [5] who

refers the presence of empty seeds to water stress
during flowering stage. Inter-row spacing treatments
had similar empty seed percentage. Irrigation water had
significant effect on seed yield per plant (Table 4),
Irrigation I1 increased seed yield per plant. Osman and
Taha [20] found that seed yield increased with increased
in amount and frequency of irrigation. This better seed
yield per plant was attributed to better head diameter,
number of seed per head, better 1000-seed weight and
lesser empty seeds associated with this water treatment.
In contrast, the extended irrigation interval (I3) reduced
seed yield per plant. Lazim [14] found that water stress
at flowering reduced seed yield per plant. Inter-row
spacing S2 (30cm) seem to have seed yield per plant
twice that obtained with closer spacing (15cm). Majid 
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Table 4: Effect of irrigation interval, intra-row spacing and cultivar on 1000-seed weight and seed yield (g/plant) of sunflower.
Treatment 1990/91 1991/92

--------------------------------------------------------------------------- ---------------------------------------------------------------------
1000-seed weight (g) Seed yield (g/plant) 1000-seed weight (g) Seed yield (g/plant)

I1 44.2 31.3 49.4 48.5
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
I2 26.6 17.4 35.1 29.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
I3 22.3 10.7 26.1 16.9
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D 4.0 3.1 4.1 4.9
S1 24.2 12.0 31.5 22.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
S2 37.9 27.7 42.2 41.2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D 3.2 2.9 3.4 4.0
V1 36.1 20.4 42.4 34.4
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V2 26.0 19.2 31.3 28.8
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D 3.2 2.5 3.4 4.0

Table 5: Effect of irrigation interval, intra-row spacing and cultivar on Head diametet, number of seeds per head and empty seed % of
sunflower.

Treatment 1990/91 1991/92
---------------------------------------------------------------------- --------------------------------------------------------------------------
Grain yield (t/ha) Oil content % Oil yield (t/ha) Grain yield (t/ha) Oil content % Oil yield (t/ha)

I1 2.2 44.6 0.98 3.4 46.7 1.59
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
I2 1.0 34.7 0.84 1.9 40.3 0.77
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
I3 0.6 34.5 0.21 1.0 31.8 0.32
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D 0.2 2.3 0.12 0.4 3.0 0.2
S1 1.2 37.5 0.45 2.1 39.6 0.83
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
S2 1.4 38.4 0.54 2.0 39.5 0.79
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D 0.17 1.9 0.1 0.3 2.5 0.1
V1 1.3 37.4 0.49 2.2 39.6 0.87
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V2 1.3 38.4 0.50 2.0 39.5 0.79
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D 0.17 1.9 0.1 0.3 2.5 0.1

and Schneiter [16] found that increasing plant population
reduced grain yield per plant. This is because wider
inter-row spacing had increased head diameter, number
of seeds per head and 1000-seed weight. Table 5 show
the effect of irrigation intervals on seed yield (t/ha).
Treatment I1 (irrigation every 7 days) resulted in
increased seed yield (t/ha). This is in line Osman and
Taha [20], Rawson and Turner [22], Unger [27] and Hang
and Evans [7].They reported that increasing irrigation
increased seed yield. This is because irrigation every 7
days had a better performance of growth and yield
components. In contrast, the extended irrigation interval
(I3) resulted in decreased seed yield; this refers to
effects of water stress on the performance of growth
and yield. Inter-row spacing had no significant on seed
yield. Sunflower adjusts to low populations by
increasing seed number per head and seed weight, and
to high populations by decreasing seed number per
head and seed weight. So, yield which is the product
of three components (number of plants/ha, number of

seeds per head and average seed weight), remains
relatively constant. Irrigation every 7 days (I1)
improved oil content and oil yield (Table 5), while the
I3 interval had reduced oil content percentage and oil
yield. Similar results were obtained by Unger [27] and
Hang and Evans [7], who pointed out that increased
irrigation increased oil content. In this study inter-row
spacing had no effect on seed oil content. This confirm
the results obtained by Mohamed and Rao [18], who
found that oil content of sunflower were not affected
by different spacing or population. Table 6 shows the
effect of irrigation intervals on water use efficiency.
Highest water use efficiency (W.U.E) was obtained
from irrigation every seven days (I1) followed by
treatment I2, then I3 which produced the lowest water
use efficiency. Anderson [1] reported that highest seed
yield and water use efficiency were associated with a
combination of high total water supply and low
evaporated demand. Comparing the two seasons, one
can speculate that the second season had a better water 
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Table 6: Effect of irrigation interval on water use efficiency of sunflower.
Irrigation intervals 1990/91 1991/92

----------------------------------------------------------------- --------------------------------------------------------------------------------
Total crop water Total seed Water use Total crop water Total seed Water use efficiency

Yield (Kg/ha) efficiency use m3/ha yield (Kg/ha) use m3/ha
I1 9400 2206.9 4.26 9400 3394.0 2.27
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
I2 6400 1034.4 6.19 6400 1909.0 3.35
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
I3 5400 623.8 8.67 5400 949.0 5.69

use efficiency, due to it better seed yield (t/ha). I3 had
lowest water use efficiency for it has the poorest seed
yield. Then an improvement was observed in treatment
I2, followed by I1 which was the best one in seed
production during two seasons. 

Conclusions: Irrigation interval of 7 days in sunflower
improved grain yield, oil yield and water use
efficiency. From the results, 7 days interval is
recommended in irrigated sunflower in Sudan.
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