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Abstract:
Two field experiments were conducted at Agricultural Research Station,

East of El-Ewinate, Egypt, during 2013 and 2014 seasons, to investigate the re-
sponse of some sunflower genotypes to foliar application of some antioxidants
under two irrigation levels in East of El-Ewinate conditions. The results could be
summarized as follows:

- The differences among sunflower genotypes were highly significant for all
studied traits except days to 50% flowering and oil % in both seasons. Also, all
studied traits except of oil % were significantly affected by water deficit in the
both seasons.

- The highest mean values of plant height (181.7 and 183.3 cm), stem di-
ameter (1.10 and 1.12 cm), head diameter (27.17 and 24.73 cm), head yield
(67.33 and 66.80 g), 100-seed weight (4.49 and 4.59 g), oil yield fed." (464.95
and 441.56 kg) and seed yield fed.” (1352.0 and 1328.0 kg) were recorded for G,
(RF s X Ajy) genotype irrigated by 100% (I;) and spray with ascorbic acid (AA)
in the first and second seasons, respectively. While the lowest mean values of
plant height (133.3 and 131.7 cm), stem diameter (0.713 and 0.710 cm), head di-
ameter (15.47 and 15.20 cm), head yield (28.97 and 32.53 g), 100-seed weight
(2.94 and 2.87 g), oil yield fed." (258.62 and 303.74 kg) and seed yield fed.”
(732.0 and 884.0 kg) were recorded for Sakha-53 genotype irrigated by 75% ()
and spray with tap water in the first and second season, respectively.
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Introduction:

Production of vegetative oils are
still one of major problem in Egypt
because of consumption of these oils
which are gradually increased due to
increase population, limited culti-
vated area and the competition of the
oil crops in the demes agriculture ro-
tation. In Egypt, there is a big short-
age in edible vegetable oil for many
years due to fluctuations in the pro-
duction of oil seeds. The local pro-
duction of oil doesn't exceed 2% of
consumption. Presently, over 98% of
vegetable oil being consumed has to
be imported. Increasing oil produc-
tion depends on enlargement of culti-
vated area by oil crops.

Sunflower (Helianthus annuus
L.) is a high yielding oilseed crop and
has the potential to bridge up the gap
existing between consumption and
domestic production of edible oil in
Egypt subcontinent. Sunflower is
planted to be extended crop in soil
under East of El-Ewinate conditions.
It is adapted to wide types of soils
and climate conditions. This wide
adaptability enables sunflower to be
grown under the low productive soils,
particularly, in the newly reclaimed
soils in Egypt. Due to the sunflower
ability to tolerate short periods of wa-
ter deficit the potential exists for it to
become an important crop in semi-
arid environments and wherever
available irrigation water is limited.
Sunflower has good potential for
drought tolerance because of well de-
veloped root system and to withstand
temporary wilting. Although sun-
flower is moderately tolerant to water
stress yet its area and production is
greatly affected by drought. If
drought resistant cultivars are devel-
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oped, sunflower can be grown suc-
cessfully in areas where water is a
limiting factor.

Salicylic Acid (SA) is consid-
ered as a hormone like substance
which acting an important role in
regulating a number of physiological
processes in the plants such as sto-
mata closure, ion uptake and trans-
port, inhibition of ethylene biosynthe-
sis, transpiration, membrane perme-
ability, photosynthesis and growth
(Abdel-Wahed et al., 2006 and Ash-
raf et al., 2010), nitrate metabolism,
flowering and stress tolerance (Hayat
et al., 2007). Application of SA
stimulated tolerance in plants to many
biotic and abiotic stresses like salin-
ity, water stress and heat (Khan et al.,
2010). The SA can have useful or in-
hibitory effects on plant physiological
processes. Salicylic acid is an en-
dogenous growth regulator of pheno-
lic nature, which participates in the
regulation of physiological processes
in plants, and plays an important role
in plant growth and development
(Raskin 1992), and abiotic stress tol-
erance and considerable attention has
been focused on the ability of SA to
induce protective effect on plants un-
der stress. Also, citric Acid (CA) is
an organic compound belonging to
the family of carboxylic acids. It pre-
sents in practically all plants. It is one
of a series of compounds involved in
the physiological oxidation of fats,
proteins and carbohydrates to CO,
and water. Abd-Allah et al. (2007)
found that plant height, yield and its
components as well as protein content
in common bean, pea and faba bean
were increased with application of
citric acid. Sheteawi (2007) reported
that ascorbic and citric acids appeared
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to act in a concert which indicates a
complete set of antioxidant defense
system, rather than protection by a
single antioxidant under stressful
conditions.

Ascorbic acid (vitamin C) is one
of the key products of D-glucose me-
tabolism which synthesized in higher
plants. It has been shown to play mul-
tiple roles in plant growth and devel-
opment, such as cell division, cell
wall expansion (Pignocchi and Foyer,
2003) and other developmental proc-
esses. Ascorbic acid is an excellent
antioxidant consists of molecules that
can neutralize harmful reactivate
oxygen species generated by salt, wa-
ter, through doing as a co-factor in
synthesis of absisic acid. Although, a
lot of work has been done on differ-
ent crops to mitigate the adverse ef-
fects of moisture stress by exogenous
application of different compatible
solutes in the world, little information
is available regarding sunflower. So,
the present study was carried out to
investigate the effect of water stress
on the performance of sunflower
genotypes and to explore the possibil-
ity of improving drought tolerance by
foliar application of salicylic, ascor-
bic and citric acid under East of El-
Ewinate conditions.

Materials and Methods:

This investigation was carried

out at Agricultural Research Station,
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East of El-Ewinate, Egypt, during
2013 and 2014 seasons to study the
response of some sunflower geno-
types to foliar application of antioxi-
dants (Ascorbic, Citric and Salicylic
acid) under different water regimes.
Before planting, soil samples were
taken from the experimental site and
analyzed according to the procedure
of Jackson (1973). Some physical and
chemical properties of the soil are
presented in Table (1). In each sea-
son, two separate experiments, first
one  under normal  irrigation
(I;=100%) and the second under wa-
ter deficit (L= 75% of potential
evapotranspiration, ET,). Each ex-
periment was laid out in a random-
ized complete block design using
split-plot arrangement with three rep-
licates. Sunflower genotypes G
(RF15 X A]z), G2 (RF3 X A]z), G3
(Giza-102) and G4 (Sakha-53) were
arranged in main plots while, the
foliar applications of antioxidant as
following:

Fy = the untreated plants (con-
trol) were sprayed with tap water and
spreading agent.

F, = citric acid (CA) application
at the level of 150 ppm

F, = salicylic acid (SA) applica-
tion at the level of 150 ppm

F; = ascorbic acid (AA) applica-
tion at the level of 150 ppm, were al-
located in sub plots.
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Table 1: Some physical and chemical properties of a representative soil
samples in the experimental site before sowing (0-30 cm depth) in 2013

and 2014 seasons.

Soil properties 2013* \ 2014*
Partice size distribution
Sand (%) 74.5 73.7
Silt (%) 18.5 17.9
Clay (%) 7.0 8.4
Texture grade Sandy loam Sandy loam
EC (1:1 extract) (dS m™) 1.95 1.84
pH (1:1 suspension) 7.59 7.64
Total CaCO; (%) 8.75 8.63
Ca’ (ppm) 140.4 141.2
Mg (ppm) 18.6 17.9
Na' (ppm) 195.2 194.7
K’ (ppm) 78.4 79.4
Ca’ (ppm) 177.5 176.8
NaHCOs-extractable P (ppm) 423.5 427.2
SOy (ppm) 343.2 344.6
Organic matter (%) 0.04 0.043
NaOAC-extractable K (ppm) 132.80 122.50
Total nitrogen (%) 0.002 0.002
KCl-extractable N (ppm) 31.04 29.16

*Each value represents the mean of three replications.

The area of each experimental
unit was 10.5 m* (3.5 m length x 3 m
width) included 5 rows, 60 cm apart
and 20 cm between hills. Seeds
(seeds 3 hill'") were hand drilled on
June 28™ and 26" in the 1* and the
2" seasons, respectively. One plant
was left hill”" after thinned (3 weeks
from planting). Phosphorous fertilizer
was applied during seedbed prepara-
tion in the form of calcium super-
phosphate (15.5% P,0Os) at the rate of
31 kg P,Os fed.”". Nitrogen fertilizer

in the form of ammonium nitrate
(33.5% N) at the rate of 90 kg N fed.
" was added in three equal doses at
thinning, after one month and one
month later. Potassium fertilizer in
the form of potassium sulphate (48%
K,0) at the rate of 50 kg K,O fed.™
was added in two equal doses at thin-
ning and after one month. Sprinkler
irrigation system was using under
ground water was (every day) fol-
lowed in table 2.

Table 2: Amount of water and time of application

. 100% w.h.c 75% w.h.c.
Day from planting - -
Minuets | Amount of water | Minuets | Amount of water
1-30 (30 days) 15 225 12 168.75
31-90 (60 days) 60 1800 45 1350
91-105 (15 days) 30 450 22.5 337.5
Total 2475 1856.25
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The preceding crop was wheat
in both seasons. SA, AA and CA
were applied with a knap sack
sprayer. All other cultural practices
were carried out as recommended for
sunflower production in both seasons.

At maturity, (after 120 days
from sowing) random sample of ten
guarded plants from each sub plot
were taken and the following data
were determined: plant height (cm),
stem diameter (cm) and head diame-
ter (cm), a bulk sample including all
plants in plot was harvested to deter-
mine and the seed yield plot' and
then converted into kg fed."(seed
yield plot'X 400).

- Dates to 50% flowering were
determined on the basis of all plants
in the sub plot.

- 100- seed weight (g).

- Oil percentage (%): dried ma-
ture seeds were ground into very fine
powder to determine oil % using
Soxhelt apparatus and diethyl ether
according to A.O.A.C. (1995). In or-
der to calculate oil yield, the yield
was converted to oil yield using the
following formulae: Oil yield (kg
fed.") = oil % X seed yield (kg fed.
/100

Each experiment was subjected
to analysis of variance using the
MSTAT. C statistical package pro-
gramme according to Gomez and
Gomez (1984), Bartlet test was done,
then combined analysis was done to
evaluate the irrigation effect and the
least significant difference (L.S.D.) at
5% and 1% levels of probability was
used to compare the differences
among means.

Results and Discution:
A- Effect of genotypes
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Data illustrated in Tables 3, 4 and 5
reveal that the differences among the
genotypes were highly significant for
all studied traits except days to 50%
flowering, oil % and oil yield in both
seasons. RF;5s x A, genotype had the
highest mean values of plant height
(171.91 and 173.04 cm), stem diame-
ter (0.97 and 1.00 cm), head diameter
(23.05 and 21.75 cm), head yield
(50.16 and 52.20 g), seed yield fed.”
(1116 and 1188 kg) and 100-seed
weight (4.01 and 4.10 g) in the first
and second seasons, respectively.
These differences may be due to the
genetics behavior combined with en-
vironment factors which was suitable
for RF;s x Ay, genotype than other
genotype. These results are harmony
with those obtained by Ahmad et al.,
(1999), Basha (2000) Allam et al.,
(2003) and Abdel-Motagally and Os-
man, (2010).

B - Effect of water deficit

The presented data (Tables 3, 4
and 5) show that all studied traits ex-
cept oil % were significantly affected
by water regime in the both seasons.
The highest mean values of plant
height (166.95 and 167.63 cm), stem
diameter (0.93 and 0.98 cm), head
diameter (21.78 and 20.49 cm), head
yield (52.81 and 57.21 g), seed yield
fed." (1097 and 1149 kg), 100-seed
weight (3.88 and 3.85 g) and oil yield
fed.”" (385.41 and 394.86 kg) and the
lowest mean values of days to 50%
flowering (61.43 and 59.77) were ob-
tained by adding high irrigation level
(I;) in the first and second seasons,
respectively.

The lowest mean values of plant
height (159.13 and 160.93 cm), stem
diameter (0.85 and 0.90 cm), head
diameter (19.59 and 20.48 cm), head



Abdel-Motagally et al., 2015

yield (37.90 and 41.81 g), seed yield
fed." (905 and 1015 kg), 100-seed
weight (3.55 and 3.60 g) and oil yield
fed.”" (314.58 and 343.39 kg) and the
highest mean values of days to 50%
flowering (64.06 and 59.30), were
obtained by adding low irrigation
level (I,) in the first and second sea-
sons, respectively.

A common adverse effect of
water stress on crop plants is the re-
duction in fresh and dry biomass pro-
duction and the reduction of biomass
production resulting from water stress
has been observed in almost all geno-
types of sunflower (Tahir and Mehdi
2001). When plants are exposed to
water stress, plant cells protect them-
selves from the stress of high concen-
trations of intracellular salts by ac-
cumulating a variety of small organic
metabolites that are referred to collec-
tively as compatible solutes (Ashraf
and Follad 2007). Compatible solutes
are small molecules that are very
soluble in water and are also uni-
formly neutral with respect to the per-
turbation of cellular functions, even
when present at high concentrations
(Yancey et al. 1982). The properties
of these solutes allow the mainte-
nance of turgor pressure during water
stress.

C - Effect of antioxidant

Data presented in Tables 3, 4
and 5 show that the most studies traits
except days to 50% flowering and oil
% were significantly affected by
foliar application of antioxidant in
both seasons. The highest mean val-
ues of plant height (171.23 and
172.03 cm), stem diameter (0.99 and
1.01 cm), head diameter (22.42 and
21.53 cm), head yield (50.32 and
55.84 g), seed yield fed.”" (1082 and
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1154 kg), 100-seed weight (4.08 and
4.07 g), and oil yield fed." (378.17
and 391.97 kg) were obtained by add-
ing F5 (Ascorbic acid) in the first and
second seasons, respectively.

These results may be due to the
role of Ascorbic acid (AA) as an im-
portant natural additive to improve
growth and yield in plants. Ascorbic
substances are an important soil com-
ponent because they constitute a sta-
ble fraction of carbon and improve
water holding capacity, pH buffering
and thermal insulation, stimulate
plant growth by the assimilation of
major and minor elements, enzyme
activation and/or inhibition changes
in membrane permeability, protein
synthesis which activate the biomass
production, regulating endogenous
hormone levels and finally it was hy-
pothesized that ascorbic acid increase
the photo-chemical efficiency. Also,
salicylic acid enhancing some physio-
logical and biochemical aspects
(Maity and Bera 2009), or increasing
N, P, K and Ca content, activity in
antioxidant enzymes and glutathione
content (Khan et al., 2010). The
simulation effect of salicylic acid on
plant growth was confirmed by Abdo
et al. 2002, El-Shraiy and Hagazi
2009, Nagasubramanian et al., 2007,
and Hussain ef al. (2008). Also, in-
crease yield seems to be the direct
result of improved head diameter and
100-seed weight. It may be the result
of maintenance of photosynthetic ac-
tivity owing to AA, SA or CA appli-
cation. By means of osmotic adjust-
ment, the organelles and cytoplasmic
activities take place at about a normal
pace and help plants to perform better
in terms of growth, photosynthesis
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and assimilate partitioning to grain
filling (Ludlow and Muchow 1990).
D- Effect of interaction

Data presented in Tables 3, 4
and 5 show that the all studied traits
except days to 50% flowering and
0il% were significantly affected by
genotypes X irrigation treatments X
foliar application of antioxidant inter-
action in both seasons. The highest
mean values of plant height (181.7
and 183.3 cm), stem diameter (1.100
and 1.117 cm), head diameter (27.17
and 24.73 cm), head yield (67.33 and
66.80 g), seed yield fed.” (1352 and
1328 kg), 100-seed weight (4.49 and
4.59 g) and oil yield fed." (464.95
and 441.56 kg) were recorded for G,
(RFys X Ayp) irrigated by 100% (I,)
and spray with F; treatment in the
first and second seasons, respectively.
While, the lowest mean values of
plant height (133.3 and 131.7 cm),
stem diameter (0.713 and 0.710 cm),
head diameter (15.47 and 15.18 cm),
head yield (28.97 and 32.53 g), seed
yield fed." (732 and 884 kg), 100-
seed weight (2.94 and 2.87 g) and oil
yield fed." (258.62 and 303.79 kg)
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were recorded for G4 (Sakha-53) irri-
gated by 75% (I) and spray with F,
(tap water treatment) in the first and
second seasons, respectively.
Conclusion:

On the light of the obtained re-
sults, it can be concluded from this
study that yield and its components of
sunflower are reduced under water
deficit. Moreover, exogenous anti-
oxidant spring was only advanta-
geous under stress conditions. Anti-
oxidant application can help to reduce
the adverse effects of water deficit
and may increase the sunflower yield
under water-limited environments.
Water deficit negatively affected the
plant growth of the crop including
yield, but foliar application of anti-
oxidant particularly SA, AA and CA
appreciably improved these attrib-
utes. It could be concluded that under
the conditions of this investigation,
G; (Rf 15 x Ajp) hybrid spring per-
formance for studied with foliar ap-
plication of ascorbic acid under nor-
mal irrigation (100%) led to the high-
est yield and it components of sun-
flower.
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