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Abstract: Irrigation interval and plant density play an important role in the proper stand establishment
of the growing crop, which ultimately affect the productivity and quality at the end of the growing season.
A field experiment was conducted at the Demonstration Farm of the Faculty of Agriculture, University
of Khartoum, Shambat, Sudan, to find out the effect of different irrigation intervals(7,14 and 21days) and
two inter- row spacing (15 and 30cm) on the vegetative growth of two hybrids sunflower (Helianthus
annuus L), nam ely: Seed tech 1224 and Sunwheat 101. The present study indicated that, frequent
irrigation interval (7days) improved the vegetative growth structures produced i.e. plant height, stem
diameter, number of leaves per plant, leaf area index and shoot dry weight of sunflower. The inter-row
spacing of 30cm resulted in high performance of vegetative growth. Among the hybrids, Seed Tech 1224
gave high growth performance than the rest variety.
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INTRODUCTION

Sunflower (Helianthus annuus) is a member of the
family Compositae, the largest family of flowering
plants. It is widely grown in the U.S.A., Australia,
Turkey and Pakistan [6, 21].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 sunflower growing areas,
such as Damazin, gadarif and El Rank area which are
most favourable for growing sunflower under rainfed
conditions in Sudan [9]. 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. Sunflower is a crop that fits well in the local
cropping system and is considered the most important
cash crop of the country. In Sudan, sunflower is grown
in two seasons i.e. winter and summer. It has been
recognized as a crop with high potentials that can
successfully meet future oil requirements. Sudan should
take full advantage from this crop, especially in the
light of increasing demographic pressure and
technological limitations, to further increase the
sunflower production in new areas in White Nile state
and other irrigated schemes. 

Sunflower can be used for many purposes, mainly

for oil extraction, bird feed and human food [1]. 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 [6, 7]. 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 [6].
Water resources in the Sudan are limited because of
the large expansion of the cropped areas. In the latest
years, scarcity of rainfall led to the search for irrigation
water. So, efficient use of irrigation water seems to be
of vital importance. This situation emphasizes the need
for using scientifically sound methods for deciding
when and how much to irrigate crops. Thus, the
objective of the present work is to identify optimum
irrigation interval and inter-row spacing between
consecutive plants for vegetative growth of two
sunflower hybrids.

MATERIALS AND METHODS

The experiment was conducted in the
Demonstration Farm, Faculty of Agriculture, University
of  Khartoum  at  Shambat,  latitude  15o  4o N and 
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Longitude 32o 32' E for two successive seasons
(1990/1991 and 1991/1992). Oliver [15] 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 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 [17]

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 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.

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).

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 [3]. 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 [14].

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 for each
treatment during the season.

A sample of five plants was taken, at random from
each experimental subplot, then continued at an interval

of ten days to measure the following growth
parameters.
1. Plant height (cm). Measured from the ground level

to the tip of the plant.
2. Stem diameter (mm). Measured by using a Vernier

(caliper)
3. Number of leaves per plant.
4. Leaf area index (L.A.I). 

Leaf area index (L.A.I), a dimensionless quantity,
is the leaf area (upper side only) per unit area of soil
below. It is expressed as m2 leaf area per m2 ground
area. Leaf area was determined using the punch method
[20] by taking 20 leaf discs, using a puncher of 10 mm
diameter. The discs were weighed dry (at 85oC for 24
hours). The leaf area was calculated from the following
relationship:

    Total area of 
     leaf discs

Leaf area = )))))))))) X Total dry weight of leaves 
    Dry weight 
    of leaf discs

And leaf area index (L.A.I) was determined as
following:

  Leaf area per plant
Leaf area index = )))))))))))))))))

  Plant ground area

Shoot dry weight (g/plant): oven dried at 85ْ C for
48 hour.

Data were analyzed statistically using analysis of
variance according to Gomez and Gomez [4] procedure
for a randomized complete block design. The
differences of means were identified by least significant
differences at P $ 0.05.

RESULTS AND DISCUSSION

The effects of irrigation intervals and inter-row
spacing on plant height are representing in Table 3.
Frequent irrigation interval (irrigation every 7days)
increased plant height. Similar observations were
pointed out by Unger [19], who noticed that increased
irrigation water increased plant height. Hang and
Evans[5], found that, moisture stress reduced plant
height. Plant spacing had no significant effect on plant
height. These support the results of Massey[15]. On
other hand, Karami[8], found that plant height increased
with wider spacing between plants, while Majid and
Schneiter[11], noticed that  increased plant population
increased plant height. Generally, the hybrid seed tech
1224 had a significantly greater height than sunwheat
101. Majid and Schneiter[12], reported significant
differences among hybrids in height. These differences
in plant height refer to genotypic origin.
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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

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

Month ------------------------- ------------------------- -------------------- ------------------- ------------------------- --------------------------
1990 1991 1990 1991 1990 1991 1990 1991 1990 1991 1990 1991

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 and total amount water applied for each treatment during the season
Per-experimental Amount / Treatment Number of Amount / Total amount
period irrigation mm irrigations irrigation mm o f  w a t e r  a p p l i e d

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 plant height (cm) of sunflower.
Treatment 1990/91 1991/92

------------------------------------------------------------------ ----------------------------------------------------------------------------
45 DAS 60 DAS 70 DAS 45 DAS 60 DAS 70 DAS

I1 81.5 101.3 102.2 84.9 112.1 113.5
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
I2 69.8 84.6 85.0 77.8 100.5 103.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
I3 67.9 71.5 73.5 75.0 96.8 104.1
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D 8.1 6.9 6.5 5.7 6.3 9.8
S1 72.3 86.7 88.0 78.9 103.1 106.7
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
S2 73.8 85.1 85.8 79.5 103.1 107.4
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D 6.6 5.7 5.3 4.7 5.1 7.99
V1 63.5 70.1 71.2 69.8 82.2 86.8
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V2 82.7 101.8 102.6 88.6 124.0 127.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D 6.6 5.7 5.3 4.7 5.1 7.9
P $ 0.05

Irrigation interval of 7 days resulted in increased
stem diameter (Table 4).  Wider spacing gave larger
stem diameter than closer spacing. This is in line with
Majid and Schneiter[11, 12]. They attributed large stem
diameter at a low plant population to better soil
moisture availability due to decreased plant competition
and increased light penetration through plant canopy at
a lower plant population. Data presented in Table (5)
show that irrigation intervals had no significant effect
on number of leaves per plant. This may be due to the
development of leaves before the commencement of
water stress (application of water regime was 30 days
from sowing). Inter-row spacing had no significant
effect on number of leaves per plant. Similar results

were obtained by Massey[13], who found that spacing
between plants did not affect plant height or number of
leaves per plant. Irrigation intervals had no significant
effect on leaf area index (L.A.I) at 45 DAS (Table 6),
but at 75 DAS, frequent irrigation increased L.A.I,
because of better availability of moisture content for
leaf growth. Extended interval decreased L.A.I because
of reduction in total leaf area per plant due senescence
of lower leaves. This result is in line with Cox[2], who
noticed that L.A.I was reduced under severe water
deficit.

Kramer[10], pointed out that water stress decreased
photosynthesis due to stomata closure. Reduction in
photosynthesis decreased translocation of carbohydrates 
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Table  4: Effect of irrigation interval, intra-row spacing and cultivar on Stem diameter (mm) of sunflower.
Treatment 1990/91 1991/92

---------------------------------------------------------------- ----------------------------------------------------------------------------
45 DAS 60 DAS 70 DAS 45 DAS 60 DAS 70 DAS

I1 12.8 13.3 13.3 13.5 13.9 15.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
I2 10.8 11.2 11.2 11.8 12.8 13.7
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
I3 10.0 10.5 11.1 10.4 11.0 12.2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D 1.2 1.1 0.9 1.4 1.3 1.8
S1 9.4 10.2 11.3 10.3 10.7 11.6
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
S2 13.0 13.2 14.0 13.4 14.0 15.9
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D 0.9 0.9 0.8 1.2 1.1 1.5
V1 10.5 11.1 12.3 11.5 11.8 13.1
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V2 11.9 12.3 13.0 12.3 12.9 14.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D 0.9 0.9 0.8 1.1 1.1 1.5 
P $ 0.05

Table  5: Effect of irrigation interval, intra-row spacing and cultivar on number of leaves per plant of sunflower.
Treatment 1990/91 1991/92

--------------------------------------------------------------- ----------------------------------------------------------------------------
45 DAS 60 DAS 70 DAS 45 DAS 60 DAS 70 DAS

I1 24.8 28.6 31.5 27.7 29.5 32.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
I2 25.0 30.4 31.5 27.8 30.0 31.7
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
I3 28.8 28.4 31.6 28,0 30.0 32.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D 2.2 2.4 2.2 1.0 1.6 1.0
S1 25.2 29.7 31.4 27.5 29.7 31.9
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
S2 24,6 28.7 31.7 28.2 30.0 31.9
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D 1.7 1.9 1.8 0.8 1.3 0.8
V1 22.5 26.3 28.4 27.0 28.9 30.2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V2 27.3 31.0 34.7 28.7 30.8 33.6
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D 1.7 1.9 1.8 0.8 1.3 0.8
P $ 0.05

Table  6: Effect of irrigation interval, intra-row spacing and cultivar on Leaf area index (L.A.I) of sunflower.
Treatment 1990/91 1991/92

------------------------------------------------------------------- ---------------------------------------------------------------------------
45 DAS 60 DAS 70 DAS 45 DAS 60 DAS 70 DAS

I1 1.1 1.2 1.2 1.3 1.4 1.5
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
I2 0.9 1.1 0.9 1.1 1.2 1.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
I3 0.8 0.9 0.7 1.1 1.0 0.8
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D 0.17 0.2 0.18 0.13 0.13 0.1
S1 1.1 1.2 1.0 1.3 1.3 1.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
S2 0.8 0.9 0.9 1.0 1.1 1.1
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D 0.1 0.16 0.15 0.1 0.1 0.1
V1 0.9 0.9 0.9 1.1 1.1 1.1
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V2 1.0 1.2 1.0 1.2 1.3 1.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D 0.1 0.16 0.15 0.1 0.1 0.1
P $ 0.05
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and growth regulators, which resulted in reduced turgid
pressure, reduced leaf area and decreased growth.
Increased inter-row spacing decreased L.A.I. The same
result was obtained by Rao and Reddy[16]. This is
because increased plant spacing resulted in increasing
ground area more than increasing total leaf area of
plant. Results of shoot dry weight (g/plant) are
presented in Table 7. Irrigation every 7 days increased
shoot dry weight, because of better plant height, stem
diameter and total leaf area. Irrigation 21 days
decreased shoot dry weight. This reduction of shoot dry
weight was confirmed by Cox[2], who noticed that soil
water deficit reduced dry matter production. The wider
spacing had a greater shoot dry weight per plant than
closer spacing. This is in line with Steer et al.[18], who

reported that shoot dry matter increased with decreasing
plant density. This was attributed to the fact that wider
spacing had larger stem diameter, larger leaf area and
larger head diameter. The hybrid seed tech 1224 had
more shoot dry weight than sunwheat 101. This is
because seed tech 1224 had greater leaf area, greater
number of leaves, larger stem diameter and highest
plant height than the other.

Conclusions: Irrigation interval of 7 days had better
growth performance and expected to gain maximum
yield. Plant spacing of 30cm was optimum for sowing
sunflower.  Seed tech 1224 was a superior in all
irrigation intervals.

Table  7: Effect of irrigation interval, intra-row spacing and cultivar on Shoot dry weight (g/plant).
Treatment 1990/91 1991/92

------------------------------------------------------------------- ----------------------------------------------------------------------------
45 DAS 60 DAS 70 DAS 45 DAS 60 DAS 70 DAS

I1 30.8 43.1 48.4 38.6 42.8 58.2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
I2 28.6 34.6 36.4 37.0 38.9 46.9
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
I3 23.1 25.8 30.6 32.0 32.6 39.9
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D 6.8 6.2 6.7 7.3 4.3 4.5
S1 22.7 25.1 29.8 29.6 29.8 39.6
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
S2 32.3 43.8 47.2 42.2 50.4 57.1
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D 5.5 5.1 5.5 5.9 3.5 3.7
V1 25.1 26.4 33.6 34.0 31.2 43.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V2 29.9 42.6 43,4 37.7 49.1 53.7
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D 5.5 5.1 5.5 5.9 3.5 3.7
P $ 0.05
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