J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

Growth, Productivity and Water Use of Sunflower Crop Under Drip
Irrigation System

'Saeed, A. A. Q., G. Abdel-Nasser? and M. A. Gomaa®
' Ministry of Agriculture and Irrigation, Republic of Yemen
?Soil and Agricultural Chemistry Dept. , *Plant Production Dept.
Faculty of Agriculture (Saba Basha) - Alexandria University, Alexandria, EGYPT

ABSTRACT: A field experiment of drip-irrigated Sunflower (Helianthus annuus) was

conducted at the Experimental Farm, Faculty of Agriculture (Saba-Basha), Alexandria University,
Egypt. The farm is located at Abees region 31° 10.102' N and 29° 58.085' E with altitude of (-5m)
under sea level, during 2013 growing season. The aim of the present study was initiated to assess
the effect of irrigation regimes under drip irrigation method on sunflower growth, water consumptive
use, water use efficiency and yield and yield components. The sunflower variety Sakha 53 was
planted sowing date at 28" April. Seeds were sown at 4-5 seeds in each hill with spacing of 0.3 m
within each row and 0.6 spacing, then thinned to one plant after 2 weeks from sowing. After
emergence, the plots were irrigated by the drip irrigation method. All field practices were done as
usually recommended for sunflower cultivation. The present study consisted of 5 treatments. The
irrigation treatments were based on replenishment of soil water depletion according to reference
evapotranspiration (ETy). The irrigation treatments were: Irrigation at 20, 40, 60, 80 and 100% of
ETo,. At harvest time (103 days after planting), some morphological characteristics of sunflower
were determined such as: plant height (cm), stem diameter (cm), head diameter (cm), leaves weight
(), head weight (g), seeds weight/ head (g), 100 seeds weight and yield (ton ha™), seed oil
content(%) and oil yield (ton ha™). Also, root weight (g), length (cm), width (cm), chlorophyll content
and some elemental contents. The results indicated that increasing the amount of irrigation water
significantly increased plant height, stem diameter, head diameter, leaves weight/plant, head
weight/plant, seeds weight/ head, 100 seeds weight, seed yield and oil yield. Also, root weight,
length and width. The irrigation with 80 or 100% of ET, has the same significant effect, thus the best
irrigation is with 80% of ET,. Also, the value of water use efficiency of sunflower was decreased
with increasing the amount of applied water. The increase in sunflower yield was due to both
increase in yield content and oil yield in which sunflower yield was adversely affected by water
deficit.
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INTRODUCTION

Sunflower (Helianthus annuus, L.) is one of the most important oil crops
throughout most countries all over the world, and provides a major source of oil in
human diet. However, it is considered as a relatively new crop in Egypt, in terms of
production. Therefore, the response of sunflower crop to soil and water practices
under Egyptian conditions must taken into account. A great emphasis should be
given towards it for oil production due to the crop advantages and adaptability to
various environmental conditions (Berglund, 2003).

Sunflower (Helianthus annus, L.) is one of the most widely cultivated oil crop
in the world. Because of moderate cultivation requirements and high oil yield,
planted area has increased in recent years (Shehata and Elkhawas, 2003).
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Sunflower seeds contain high amount of oil (40 to 50%), which is an important
source of polyunsaturated fatty acid (Linoleic acid) of potential health benefits.

In dry land cropping systems, water is the most important limiting factor for
crop production (Ashrafi and Razmjoo, 2009).0On one hand, the most important
factors that decrease crop growth and also affect on 40 to 60 percent of agricultural
lands is drought stress (Reddy et al., 2004). This problem is very important in Iran
that located in arid and semiarid regions and also water requirements of crops due
to lack of precipitation mainly provided by irrigation (Sepaskhah and
Khajehabdollahi, 2005). as well as, It is well known that adequate water supply is
considered as a very important factor that affect the accumulation of dry matter in
the plant, as well as, vegetative growth of most crops (Aminifar et al., 2012). Water
deficit, extreme temperatures and low atmospheric humidity all contribute to
drought, which is one of the most detrimental factors affecting crop yield (Szilgyi
2003).

It has been shown that, sometimes, periods of reduced growth may trigger
physiological processes that actually increase yield (Smith et al., 2002). Severe
water deficits during the early vegetative growth result in reduced plant height but
may increase root depth. Adequate water during the late vegetative period is
required for proper bud development. The flowering period is the most sensitive to
water deficits which cause considerable yield decrease since fewer flower come to
full development (Beyazgul et al., 2000; Ali and Shui, 2009). Seed formation is the
next most sensitive period to water deficit, causing severe reduction in both yield
and oil content (Doorenbos and Kassam, 1979). According to Casadebaig et al.,
(2008), minimization of water loss in response to water deficit is a major aspect of
drought tolerance and can be achieved through the lowering of either leaf area
expansion rate or transpiration per unit leaf area (stomata conductance). Although
sunflower is known to be a drought tolerant crop or grown under dry land
conditions, substantial yield increases can be achieved by supplementary
irrigation, which is one of the most effective strategies to mitigate the effects of dry
spells in crop production (Fox and Rockstrom, 2000; Xiao et al., 2007).

When water supply does not meet crop water requirements, actual
evapotranspiration (ET,) will fall below maximum evapotranspiration (ETrm). Under
this condition, water stress will develop in the plant, which adversely affects crop
growth and ultimately crop yield. The effect of water stress on growth and yield
depends on the crop species, variety, magnitude and time of occurrence of water
deficit. The effect of the timing of water deficit on crop growth and yield is of major
importance in scheduling available but limited water supply over growing periods of
the crops and in determining the priority of water supply amongst crop during the
growing season (Doorenbos and Kassam, 1979).

The present study was initiated to assess the effect of irrigation regimes
under drip irrigation method on sunflower growth, water consumptive use, water
use efficiency and yield and yield components.
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MATERIALS AND METHODS

Experimental site and conditions

This study was conducted during the 2013 summer season at the
Experimental Farm, Faculty of Agriculture (Saba-Basha), Alexandria University,
Egypt. The farm is located at Abees region located at 31° 10.102" N and 29°
58.085' E with altitude of (-5 m) under sea level. The site was planted with corn
crop in previous season. This area is characterized by a semi-arid climate, the
weather is hot and dry from May to August where temperatures varies from 25-30
“C. On the other hand, the rainfall occures in winter with an average of 186.2 mm
per year. Wind speed average 13.5 km/day and relative humidity averages about
69.5 %. Some climatological data on the experimental site were taken from
Nouzha Weather Station are given in Table (1).

Soil of the experimental site

Soil samples were collected from the experimental soil for both surface (0-
10 cm), (10-20 cm) and subsurface (20-40 cm). Some physical and chemical
properties of the experimental field soil are presented in Table (2). The soil
properties were performed according to the methods outlined in Carter and
Gregorich (2008). The soil of the experimental site is clayey texture with water
table level of 1 m down the soil surface, the groundwater is moderately saline (2.5
dS/m). The contribution of water table to plant water requirements is low in the site
of experiment. Table (3) shows the chemical analysis of irrigation water.

Sunflower cultivation

Sunflower (Helianthus annuus, L.) variety Sakha 53, early variety (100 days
crop age) was selected for the study at 2013 summer season. Plant sowing date
was at 28 April, 2013. Seeds were sown at 4-5 seeds in each hill with spacing of
0.3 m within each row. Thinning to one plant per hill was carried out after 15 days
from sowing, to obtain a final plant population of 55500 plants/ha. After emergence,
the plots were irrigated by the drip irrigation method. Irrigation was terminated at 5
August, complete canopy and initial blooming date was at I3 June, and harvesting
data was at 9 August. All field practices were done as usually recommended for
sunflower cultivation. Phosphorus fertilizer as calcium superphosphate (15.5%
P,0s) was fully added to the soil during seed preparation at 336 kg P,Os ha™.
Ammonium Nitrate (33.5% N) at the rate of 168 kg ha™ were applied at two equal
doses, one after sowing and the second after one month later. Potassium Sulfate
(48% K20) at the rate of 67 kg ha™' were added at two equal doses, one after
sowing and the second after one month later.
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Table (1). Daily maximum, minimum and average temperature, wind speed, solar radiation for
the experimental site during the experimental period

Average Average Average

. . Average . Average Average Average

Growing mlgg?:;m mac;( :;:;m daily Sv?:z relative atmospheric préc‘:’i;ri?a?t?on daily splar

Months temperature temperature ten_}pe(tzt;.l re speed huT/'d'ty pre:liure mm/month (“;3?:;;:: )

Tmin (°C) Tmax (°C) m U, (m/s) ° y
April 14.8 24.6 19.4 11.18 62.9 1014.8 0.0 34.12
May 18.8 28.7 23.5 9.79 68.0 1012.4 3.1 35.90
June 21.7 30.3 25.6 10.83 68.4 1011.1 0.0 37.41
July 23.4 30.2 26.6 11.66 71.4 1008.1 0.0 36.64
August 23.9 31.7 27.8 9.58 721 1008.9 0.0 34.99
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Table (2). Some soil physical and chemical properties of experimental site

used in the present study.

Soil parameters 0-10cm 10-20cm 20-40 cm  Unit
depth depth depth
Particle size distribution

Sand 29.7 29.7 32.2 %
Silt 15.0 17.5 15.0 %
Clay 55.3 52.8 52.8 %
Textural class Clay Clay Clay -
Soil bulk density 1.24 1.25 1.25 Mg
Soil moisture content at field capacity (0) 0.351 0.361 0.369 mm
Soil moisture content at permanent wilting point (6wp) 0.122 0.128 0.129 m°m
Plant available water content (PAW) 0.229 0.233 0.239 mm
Organic matter content 2.87 2.87 2.15 %
Total calcium carbonate 18.12 18.12 15.78 %
Electrical Conductivity (EC,), (1:1, soil: water extract) 6.98 6.29 5.94 ds
pH (1:1, soil : water suspension) 8.05 8.15 8.25 -

Soluble Cations
Ca* 2.38 1.69 1.42 meq
Mg®* 7.85 6.05 4.50 meq
Na* 58.15 54.13 52.13 meq
K* 1.35 1.12 1.12 meq

Soluble Anions
CO=, HCO® 10.20 9.92 212  meq
CI 44.00 44.39 41.00 meq
SO, 14.03 7.70 12.54 meq

Table (3). Chemical analysis of irrigation water used in the field experiment.

Parameters Value unit
pH 7.35 -

ECi 0.60 dS m’
Soluble Cations

Ca** 1.89 meql”

Mg+ 0.81 meq!”

K* 2.74 meql™

Na* 0.46 meql”
Soluble Anions

CO™ 3+ HCO3 1.98 meql”

CI 0.81 meq|”

S0,* 3.14 meql”
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Harvesting was done after 103 days from planting (9 August, 2013). Plant
samples were taken from each plot (replicate) on the basis of one longitudinal
meter of each line, to determine some morphological characteristics such as:
plant height (cm), stem diameter (cm), head diameter (cm), leaves weight (g1),
head weight (g), seeds weight/ head (g), 100 seeds weight and yield (ton ha™)
and oil yield(ton ha™). Also, root weight (g), length (cm) and width (cm). Roots
were washed with distilled water and let to dry then roots were imaging with
digital camera. At harvest, the sample of plants (1 m of the row x 0.60 m width of
the row = 0.60 m? of the two central ridge were chosen to determine the
sunflower yield. The total yield per ha™ was calculated.

Irrigation regime
The present study consisted of 5 treatments. The irrigation treatments
were based on replenishment of soil water depletion according to the reference
evapotranspiration (ETy). The irrigation treatments were:
[1 irrigation at 20% of ET,
12 irrigation at 40% of ET,
I3 irrigation at 60% of ETy,
14 irrigation at 80% of ET,, and
I5 irrigation at 100% of ET,

A drip irrigation system (Fig. 1) was designed for the experiment. Irrigation
water was taken by a water pump. Distribution lines consisted of PVC pipe
manifolds for each plot. The diameter of the polyethylene laterals were 16 mm
and each lateral irrigated one plant row. The inline emitter discharge rate was 4 |
h™ at 100 kPa operating pressure. The actual emitter discharge rate was
calibrated before starting the experiment. The drip network calibration was
performed and the actual rate of emitter was 3.43 | h™.

Soil water content was measured by sampling a soil from each row with
soil tube 0.025 m diameter at three depths i.e. 0-10, 10-20 and 20-40 cm below
soil surface then determined by gravimetric method. Soil water contents were
monitored prior each irrigation and after irrigation at surface and subsurface
depths through electronic pressure transducer (electronic tensimeter).

Crop Evapotranspiration
The irrigation requirements were calculated according to the Penman-
Monteith equation (Allen et al., 1998) according the following equation:

ET,.
ET =— 94
P E,(1-LR)
Where:
ETeop is the crop evapotranspiration, mm/day
ETaip is the crop evapotranspiration under drip irrigation system, mm/day
E. is the efficiency of irrigation system (assumed as 90 % for drip irrigation
system under the present conditions).
LR is the Leaching Requirements required for salt leaching in the root zone depth
(assumed as 15 %). and
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ET,, =K, xK_xET,

K: is the reduction factor that reflects the percent of soil covering by crop canopy.
K: can be calculated by the equation described in Karmeli and Keller (1975):

k - GC
0.85

Fig. (1). General picture of the sunflower field experiment one month
after cultivation

Where, GC is the ground cover fraction (plant canopy area divided by soil area
occupied by one plant, assumed as 0.6).

K: is the crop coefficient ranging from 0.35 (for initial stage) to 1.15 (for
development stage) for sunflower crop (Allen et al., 1998).

The length and crop coefficient (K;) were needed for each the 4 growth
stages: initial, crop development, mid-season and late season stages. The crop
coefficients (K.) were collected from FAO (Allen et al., 1998) and are presented
in Table (4).
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Table (4).Crop coefficient (K;) and development stages period for sunflower

Growth stage K. Stage period, days
Initial 0.35 20
Crop development 0.35-1.15 25
Mid-season 1.15 38
Late-season 1.15-0.35 20

ETo is the reference evapotranspiration calculated with FAO Penman-
Monteith equation (Allen et al., 1998) according the climatic data collected from
the Nouzha Weather Station. The equation is expressed as:

0.408A(R, -G )+ 7ﬂU2(es —e,)
ET. = T +273
° A+y(1+0.34U,)
Where:
ETo Reference evapotranspiration, mm day
Rn Net radiation at the crop surface, MJ m™ day’,

Soil heat flux density, MJ m? day ', Generally very small and assumed to be zero).
Mean daily air temperature at 2.0 m height, °C,

U, Wind speed at 2 m height, ms™,
es Saturation vapor pressure at 1.5 to 2.5-m height, kPa,
€a Actual vapor pressure at 1.5 to 2.5-m height, kPa,

es- e, Saturation vapor pressure deficit, KPa,
Slope vapor pressure curve, kPa°C™,
Psychrometric constant, kPa°C™".

Seed oil content

The oil percentage of seeds was estimated using Soxhelt apparatus and
petroleum ether as a solvent according to the method outlined in AOAC (1995).
Qil yield (ton ha) was calculated by multiplying seed oil percentage by seed
yield per ha™.

Soil analysis

Soil physical analysis

Particle size distribution: Soil mechanical analysis was carried out using
hydrometer method according to (Klute, 1986), using sodium
hexametaphosphate ((NaPOs)13) as dispersing agent.

Soil moisture content: Soil moisture is routinely measured in most field trials.
The gravimetric approach is more flexible, as samples can be readily taken from
any soil situation. All analyses in the laboratory are related to oven-dry basis. The
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soil sample was dried in an oven at 105 °C for 24 h, next day remove from oven;
fit the lid cool for at least 30 minutes and re-weight (Hesse, 1971).
Soil chemical analysis:

The soil samples were air dried, passed through a 2 mm sieve and
analyzed according to the following procedures (Page, 1982):
Total carbonates content

Was estimated volumetrically using calcimeter and calculated as calcium
carbonate percentage according to Richards (1972).
Organic matter content

Organic carbon (OC) was determined using modified Walkley-Blacks
titration method (Carter and Gregorich, 2008). The organic matter content (OM)
was calculated using the suitable constant (OM =1.724x0C ).
Total soluble salts

Electrical conductivity (EC) of soil: water extract, 1:2 (w/v) was measured
using conductivity meter according to Jackson (1973).
Soluble Calcium and Magnesium

Soluble calcium and magnesium in soil: water extract were determined
volumetrically by the versenate method (EDTA) using ammonium purpurate as
an indicator for calcium and Erichrome black T for calcium plus magnesium
(Jackson, 1973).
Soluble Sodium and Potassium

Soluble sodium and potassium was determined photometrically using
flame photometer according to Jackson (1973).
Soluble Carbonates and Bicarbonates

Soluble carbonates and bicarbonates were determined volumetrically by
titration against 0.1N hydraulic acid using phenolphthalein and methyl orange as
indicators (Jackson, 1973).
Soluble Chlorides

Soluble chlorides were determined by titration against 0.05 N Silver nitrate
solution and potassium chromate as an indicator (Jackson, 1973).
Soluble sulfates

Soluble sulfates were determined by turbidity method as indicated in
(Jackson, 1973).
Chemical analysis of irrigation water

Chemical analysis of irrigation water including water reaction (pH), electric
conductivity (EC), and soluble cations and anions were done according to page
(1982).
Statistical analysis

All collected data for Sunflower growth, yield and yield components were
subjected to analysis of variance (ANOVA) according to Snedecor and Cochran
(1991). The mean values were compared according to least significant difference
Test (LSD test), Williams and Abdi (2010). All statistical analyses were performed
using analysis of variance technique of "Statistix 8" computer software package
(Statistix, 2003).
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RESULTS AND DISCUSSION

Sunflower growth characters

The results presented in Table (5) show the response of sunflower growth
characters as affected by different irrigation regimes. The results indicated a
significant effect of different irrigation regimes in all sunflower growth characters
as compared with control (100% of ET,). Irrigation at 80% of ET, gave a highest
value of plant height (169.77 cm) and head diameter (23.77cm), steam diameter
(2.33 cm), leaf weight/plant (320.67g), stem weight/plant (494.0 g), head
weight/plant (506.87 g) and Irrigation at 100% of ET, gave a highest values for all
parameters. Also the results presented in Table (5) show significant effect of
different irrigation regimes on number of green leaves /plant (29.0) at 100% of
ETT,, and chlorophyll b content (0.160 mg/100g leaf fresh weight) at 20% of ET.
Total chlorophyll and chlorophyll a content have not significant effect at different
irrigation regimes.

The reduction of vegetative growth as a result of decreasing amount of
irrigation (60% of ET,) may be due to the major effect of water stress in
decreasing the water uptake by root system as a result of decreasing root
function (Rowe and Bearsell, 1973). The present results are in accordance of the
previous results of Abdel-Nasser (1991) and Abdel-Nasser and EL-Shazly
(2000).

Table (5). Growth characters of sunflower as affected by irrigation regimes

Irrigation Plant Head Stem Stem Head Leaves
Treatment height diameter diameter weight/ weight / weight /
(% of ETp)  (6M) (cm) (cm) plant (g) plant(g)  plant(9)

20 161.67 19.37¢c 1.62b 30467 377.27 131.00c
40 164.00 19.80c 1.64b 34490 393.37 231.67b
60 168.77 21.39b 1.76b 451.83c 394.17 250.67Db
80 169.77 23.77a 233a 494.00 506.87 320.67 a
100 169.83 22.87a 2.35a 592.00 535.00 318.00a
LSD 3.07* 1.28* 0.27* 40.65* 76.607* 31.226*

*Means value followed by the same letter in each column are not significant at 0.05 probability level

Table (5). Cont....

Irrigation Number of
Treatment  green leaves /

Chlorophylla Chlorophyll b  Total chlorophyil

(% of ET,) plant (mg/g) (mg/g) (mg/g)

20 25.3b 0.163 0.160 a 0.323

40 26.7 ab 0.150 0.100 b 0.250

60 28.7 ab 0.180 0.117 ab 0.297

80 28.3 ab 0.170 0.083 b 0.253

100 29.0 a 0.157 0.080 b 0.237
LSD (0.05) 3.4* 0.128NS 0.058* 0.167NS

*Means value followed by the same letter in each column are not significant at 0.05 probability level
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Root growth The root growth was expressed as the root length and root lateral
extension of sunflower. The data are illustrated in Table (6). The data showed
that root length increased with increasing irrigation water. The highest value was
attained with irrigation at 100% of ET,. The irrigation with 80 or 100% of ET, has
the same significant effect, thus the best irrigation is with 80% of ET,. The same
trend was noticed with root lateral extension (width) in which irrigation with 60%
of ETy is the best water regime to obtain the significant extension of sunflower
root.

Table (6). Root length and width at harvest of sunflower as affected by
irrigation regime.
Irrigation Treatment Root weight/plant Root length Root width

(% of ETo) (9) (cm) (cm)
20 124.83 ¢ 11.8¢e 27.5¢
40 125.50 ¢ 13.2d 28.7b
60 187.93 be 147 ¢ 29.7 a
80 194.67 b 15.0a 29.9a
100 263.93 a 15.4 a 30.1a

LSD (0.05) 66.345" 2.8569* 9.1566*

*Mean value | each column followed by the same letter are not significant at 0.05 probability level

Yield and yield components

Data presented in Table (7) show the effect of water irrigation regimes
treatments on seed and oil yields. The result clearly indicated significant effect of
different irrigation regimes on sunflower yield and yield characters, seed
yield/plant (g), 100-seed weight (g), gross seed yield (ton ha™), seed oil content
(%) and seed oil yield (ton ha™). Irrigation at 80% of ET, gave highest significant
value of seed yield/plant (105.00 gm), 100-seed weight (8.87 g), gross seed yield
(5.83 ton ha™") and seed oil content (45.67 %). The highest value of seed oil yield
(2.759 ton ha was attained at irrigation with 100% ET,. The results are in
parallel with those obtained by Kssab et al. (2012) and Abdel-Mawgoud et al.
(2009).

Table (7). Seed yield and yield components as affected by irrigation regimes.

Irrigation _ Seed 100-_seed Gros_s seed Seed oil Oil yield
Treatment yield/plant weight yield Content -1

(% of ETy) _(g/plant) (@) (ton ha™) (%) (ton ha")
20 84.67 b 7.37b 4.704 b 40.00 b 1.883 ¢

40 89.17 ab 8.30 a 4.954 ab 44.00 a 2.184 bc

60 91.53 ab 8.47 a 5.085 ab 4533 a 2.302 abc

80 105.00 a 8.67 a 5.833 a 45.67 a 2.669 ab
100 106.17 a 8.87 a 5.898 a 46.67 a 2.759 a
LSD 0.05 18.497° 0.77 1.028' 2.30 0.555

*Means value followed by the same letter are not significant at 0.05 probability level
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Leaf elemental content

The results presented in Table (8) show the response of sunflower growth
characters to different irrigation regimes. The results indicated a significant effect
of different irrigation regimes in all some elemental contents of sunflower leave
as affected by irrigation regime. Irrigation at 60% of ET, gave highest values of
nitrogen (1.74 %) and potassium (3.35 %) and (3.40 %) at 100% ET,. The
highest value of Phosphorus (0.37 %) was attained at irrigation with 100% and
80% ETo.

This result is true because of by increasing water stress, the plant has less
ability to absorb water. Thus, the nutrients uptake decreased. Also, such
reduction in chlorophyll content may be attributed to the role of water as a
substrate for all vital processes in plant tissue especially in chlorophyll formation
(Abdel-Nasser and EI-Shazly, 2000 and Abdel-Nasser and Hussein, 2001). Such
a reduction may be explained on the basis that under water stress, the soil
moisture became unavailable to root uptake, thereby, decreased nutrient uptake
by plants (Mengel and Kirkby, 1987), in addition to general weakness of plant
conditions as a result of water stress that reflected on plant absorption and
translocation (Abdel-Nasser and EL-Shazly, 2000).

Table (8).Some elemental contents of sunflower leave as affected by
irrigation regimes.

Irrigation Treatment Nitrogen = Phosphorus Potassium
(% of ETy) (%) (%) (%)
20 1.23b 0.20c 2.60b
40 1.71 a 0.32 ab 3.02 ab
60 1.74 a 0.29b 3.35a
80 1.47 ab 0.37 ab 3.29a
100 1.34 b 0.37 a 3.40 a
LSD (0.05) 0.29* 0.05* 0.60*

*Means value followed by the same letter are not significant at 0.05 probability level

Sunflower evapotranspiration and water requirements

Sunflower seasonal evapotranspiration (ET;) was calculated according
Penman-Monteith equation (Allen et al., 1998) and using the suitable crop
coefficient by multiplying the reference evapotranspiration (ETo) by a crop
coefficient (K;).

ET = K xET,

The seasonal ET; was illustrated in Table (9). It is account as 76.6, 153.2,
229.8, 306.4 and 383.0 mm for water regime of 20, 40, 60, 80 and 100% of
reference evapotranspiration (ETo), respectively. The irrigation water
requirements (m® ha) were calculated and illustrated in Table (9). The values of
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gross irrigation water requirement (GIWR) were 948.58, 1897.17, 2845.75,
3794.33 and 4742.92 m*ha’, respectively.

Water use efficiency (WUE) and Irrigation water use efficiency (IWUE)

Water-use efficiency (WUE) is a common expression of plant productivity.
It may represent the ratio of total above-ground dry biomass or dry seed weight
to the seasonal evapotranspiration (ET). With this approach, different cultural
practices can be assessed to determine optimum use of limited irrigation water.

Water use efficiency expressed as (kg m®) of seeds as affected by the
different water treatments is presented in Table (9). The highest value was
attained at highest deficit (20% of ETy). Increasing water deficit increased the
water use efficiency due to decreased applied water. Maximum value of water
use efficiency was 6.14 kg m™ for seed yield and 2.46 kg m™ for oil yield at 20%
of ETy. The lowest values of WUE were attained at full irrigation (100% of ETy).
Our results are in accordance with those of Nahla (2003), Kssab et al. (2012)
and Abdel-Mawgoud et al. (2009) who reported that water use efficiency
increased with the decrease of irrigation water. Also, IWUE of seed yield was
increased with decreasing the water deficit. The highest value of IWUE for seed
yield was attained at irrigation 20% of ET, (while the lowest value was attained at
irrigation with 100% of ETo). The same trend was noticed for IWUE of oil yield,
but the values of WUE are more than the values of IWUE.

Table (9). Water use efficiency as affected by irrigation regimes

WUE IWUE

Irrigation WUE - IWUE
Treatment |I1E11r-3 rlf\.:;: n?:,!‘l{:’:1 of seed l? f ?T'II s:; d of oil
(% of ET) kgm?® "9, s kgm?
g m
20 509.98 76.60 94858 614 246  4.96 1.99
40 509.98 153.20 1897.17 323 143 261 1.15
60 509.98 229.79 284575 221  1.00 1.79 0.81
80 509.98 306.39 379433 190 087 154 0.70

100 509.98 382.99 4742.92 1.54 0.72 1.24 0.58

The present results indicate that reducing plant water needs to be less
than 100% of ET, (deficit irrigation) significantly reduced grain yield which this
response is indicative the effect of drought stress on grain yield. Reducing seed
yield in condition of limited irrigation can be contributed to effect of water defect
due to lack of water which is along with acceleration of aging and reduction of
filling period of grain, the signals sent from roots to leaves and induced stomata
and finally reduction of the proportion of net photosynthesis. It seems that a
balanced intake of water during various developmental stages of flowering and
grading improved grain yield of sunflower. Because during this stage the most
important yield components (seed number in head and seed weight) is formed.
Also enough watering during the vegetative stage causes leaf development and
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photosynthesis of plants. (Mazaheri laghab et al., 2001) stated that poor irrigation
regime not only reduces leaf area and premature aging but also decrease of
seed yield. In fact, the reason of seed yield loss due to drought stress a decrease
in current photosynthesis and remobilization of during grain filling material can be
attributed. The (Human et al., 1990) in their experiments under severe stress at
flowering, pollination and seed formation known to cause yield reduction.

Decrease of oil percentage in control treatment is because increase of
water consumption increases excessive vegetative growth and delayed
maturation of immature seed in the time of harvest also reduction of the
percentage of oil in the severe stress treatment is because of impaired grain
filling, which increases the skin of sunflower seeds. Moisture stress actually
reduces the number of seed in length of seed the amount of oil has distributed in
smaller tank and the oil percentage has not been affected (Cox and Jolliff, 1986).
Sunflower oil yield per unit area is because of grain yield per unit area and seed
oil percentage.(Mozaffari et al,1996) has quoted about the effect of drought
stress on sunflower oil percentage that the oil percentage does not damage in
drought stress because seed oil is quantity that controls by many genes.

In fact, the reduction of water consumption and drought stress depends on
the stress intensity is decreased oil yield cultivars. The results showed decrease
or not irrigation reduced the grain yield and also affected oil content and oil yield.
Because Stress on reproductive processes such as flowering and Pollination
causes highest grain yield, also reduced accordingly oil yield. In fact, enough
watering, especially during the filling stage of sunflower seeds and can be useful
and effective in increase of seed weight and save of enough oil. Adequate
moisture can be effective in the thin shell and increase of percentage of seed
kernel. Sunflower oil yield per unit area is obtained by grain yield per unit area
and percentage of seed oil. (Andria et al.,1995) found a positive correlation
between seed yield and oil yield, but they found no linear relationship between
seed yield and oil percentage.

The benefits of deficit irrigation can be attributed to the following reasons:

e water loss through evaporation is reduced,

e the negative effect of drought stress during specific phenological stages on
biomass partitioning between reproductive and vegetative biomass(harvest
index) is reduced (Fereres and Soriano, 2007; Reynolds and Tuberosa, 2008)
due to increases the reproductive organs (Karam et al., 2009),

e water production for the net assimilations of biomass is increased as drought
stress is mitigated or crops become more hardened. This effect due to
conservative behavior of biomass growth in response to transpiration (Steduto
et al., 2007),

e water productivity for the net assimilations of biomass is increased due to the
synergy between irrigation and fertilization (Steduto and Albrizio, 2005), and
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e negative agronomic conditions are avoided during crop growth, such as pests,
diseases, anaeobic conditions in the root zone due to water logging (Pereira et
al., 2002; Geerts et al., 2008).

CONCLUSION

Any restriction in the supply of irrigation water is likely to induce a
decrease in crop yield. However, the impact of deficit irrigation on crop yield can
be insignificant where the water stress is applied to the crop during specific
growth stages that are less sensitive to moisture deficiency. Results from the
present study indicated that sunflower growth, seed yield, yield components and
oil content had been significantly affected by deficit irrigation. It seems that
sowing sunflower with 80% of ET, of deficit irrigation level, were the
recommended treatments to raise sunflower seed and oil yields compared with
the other deficit irrigation levels under the environmental conditions of this study.
In case of deficit irrigation, reduced irrigation water during the flowering period
should be avoided. But when seasonal irrigation water was limited, it seems that
deficit irrigation (80% of ETy) should be applied for the irrigation efficiency.
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