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Abstract

An experimental field trial was conducted
in seasons of 2015 and 2016 at Giza Experi-
mental Station of Agricultural Research Centre
(ARC), Egypt to evaluate the foliar spray ef-
fect with transpiration regulators (Potassium,
Kaolin and Ascorbicacid) and three levels of
irrigations (100%, 80% and 60% of Etg) on
yield, its attributes, and water productivity of
two sunflower cultivars (Giza 102 and Solala
120). The factorial treatments were arranged in
split- split plot design with three replications.
The irrigation levels (100%, 80% and 60% of
Et,) were devoted for main plots, while sub-
plots contained the three spraying treatments
of transpiration regulators. (Potassium at 1%,
Kaolin at 3% and Ascorbicacid at 100 ppm),
in addition to control treatment (water spray).
Sub-sub plots were occupied by the two sun-
flower cultivars (Giza 102 and Solala 120).
Obtained results proved that, increasing irriga-
tion levels up to (80- 100%) caused significant
increase in all growth characteristics, photo-
synthetic pigments (total chlorophyll), relative
water content (RWC %) and seed oil %. Also,
yield parameters being head diameter, 1000-

seed weight and seed yield) show significant
reductionunder water deficit. Foliar spray with
(Potassium at 1%, Kaolin at 3% and Ascorbic
acid at 100 ppm), positively affected all the
growth and physiological criteria of the tested
plants compared with control. Generally, un-
derlow irrigation levels, application of transpi-
ration regulators effectively reduced the detri-
mental impact of drought stress on growth,
yield and its components of the two used culti-
vars in the two seasons. While, foliar spraying
of potassiumunder 100% of Et, gave the best
treatment in this respect. Concerning cultivars,
WUE (water use efficiency)for Solala 120 was
significantly higher than for Giza 102 in the
two seasons. All interactions among factors
under study due to WUE were not significant
in 2015 and 2016 seasons.

Keywords: Sunflower, Drought, Water use
efficiency, Potassium, Ascorbic acid, Kaolin

1 Introduction
The sunflower (Helianthus annuus L.) is

main crop as a source for vegetable oil that is
unsaturated. It produced about 35,000,000 tons
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per year from cultivated area ranged about
25,000,000 ha. Sunflower is the main grower
crop in Europe andproduced about 65 % of the
world's total production in 2010. Albert and
Schneiter (1997) mentioned that sunflower is
one of few crop species originating in North
America and spread to western and drier cli-
mates areas.

Liuxand Baird (2003) explained that today,
Argentina, Eastern European, and the former
Soviet Union are the main producers of sun-
flower crop. Due to its intermediate drought
and salinity tolerance, its cultivation increased
in the arid regions of North Africa (Miller,
1995, Connor and Hall 1997). Seeds of sun-
flower characterized by a high percent of un-
saturated fatty acids containingmorethan 90%
linoleic (18:2)and oleic (18:1) acids with pos-
sible health benefits as indicated by (Lopez-
Pereiraetal 2000, Leonetal 2003). The comer
stone for determining the composition of fatty
acid, oil % and unsaturated fatty acids is geno-
type. Oil composition is also influenced by en-
vironmental conditions at all growth stages of
plant (Knowles 1988).

Karam et al (2007) elucidated that sun-
flower crop is characterized by Photo insensi-
tive property, so it is grown as rain fed crop
throughout the year in many parts of the world
butresponds positively to irrigation in terms of
growth and yield, where there is limited pre-
cipitation and soil water supply. As a response
to applied irrigation, sunflower is tolerant to
moderate water stress and able to bear high
yield.

Hoque et al (2016) concluded that most
plants continuously exposed to one or many
abiotic stresses (such as, high temperatures,
shortage water, and salinity) can restrict plant
growth and yield.

The adverse effects of many stresses on
plants in nature are decreasing food productiv-
ity, thus, reducing these damages is a basic
goal to ensure food security under climate
change (Anjum etal 2011).

Transpiration regulators are chemical com-
poundswhose function is helping plants to re-
sist the bad effect of drought by gradually
hardening them to stress. There are various

forms of antitranspirants, among them, film-
forming, which prevents almost all transpira-
tion and stomatic which affects only the sto-
mata (Nasraui 1993).

Prakash and Ramachandran (2000) indi-
cated that the transpiration regulatorsare ma-
terials or chemical compounds that reducing
the water losses from plant leaves by decreas-
ing the size as well as number of stomata. Al-
most 99 % of the absorbed water by plant is
lost during transpiration. It is probably to clas-
sify transpiration regulators into three types,
namely film-forming types (coating the sur-
face of the leaves with films that tries to pre-
vent water vapor), stomatal closure (which af-
fect the metabolic processes in leaf tissues),
and reflecting materials (reflectinga portion of
the incident radiation that falls on the upper
surface of the leaves). Umar and Moinuddin
(2002) concluded that potassium is one of the
most important macronutrients, motivates
growth of plants,decrease transpirationand in-
creases the maintenance of water plants.
Ascorbate hasbeenplay multiple rolesin plant
growth, such as in cell division, cell wall ex-
pansion, and other developmental processes.
Antitranspirant are substances involved in in-
creasingdrought resistance by tendingto cause
xeromorphy and/or stabilizing cell structure
(Ouda et al 2007). Kaolin application has been
recently recommended for sustainable viticul-
ture for wine growers to meet various chal-
lenges of changing climatic conditions, espe-
cially in Mediterranean-like climates (Cond
2016).

This work aimed to investigate the effect of
water deficit on growth, seed and oil yields of
sunflower plants. Also, to evaluate activity of
some transpiration regulators in saving irriga-
tion water in relation to productivity.

2 Materials and Methods

An experimental field trial was conducted
in the two seasonsof 2015 and 2016 at Giza
Experimental Research Station ARC, Egypt to
evaluate the efficiency of some transpiration
regulators in sunflower plant for saving irriga-
tion water in relation to productivity. Each trial
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was designed in split- split plot arrangements
and replicates three times. The three irrigation
levelsi.e. 100%,80%and 60% of Et, (The rate
of evapotranspiration from an excessive sur-
face of green cover of uniform height (8 to 15
cm), actively growing, completely shading the
ground and did not suffer water shortage),
whereas subplots randomly contained three
spraying treatments of antitranspirant agents
(Potassium 1%, Kaolin 3% and Ascorbic acid
at 100 ppm, in addition to control (water
spray). Sub-sub plots were occupied by the
two cultivars (Giza 102 and Solala 120). Soil
samples were randomly taken from experi-
mental field at depth of 0 to 30 cm from soil
surface and were analyzed for physical and
chemical characteristics according to Israelsen
and Hansen (1962). Themechanical and chem-
ical analysis of soil samples are presented in
(Table 1).

2.1 Studied characters
2.1.1 Leavesarea/plant (LA), incm?

According to method of Johnson (1967),
ten dried leaves disc were weighed and meas-
ure their area, then the leaf area per plant was
estimated from the following formula:

LA/ plant (cm?) = Leaf dry weight x disc
area/Disc dry weight.

2.1.2 Chlorophyll content in leaves

The total chlorophyll pigments were deter-
mined by reading the absorbance on spectro-
photometer at 664 and 647nm and concentra-
tion of photosynthetic pigments were calcu-
lated according to the equation mentioned by
Moran (1982).

2.1.3 Leafrelativewater content (LRWC%)
Relative water content in sunflower leaves

was determined according to the method of
Weatherly (1950) and its modification by

Barrs and Weatherly (1962), and the consider-
ation given by EI-Sharkawy and Salama
(1973). Leaf discs, were punched fromthe cen-
ter of the leaf. Fresh weight was taken (FW)
and floated for 4 hours in distilled water and
weighed again to obtain turgid weight (TW).
For dry weight (DW) determination, the discs
were weighed and relative water content was
calculatedaccordingto the following equation:

RWC (%) = (FW-DW)/ (TW-DW) x 100
2.1.4 Head diameter (cm)
2.1.5 Plant height (cm)
2.1.6 1000- seed weight (g)

Three random samples of 100 seeds were
weighed from each sub- sub plot. The means
of the three samples were multiplied by 10.

2.1.7 Seed yield/fed (kg)

As the total seed weight from 3m? (25
plants) and converted to seed yield/fed.

2.1.8 Oil content %

Oil content % of sunflower seeds was
determined accordingto AOAC (1980) using
Soxhletapparatus and petroleum ether asa sol-
vent.

2.1.9 Oil yield/ fed (kg)

Determined by multiplying seed yield
(kg/fed.) by seed oil percentage.

2.1.10 Water Use Efficiency (WUE)

Water use efficiency in kg/m3/fed. was cal-
culated for each treatment according to the
equation given by Jensen (1983) as follow:

WUE= (Seed yield (kg/fed.))/ (Seasonal water
consumption (m3/fed.)).
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Table 1. The mechanicaland chemicalanalysis of the experimental soil

Coares sand% Fine sand%o Silt% Clay% Soil texture
15 31.9 29.8 34.7 Sandy loam
Cations (ppm) Anions (ppm)
Ca++| Mg++| N P K+ | Na+ | Cu+ | Zn+ | Mn+ | Fe++| CI- | Caco3 PHIEC (ds/m)
4.4 16 |333| 84| 129 | 37 (096|091 | 41 | 31 |22| 08 7.4 18

2.2 Statistical analysis

All statistical analyses were automated ac-
cording to Steel and Torrie (1980). Least sig-
nificant difference at 5% level of probability
was used to compare between mean of treat-
ments.

3 Results and Discussion
3.1 Leafarea

Leaf area/plant under the various treat-
ments is recorded in (Table 2). Water irriga-
tion levelssignificantlyaffected leaf area/plant
in the two seasons. Irrigation of 60% gave the
lowest value of leaf area/plant. Interpretation
of such finding was reported by Yegappan et
al (1982) who found that under limited irriga-
tion conditions full expansion of leaves, cell
number and leaf area were decreased. They
added that these results help to explain the ef-
fect of water stress on reduce leaf area espe-
cially the reduce of the lower leaves that are
the mostsensitive to water stress. Furthermore,
Attia (1985) found that water deficit caused a
depression in the area of leaves. He added that
high soil moisture not only favors cell division
and expansion but also enhanced the produc-
tion of photosynthetic surface of sunflower
plants.

Significant difference between the tested
cultivars was recorded for leaf area/plant
Solala 120 gave the higher values in both sea-
sons. Similar results were obtained by (Dem-
ian 1999).

Concerning transpiration regulators, leaf
area/plantsignificantly affected by the applied
transpiration regulators in 2015 and 2016 sea-
sons. Leaf area of treated plants surpassed the

control (nonatitrancpirant agents) without sig-
nificant differences among them. These results
agree with those obtained by agreement with
those of (Ismail and Hasabo 2000, Sherif 2002,
El-Temsah 2008).

All interaction effects among the studied
factors were not significant for leaves
area/plantin both seasons.

3-2 Leaf relative water content (LRWC %)

Relative water content values of sunflower
leaves were significantly governed by soil
moisture %. The highest LRWC% values were
recorded with the 100% of Et, followed by the
80% of Et,. However, the lowest LRWC%
value was obtained from irrigation at dry treat-
ment under 60% of level water treated with
Ascorbic acid. Such finding was true in both
seasons. The results demonstrated that, plant
water relations play a pivotal job in maintain-
ing the physiological advantages of sunflower
plants. Monroy et al (2015) Reported that, the
treatment of adequate irrigation had higher
RWC% than water stressed treatment. Also
Unyayar et al (2004) stated that RWC% of the
sunflower leaves decreased under drought
stress. Since, in sunflowers plants water stress
caused significant decrease in relative water
content %. (EI-Mantawy et al 2017).

It is obvious from the results of (Table 2)
that spraying sunflower plants with Potassium
Under 100% of irrigationwater in both seasons
(2015-2016) significantly increased LRWC%
as compared with untreated plants. transpira-
tion regulators which form a film on the sur-
face of sunflower plants increase the (LRWC
%) in leaves especially at water stress (Abdel-
Fatah, 2013).
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Table 2. Effect of irrigation and transpiration regulators on leaf area (LA) (cm?2)and relative water content
(RWC %) of two sunflower cultivars in 2015and 2016 seasons

Leafarea (LA)(cm2) Relative water content (RWC %)
1stseason (2015) | 2ndseason (2016) | 1stseason (2015) | 2" season (2016)
Irrigation| Treatments| Cultivar [Mean| Cultivar |Mean| Cultivar |Mean| Cultivar |[Mean
Giza|Solala Giza|Solala Giza|Solala Giza|Solala
(102)| (120) (102)| (120) (102)| (120) (102)| (120)
Control |2039| 2368 | 2204|1960| 2748 | 2354 | 45.5| 57.0 | 51.3 | 48.8| 60.3 | 54.5
60% Potassium [2260| 2587 [ 2424 |2166| 2954 | 2560| 56.6| 68.1 | 62.3 | 59.8| 71.3 | 65.6
Kaolin [2220| 2547 (2384|2129 2917 |2523| 52.4| 63.9 | 58.2 | 54.7| 66.2 | 60.4
Ascorbic |2197| 2524 |2361|2111| 2899 |2505| 50.4| 61.1 | 55.8 | 52.3| 63.8 | 58.1
Mean 2179 2507 | 2343|2092| 2879|2486 | 51.2| 62.5 | 56.9 | 53.9| 65.41| 59.7
Control |2582| 2909 |2746|2486| 3068 | 2777| 50.4| 61.4 | 55.9 | 51.9| 62.9 | 57.4
80% Potassium [2801| 3128 [ 2965(2719| 3274|2997 | 61.4| 72.4 | 66.9 | 62.7| 73.9 | 68.3
Kaolin [2761| 3088 [ 2925|2655 3237 |2946| 57.3| 68.3 | 62.8 | 58.8| 69.8 | 64.3
Ascorbic |2738| 3065 |2902|2637| 3219|2928 54.3| 65.3 | 59.8 | 55.8| 66.8 | 61.3
Mean 2721| 3048|2884 |2593| 3199|2896 55.8| 66.8 | 61.3 | 57.3| 68.3 | 62.8
Control |2805| 3053 |2929|2624| 3206 | 2915| 58.8| 65.7 | 62.3 | 56.6| 67.3 | 62.0
100% Potassium [2965| 3292 [3129(2828| 3412 |3120| 66.1| 76.8 | 71.4 | 67.7| 78.7 | 73.2
Kaolin [2916| 3244 (3080|2791 3375|3083| 61.9| 72.6 | 67.3 |63.5| 74.2 [ 68.9
Ascorbic | 1290| 3217|2254 |2775| 3357 3066 59.1| 71.0 | 65.0 | 60.5( 71.2 | 65.9
Mean 2494 3202 |2848|2755| 3337|3046 | 61.5| 71.5 | 66.5|62.1| 729 | 67.5
LSD
\% 0.24 0.30 1.72 0.07
Ir 0.19 0.25 1.54 0.06
V=ir 0.27 0.30 0.06 0.09
Tr 0.20 0.25 1.60 0.06
Tr*ir 0.28 0.30 n.s n.s
™V 0.34 0.36 n.s n.s
Tr*ircv 0.48 0.50 n.s n.s
V: Cultivar IR:irrigation levels Tr: treatments

3.3 Plant height (cm)

Data in (Table 3) cleared that water stress
(60% Ety) treatment sharply decreased sun-
flower plantheightin both seasons. Contrarily,
plant height was increased as irrigation water
levels increased. Depression in plant height
under drought stress may be due to the retarda-
tion in cell division and cell expansion caused
by water stress (Attia 1985). These results are
in harmony with those obtained by (Wahba et
al 1990, Khanetal 2000, Ahmed et al 2009).
As for cultivars, Giza 102 gave taller plants

than Solala 120. Varietal differences in plant
height were found also by (Salera and Detti
1992, El-Hity etal 1994).

Height of sunflower plant was positively
affectedby the application of transpiration reg-
ulators. This trend was true in both experi-
mental seasons, but it was more pronounced
underdroughtstress conditions. Under60%ir-
rigation level, the application of Potassium,
Ascorbic and Kaolin transpiration regulators
treatments increased height of sunflower plant
in the 2nd season than the control by 4.9 %,
3.4% and 2.6%, respectively. Transpiration
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regulators minimized natural plant transpira-
tion rate and saved cell water to maintain the
efficiency of physiological processes in
stressed plant.

3.4 Head diameter (cm)

Data presented in (Table 3) Reveal the in-
fluence of irrigation levels and transpiration
regulators on head diameter of the two sun-
flower cultivar plants. It is clear that head di-
ameter trait was significantly affected by irri-
gation levels. Irrigation at 100% at Et, pro-
duced the highest values of head diameter (cm)
in the two seasons. Otherwise, irrigation at
60% at Et, caused a marked reduction in head
diameterin2015and 2016 seasons. The reduc-
tion in vegetative biomass caused by drought
performed to lower plant surface area which
subsequently limited the photosynthetic activ-
ities and radiation use efficiency (Stockle and
Kiniry 1990, Badr and Mohamed 2004). This
finally decreased net assimilation rate of pho-
tosynthetic area during the reproductive phase
which reduce head diameter. Reduction in
head diameter further decrease, the number of
rows per head, number achiness per head
(Rauf and Sadagat 2007).

With respect to cultivars, data indicated
that Solala 120 gave higher head diameter as
compared with Giza 102 in both seasons.
These results are in harmony with those ob-
tained by Demian (1999). Who foundthat head
diameter significantly differed by cultivars.

Results indicated that transpiration regula-
tors significantly surpassed control treatment
for head diameter in both seasons. Application
of potassium gave the largest head diameter.
The interactions among the three studied fac-
tors had no significant effect on head diameter
of sunflower plantsin both seasons.

3.5 1000-seed weight (g)

Data listed in (Table 4) reveal the irrigation
levels and transpiration regulators effect on
1000- seed weight of two sunflower cultivars
in the two experimental seasons of 2015 and
2016. Seed index (1000-seed) weight values

were significantly affected by irrigation level
treatments in the two growing seasons. Irriga-
tion at100% of Et, gave the heaviest 1000 seed
weight followed by irrigation at 80% of Et, in
2015, with no significant difference. However,
in 2016 season irrigation at 100% of Et, gave
the highest value. In both seasons, irrigation at
60% of Et, produced the lowest value of 1000-
seed weight. In this respect, Baldini and Van-
nozzi (1999), Rady etal (2003) reported that
water deficit during the flowering stage causes
abortion of ovaries, embryo, sterility of pollen
and decreased in leaf area index. This reduced
the number of achanes/head, 100-achene
weight and fertile achene per head. Similar
trend was achieved by (Prunty 1983, Abdel-
Gawad etal 1987).

The difference in 1000-seed weight be-
tween cultivars was significant in both sea-
sons. Solala 120 Cultivar had heavier 1000-
seed weight than Giza 102. EI-Ahmer et al
(1989), Demian (1999) found difference in
1000-seed weight among cultivars, foliar ap-
plication of transpiration regulators increased
in some extents seeds weight of sunflower
plants in both experimental seasons. Improve-
ment in such trail was more pronounced under
soil water deficit conditions (Table 4). Potas-
sium transpiration regulators was the potent
treatment in this respect and increased 1000-
seed weight was increased by 3.2, 2.7, 2.0%
under 60, 80, 100% of water levelsin the first
season, respectively.

Similar trend values in the 2" season were
4.7,2.1and 0.7% for the same respective soil
moisture levels. Potassium regulates stomatal
aperture width through the regulation of os-
matic pressure of guard cells. Suchmechanism
saves relative water content of plant tissues
(Table 2) and favors photosynthetic activity
and translocationof biosyntheticassimilates to
accumulate in the formed seeds.

Seed index (1000-seed weight) of sun-
flower was governed statistically by the inter-
action between the studied factors. This trend
is true in two seasons. Heaviest sunflower
seeds in the two seasons were obtained by
Solala 120 cultivar treated with Potassium un-
der 100% Et, irrigation level.
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Table 3. Effect of irrigation and transpiration regulators on plant height (cm) and head diameter (cm) of
two sunflower cultivars in 2015 and 2016 seasons

Plant height (cm) Head diameter (cm)
1stseason (2015) | 2" season (2016) | 1stseason (2015) | 2" season (2016)
Irrigation| Treatments| Cultivar |Mean| Cultivar |Mean| Cultivar |[Mean| Cultivar |Mean
Giza|Solala Giza|Solala Giza|Solala Giza|Solala
(102)| (120) (102)| (120) (102)| (120) (102)] (120)
Control |160.0/118.0{139.0|145.0/ 116.0{130.5({15.72( 20.96 [ 18.34(15.90[ 20.9 |18.40
60% Potassium |171.3]123.0|147.2|1151.00 123.0{137.0({17.22| 22.46 |19.84|17.14| 22.40]|19.77
Kaolin 120.2/122.0{121.1(149.0{ 121.0|135.0{16.81{21.97|19.39(16.63(21.80|19.22
Ascorbic 1169.1/121.0|145.1]148.0( 120.0/134.0/16.30[ 21.56|18.93|16.27(21.40|18.84
Mean 155.2/121.0(138.1|148.3 120.0(134.1{16.51]{ 21.74|19.13(16.49( 21.63(19.06
Control |157.1/127.0|142.1|154.0( 125.0/139.5|17.86( 23.2 |20.53|17.50[22.80|20.15
80% Potassium (162.5(132.0(147.3|160.0f 131.0(145.5(19.35|24.5021.93{19.10[{ 24.20(21.65
Kaolin 161.4/131.0{146.2(159.0{ 130.0{144.5(18.85(23.99|21.42(18.46(23.60|21.03
Ascorbic [160.2(131.0|145.6(157.04 129.0|143.0/18.44| 23.62|21.03|18.10| 23.30(20.70
Mean 160.3/130.3|145.3|157.5( 128.8|143.1(18.63( 23.83|21.23(18.29( 23.48|20.88
Control |163.5(131.0(147.3|158.01 130.0(144.0/18.34{ 23.50(20.92|17.91{ 23.10(20.51
100% Potassium |166.5137.0{151.8|163.0| 135.0(149.0({19.86( 25.00(22.43(19.37(24.60{21.99
Kaolin 165.4{135.0(150.2|161.0) 134.0(147.5(19.37| 24.55|21.96(18.44({ 24.40(21.42
Ascorbic |164.4/134.01149.21161.0/ 133.01147.0|18.92(24.14]21.53|18.44| 23.60|21.02
Mean 165.0{134.3|149.6(160.8 133.0|146.9(19.12| 24.30|21.71|18.54| 23.93|21.23
LSD
\Y% 0.17 0.16 0.22 0.03
Ir 0.13 0.13 0.00 0.03
V*ir n.s n.s 0.40 0.06
Tr 0.16 0.15 0.27 0.05
Tr*ir 0.27 0.26 n.s n.s
TV n.s n.s n.s n.s
Treirkv n.s n.s n.s n.s
V: Cultivar IR: irrigation levels Tr: treatments
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Table 4. Effect of irrigation and transpiration regulators on 1000-seed weight (g) and seed yield/fed (kg)
of two sunflower cultivars in 2015 and 2016 seasons

1000-seed weight (g) Seed yield kg/fed
1stseason (2015) | 2" season (2016) | 1stseason (2015) | 2" season (2016)
Irrigation Treatments| Cultivar |Mean| Cultivar |Mean| Cultivar |Mean| Cultivar [Mean

Giza|Solala Gizal|Solala Giza|Solala Giza|Solala
(102)| (120) (102)[ (120) (102)| (120) (102)[ (120)

Control | 49.3| 55.6 | 52.4|48.3| 52.1 | 50.2 | 612 | 1026 | 819 | 541 | 923 | 732
Potassium | 50.9| 57.3 | 54.1 [49.7| 55.4 | 52.6 | 808 [ 1222 | 1015| 730 | 1112 | 921
Kaolin 50.2| 56.5|53.3(49.4| 55.1 | 52.3 | 744 | 1167 | 956 | 679 1061 | 870
Ascorbic | 49.4| 55.7 [ 52.6 | 49.0( 54.6 | 51.8 | 710 | 1124 917 | 638 | 1020 | 829
Mean 49.9| 56.3 | 53.1(49.1( 54.3 | 51.7 | 719 [ 1135 | 927 | 647 | 1029 | 838
Control | 55.1| 61.2 |58.1|53.7| 59.4 [ 56.6 | 932 | 1313 | 1123| 828 | 1210|1019
Potassium | 56.5| 62.8 | 59.7 [ 54.9| 60.6 | 57.8 |1095| 1509 | 1302 (1017| 1399|1208
Kaolin 55.8| 62.1 | 58.9 [ 54.6| 60.3 | 57.5|1040| 1454 | 1247| 966 | 1348 |1157
Ascorbic | 55.0 | 61.3 | 58.1 |54.2| 59.9 | 57.1 [ 801 | 1411 |1106| 925| 1307|1116
Mean 55.6| 61.9 | 58.7 [ 54.4| 60.1 | 57.2 | 967 | 1422 | 1194 | 934 | 1316 (1125
Control |55.8| 61.6 | 58.7 | 54.8| 60.5 | 57.7 (1028|1377 | 121 | 828 | 1263 |1046
Potassium | 57.0| 62.8 [ 59.9 [ 56.2| 61.9 | 59.1 |1159| 1573 | 1366 (1017| 1452|1235

60%

80%

100% Kaolin |56.2| 62.5|59.4(55.8| 61.5 | 58.7 1104 1518 | 1311 966 | 1401|1184
Ascorbic | 55.4| 61.8 [ 58.6 | 55.5| 61.2 | 58.4 |1061| 1475|1268 | 925| 1360|1143
Mean 56.1| 62.2 [ 59.1 |55.6| 61.3 | 58.4 /1088|1486 | 1016 | 934 | 1369|1152
LSD
\Y, 0.05 0.49 47.00 45.00
Ir 0.03 0.51 48.00 46.00
V*ir 0.04 0.32 40.00 37.00
Tr 0.02 0.55 41.00 38.00
Tr*ir 0.03 0.09 n.s n.s
™V 0.04 0.08 n.s n.s
TrrircV 0.06 0.09 n.s n.s
V: Cultivar IR: irrigation levels Tr: treatments
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3.6 Seed yield/fed. (kg)

Data presented in (Table 4) indicated that
seed yield/fed. was significantly affected by ir-
rigation levels in the two seasons. Irrigation at
100% of Et, gave the highest seed yield/ fed.,
whereas the lowest seed yield value was
achieved by the limited watered treatment
(60% of Et, level). Interpretation of such find-
ing was reported by Hall etal (1990), Human
et al (1990) they found that the water stress
conditions decrease photosynthesis and respi-
ration, and as a result overall production of the
crop isdecreased. In comparisonto the control,
foliar spraying of transpiration regulators espe-
cially with potassium under 60% of Et, irriga-
tion level caused significant increase in seed
yield during the two growing seasons. These
results are in harmony with those observed by
Gaballah et al (2014) who study the influence
of transpiration regulators like potassium,
ascorbic an alkaloid and organic compost on
sunflower yield and yield quality under sandy
soil condition and found that, KCL was the
best antitranspirant compared the other used
and its efficiency increase by using organic
compost under the sandy soil conditions. Sim-
ilar results were obtained by (Peter 2008).

Significant difference in seed vyield
(kg/fed.) was found between the two used cul-
tivars in both seasons. Solala 120 gave higher
seed yield value and exceeded those obtained
by Giza 102 cultivar by 36.6 and 46.6% in
2015and2016seasons, respectively. As forin-
teraction among the studied factors, results
showed that there were no significant effects
on seed yield/fed. due to these interactions.

3.7 Seed 0il%

Data in (Table 5) show that irrigation at
100% of Et, produced the highest seed oil con-
tent% in both seasons. Otherwise, seed oil per-
centage under sever water limitation (60% of
Et,) was considerably lower than under other
treatments (80 and100 % of Et,). This results
are in harmony with that of Poudineh et al
(2015) who showed that the highest value of

seed oil were obtained with optimum irrigation
and there was no significant difference be-
tween the mild stress 80% of Et, and sever
stress 60% of Et,. Similar trend was obtained
by Sullu and Dagdelen (2015). Comparative
differences between the three types of transpi-
ration regulators (potassium, kaolin and ascor-
bic) and the control on seed oil content% were
presented in (Table 5) where Potassium fol-
lowed by Kaolin were the effective in increas-
ing significantly seed 0il% value. In this re-
spect Gaballa etal (2014) showed that spray-
ing sunflowerplantswith KCL as transpiration
regulators at rates of 5 and 10 g/L significantly
increased seeds yield and oil yield by 52.7 and
61.7% and 91.6 and 111.2% than that of un-
treated, respectively.

Results in (Table 5) illustrated that sun-
flower seed 0il% value was governed signifi-
cantly by cultivars. Seed oil % value of Solala
120 cultivar was higher than that of Giza 102
cultivar. Ptency of Solala 120 in this respect
was significant in both the two experimental
seasons.

3.8 Oil yield (kg/fed)

Oil yield (kg/fed) was significantly de-
creased as water irrigation requirement de-
creased from 100 to 60% of irrigation at both
seasons as in (Table 5). These results are in
parallel line with those obtained by (Attia et al
1998, Abbasand Anton 1999). There weresig-
nificant differences between the two tested
cultivars. Solala 120 gave high oil yield
(kg/fed.) value as compared to Giza 102. Such
trend was fact in the both seasons of 2015 and
2016. This is may due to the superiority of
Solala 120 in seed yield kg/fed. as well as in
0il%. Interaction between irrigation levelsand
antitranspirant agents had significant effects
on oil yield (kg/fed.). Combination between
100% of Et, and Potassium antitranspirant
agent significantly increased oil yield. This
was true in two seasons, compared to the con-
trol (Table 5). Bieloria and Hopmans (1975)
foundthat drought stress limited the carbohy-
drate supply for grains of sunflower plants via
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stomata closure, reduction in leaf area and
photosynthesis as well as shortening of the
grain filling period.

3.9 Total chlorophyll content

The results given in (Tables 6) showed the
effectof irrigation levelsand transpiration reg-
ulators (potassium, kaolin and ascorbic) on
chlorophyll contentof leaves of sunflower cul-
tivars during the two seasons of 2015 and
2016. It is clear from the tabulated data that,
chlorophyll content (total chl.) at flowering
stage were higher under watered with 100% of
Et,. on the other hand, 60% of Et, recorded the
lowest value of such trait in the two growing
seasons. In most stressed plants, the decrease
in chlorophyll content may be attributed to
thylakoid membrane disorganization, with
more degradation than chlorophyll synthesis
by proteolyticenzyme formation. This is re-
sponsible for the degradation of chlorophyll
and damage to the photosynthetic apparatus
(Rong-hua et al 2006). On the other hand, Rip-
ley et al (2007) proved that water deficit may
decrease photosynthetic assimilation by both
stomatal and metabolic limitations.

Results of the present investigation cleared
that the application of transpiration regulators
had exerted a profound improving impact on
total chlorophyll values compared with un-
treated (control) plants. Potassium transpira-
tion regulator treatment exhibited the highest
value in this respect. This finding might be at-
tributed to the fruitful influence of transpira-
tion regulators in favoring water status of
stressed plant tissues and maintain chlorophyll
molecules synthesis. In this concern, Adolfo
(2007) propagated that the beneficial effect of
applied transpiration regulators might be due
to the simulative effects on photosynthetic

capacity by overcoming stomata limitations,
protecting photosynthetic pigmentsfrom water
shortage induced degradation or enhancing bi-
osynthesis of photosynthetic pigments.

Total chlorophyll content of sunflower
leaves was judged by cultivar used (Giza 120
and Solala 102). Superiority in thisrespectalso
still remains with Solala 120 cultivar. Impact
of interaction between the two factors on chlo-
rophyll content of sunflower leaves was not
greatenough to reachthe 5%significance level
(Table 6).

3.10 Water use efficiency (WUE)

Water use efficiency of the two sunflower
cultivars expressed as kg seeds produced per
m? of water consumed in complete evapotran-
spiration as affected by irrigation levels and
transpiration regulators treatments for 2015
and 2016 seasonsare presentedin (Table 6).
Results showed that WUE values for irrigation
levels were significantly differed in both sea-
sons. Irrigation at 60% of Et, resulted high
WUE value as compared with irrigation at 80,
100% of Et,. Vites (1965) found that water use
efficiency is not clearly depend on the water
available and evapotranspiration limit, even
the crop yield and the opportunity to increase
it do dependon the adequancy of watersupply.
Similar results on cotton were obtained by
(Dawood 2006). Conceming cultivars, data re-
vealed that the WUE for Solala 102 was sig-
nificantly higher than for Giza 102 in the two
seasons. Reading transpiration regulators re-
sults showed significant effect of the tested
treatments on WUE values. All transpiration
regulators surpassed the control in both sea-
sons. All interactions among factors under
study due to WUE were notsignificantin 2015
and 2016 seasons.
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Table5. Effect of irrigation regimes and transpiration regulators on seed oil content % and oil yield (kg/fed)
of sunflower cultivars in 2015 and 2016 seasons

Seed oil content % Oil yield kg /fed

1stseason (2015) | 2" season (2016) | 1stseason (2015) | 2nd season (2016)

Irrigation| Treatments Cultivar |[Mean| Cultivar |Mean| Cultivar [Mean| Cultivar [Mean

Giza|Solala Giza|Solala Giza|Solala Giza| Solala
(102)| (120) (102)| (120) (102)[ (120) (102)| (120)

Control |40.2| 43.4 | 41.8 39.7 | 43.2 |41.45|300.2| 400.2(350.2(299.7] 379.3 | 339.5

Potassium |41.3| 435 | 424 |41.1| 43.3 | 42.2 |382.2|482.2{432.2|375.7| 455.4 | 415.6
Kaolin |40.4| 42.6 | 41.5|40.0| 42.4 | 41.2 [357.6|457.6|407.6|353.2] 412.9 |383.05

60%

Ascorbic |40.3| 42.1 | 41.2 ({39.7| 42.2 | 41.0 |348.9/448.9(398.9(333.2 400.1 | 366.7

Mean 40.6| 429 | 41.7|140.1| 42.8 | 41.5|347.2(447.2|1397.2|340.5411.925| 376.2

Control |415| 44.7 | 43.1|40.2| 43.2 | 41.7 |394.9|600.3|497.6(346.6| 535.7 | 441.2
Potassium (42.4| 445 |43.45(42.2| 44.1 | 43.2 |476.9682.7(579.8|422.7| 617.7 | 520.2

80%

Kaolin |41.3| 43.7 | 425 |41.4| 43.3 | 42.4 |451.9|657.7|554.8(400.1f 539.2 | 469.7

Ascorbic |41.2| 42.3 [41.75(41.2| 42.2 | 41.7 |443.6(649.0(546.3(380.2) 584.4 | 482.3

Mean 416|438 |42.7|41.3| 43.2 [ 42.2 |441.8/647.4|544.6|387.4 569.3 | 478.3

Control |45.0| 46.1 | 45.6 |43.7 | 45.7 | 44.7 |436.3|641.9(539.1(387.9 577.0 | 4825

Potassium |46.6| 48.0 | 47.3 |46.1| 46.8 | 46.5 [518.4/723.9({621.2(464.00 653.1 | 558.6

100% Kaolin |43.7| 445 | 44.1(43.3| 44.4 | 43.9 |498.0|699.3(598.7|441.5 630.6 | 536.1

Ascorbic |43.2| 44.3 |43.75|43.2| 44.2 | 43.7 |485.4/690.6|690.6(421.5 610.6 |516.1

Mean 446|457 | 452 |44.1| 45.3 | 44.7 |484.5/688.9|586.7|428.7] 617.8 | 523.3
LSD
\

Ir 0.02 0.05 24.28 14.33

V*ir 0.06 0.08 18.98 10.77

Tr 0.08 0.12 26.84 24.81

Trir 0.06 0.04 19.80 13.56

TV 0.08 0.05 n.s n.s

TrirsV 0.10 0.07 n.s n.s

0.14 0.93 n.s n.s

V: Cultivar IR: irrigation levels Tr: treatments
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Table 6. Effect of irrigation and transpiration regulators on total chlorophyll and water use efficiency of
two sunflower cultivars in 2015 and 2016 seasons

Total chlorophyll (mg/g) Water use efficiency ( WUE kg/m3/fed)
1stseason (2015) | 2" season (2016) | 1stseason (2015) | 2" season (2016)
Irrigation| Treatments| Cultivar |Mean| Cultivar [Mean| Cultivar [Mean| Cultivar |Mean
Giza|Solala Giza|Solala Giza |Solala Giza |Solala
(102)| (120) (102)| (120) (102) | (120) (102) | (120)
Control |3.35| 350 | 3.42 |3.23| 3.38 | 3.31| 876 | 899 | 888 | 885 | 905 | 895
60% Potassium |3.76 | 3.91 | 3.84 (3.62| 3.77 | 3.69 | 833 | 857 | 845 | 841 | 863 | 852
Kaolin 3.57|3.75|3.66 |344| 359 | 351 823 | 838 | 831 | 830 | 844 | 837
Ascorbic [3.45( 3.62 | 3.53 |3.34| 3.49 | 3.42| 811 | 817 | 814 | 818 | 823 | 821
Mean 353|369 (361(3.41|356|348| 836 | 853 | 844 | 844 | 859 | 851
Control |3.78| 3.91 (3.845(3.53 | 3.66 |3.595| 1301|1271 | 1286 | 1308|1277 | 1293
80% Potassium |4.18| 4.31 | 424 |13.92| 0.46 | 2.19 [ 1224 {1195 |1210 (1230|1211 | 1221
Kaolin 3.98|4.11 [ 4.05|3.74| 3.87 | 3.80 (1207 (1172 |1190| 1213|1178 | 1196
Ascorbic [3.91 4.00 | 3.96 |3.64| 3.77 | 3.71|1135(1105 |1120| 1141|1120 | 1131
Mean 3.96| 4.08 [ 4.02 |3.71]| 294 | 3.32 (12171186 | 1201 | 1223|1197 | 1210
Control |3.73| 4.37 | 4.05 |4.02| 4.13 | 4.08 | 1669 | 1586 | 1628 | 1686 | 1598 | 1642
100% Potassium |4.67| 4.78 | 4.73 |4.32| 452 | 4.42 | 1578 | 1461 | 1520 | 1584|1473 | 1529
Kaolin 448|459 (453 |4.25| 4.34 [4.296( 1517 (1451 | 1484|1532 1463 | 1498
Ascorbic [4.37| 448 | 443 |4.14| 425 | 419 | 1492|1357 | 1425|1507 | 1378 | 1443
Mean 431|455 (443 |14.18( 4.31 | 4.25 (1564|1464 |1514| 1577|1478 | 1528
LSD
Y 0.160 0.021 0.002 0.002
Ir 0.130 0.017 0.003 0.001
V*ir 0.027 0.025 0.005 0.001
Tr 0.130 0.018 0.002 0.002
Tr*ir 0.190 0.025 0.002 0.003
TV 0.230 0.031 0.003 0.003
Tr*irsV 0.320 0.043 0.004 0.005
V: Cultivar IR: irrigation levels Tr: treatments
4 Conclusion mild-watered (80% of Et,) treatment was in-

In the light of the presentstudy, water stress
had a negative impact on growth parameters,
yield and yield components and oil percentage
and its yield in kg/fed. of sunflower plants at
60% of Et, stress in comparison to the opti-
mum irrigation (100% of Et,) level. Whereas

between. The use of Potassium may be helpful
tool to mitigate the negative effects of water
stress and to improve the water use efficiency
in sunflower plants under water deficit condi-
tions.
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