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ABSTRACT  
  

An experiment was conducted at the Experimental Farm of Sakha Agricultural Research Station 31° 07\\ N and 30° 57\\, Kafr 
El-Sheikh, Egypt, during 2015 and 2016 seasons to study the effect of skipping one irrigation at different growth stages and foliar 
application of zinc on quantitative and qualitative characteristics of sunflower cultivar Sakha 53.A split plot design with four replications 
was used. The main plots were devoted to water treatments i.e. I1= without skipping (control four irrigation during season), I2= skipping 
one irrigation during vegetative stage, I3=skipping one irrigation during flowering stage, I4= skipping one irrigation during grain filling 
stage. Sub plot treatments were devoted to foliar application with zinc sulfate , i.e. Zno= water application, Zn1= 0.5% and Zn2= 1% 
concentration. The results showed that flowering stage was the most sensitive to water deficit stress and skipping irrigation at this stage 
caused marked decrease in chlorophyll content in leaves, relative water content (RWC %), seed oil %, seed yield and its components, 
while increased proline content and seed protein % in the two growing seasons. Zinc spraying had significant effect on all attributes in 
this research. In general, application of Zn could be used as a good tool to increase yield of sunflower under drought stress.Also, the 
highest mean values for seasonal amount of water applied and water productivity were recorded under traditional irrigation. From this 
study we can be concluded that it is possible to gain high seed yield with less quantities of applied water when the irrigation skipping 
happens at vegetative stage with application of 1% zinc sulfate . 
Keywords: sunflower, water stress, zinc sulfate, yield, water relations. 
 

INTRODUCTION 
 

Sunflower (Helianthus annuus L.) is one of the 
most important oil seed crops containing high quantity of 
edible oil ranging from 35-48%, high percentage of poly 
unsaturated fatty acids (60%) including oleic acid (16.0%) 
and linoleic acid (72.5%), which control cholesterol (LDL) 
in human blood and about 20-27% protein (Patra et al. 
2013 and Amirian et al. 2013). Sunflower is the most 
susceptible to soil water deficiency at flowering stage, and 
seed filling, whereas at the start and end of the growing 
period the sensitivity is not so evident (Stone et al., 1996 
and Erdem et al., 2002). 

Water is the most important element in whole life 
depends, it is involves in most physiological and 
biochemical processes in plants, (Farias et al., 2007). Also, 
Flagela et al., (2002) found that, flowering and seed filling 
periods in sunflower showed the highest sensitivity to 
drought stress and gave the lowest values in number of 
seeds, seed weight and oil quality. Drought affected leaves 
exhibit large reduction in leaf relative water content (Rauf 
and Sadaqat, 2008). In the same trend (Ebrahimi et al., 
2014) showed that, water stress reduced chlorophyll a and 
b, chlorophyll a/b, total chlorophyll, but increased proline 
content of leaves. Skipping irrigation is a way for 
increasing water use efficiency (WUE) for higher yields 
per unit of irrigation water applied (English et al., 1990; 
English and Raja, 1996). 

Among micronutrient elements, zinc plays an 
important role in stomata regulation and ion balance in 
plants to reduce the harmful effects of drought. (Babaeian 
et al., 2010). Zinc application stimulated the enzymes 
involved in reactive oxygen species detoxification and 
increased leaf dry weight and accumulation of proline in 
sunflower under salt stress conditions (Ebrahimian and 
Bybordi, 2011). Also,(Zafar et al., 2014) found that foliar 
application of zinc reduces the harmful effects of drought 
stress in sunflower. 

The goal of this study was designed to examine the 
effect of foliar spraying with Zn for improving growth, 

yield and some water relations of sunflower under water 
deficit conditions. 

 

MATERIALS AND METHODS 
 

Two field experiments were conducted at the 
Experimental Farm of Sakha Agricultural Research Station 
(31° 07\\ N and 30° 57\\) during the two successive growing 
summer seasons 2015 and 2016 to study the effect of 
skipping one  irrigation during different growth stages and 
zinc foliar applications on quantitative and qualitative 
characteristics of sunflower Sakha 53cultivar. The seeds 
was planted in 23th of June in the two seasons. The 
experimental design was split plot design with four 
replicates. The main plots were assigned to irrigation 
treatments which consisted of four irrigation treatments, 
i.e. I1= irrigation as recommended (control four irrigation), 
I2= skipping one irrigation during vegetative growth stage, 
I3=skipping one irrigation during flowering stage, I4= 
skipping one irrigation during seed filling stage. Sub plot 
units included zinc treatments which consisted of three 
foliar applications with zinc, i.e. Zno= without zinc 
application (spraying with water), Zn1= 0.5% and Zn2= 1% 
of zinc sulfate . Foliar application was done two times (two 
weeks before and two weeks after flowering). 

The plot area was 12 m2 (3 m width and 4 m 
length). Each plot, contained 5 rows and the distance 
between two hills were 20 cm. In each plot, two rows were 
devoted for planting growth sampling, and anther three 
rows used for determining seed yield and its components. 
The plants were thinned to secure one plant per hill after 21 
days from sowing. Other cultural practices for growing 
sunflower were done as recommended. The experimental 
field was fertilized with 100kg/P2O5 in the form of 
superphosphate fertilizer (15.5% P2O5) during soil 
preparation .Soil samples were randomly taken from the 
experimental area at a depth of 0 to 30 cm.The soil 
mechanical and chemical analysis were determined 
according to Piper (1950)as presented in Table (1). 
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Table 1. Mechanical and chemical analysis of soil at the 
experimental sites during 2015 and 2016 
seasons. 

Determination 2015 2016 
Mechanical analysis: 
Sand % 18.78 15.99 
Silt % 20.52 24.12 
Clay % 60.74 59.89 
Field capacity % 40.03 40.11 
Wilting point 21.71 21.75 
Balk density (g/cm3) 1.14 1.14 
Chemical analysis: 
pH 8.06 8.15 
E.C. mm hos/cm 2.93 2.96 
Organic matter (O.M) % 1.75 1.82 
Available N ppm 18.58 18.72 
Available P ppm 6.74 6.52 
Available K ppm 270.25 272.36 
 

Weather data from planting to harvest were collected 
from Sakha Meteorological Station, Egypt (Table 2). 

 

Table 2. Means of some meteorological data for Kafr 
El-Sheikh area during the two growing 
seasons (2015 and 2016). 

Month 

T(C°) 

R.H.% 

WS 
m/sec.at 

2m 
height 

Pan 
Evap. 

mm/day Max. Min. Mean 

2015 
June 32.1 20.3 26.2 46 3.12 8.23 
July 38.2 28.3 33.2 48 2.85 7.45 
Aug. 39.9 29.2 34.5 45 2.47 8.12 
Sep. 38.6 26.5 32.5 44 2.74 7.15 

2016 
June 33.6 26.3 29.95 47 3.24 8.62 
July 33.7 26.1 29.9 49 3.01 7.92 
Aug. 33.6 26 29.8 48 2.58 8.45 
Sep. 32.6 24.3 28.45 46 2.65 7.75 
Source: Meteorological station at Sakha Agricultural Research 

Station (31° 07\\N Latitude and 3° 57\\Elongitude) with an 
elevation of about 6 meters above sea level. 

 

Studied characteristics: 
1. Proline content 

Proline content of leaves was determined according 
to a modification of the method of Bates et al.(1973).Its 
absorbance was measured at 520 nm in a 
spectrophotometer. The content of proline was calculated 
from a standard curve in mg.g-1 FW. 
2. Measurement of leaf relative water content (RWC %): 

Leaf relative water content, was carried out 
according to the method of Weatherly (1950) and its 
modification by Barrs and Weatherly (1962) with 
following the considerations given by El-Sharkawy and 
Salama (1973). Leaf discs, were punched from the center 
of the leaf. Fresh weight (FW) was taken and floated for 4 
hours in distilled water and weighted again to obtain turgid 
weight (TW). For dry weight (DW) determination, the 
discs were oven dried at 85ºC for a constant weight. 
Relative water content was calculated according to the 
following equation: 

RWC (%) = (FW-DW) / (TW-DW) x 100 
3. Photosynthetic pigments content in leaves: 

(chlorophyll a, chlorophyll b and total chlorophylls), 
which were homogenized in N-N-dimethyl formamid 
and determination using the spectrophotometric method 
according to the equation mentioned by Moran (1982). 

Chl. a= 12.7(O.D) 664-2.79(O.D)647 
Chl. b =20.7(O.D)647-4.62(O.D)664 

Total chlorophyll = 7.04 (O.D)664 + 20.27 (O.D)647 
Yield and its components: 
              At maturity, five guarded plants were taken 
randomly from inner ridges and characters were recorded 
i.e. Plant height (cm), stem diameter (cm) and head 
diameter (cm).  
- To calculate the average 100-seed weight (g), five 

samples were randomly taken from the each plot and 
mean of weight was recorded. 

- Seed yield kg fed-1: heads of bagged plants from inner 
ridges of each plot were harvested and left two weeks 
until fully air dried and seed weight was used to estimate 
seed yield kgfed-1. 

- Seed oil percentage (%): was determined according to 
A.O.A.C.(1995)using soxhlet apparatus using petroleum 
ether as a solvent. 

- Seed protein %: was determined according to 
A.O.A.C.(1995)and calculated by multiplying the N by 
the converting factor 6.25 (Hymowitz et al.,1972). 

A. Water relations: 
D.1. Determination of seasonal water applied: 

The irrigation water applied was measured with a 
flow meter installed in the water delivery unit of the 
irrigation pump.  
Seasonal water applied was calculated as described by 
Giriappa (1983)  

 
Where: 
•  is the irrigation applied. 

•  is the effective rainfall. 

•  is the contribution of the ground water table to crop water 

use (neglected) because it wasn't high (about 120 cm). 
D.2. Assessment of irrigation water productivity: 

The irrigation water productivity (IWP, kg m−3) was 
estimated as: 

 
Where,  
•  is the actual yield achieved for the various 

treatments (Kg fed.−1). 
is the amount of applied irrigation water (m3 fed.-1). 

Statistical Analysis 
The obtained data were statistically analyzed and 

comparison among means were performed by computer 
programming methods (statgraphics,v.4.2 software),as 
described by Snedecor and Cochran (1982). Treatment 
means were compared by Duncan's multiple range test 
(Duncan's,1955). 

 

RESULTS AND DISCUSSION 
 

Effect on Proline content: 
Table (3) shows that, significant effect of water 

stress in proline content. I3 irrigation treatment gave the 
highest proline content during the both seasons.  as well as 
conserving N element produced from protein degradation 
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during water stress . Proline accumulation helps the plant 
to retains low water potentials and allows additional water 
to be taken up from the environment, thus decrease the 
harmful effect of water shortages within the plant (Kumar 
et al., 2003). 
 

Table 3. Effect of irrigation and foliar application with 
zinc on proline content and (RWC%) during 
the two growing seasons 2015 and 2016.   

 
Treatments 

Proline(mg g-1 
fresh wt.) RWC (%) 

2015 2016 2015 2016 
Irrigation 
I1 0.0009 d 0.011 d 66.93a 66.03 a 
I2 0.025 c 0.027 c 64.49b 63.60 b 
I3 0.033 a 0.035 a 62.55d 61.82 d 
I4 0.029 b 0.030 b 63.48c 62.73 c 
F-test * * * * 
Zinc sulfate 
Zn 0 0.021 c 0.023 c 63.02c 62.06 c 
Zn 1 0.024 b 0.025 b 64.50b 63.50 b 
Zn2 0.026 a 0.028 a 65.57a 65.07 a 
F-test * * ** ** 
Interaction(I x Zn) N.S. N.S. * N.S. 
*,** significant at 5% and 1% level of probability, respectively. Mean 

values designed by the same letter in each column are not 
significant according to Duncan's Multiple Range Test. 

 

Concerning, spraying zinc sulfate at the high level 
(1%) significantly increased the amount of proline content 
(0.026& 0.028) in 2015 and 2016 season, respectively. 
These results are in agreement with (Babaeian et al.,2011) 
who found that, application of zinc increase proline content 
and thus decrease the harmful effects of drought. 
Effect on leaf relative water content (RWC %): 

Results in Table (3) showed that, Abundance 
available soil moisture at I1 irrigation (without stress) 
treatment resulted in substantial increase in RWC% in both 
seasons. Irrigation treatment of I3 decreased RWC% 
compared to I1,I2 and I4 treatments.  These results are in 
harmony with (Anjum et al., 2011) who reported that, leaf 
relative water content is an important tool  of plant water 
status and is used as a useful index for dehydration 
tolerance . 

Foliar application of zinc sulfate had a significant 
effect on relative water content. Plants sprayed with Zn2 
treatment significantly exceeded Zn0 and Zn1treatments 
(Table 3). 
Effect on chlorophyll content: 

Water deficit stress caused significant decrease in 
chlorophyll content(Chl. a, Chl. b and total Chl.) during the 
two seasons (Table 4). The highest values were observed 
with plants irrigated at all growth stages (control 
treatment). Interrupt irrigation during flowering stage 
recorded the lowest chlorophyll content during the two 
studied seasons. These results maybe due to water stress 
reduced photosynthetic capacity and lead to an increase in 
reactive oxygen species (ROS) which cause oxidative 
damage to DNA, lipid and proteins and thus decrease in 
chlorophyll content Ebrahimi et al., (2014).  

Foliar application of zinc at the rate of 1 % partially 
decreased the adverse effects of water stress on 
photosynthesis. In this concern, Ved et al., (2002) and 
(Cakmak, 2000) stated that foliar applied zinc stimulates 
photosynthesis and  improves chlorophyll content in plants.  

Table 4. Effect of irrigation and foliar application of 
zinc treatments on chlorophyll content during 
the two growing seasons 2015 and 2016. 

 
Treatment 

Chl.a 
(mg/dm2) 

Chl.b 
(mg/dm2) 

Total Chl. 
(mg/dm2) 

2015 2016 2015 2016 2015 2016 
Irrigation treatments 
I1 2.933 a 2.837 a 1.956 a 1.983 a 4.891a 4.749 a 
I2 2.648 b 2.584 b 1.777 b 1.696 b 4.450 b 4.348 b 
I3 2.284 d 2.235 d 1.609 c 1.568 d 3.942 d 3.830c 
I4 2.346 c 2.311 c 1.718 b 1.662 c 4.031c 3.964c 
F-test * * ** * * * 
Zinc sulfate treatments 
Zn 0 2.316 c 2.289 c 1.619 c 1.576 c 4.081 c 4.049 c 
Zn 1 2.534 b 2.450 b 1.768 b 1.666 b 4.261 b 4.136 b 
Zn2 2.809 a 2.737 a 1.909 a 1.865 a 4.643 a 4.470 a 
F-test * * * * * * 
Interaction(IxZ) ** ** NS * NS NS 
*,** significant at 5% and 1% level of probability, respectively. Mean 

values designed by the same letter in each column are not 
significant according to Duncan's Multiple Range Test. 

 

Yield and its Components 
Data in Table (5) clearly showed that plant height 

was significantly affected by irrigation withholding water 
at different growth stages. The tallest plants were obtained 
with traditional irrigation (189.2 cm), while the shortest 
plants were obtained with plants interrupted water during 
the flowering stage (177.1cm). These results may be due to 
water stress decrease water potential of stem cell to a lower 
level needed for cell elongation and thus, shorter 
internodes and stem height. Shahri et al., (2012).  

In the same trend, both stem and head diameters 
were significantly affected by applied water stress. The 
thickest stems and biggest heads were observed with plants 
irrigated at all growth stages. Our findings showed that 
irrigation withholding at flowering stage had the lowest 
values of both stem and head diameters in the two growing 
seasons. Water deficit stress could be attributed to decrease 
in photosynthesis process and assimilate transportation to 
stems as an important sink in sunflower Zafar et al.,(2014). 
 

Table 5. Effect of irrigation and foliar application of 
zinc treatments on yield components during 
the two growing seasons 2015 and 2016.   

 
Treatment 

Plant 
height(Cm) 

Stem 
diameter 

(Cm) 

Head diameter 
(Cm) 

2015 2016 2015 2016 2015 2016 
Irrigation 
I1 189.2 a 187.8 a 2.80 a 2.70 a 17.79 a 17.53 a 
I2 184.2 b 182.0 b 2.55 b 2.45 b 16.46 b 16.31 b 
I3 177.1 d 174.7 d 2.14 d 2.06 c 15.35 d 15.15 c 
I4 179.0 c 177.0 c 2.31 c 2.08 c 15.83 c 15.68 bc 
F-test * ** ** * ** ** 
Zinc sulfate 
Zn 0 177.1 c 174.8 c 2.18 c 2.09 c 14.83 c 14.73 c 
Zn 1 181.8 b 180.0 b 2.46 b 2.30 b 16.54 b 16.28 b 
Zn2 188.3 a 186.3 a 2.71 a 2.57 a 17.69 a 17.49 a 
F-test ** * ** ** * ** 
Interaction(IxZ) NS * NS NS ** * 
*,** significant at 5% and 1% level of probability, respectively. Mean 

values designed by the same letter in each column are not 
significant according to Duncan'sMultiple Range Test. 

 

Zinc sulfate foliar application exerted significant 
effect on plant height ,stem and head diameters (Table 5). 
Spraying treatment with 1% concentration reported the 
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highest values of both stem and head diameters during the 
two growing seasons. In this concern, Hussein  and Alva 
(2014)  stated that, zinc application lead to activation of 
many enzymes in plants and is  involved in the 
biosynthesis of growth substances, such as auxin which 
produces more plant cells which result in increased growth 
parameters. 
Effect on seed yield: 

Results in Table (6) showed that water stress caused 
significant decrease in 100-seed weight. High 100-seed 
weight was obtained from I1 (complete irrigation) which 
was due to the presence of adequate soil moisture during 
flowering, seed formation and seed filling stages.On the 
other hand, the minimum weight of seeds were recorded 
when irrigation water was interrupt at the flowering stage 
which was the most sensitive stage to water stress as seen 
in the results the yield reduction during the flowering stage 
was (11.08&8.04 %) in the first and second season, 
respectively. These results are in agreement with  Roshdi et 
al., (2006) who conducted that, under water deficit 
conditions, plants do not absorb enough water and hence, 
the seeds are more or less unfilled. Similar results were 
obtained by Shahri et al., (2012), Babaeain et al., (2010) 
and Vazin (2012) 
 

Table 6. Effect of irrigation and foliar application of 
zinc treatments on yield and yield reduction 
during the two growing seasons 2015 and 
2016. 

 
Treatments 

100 -seed  weight 
(g) 

Seed yield (kg/fed.) 
Yield 

Reduction(%) 
2015 2016 2015 2016 2015 2016 

Irrigation 
I1 6.87 a 6.71a 1884.63 a 1869.95 a --- --- 
I2 6.47 b 6.37 b 1822.22 b 1786.66 b -3.312 -4.454 
I3 5.98 d 5.85 d 1675.79 d 1636.4  d -11.081 -12.490 

I4 6.14 c 5.97 c 1775.68 c 1719.52 c -5.940 -8.045 
F-test * ** ** ** -- -- 
Zinc sulfate   
Zn 0 6.07 c 5.90 c 1711.27 c 1625.31 c --- --- 
Zn 1 6.37 b 6.24 b 1787.40 b 1761.40 b 4.449 8.373 
Zn2 6.67 a 6.53 a 1870.07 a 1752.47 a 9.940 6.163 
F-test * * ** ** - - 
Interaction 
(IxZ) 

NS * ** ** - - 

*,** significant at 5% and 1% level of probability, respectively. Mean 
values designed by the same letter in each column are not significant 
according to Duncan'sMultiple Range Test. 

 
Concerning, Zinc foliar application lead to increase 

100-seed weight of sunflower compared to the control 
(Zno).The highest value of 100-seed weight was observed 
with application of 1% Zn (6.67 and 6.53g) during the first 
and the second season, respectively. In this concern, Ved et 
al., (2002) stated that foliar spraying of zinc improves 
photosynthesis, growth parameters, seed  protein and yield. 
The positive effect of zinc sulfate spraying on seed yield 
has been also reported by Flagela et al., (2002) who found 
that flowering and seed filling stages in sunflower showed 
the highest sensitivity to water  stress and gave the lowest 
values of seed weight and oil content . 

Concerning the effect of interaction between 
irrigation treatments and zinc sulfate spraying Fig.(1 and 2) 
showed that full irrigation with Zinc sulfate spraying at 1% 

recorded the highest seed yield in 2015 and 2016 seasons 
followed by withholding irrigation at vegetative stage with 
foliar spraying of 1% zinc sulfate during the two 
seasons.These results are in agreement with (Saeed et al. 
2015)who found that, full irrigation enhanced highest head 
diameter, 1000-achene weight, achene yield and biological 
yield. Also, Hatami (2017) showed that, sunflower yield 
decreased under increasing drought stress, but zinc 
application improved yield by showing increase evaluation 
for diameter and number of seeds per head. 

 

 
Fig. 1. Effect of interaction between irrigation treatments 

and zinc Sulfate spraying on seed yield during 
2015 season. 

 
Fig. 2. Effect of interaction between irrigation treatments 

and zinc Sulfate spraying on seed yield during 
2016 season. 

 

Effect on seed protein content: 
Based on the obtained results, it seems that  water 

stress significantly affected in protein % . The higher 
values of seed protein content was observed under water 
stress than the complete irrigation. This result is consistent 
with other findings (Jiang and Huang 2002). Also, Heidari 
and Karami (2013) reported increase in protein content of 
sunflower under a moisture stressed condition. The reason 
for increasing the protein percentage by drought stress is 
osmo-regulation and water absorption phenomena (Cellier 
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et al., 1998). Similar to our results, Esmaeilian et al., 
(2012) found that in sunflower, with increasing drought 
stress, oil content significantly decreased but protein 
percentage increased. 
            

 Table 7. Effect of irrigation and foliar application of 
zinc treatments on seed protein and seed oil % 
during the two growing seasons 2015 and 
2016.   

Treatments Seed Protein % Seed oil % 
2015 2016 2015 2016 

Irrigation 
I1 16.11 d 16.32 c 47.35 a 47.14 a 
I2 16.37 c 16.52 b 45.79 b 45.67 b 
I3 16.59 a 16.73 a 44.64 d 44.53 d 
I4 16.47 b 16.62 b 45.05 c 44.99 c 
F-test ** ** * ** 
Zinc sulfate 
Zn 0 15.60 c 15.77 c 44.97 c 44.87 c 
Zn 1 16.57 b 16.78 b 45.72 b 45.58 b 
Zn2 16.99 a 17.09 a 46.44 a 46.30 a 
F-test ** * ** ** 
Interaction (IxZn) NS NS ** ** 
*,** significant at 5% and 1% level of probability, respectively. Mean 

values designed by the same letter in each column are not 
significant according to Duncan'sMultiple Range Test. 

 

Zn2 treatments significantly increased the 
percentage of protein( 16.99 % ) in the first season and 
(17.09 %) in the second season(Table 7).The results were 
supported by Darwish et al.,(2005) who found that, foliar 
spraying with zinc had significant effect on chemical 
constituents including protein content, NPK% as well as 
oil%. Increasing zinc concentration from 0.5% to 1% 
significantly increased the characteristics of chemical 
constituents.  
Effect on seed oil Percentage 

The results in Table (7) revealed that oil percentage 
is significantly affected by water shortage during the two 
studied seasons. The highest oil % was recorded with 
complete irrigation while, the lowest ones recorded 

withholding water at the flowering stage. Rauf et al., 
(2012) reported that the oil percentage of sunflower is 
higher under non-stressed conditions (optimum irrigation) 
whereas water stress causes a decrease in oil percentage. 
Kassab et al., (2012) revealed that the oil percentage of 
sunflower declined under drought stress.  Also, Khajae-
Pour (2004) found that water stress disrupts seed filling 
and decreases the synthesis of nutrients and these result in 
increasing the ratio of hull tokernel and decreasing seed oil 
content and oil yield. Also, Ali et al., (2009) indicated that 
by increasing drought stress, the oil percentage and the oil 
yield of sunflower decreased significantly. Soleimanzadeh 
et al., (2010) investigated the response of sunflower to 
drought stress and reported that the oil yield decreased 
significantly by drought stress. They attributed the oil yield 
decrease under drought stress to the reduction in seed yield.  

In comparison to the control values which spraying 
zinc sulfate at the higher concentration (1%) caused 
significant increase in oil % at the two growing seasons. 
The effect of zinc application on oil yield has been reported 
by other studies (Tabatabaei et al., 2012; Afkari, 2010; 
Jabbari et al., 2008). 
Water applied , irrigation water productivity and 
water saving: 

Table (8) shows the average water applied 
,irrigation water productivity and water saving as affected 
by water stress and zinc sulfate spraying. The results 
indicated that plants have significant change on seed yield 
and eventually on irrigation water productivity. The 
treatment withholding irrigation at flowering or seed filling 
stage of the life cycle of sunflower had a better crop 
irrigation water productivity (IWP). This indicates that the 
efficiency of individual crop in these treatments are to 
convert water transpired (or used) to grain. In other words, 
the results indicated that IWP is an important physiological 
characteristic that is related to the ability of crop to cope 
with water stress (Ebrahimi et al., 2014). 

 

Table 8. Average water applied (Wa m-3 fed.) , irrigation water productivity( IWP kgm-3) and water saving (WS 
%) as affected by irrigation treatments and foliar application of zinc during the two growing seasons 2015 
and 2016. 

Irrigation 
treatments 

Zinc 
sulfate 

Wa (m3 fed-1)  
Mean 

 

IWP(kg m-3) 
Mean 

WS (%) 
Mean 2015 2016 2015 2016 2016 2016 

I1 
Zn0 2614 2722 2668 0.687 0.654 0.670   0.701 
Zn1 2642 2731 2686.5 0.713 0.689 0.701 1.071 0.331 1.093 
Zn2 2651 2743 2697 0.745 0.716 0.730 1.415 0.771 0.897 

Mean 2635.67 2732.00 2683.83 0.714 0.686 0.701 1.243 0.551 -25.48 

 
I2 

Zn0 1954 2022 1988 0.900 0.850 0.875 -25.24 -25.716 -25.84 
Zn1 1961 2033 1997 0.914 0.874 0.893 -26.05 -25.643 -25.88 
Zn2 1968 2045 2006.5 0.948 0.912 0.929 -26.12 -25.643 -25.73 

Mean 1961.00 2033.33 1997.17 0.921 0.879 0.900 -25.81 -25.66 -26.92 

 
I3 

Zn0 1900 2000 1950 0.846 0.772 0.808 -27.31 -26.525 -26.94 
Zn1 1912 2014 1963 0.870 0.812 0.841 -27.63 -26.254 -26.96 
Zn2 1922 2018 1970 0.914 0.857 0.885 -27.49 -26.431 -26.94 

Mean 1911.33 2010.67 1961 0.880 0.814 0.845 -27.48 -26.40 -26.50 

 
I4 

Zn0 1911 2011 1961.00 0.881 0.820 0.850 -6.89 -26.120 -26.33 
Zn1 1915 2044 1979.5 0.945 0.864 0.904 -27.51 -25.156 -26.32 
Zn2 1922 2053 1987.5 0.954 0.849 0.901 -27.49 -25.155 -26.32 

Mean 1916.00 2036.0 1976.00 0.927 0.844 0.886 -27.30 -25.47 -26.39 
 

 
 

 
 



Rania F. El Mantawy and Dalia A. El-Hag 

 278

CONCLUSION 
 

The recent results clearly showed that, flowering 
stage was the most sensitive to water shortage .Thus, in 
case of limited irrigation, reduced irrigation water during 
the flowering period should be avoided. Additionally, 
results cleared that the application of zinc sulfate at  the 
rate of 1 % reduce the harmful effect of water stress on the 
growth and yield of sunflower plant. 
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  زھرة الشمسلوانتاجية المياه حصول مالمع الرش الورقى بالزنك على  نموالمراحل  بعض الرى فى منعتاثير 
  ٢داليا عبدربه الحاجو١رانيا فاروق المنطاوى

  .مصر –مركز البحوث الزراعية  –معھد بحوث المحاصيل الحقلية  –قسم بحوث فسيولوجيا المحاصيل ١
 مصر - جامعة كفر الشيخ –كلية الزراعة  –قسم المحاصيل  ٢

  
م لدراس[ة ت[أثير ال[رش ال[ورقى ٢٠١٥/٢٠١٦خ[yل موس[مين  - كفرالش[يخ - تجربة حقلي[ة بمزرع[ة محط[ة البح[وث الزراعي[ة بس[خا قيمتأ

ع نبات زھرة الشمس تح[ت ظ[روف ا�جھ[اد الم[ائى . وك[ان التص[ميم ا�حص[ائى المس[تخدم ھ[و القط[وانتاجية المياه لالزنك على محصول كبريتات ب
ري[ه ف[ى مرحل[ه النم[و  من[ع) ، أرب[ع ري[ات(الموص[ى ب[ه  بالمع[دلالرى فى القط[ع الرئيس[ية وھ[ى ال[رى  تمرة واحدة حيث وضعت معامyالمنشقة 

الزن[ك ف[ى القط[ع كبريت[ات ري[ه ف[ى مرحل[ة ام[تyء الب[ذور بينم[ا وض[عت مع[امyت ال[رش ال[ورقى ب من[عريه فى مرحل[ة التزھي[ر ،  منعالخضرى ، 
وق[[درت الص[[فات ا¬تي[[ة محت[[وى ا»وراق م[[ن ص[[بغات %.١% ، ال[[رش بمع[[دل  ٠.٥(ال[[رش بالم[[اء) ، ال[[رش بمع[[دل  زن[[كب[[دون  الش[[قية وھ[[ى

الب[روتين وك[ذلك نس[بة  وعن[د الحص[اد ت[م تق[دير المحص[ول ومكونات[ه م[ن الب[رولين ا�وراقومحتوى  لyوراق النسبي الكلوروفيل والمحتوى المائى
وق[د بين[ت النت[ائج أن أعل[ى كمي[ه للمي[اه . اب كمي[ة المي[اه المض[افه ونس[بة المي[اه الم[وفره وك[ذلك كف[اءة اس[تخدام المي[اهكذلك تم حس الزيت فى البذورو

ل[ذلك ف[ى حال[ة نق[ص المي[اه  ي[اهمرحلة التزھير كانت أكثر المراحل حساس[ية ل[نقص الم أوضحت النتائج أن كما المضافه قد سجلت مع الرى التقليدى
ومن خ[yل ھ[ذة الدراس[ه يمك[ن التوص[يه بأن[ه تح[ت ظ[روف نق[ص المي[اه يمك[ن زراع[ة زھ[رة الش[مس م[ع  خyل ھذة الفترة.يجب تجنب منع الرى 

  .لتعويض ا�ثر الضار لyجھاد المائى %١الزنك بمعدل كبريتات اسقاط ريه فى مرحلة النمو الخضرى والرش الورقى ب


