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ATER stress is one of the severe limitations of crop growth

especially in arid and semi-arid regions of the world as it has a
vital role in plant growth and development at all growth stages. The
aim of the present study is to evaluate the response of twelve
sunflower genotypes to three levels of water supply to identify the
more suitable one for drought condition. Two field experiments were
conducted to evaluate twelve diverse sunflower genotypes grown
under adequate (3000 m?), moderate (2000 m®) and severe (1000 m®)
water regime for chlorophyll index, transpiration rate, leaf water
content, plant height, head diameter, seeds/head, 1000-seed weight,
seed and oil yield. Moderate and severe water regimes had a
significant impact on transpiration rate, leaf water content, yield
contributing characters and oil yield of all sunflower genotypes.
However sunflower genotypes showed different response to the
different water regimes. The highest seed and oil yields were attained
in L990 and Giza 102 under adequate water supply, while L38 was
the best under moderate and severe water regime. On the basis of the
obtained results, sunflower genotype L990 could be recommended to
grow under adequate water supply, while L38 for the moderate and
severe water regimes.

Keywords: Helianthus annuus, Drought, Drip irrigation, Physiological
characters, Seed and oil yield, Water deficit.
Abbreviations: Fed.= Feddan=4200 m?

Sunflower (Helianthus annuus, L.) is one of the most important oil seed crop of
the world as well as in Egypt. It can be cultivated successfully under newly
reclaimed sandy soil conditions. Since, Egypt is located in a dry region there is
no enough water resources for summer crops irrigation especially under sandy
reclaimed soils.

Both quantity and distribution of water has a significant impact on seed and
oil yields in sunflower (Esmail, 2000; Reddy et al., 2003 and Igbal et al., 2005).
Intensity of yield reduction by drought stress depends on the growth stage of a
crop, the severity of the drought and tolerance of genotype (Lorens et al., 1987).
Water stress during the yield formation period reduced yield when compared to

Emails . zasalem@yahoo.com; omaromarl9/I@yahoo.com and abd_lhamed @
yahoo. com


mailto:zasalem@yahoo.com
mailto:omeromar1971@yahoo.com
mailto:lhamed@yahoo.com
mailto:lhamed@yahoo.com

122 A.H. SALEM et al.

full irrigation, but the reduction was much less than when stress occurred during
flowering period (Kazi et al., 2002; Rauf, 2008 and Asbagh et al., 2009). Nezami
et al. (2008) indicated that drought stress decreased plant height, stem diameter,
head size, seed number/head, 100-seed weight, seed weight/head and SPAD
readings as compared to control (without stress). Alahdadi et al. (2011) reported
that the drought stress decreased significantly head diameter, seeds number /
head, 1000-seed weight, seed oil content and seed yield. Similarly, Mojaddam et al.
(2011) noticed that seed yield of sunflower and its components were reduced
significantly in response to increasing drought severity.

The performance of local and introduced genetic materials in Pakistan were
evaluated for vyield, yield components and physiological traits under drought
conditions (Rauf & Sadagat, 2007; Rauf & Sadagat, 2008 and Rauf et al., 2008).
Many investigators evaluated some local and introduced genotypes under
Egyptian conditions. Varietal differences were reported in most growth and yield
attributes (Sarhan, 1995; Abo Khadra et al., 2002 and Sharief et al., 2003).
Abdel-Wahab et al. (2005) evaluated three sunflower hybrids (Euroflour,
XF4731 and Vidoc). They reported that, XF4731 hybrid surpassed the other
hybrids in seed yield/fed and oil yield/fed. Also Acko (2008) recorded
significant differences among sunflower hybrids in yield and its attributes.
Yasein (2010) tested two sunflower cultivars (Sakha 53 and Giza 102) under
sandy soil conditions and indicated that Sakha 53 surpassed Giza 102 in plant
height, head diameter, number of seed/head, seed weight/head, seed yield/fed
and seed oil content. The present study was undertaken to find out the response
of sunflower genotypes to water regimes under sandy soil condition.

Materials and Methods

Two field experiments were conducted at the Agricultural Research Station,
Faculty of Agriculture, Zagazig University at El-Khattara, Sharkia Governorate,
Egypt during the two successive seasons 2009 and 2010. The study aimed to
investigate the response of sunflower genotypes to different water regimes under
drip irrigation system. The soil of the experimental site is sandy in texture where
it has a particle size distribution of 89.2, 6.6 and 4.2% for sand, silt and clay,
respectively. The soil had an average pH of 8.1 and organic matter content of
0.26%. The average available N, P and K contents were 15.1, 3.2 and 90.5 ppm,
respectively. Twelve sunflower genotypes (six local i.e. L38, L20, L11, L8, Giza
102 and Sakha 53 as well as six imported i.e. L19, L235, L350, L990, L770 and
L460 from Bulgaria) were evaluated under three levels of water regime (control
supplemented by 3000 m® moderate drought 2000 m** and severe drought
1000 m*"). Irrigation water was adjusted by a water counter for all irrigation
treatments. A split plot design with four replications was used, where the main
plots assigned to water regimes, and the subplots for sunflower genotypes. The
subplots area (17.5 m?) included 7 rows of 5 m length and 50 cm apart. The two
outer rows were left as borders. The next two outer rows were devoted for
determination of physiological characters and yield attributes. The three central
rows were devoted for final yield determination. Three seeds of sunflower were
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sown in hills 30 cm apart on 1% June in both seasons. After 21 days from
sowing, thinning to one plant/hill was done, giving a planting density of 28000
plant/fed. Tomato was the preceding crop in both seasons. Nitrogen was applied
as ammonium sulphate (20.6% N) at a rate of 90 kg N/fed in four equal doses,
after thinning at 7 days interval.

Calcium superphosphate (15.5% P,0s) was added at a rate of 31 kg P,Os /fed
at seed bed preparation. Potassium sulphate was applied at a rate of 48 kg
K,O/fed in two equal splits, the first at sowing and the second after thinning. All
other cultural practices for growing sunflower in sandy soil were applied.

At flowering, five plants were randomly labeled in each subplot to estimate
the following physiological characters: chlorophyll content, transpiration rate
and leaf water content. Leaf Chlorophyll content was assessed using chlorophyll
meter (SPAD-502, Minolta), measurements being taken at three points of each
leaf (upper, middle and lower part). The Average of these three readings was
considered as SPAD reading of the leaf. Leaf transpiration rate (mg H,0/cm?/hr)
was estimated according to the adopted rapid weighing systems (Migahid &
Amer, 1952 and Gosev, 1960). Leaf water content (%) was determined according
to Turner (1981).

At harvest five guarded plants from the specified rows were taken where the
following yield attributes were recorded: Plant height and head diameter were
measured in cm. Number of seeds per head was counted as average of five
plants. A sample of 1000-filled seeds (at 8% moisture content) was drawn at
random from the bulked seeds of five plants and weighed in (g).

Seed vyield (ton/fed) was recorded at harvest from the three central rows. Seed
yield /fed adjusted at 8% moisture content. Oil content was determined according to
A.0.A.C. (1984) using Soxhlet apparatus and diethyl ether as a solvent. Oil yield
(kg/fed) was calculated by multiplying seed yield (kg/fed) x seed oil content (%).

Analysis of variance and combined analysis for the two seasons were carried out
as described by Steel & Torrie (1980). For comparison between means, Duncan's
multiple range test was applied (Duncan, 1955). In interaction tables, capital and
small letters were used to compare rows and columns means, respectively.

Results

Physiological characters

Effect of water regime levels

Results in Table 1 revealed that severe drought treatment (1000 m®/fed)
caused a significant reduction in leaf chlorophyll value (in the 1% season only).
Meanwhile, results of both seasons and their combined analysis exhibited a
significant decrease in transpiration rate and leaf water content with each
reduction in the level of water regime.
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Genotypes differences

Results of both seasons and their combined analysis presented in Table 1
pointed out highly significant differences among the tested genotypes in each
leaf chlorophyll value, transpiration rate and leaf water content. As obvious from
the combined analysis, it is evident that L350 had the highest leaf chlorophyll
value followed by L460, while, L38, L20, L19, L990, L770 and Sakha 53 were
similar in having lower values of leaf chlorophyll content. Sunflower genotype
L38, L20 and L990 exhibited the highest transpiration rate followed by each of
L235, L11, L770 and L8 then L19. Whereas, L350 recorded the lowest
transpiration rate value. In addition, L11 genotype recorded the highest leaf
water content followed by each of L20, L990, L350, L8 and L460 on par. But,
L20 and L990 attained higher leaf water content than the rest tested genotypes.

Interaction effect

The tested genotypes interacted with the water regime and had significant
effect on transpiration rate and leaf water content as presented in Tables 1-a and
1-b, respectively. Obtained data clearly indicated that both transpiration rate and
leaf water content for all the tested genotypes were decreased gradually and
significantly with the reduction in the water regime.

When plants were supplied with adequate water regime (3000 m®), L11
genotype recorded the highest transpiration rate followed by L38 then
L20.While, L350 recorded the lowest transpiration rate. However, under
adequate water treatment, L20 had the highest leaf water content, while, Giza
102 and Sakha 53 recorded statistically the lowest leaf water content. Under the
moderate water regime, L20 had the highest transpiration rate followed by L38
then L990, while, L350 also had the lowest value in this respect. Concerning leaf
water content, L11, L20, L19, L235, L990, L460 and Giza 102 had comparable
values and L11 overestimated the rest genotypes in this regard. Under severe
drought (1000 m? of water/fed), L8 had the highest transpiration rate followed by
L990 then L11, while, either of Sakha 53 or L460 recorded the lowest
transpiration rate values. Nevertheless, under this condition of severe water
reduction regime, L11 genotype recorded the highest leaf water content followed
by L350, L990, L460, Giza 102 and Sakha 53. These results give an indication
about the diversity in transpiration rate among the tested genotypes, as well as,
the ability of their leaves to retain water under stress conditions.

Yield attributes

Effect of water regime levels

Data in Table 2 showed a significant decrease in sunflower plant height, head
diameter, number of seeds/head and 1000 seeds weight with the reduction in
level of water regime. This was true in both seasons, as well as, their combined
results.
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Genotypes differences

Results of both seasons as well as their combination showed high significant
differences among the tested genotypes in all yield attributes (Table 2). Data of
the combined analysis revealed that L38 and L20 got tallest plants followed by
L19 then L235, L990 and L8, while, L350 recorded the shortest one. Again, it is
conspicuous that the tallest three genotypes i.e. L38, L20 and L19 were on par in
attaining a greatest head diameter, where, heads of L38 were longer than those of
the rest genotypes, while, L350 had the smallest heads. Meanwhile, L38, L20,
L19, L235, L8 and Giza 102 genotypes were similar in bearing highest number
of seeds /head, whereas, L235 had more seeds /head than the rest genotypes.
However, L11 recorded the lowest number of seeds/head. Here it can be seen
that the genotypes of a wide heads viz L38, L20 and L19 were among those
which had more seeds /head. Nevertheless, L38, L990, L460, Giza 102 and
Sakha 53 got similar heavy seeds where, L38 surpassed the rest of the genotypes
in this respect. On the other side, sunflower genotypes, L20, L19, L350, L11 and
L770 were similar in having a lighter seed weight. L350, recorded the lowest
seeds weight as compared to the rest of the genotypes. The present results reflect
that the superiority of L38 genotype in all yield attributes recorded also showed
the highest transpiration rate, regardless of leaf chlorophyll and/or leaf water
contents (see Table 1).

Interaction effect

The interaction between both factors had significant effect on plant height as
shown in Table 2-a. Plant height of L38, L20, L19, L235, L990 and L8 was reduced
gradually and significantly with each reduction in the water level. But a significant
reduction in plant height of L350, L11, L460, Giza 102 and Sakha 53 was induced
only with the reduction in the water supply from 3000 to 1000 m*/fed. Whereas,
plant height of L770 was reduced significantly under moderate water regime.

Under the different water regimes, L38, L20 and L19 had a similar plant
height. The plants of L20 under different water regimes, as well as, those of L38
under moderate and severe reduction of water regime, were taller than those of
the rest of the genotypes. Meanwhile, under the severe water regime L350 had
the shortest plant height followed by L11. Moreover, the latter two genotypes
were similar in having shorter plants than those of the rest of the tested
genotypes under adequate and moderate level of water.

Water regimes interacted with sunflower genotype and had significant effect
on number of seeds / head as shown in Table 2-b. Number of seeds /head of L11
was not affected by water regime treatments. Meanwhile, the moderate water
regime had insignificant effect on L38 and L20. However they were affected
significantly under severe water regime. Severe drought significantly reduced
number of seeds /head of L350 as compared with adequate water treatment.
Whereas, number of seeds /head of L990, L770, L8, Giza 102 and Sakha 53 was
decreased significantly under moderate and severe water restriction. Moreover,
any reduction in the water regime caused gradual significant reduction in number
of seeds/head of L9 and L235 genotypes.
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Under adequate water regime, L19, L235, L8 and Giza 102 got similar and high
number of seeds /head, where, L19 had higher number of seeds /head than the rest
test of the genotypes. However, under the medium level of water supply, L19 and
L235, as well as, L38 and L20 were on par in bearing high number of seeds /head,
where, the latter three genotypes had a much more number of seeds / head than the
rest genotypes. Whereas, under severe water regime, L38 as well as L460 and Giza
102 were nearly similar in number of seeds /head, where, L460 surpassed the rest
genotypes in this respect. Here it is of noticeable that L 38 was among the genotypes
which had a high number of seeds /head under moderate and severe levels of water
regimes.

The level of water supply and sunflower genotypes interacted significantly with
regard to 1000 seeds weight as presented in Table 2-c.Thousand seed weight of L38,
L19, L235 and L8 was not affected by the water regimes. However, thousand seed
weight of L350, L770, L460 and Sakha 53 was decreased significantly with the
reduction in the water supply less than 2000 m*fed. Also, severe drought (1000
m°/fed) significantly reduced 1000 seed weight of L20 and Sakha 53 as compared
with adequate water supply. Whereas, any reduction in the water regime was
followed by a significant decrease in 1000-seed weight of L11 and L990 genotypes.
When the plants were supplied with the adequate level of water, L990 had the
heaviest seed weight followed by L38, L20, L11, L8, L460, Giza 102 and Sakha 53.
But, under moderate water regime, L38, L770, Giza 102, L460 and Sakha 53 were
comparable in having a heavier seed, where, the later two genotypes surpassed the
rest tested genotypes in this respect. However, under severe water regime also L38,
Giza 102, Sakha 53 and L990, as well as, L8 and L235 got similar and heavier seed
weight. Seed weight of L38 was higher than any of the other genotypes. Here, it is of
worth to note that L 38, Giza 102 and Sakha 53 were among the genotypes which
had a heavier seed weight under moderate and severe regimes of water.

Seed yield, oil content and oil production

Effect of water regime levels

As in physiological characters (Table 1), as well as, yield attributes (Table 2), the
water regime also had a significant effect on seed yield, oil content and oil yield. This
was the same in both seasons and their combination as shown in Table 3. Results of
the combined analysis for both seasons exhibited a gradual significant decrease in
seed yield and oil content as well as oil yield with each reduction in the level of
water.

Genotypes differences

There were great differences among the tested genotypes in seed yield, oil
content and oil production (Table 3). It can be seen that L 38 produced the highest
seed yield followed by L20, L235, L990, L8, L460 and Giza 102, then both L19 and
Sakha 53. While, L350 and L11 produced similar and lower yield compared with the
rest of the genotypes. Accordingly, there were significant differences among the
tested genotypes also in oil yield. Results of the combined analysis revealed that L38
produced the highest oil yield followed by L8, L460 and Giza 102, while L11
recorded the lowest oil yield.
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Interaction effect

The studied factors interacted and significantly affected seed yield as shown in
Table 3-a. The reduction in the level of water was followed by a consistent
significant decrease in seed yield of L20, L235, L990, L8, L460 and Sakha 53
genotypes. While, seed yield of L 19, L 350, L 11, L 770 and Giza 102 genotypes
was decreased significantly only with the reduction in level of water less than 3000
m°/fed. Seed yield of L38 was decreased significantly only with the reduction in level
of water less than 2000 m*/fed. Under adequate water regime, L990 produced the
higher seed yield/fed followed by L38, L8, Giza 102 and Sakha 53 which were on
par, while, L11 recorded the lowest seed yield value. But, under both moderate and
severe levels of water regime L 38 had the highest seed yield followed by L20, L235,
L8, L460 and Giza 102 which were on par, while, L350 and L11 were similar in
producing the lowest value of seed yield.

Also, the levels of water supply interacted with sunflower genotypes and had
significant effect on oil yield/fed ( Table 3-b). Oil yield of each of L20, L19, L235, L
990, L8, L460, Giza 102 and Sakha 53 was decreased significantly with any
reduction in water supply. However, oil yield of L350, L11 and L770 was decreased
significantly only with the 1% reduction in water supply. Whereas, L38 was decreased
significantly only with the 2" reduction in water supply.

When plants were provided with adequate water regime, L990, L8, L460 and
Giza 102 were similar in securing high oil yield followed by L38, L20, L19 and
L235 which were on par, while, L11 had the lowest one. But, when plants received
moderate or severe water regime, L 38 produced the highest oil yield followed by
L20, L460 and Giza 102 which were on par under both of these levels of water
regime, as well as, L460 only under severe water regime, while, both L350 and L11
genotypes were on par in securing the lowest oil yield values under moderate and
severe levels of water.

Discussion

Results regarding chlorophyll index (SPAD value) did not show any significant
differences due to the levels of water regime in the second season and the combined
analysis. However severe water regime significantly reduced chlorophyll index in the
first season. The adverse effect of severe water stress has previously been shown by
Kirnak et al. (2001) and Nezami et al. (2008). Chen et al. (1991) have associated the
reduction of chlorophyll to the increased electrolyte leakage, while McDonald &
Archbold (1998) have shown that water deficit affect electrolyte leakage. The
combined analysis showed that sunflower genotypes significantly varied in
chlorophyll values. L235 had the highest leaf chlorophyll value followed by L8.
However, L38 and L770 exhibited the lowest chlorophyll values. In this connection,
genotypic variation for chlorophyll value was also detected by Raducanu et al.
(2008). SPAD index declined progressively with exposure to drought, but the decline
was more severe in susceptible genotypes (Silva et al., 2007).
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The current study revealed that moderate and severe water regime
significantly reduced transpiration rate and leaf water content. Similar finding
was also reported by Rahbarian et al. (2011). Under water deficit, the cell
membrane is subjected to changes such as increase in penetrability and decrease
in sustainability (Blokhina et al., 2003). Microscopic investigations of
dehydrated cells revealed damages, including cleavage in the membrane and
sedimentation of cytoplasm content (Blackman et al., 1995).

The obtained results revealed significant differences between the studied
sunflower genotypes for transpiration rate and leaf water content. This variation
among genotypes may be due to the differences in the ability to absorb more water
from the soil and the ability to reduce water loss through stomata (Siddique et al.,
2000). It may also due to differences in the ability of genotypes to maintain tissue
turgor and hence physiological activities (Terzi & Kadioglue, 2006).

The combined analysis revealed that water stress had significant adverse
effect on plant height, head diameter, seeds/head, 1000-seed weight, seed yield,
oil content and oil yield. Meantime, a large variation was observed for all these
characters. Further results demonstrated that the maximum plant height (119.46
cm), head diameter (21.74 cm), seeds/head (892.1), 1000-seed weight (86.705 g),
seed yield (1.022 ton/fed), oil content (30.68%) and oil yield (381.6 kg/fed) were
attained under adequate water regime, while these characters exhibited the
minimum values under severe regime. The adverse effects on sunflower yield
contributing characters and oil yield due to moderate and/or severe water regime
had previously been shown by Nazarli & Zardashti (2010).

The reduction of sunflower plant height as response to drought may be either due
to decrease of cell elongation resulting from water deficit, which led to a decrease in
each cell turgor, cell volume and consequently shorter internodes and stem height
(Boyer, 1988) or due to blocking up of xylem and phloem vessels, thus hindering any
translocation of water or metabolites (Lovisolo & Schuber, 1998).

Head diameter was significantly reduced as water stress increased. If head
diameter was lower, less seeds would be produced. Comparable results were detected
by Nezami et al. (2008) and Nazarli & Zardashti (2010). A significant genotypic
variation was also recorded. However the interactive effects of water regime
treatments and sunflower genotypes for head diameter were not significant.

Drought stress had negative effects on 1000-seed weight of all studied
genotypes. The high 1000-seed weight, resulting from adequate water regime
may probably due to the availability of adequate water and assimilates from
source to sink during seed formation and seed ripening stages (Nazarli &
Zardashti, 2010). The lower 1000-seed weight resulting from moderate and/or
severe water regime may be due to a lower photosynthate production because of
excessive loss of leaves at the flowering stage (Rauf, 2008). Significant
variations for head diameter, seeds/head and 1000-seed weight were detected by
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the evaluated sunflower genotypes. Comparable results were also reported by
Hakim Khan et al. (2007) and Safavi et al. (2011).

Results have shown that the highest seed yield (1.418 ton/fed) and oil yield
(527.5 kg/fed) were obtained from sunflower genotype L990 under adequate
water regime, while the lowest seed yield (0.11 ton/fed) and oil yield 41.77
kg/fed) were attained from L11 under severe water regime. L38 exhibited the
highest seed and oil yields under moderate and severe water regime. The
superiority of L38 under water deficit may be attributed to some of its
components such as seeds/head and 1000-seed weight under such condition.
Significant variation existed between sunflower genotypes for seed yield and its
contributing characters as well as seed oil yield under adequate and severe water
regime (Alahdadi et al., 2011; Mojddam et al., 2011 and Safavi et al., 2011).

Finally, it is concluded that sunflower genotype L990 is recommended to be
grow under adequate water regime and L38 under moderate and severe water
regime.

Acknowledgment: The authors record their deepest gratitude and thanks to
Zagazig University for providing facilities through funding the project titled:
Improvement of sunflower for drought tolerance.
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