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Water is critical factor affecting plant growth and development, where its
time and quantity of application plays an important role in increasing the
yield levels with saving water, especially in sandy soil with low water holding
capacity. Optimum irrigation level would help in improving the economic
yield as well as water use efficiency. Sunflower (Helianthus annuus, L.) is

Keywords: one of these plants that affected by water supply according to its huge
Sunflower genotypes, vegetative growth and transpiration area. It is essential edible oil in many
Cultivars, countries all over the world, which ranks the fourth position next to

Irrigation levels, groundnut, soybean and rapeseed. So, this study aimed to investigate the
Yield, effect of four levels of irrigation (1:=1.2, 1,=0.9, 15=0.6, 1,=0.3 m3dayY/plot
Yield attributes. area) and five sunflower genotypes(G:=P.L120, G,=P.L125, G3=P.L240,
G4=P.L770 and G5=P.L990) and two cultivars Sakha-53, Giza-102under
North Sinai conditions during 2016 and 2017 seasons. In this study, there
were 28 treatments (4 x 7). The Results indicated that seed head weight gave
the highest values (100.00&8109.00 g)and obtained from IsxG4 at both

') seasons.However,100 seed weight were 10.66 and 10.67 g and obtained from
Check for 11xG4 and lzxsakha 53 at 2016 while, at the second season the values 11.00 g
updates and obtained from [1xGy, 12xGs, 13xG3,Gs and Giza 102, 14xGiza 102.

INTRODUCTION

Sunflower (Helianthus annuus, L.) plays
an important role in overcoming the oil gap
between demand and supply in Egypt,
where seeds oil content ranged between 40
to 45%. Also, its oil is rich in unsaturated
fatty acid (oleic, linoleic, linolenic acids)
which is potential for health benefits,
meanwhile linoleic acid is found in 60%
sunflower oil and this ratio reduces
cholesterol in human blood (Turhan et al.,
2010). The total cultivated area of
sunflower at the level of Arab Republic of
Egypt for the season 2017 was 16139 fed.,
where, 8850 fed. are ancient lands and 7289
in new reclaimed ones. Its productivity was

* Corresponding author: E-mail address:
https://doi.org/10.21608/SINJAS.2022.165685.1149

16.000 ton fed™. The consumption ratio is
2.600 million ton while, the import reaches
to 2.80 million ton in 2017 (Abd El-satar
et al.,, 2017). Hamza and Safina (2015)
determined that head diameter, 1000-seed
weight, seed weight plant? were superior
for Sakha-53 cv. in all studied characters as
compared to Giza 102.Positive relationships
were found among sunflower genotypes for
seed yield, leaf area index, head diameter
and 1000-achene weight (Sharief and Said,
1993); seed yield plant?, 1000- seed weight
and head diameter (Abd EI-Mohsen, 2013).
El-Sarag (2007)found that the superiority
of most of the studied characters were
recorded by Sakha-53 cultivar under North
Sinai environmental conditions. However,

©2022 SINAI Journal of Applied Sciences. Published by Fac. Environ. Agric. Sci., Arish Univ. All rights reserved.


http://www.sinjas.journals.ekb.eg/

2 Abd El-Kareem, et al.| SINAI Journal of Applied Sciences 12 (2) 2023 163-172

correlation between the main growth
analysis criteria was positive with the seed
yield per plant and plot (Yankov and
Tahsin, 2016). Also, Abd El-Satar et al.
(2017) illustrated that Sakha-53 cultivar
ranked the highest studied characters among
the other genotypes (Giza-102; promising
line of L120).

In new reclaimed arid and semi-arid lands,
water is the most important limiting factor
for crop production (Ashrafi and Razmjoo,
2009), which decrease crop growth and also
reduce from 40 to 60 percent of potential
yield as affected by drought stress (Reddy et
al., 2004). Adequate irrigation supply is
considered as an essential factor that affect
the accumulation of dry matter in the plant,
as well as, vegetative growth of most crops
(Aminifar et al., 2012). When early
vegetative growth periods severe water
deficits, it result in reducing plant height,
leaf area and growth analysis criteria but
may increase root depth, so, available water
supply during that periods reflected on seed
formation (Doorenbos and Kassam, 1979;
Beyazgul et al., 2000; Ali and Shui, 2009).
According to Casadebaig et al. (2008),
minimization of water loss in response to
water deficit is a major aspect of drought
tolerance and can be achieved through the
lowering of either leaf area expansion rate
or transpiration per unit leaf area (stomata
conductance). Although sunflower is known
to be a drought tolerant crop or grown
under dry land conditions, substantial yield
increases can be achieved by supplementary
irrigation, which is one of the most
effective strategies to mitigate the effects of
dry spells in crop production (Fox and
Rockstrom, 2000; ELSarag, 2007; Xiao et
al., 2007; Saeed et al., 2015).

So, this study aimed to evaluate some
sunflower cultivars and genotypes in
concern to growth analysis and seed yield
as affected by adequate water supply in
specific growth stages.

MATERIALS AND METHODS

Site Description

This research was conducted at the
Experimental Farm of El-Arish Agriculture
Research Station, Agriculture Research
Center, North Sinai Governorate (31° 07"
137N, 33° 49" 04" E), during two successive
summer seasons of 2016 and 2017. It aims
to assess the effect of irrigation levels on
some sunflower genotypes under North
Sinai conditions with sandy soil texture.
Seeds were obtained from Oil Crops
Research Section, ARC, Giza, Egypt. This
assessment included growth analysis
characters, yield and yield attributes.

Treatments

This investigation included 28 treatments
as a combination of 4 irrigation levels x 7
genotypes of sunflower. The treatments
arranged as recommended for experimental
design of randomized complete block design
(RCBD) in split- plots with three replications.
The main_plots were randomly occupied by
the four irrigation treatments i,e_25, 50, 75,
and 100% of sunflower requirements
(25M3dayfed™), so, (11=1.2, 1,=0.9, 15=0.6,
1,=0.3 miday'/plot area), where the sub
plots were occupied with two cultivars
Sakha 53 and Giza 102 and five genotypes
(G1=P.L120, G2=P.L125, Gs= P.L240,
G4=P.L770, Gs= P. L990).

Agricultural Practices

Organic fertilization (150 kg fed™) and
superphosphate (15.5% kg P20s) were
applied during soil preparation. Ammonium
nitrate (33.5% N) was the source of nitrogen
fertilization in both seasons. Nitrogen
fertilizer was divided into five doses after
(18, 23, 28, 33 and 38 days) from sowing,
respectively. Potassium sulfates (48% kg
K20) at rate of 50 kg fed?, was added in
two equal doses, the first dose was done after
thinning, the second was added after 23
days from planting with the second dose of
nitrogen fertilizer. All of the other agriculture
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practices were carried out as recommended
for sunflower growing under the conditions
of North Sinai. Drip irrigation system was
used. Salinity of water was 6400 ppm. The
length of irrigation lines was 13.5 m and
distance between lines was 1 m apart and
within lines was 0.25 so, plot area (13.5x
14.5) =195.75 m? according to irrigation
treatment (56 line) experimental area was
783 m?. The planting date was 30" June in
2016 and 2017 seasons, respectively.
Harvesting date were after 85 days.

Recorded Data

Samples of ten guarded plants from each
experimental unit were selected randomly
by taking off after 60 days from sowing to
determine the growth analysis criteria;
Shoot/Root weight ratio (Sh/Rw R), Shoot/
Root length ratio (Sh/RI R), Leaf area
(dm?/plant) and Leaf area index (LAI). At
the end of complete flowering of heads, the
heads of the two inner rows were bagged at
early seed development for avoiding bird
damages and used for estimating the yield
and it's components (after 85 days). Yield
per feddan (ton fed?) were computed
according to seed yield per plant and plot (g).

Statistical Analysis

The data were statistically analyzed
according to Snedecor and Cochran (1990)
using MSTAT computer program V.4
(1986). The means values were compared at
0.05 level of probability using Duncan’s
Multiple Range Test (DMRT) according to
Duncan (1955).

RESULTS AND DISCUSSION

Growth Analysis
Effect of irrigation levels

Results illustrated in Table 1 show highly
significant effect of different irrigation levels
on shoot/root by weight (Sh/Rw), length
(Sh/R)) and leaf area index (LAI) at both
summer studied seasons but it has no

significant effect on Sh/RL in 2017 season.
Irrigation levels by 1.2 and 0.9 miday*
gave the highest value for each of Sh/Rw
(7.548, 7.904) and Sh/RL (7.655, 10.498) at
2016 and 2017 seasons. In concern to leaf
area, results in Table 1 show highly
significant effect of irrigation treatments on
sunflower leaf area means at both seasons.
Largest values of leaf area (185.94 and
89.72 dm?/plant) obtained from I5 treatment
when compared to the other studied ones in
both seasons. Also, I (0.6m*day™) gave the
maximum values of LAI (37.187, 17.773).

It is important to determine growth
analysis criteria as the biological and
economic yield depends largely on both
shoot/root ratios and leaf area amount,
speed and duration. In this study, the
negative impact of lower irrigation levels
mitigated leaf area degradation of adequate
water amount round root zone, so, enough
and accumulated sufficient leaf area, was
comparable to that at optimal irrigated
level. However, Rauf et al. (2009) found
that repressing effect of drought was
observed on root weight and shoot length
while root length and root-to-shoot ratio
showed higher values under drought stress.
Sunflower  plants under inadequate
irrigation level responded to reducing their
heights to keep more water content, while
at suitable irrigation level (l1) proved to be
essential for achieving desired up ground
growth, while discontinuity of irrigation
water to sunflower at early stage resulted in
severe disadvantage for plant growth that
caused poor vegetative growth (Buriro et
al., 2015). These findings are similar to
those obtained by Ali and Ullah (2012)
and Ma et al. (2016).

Genotypes variation

Results in Table 1 show highly
significant variation among all the studied
genotypes and two comparative cultivars at
both seasons. Superiority was found for
Giza-102 followed by Gzand G4 in both
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Table 1. Effect of different irrigation levels and sunflower genotypes on growth analysis
after 45 days from sowing at 2016 and 2017 summer seasons

Irrigation level Shoot /Root weight ~ Shoot/Root length leaf area Leaf area index
rrzgn%g;n-live ratio ratio (dm? plant?) (LAD
y 2016 2017 2016 2017 2016 2017 2016 2017
Iy 7.548 a 7.904a 102.200b 84.294b 102.200b 84.294b 2.0440b 1.6859b
I2 8.205a 7.791ab 112.809b 66.767 c 112.809b 66.767c 2.2562b 1.3354c
I3 5.587 b 6.656 b 185.938a 89.720a 185.938a 89.720a 3.7187a 1.7773a
la 6.931 ab 6.659b 172.430b 88.602b 172.430b 88.602b 3.4486ab 1.7020 ab
F-test at 0.05
level *%k * *%k *% *%k *k *k Hk
Genotype
G 7.172bc 8.382b 5.839c 8.793b 216.738a 103.449b 4.3348a 2.0739b
Gz 6.703bc 5.234c  6.273bc  9.472b 117.221b 54.697c 2.3446b 1.0940c
Gs 8.225ab 7.640bc  7.244ab 12.272a 90.562b 43.447c 1.8111b 8.690c
Ga 7.022bc 7.692bc  7.612a  8.249b 135.434b 87.829bc 2.7086 b 1.7566 bc
Gs 5.376¢ 7.686bc  6.344bc 11.156a 112.388b 54.910c 2.2478b  1.0983 ¢
Giza-102 9.184a 9.623a  8.060a 11.999a 125.014b 66.730bc 2.5003b 1.3344 bc
Sakha-53 5.791c 5.511c  6.393bc  8.133b 206.052 a 158.360a 4.1209a 3.1673a
F_teSt at 005 ** ** ** ** ** ** ** **
level

11=1.2, 1,=0.9, 15=0.6, 1,=0.3 m3day?, G;=P.L120, G,=P.L125, G3=P.L240, G,=P.L770, Gs=P.L990). Numbers
had the same letters had no significant differences according to DMRT

Shoot/Root weight and length ratio. In
concern to means of sunflower genotype
leaf area, of G: and Sakha 53 gave the
highest mean values (216.783 and 206.052
dm? plant?) at the 1% season, while Sakha
53 gave the highest one (158.360 dm? plant”
1y followed by Gi (103.449 dm? plant?) at
the 2" season. These results may showed
this superiority for Sakha 53 and G as their
closer relationship of parents. Also,Sakha
53 gave the maximum values of leaf area
index (4.1209 and 3.1673), followed by G
(4.3348 and 2.0739). This may refer to the
high ability of these genotypes and cultivars
to accumulate carbohydrates by healthy
root system even under water stress
conditions.  Root  characteristics  are
important during breeding for drought
tolerance (Rauf, 2009). A lot of studies

indicated the deep relationship between
higher root growth with better drought
tolerance (Rauf et al., 2009). Similar
studied have been reported by El Sarag
(2007), Babaiy et al. (2009), Abd El-
Motagally and Osman (2010), Freitas et
al. (2012), Abaza (2010), Abd El-Satar et
al. (2017) and Bagheri et al. (2018).

Interaction effect between irrigation
intervals and genotypes (I X G)

According to the results in Table 2, 11 x
Giza-102 (2016) and Gi (2017) gave the
highest values of Shoot/Root weight ratio
(14.428 and 16.656), while the lowest ones
were obtained from the interactions of I4 x
G2 (2016) and 11 x G2 (2017) (3.113 and
2.813). For Shoot/Root length Ratio, 14 x G3
recorded the highest ratio (10.522 and 15.371)
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Table 2. Interaction effect of different irrigation levels and some sunflower Genotypes
(I x G) on growth analysis at 2016 and2017 summer seasons

I'rrigation Shoot /Root weight  Shoot\Root length Leaf area Leaf area index
levels Genotypes ratio ratio (dm? plant?) (LAI)
(m/day) 2016 2017 2016 2017 2016 2017 2016 2017

G 7.285c-f 16.656a 7.323b-h 11.680 bcd 130.480cde 85.637 cd 2.6100 cde 1.7127 cd

G2 5.366 def 2.813j 8.860a-d 14.867 ab 52.707 e 33.1563d 1.0543e 0.2633d

Gs 8.597 bcd 4.371g-j 7.180b-h 10.028c-h  62.278¢ 30.787d 1.2453e 0.4157d

11 G4 6.940 c-f 6.642c-j 8.196a-f 7.829e-i 108.997cde 71.880cd 2.1800 cde 1.0377 cd
Gs 4.273def 11.097b 6.013e-k 11.417 cde 143.197cde 60.733 cd 2.8640 cde 1.0147 cd

Giza-102 14.428a 5.180e-j 9.778ab 9.944 c-h 63.410 e 90.693cd 1.2680e 1.8140 cd

Sakha-53  5.945def 8.573b-f 6.236d-k 7.726e-i 154.333cde 277.177a 3.0863 cde 5.5433 a
G 8.174 cde 6.987 c-h 5.810f-k 7.921e-i 134.507cde 129.810 bc 2.6900 cde 2.5960 bc

G2 12.277 ab 9.597 bcd 7.206 b-h 8.452d-i  144.540cde 89.333 cd 2.8910 cde 1.7867 cd

Gs 7.890 cde 7.545b-h 4.951h-k 11.317 cde 94.793cde  34.630 cd 1.8957 cde 0.6927 cd

12 e 7.621 cde 8.956 b-e 9.462 abc 9.190 c-i 51.553 ¢ 83.803cd 1.0310e 1.6760cd
Gs 6.219def 7.894b-g 3.882k 10.745c-g 111.470cde 54.733cd 2.2293 cde 1.0950 cd

Giza-102  7.517 cde 9.500 bcd 5.972 e-k 12.191a-d 188.290bcd 20.873d 3.7660 bcd 0.4173 d

Sakha-53  7.736 cde 4.054 hij 7.064c-i 10.769c-g 64.510e 54.187cd 1.2903e 1.0840 cd

G1 7.304 c-f 8.034b-g 5.734f-k 8.984c-i 203.253ab 96.857cd 8.0650a 0.1957 cd

G2 6.056 def 5.424e-j 3.964k 5.657 i 191.663bc  77.643cd 3.8333 bc 1.5530 cd

Gs 5.621def 8.769b-f 6.325d-k 12.373abc 112.513 cde 64.490 cd 2.2503 cde 1.2900 cd

13 en 5.767 def 7.573b-h 8576a-e 8.741c-i 121560 cde 83.690cd 2.4310 cde 1.6740 cd
Gs 6.038 def 6.804 c-i 7.764 b-f 11.080 c-f 134.903 cde 77.963 cd 2.6980 cde 1.5593 cd

Giza-102 4.141ef 5.839d-j 6.774d-j 10.862c-g 152.830 cde 98.387 bcd 3.0567 cde 1.9677 cd

Sakha-53 4.182ef 4.146g-j 7.464b-h 7.511f-i 184.840bcd 101.010 bcd 3.6967 bed 2.0203 cd

G 5.925def 5.851d-j 4.489ijk 6.587hi  198.713bc 101.493 bcd 3.9740 bc 2.0300 cd

G2 3.113f 3.104ij 5.0649-k 8.914c-i 79.973 de 38.657cd  1.5997 de 0.7730 cd

Gs 10.792 abc 9.874bc 10.522a 15.371a 92.663cde 53.880cd 1.8530 cde 1.0777 cd
14 e7! 7.759 cde 7.596 b-h 4.214jk 7.238ghi  259.627b 131.943bc 5.1923b 2.6387 bc
Gs 4974 def 4.947f-j 7.718b-g 11.383cde 59.983 e 36.210d 1.2000e 0.7243 cd

Giza-102 10.649abc 9.972bc 9.715ab 15.000ab 95527 cde 56.967 cd 1.9107 cde 1.1387 cd

Sakha-53 5.302def 5.271e-j 4.809h-k 6.527 hi 220.527a 201.067 ab 8.4103a 4.0213 ab

F-test at 0.05 level *x *x *x *x *x *x *x *x

|1=l.2, |2=0.9, |3=0.6, 1,=0.3 m3day'1, G1=P.L120, G2=P.L125, GgZP.L24O, G4=P.L770, G5=PL990) Numbers
had the same letters had no significant differences according to DMRT
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comparing to the other interactions at both
seasons. The maximum values of sunflower
leaf area (220.527, 277.177 dm? plant?)
was found by I4 and 11 x Sakha 53 at 2016
and 2017 seasons. While, the smallest
sunflower leaf area (59.983, 36.210 dm?
plant®) was recorded for I4 x Gs at both
seasons. However,the highest LAI (8.0650
and 8.4103) were obtained from I3 xG; and
Isxsakha 53 at 2016 season, while it was
5.543 from li1xsakha 53 followed by (4.021)
Isxsakha 53 at 2017 season.

Yield and its Attributes
Effect of irrigation intervals

There are highly significant effect of the
studied irrigation treatments on sunflower
genotypes yield and its attributes in both
seasons (Table 3). Irrigation treatments by
0.9 and 0.3m3daygave the highest head
diameter (20.38 and 24.21 cm) in 2016 and
2017 seasons. However, I (0.9 m3day™?)
gave superiorities of head weight (494.9
and 601.7 g), seed head weight (82.48 and
101.57 g) at both seasons and 100-seed
weight (9.81 g) at 2016 season as compared
with the other irrigation treatments. In 2017
season, I3(0.6 miday™') gave the highest
100-seed weight (10.41 g) followed by I4
(0.3 m3day?) one, which gave mean of
9.78g. There were no significant differences
between 11 and I, treatments on seed yield
(1.357 and 1.385 ton fed?) at 2016 and
(1.459 and 1.704 ton fed™?) at 2017 season.
These results may refer to sunflower ability
with adapted root system to absorb
irrigation water under scarcity conditions.
Similar findings were reported by Saeed et
al. (2015), where, they concluded that
increasing the amount of irrigation water
significantly increased head diameter,
leaves weight/plant, head weight/plant,
seeds weight/ head, 100 seeds weight, seed
yield, root weight, length and width.

Genotypes variation

According to the results shown in Table 3,
Sakha 53 gave the highest value (21.58 cm)
of head diameter followed by G; and G4 (P.
L120 and P. L770) which valued as 20.75
and 20.76 cm in 2016 season, while, G1 and
G4 gave the biggest heads (24.75 and 24.63
cm) followed by Giza 102 and Sakha 53
(23.55 and 23.53 c¢cm) in 2017 season. For
head weight, Sakha 53 and Ga(P. L770) gave
the highest mean values (488.6 and 647.8 g)
in 2016 and 2017 seasons. However, the
superiorities of seed head weight were
reported to Gy (P. L120) at both seasons but
G4(P. L770) and Gs (P. L990) at 2016 and
2017 seasons, which valued 81.63, 93.19 g
and 83.95 and 93.25 g, respectively. Similar
trend was reported for seed yield per feddan,
where G4 gave the highest values (1.410,
1.584 t fed?) followed by G1,G3,Gs and
Sakha 53 in both seasons, followed by
G1,G2,G3,Giza 102 and Sakha 53 in the 1th
season.. These superiorities may be due to
their genetic constitution and its capability of
withstanding climatic fluctuation and soil
conditions which may also related to the
increase in root length, leaf area, leaf area
index and head diameter.

Interaction effect (I x G)

Results in Table 4 show significant
effect of irrigation treatments and sunflower
genotypes and cultivars interaction on all
yield and its components characters at both
seasons. Interaction of I, and/or I3 x Sakha-
53 gave the highest head diameter (23.00
cm) in 2016 season, while, 11 x G4 reported
the highest mean (28.00 cm) in 2017
season. In the other hand, the lowest head
diameter values were obtained from I X Gs
in both seasons and Iy x Gz in 2017 season.
However, the heaviest heads (611.33 and
893.00 g) were gained with interactions of
I x Sakha 53 and I4 x Gz at respective
seasons but the lightest ones (245.33 and
227.00 g) were found with Is x Giza 102
and 11 x Gz at 2016 and 2017 seasons.
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Table 3. Effect of different irrigation levels and sunflower genotypes on yield and its
attributes at 2016 and 2017 summer seasons

Irrigation level Head diameter Head weight  Seed head weight 100-seed Seed yield
rrigation [evels (cm) () () weight (ton fed)
(m*day™)
2016 2017 2016 2017 2016 2017 2016 2017 2016 2017
Iy 1911b 22.79c 407.1b 507.1b 80.86ab 86.86b 886c 857c 1357a 1.459%
I 20.38a 2350b 4949a 601.7a 8248a 10157a 9.8la 929b 1.385a 1.704a
I3 20.19ab 22.69c 3785b 4905b 77.04ab 84.18b 9.67ab 1041a 1.290b 1.313b
Iy 1991b 2421a 369.1b 6413a 66.02c 7213c 899b-c 9.78ab 1.110b 1.211b
F_ test at 005 IeVeI * ** ** ** ** ** * ** ** **
Genotypes
Gy 20.75b 24.75a 4012ab 572.3abc 81.63a 9319a 93lab 891b 1.370ab 1.465ab
G, 19.08d 22.63c 401.8ab 5053c 67.33b 7494b 920ab 9.46b 1.131b 1.258b
Gs 20.00bc 22.75bc 417.3ab 528.0bc 79.00ab 89.75ab 9.50ab 9.00b 1.327ab 1.508ab
Gs 20.67b 24.63a 4022ab 647.8a 8395a 88.35ab 10.00a 10.71a 1410a 1.584a
Gs 1950cd 21.25d 408.3ab 526.8bc 7850ab 9325a 8.83b 9.75b 1.319ab 1.566ab

Giza-102 19.08d 2355b 3675b 600.3ab 69.67b 7460b 9.17ab 9.53b 1.170ab 1.253b
Sakha-53 2158a 2353b 4886a 5409bc 76.12ab 89.21ab 9.33ab 9.24b 1.278ab 1.498ab
F_test at 005 Ievel ** ** * ** ** ** ** ** ** *%*
11=1.2, 1,=0.9, 15=0.6, 1,=0.3 m3day?, G;=P.L120, G,=P.L125, G3=P.L240, G,=P.L770, Gs=P.L990). Numbers
had the same letters had no significant differences according to DMRT

Table 4. Interaction effect of different irrigation levels and some sunflower Genotypes (I
x G) on yield and its attributes at 2016 and2017 summer seasons

Irrigation Head diameter Head weight Seed head weight ~ 100-seed weight Seed yield
levels  Genotypes (cm) (@ (@ (@ (ton fed™)
(m° day?) 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017

G1 19.67d-h 23.00f-i 266.7fgh 314.00jk 76.00a-e 79.00bcd 7.00c  7.00c 1279%-e 1.327jk

G2 19.00fi 21.50ijk 504.0a-d 583.00d-g 88.00a-d 91.00bcd 8.67abc 9.00abc 1.344ab 1.528c-f
Gs 18.00hi 19501 2573gh 227.00k 74.67a-e 76.67b-e 9.33abc 800bc 1.253a-e 1.288h-k

I Gs 2133a-d 2800a 490.7a-e 778.00abc 95.33ab 96.33abc 10.66a 11.00a 1.60la 1.618a
Gs 20.67 b-f 2150ijk 486.7a-e 435.00ghij 77.33a-e 80.33b-e 8.67abc 9.000abc 1.298a-e 1.34%-i

Giza-102 18.67 ghi 24.00efg 383.3c-h 720.00bcd 73.33a-e 76.33b-e 8.67abc 8.000bc 1.232a-e 1.282c-h
Sakha-53 22.00abc 22.00 h-k 460.7a-g 493.00e-i 81.33a-e 85.33cde 8.67abc 8.00bc 1.366a-d 1.433d-h

G1 20.33c-g 27.00ab 604.0ab 703.10bcd 89.33abc 94.33a-d 10.67a 9.00abc 1.501a-d 1.583bc

G2 18.00hi 21.50ijk 395.3b-h 310.00jk 59.33cde 66.33cde 9.33abc 9.00abc 0.996¢c-f 1.114e-

Gs 20.67b-f 23.00fi 5433a-d 567.00d-h 88.67abc 90.67bcd 9.33abc 8.00bc 1.489%-d 1.523b-f
I2 G 19.00fi 20.50kl 264.00fgh 447.00fj 75.33a-e 77.33cde 9.333abc 11.000a 1.265a-f 0.965ijk
Gs 20.33¢c-g 21.50ijk 476.67a-f 635.00cde 83.33a-e 88.33b-e 9.33abc 11.00a 1.399a-e 1.484bc

Giza-102 21.33a-d 25.00cde 570.00abc 860.00ab 90.67abc 93.67abc 10.00ab 8.00bc 1.523a-d 1.573e-h
Sakha-53 23.00a 26.00bcd 611.33a 690.00cd 90.67abc 95.67abc 10.67a 9.00abc 1523a-d 1.607ab
G1 21.67 abc 2450 def 454.00a-h 609.00def 94.00abc 95.00abc 9.33abc 10.00ab 1.579a-d 1.596bcd

G2 19.00f-i 21.00jkl 290.00efgh 405.00hij 52.83de 56.83cde 9.73abc 9.85ab  0.851f  0.554k

Gs 19.00fi 21.00jkl 351.33d-h 425.00g-j 71.33a-e 74.33b-e 9.33abc 11.00a 1.198b-f 1.248c-g
13 G 21.00b-e 24.00efg 422.00a-h 582.00d-g 100.00a 109.00a 10.00ab 11.00a 1.679abc 1.831b-e
Gs 19.33e-i 22500 389.33c-h 617.00cde 89.33abc 90.33abc 10.00ab 10.00ab 1.500a-e 1.517c-f

Giza-102 18.33hi 2220g-k 271.33fgh 395.10ij 64.00b-e 66.00cde 9.33abc 11.10a 1.075def 1.108jk
Sakha-53 23.00a 23.60e-h 471.67a-f 400.55hij 67.80a-¢ 68.80b-e 10.00ab 9.95ab 1.139c-f 1.155jk

G1 21.33 a-d 24.50 def 280.000efgh 663.00cd 67.20a-e 71.20b-e 9.23abc 9.65ab 1.129b-f 1.196ijk

G2 20.33c-g 26.50abc 418.00a-h 723.00bcd 69.13a-e 72.13b-e 9.07abc 10.00ab 1.161a-f 1.212ijk

Gs 2233ab 2750ab 517.33abcd 893.00a 81.33a-e 86.33b-e 10.00ab 9.00abc 1.366a-e 1.449c-g
14 Ga 21.33a-d 26.00 bcd 432.00a-h 784.00abc 65.13a-e 67.13b-e 9.37abc 9.85ab 1.094b-f 1.128h-k
Gs 17.67i 19501 280.67e-h 420.00ghij 64.00b-e 67.00b-e 833bc 9.00abc 1.075b-f 1.126g-k

Giza-102 18.00hi 23.00f-i 24533h 426.00ghij 50.67e 53.67e 867abc 11.00a 0.887ef 0.901jk
Sakha-53 18.33hi 22.50¢g-j 410.67a-h 580.00d-g 64.67a-e 6567b-e 800bc 10.00ab 1.086b-f 1.103f-j
F_test at 005 Ievel ** ** ** ** ** ** ** * ** **

1,=1.2, 1,=0.9, 15=0.6, 1,=0.3 m®day?, G;=P.L120, G,=P.L125, G3=P.L240, G,=P.L770, Gs=P.L990). Numbers
had the same letters had no significant differences according to DMRT
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According to seed head weight, maximum
values (100.00 and 109.00 g) were obtained
when I3 interacted with Gs but the
minimum values (50.67 and 53.67 g) were
gained with 14 x Giza 102 at both studied
seasons. Interactions of Iy X Gs, I2 X Giand
I x Sakha 53 gave the highest 100-seed
weight valued 10.66 and 10.67 and 10.67 g
in 2016, while, 100-seed weight of 11.00 g
was the maximum value and was recorded
for multiple interactions (I1 X Ga, I2 X G4, |2
X Gs, I3 X Gg, I3 X Gs, I3 X Giza 102, 14 X
Giza 102) in 2017 seasons. However, the
lowest values of 100-seed weight (7.00 g)
were obtained from 11 x G interaction at
both seasons. In concern to seed yield, 11 X
G4 interaction gave the highest means
(1.601 and 1.618 ton fed?), while the
lowest values (0.851 and 0.554 ton fed.™?)
were gained from I3 x G2 in 2016 and 2017
seasons.

Conclusion

This study is a great opportunity, for
increasing sunflower seed production in
Egypt and lessen the gap between oil
production and consumption. G4 (P. L770)
surpassed all the other studied genotypes
and gave the highest seed yield per feddan
in all studied.

REFERANCES

Abaza, G.M.S.M. (2010). Effect of some
agricultural practices on some sunflower
genotype characters induced by gamma
irrigation. Minofiya Univ., Fac. Agric.,
Dept. Crop Sci., M.Sc. Thesis, J. A.
Agric. Sci.

Abd EI-Mohsen, A.A. (2013). Analysing
and modeling the relationship between
yield and yield components in sunflower
under different planting dates. World J.
Agric. Res. Food Safety, 1(2): 46-55.

Abd El-Motagally, F.M.F. and Osman,
E.A. (2010). Effect of nitrogen and
potassium fertilization combinations on
productivity of two sunflower cultivars

under east of El-Ewinate conditions.
Ame.-Euras. J. A. Agric. and Environ.
Sci., 8 (4): 397-401.

Abd El-Satar, M.A.; Ahmed, A.A. and
Hassan, T.H.A. (2017). Response of
seed yield and fatty acid compositions
for some sunflower genotypes to plant
spacing and nitrogen fertilization.
Inform. Proc. Agric., 4 (3): 241-252.

Ali, A. and Ullah, S. (2012). Effect of
nitrogen on achene protein, oil, fatty acid
profile, and yield of sunflower hybrids.
J. A. Agric. Res., 72 (4): 564-567.

Ali, M.D.H. and Shui, L.T. (2009).
Potential evapotranspiration model for
Muda Irrigation Project, Malaysia.
Water Resour. Manag., 23: 57-69.

Aminifar, J.; Mohsenabadi, G.H,;
Biglouei, M.H. and Samiezadeh, H.
(2012). Effect of deficit irrigation on
yield, yield components and phenology
of soybean cultivars in Rasht region. I. J.
Agri. Sci., 2(2): 185-191.

Ashrafi, E. and Razmjoo, K. (2009).
Effect of irrigation regimes on oil
content and composition of Safflower
(Carthamus tinctorius L.) cultivars. J.
Ame. Oil Chem. Soc., 10: 1-8.

Babaiy, J.; Abdi, M.; Saifzadeh, S. and
Khiavi, M. (2009). The effect of
nitrogen fertilizer and bush density on
seed yield and vyield components of
Azargol sunflower cultivar in Takestan
region, Iran. J. New A. Agric. Sci., 4 (1):
4-23.

Bagheri, F.; Kazemeini, S.A.; Bahrani,
M.J. and Heidari, B. (2018). Effect of
nitrogen, wheat residues, and compost
rates on the growth and vyield of
sunflower. Ukrainian J. Eco., 8 (1): 736-
744,

Beyazgul, M.; Kayam, Y. and Engelsman,
F. (2000). Estimation methods for crop
water requirements in the Gediz Basin of
western Turkey. J. Hydrol., 229: 19-26.

Buriro, M.; Sanjrani, A.S.; Chachar,
Q.l.; Chachar, N.A.; Chachar, S.D.;



Abd El-Kareem, et al.| SINAI Journal of Applied Sciences 12 (2) 2023 163-172 9

Buriro, B.; Gandahi, A.W. and Mangan,
T. (2015). Effect of water stress on
growth and yield of sunflower. J. Agric.
Tech., 11 (7):1547-1563.

Casadebaig, P.; Debaeke, P. and Lecoeur,
J. (2008). Thresholds for leaf expansion
and transpiration response to soil water
deficit in a range of sunflower genotypes.
Europ. J. Agron., 28 : 646-654.

Doorenbos, J. and Kassam, A.H. (1979).
Yield Response to Water. Irrigation and
Drainage paper 33. In: Landon, J.R.
(Ed.). Booker tropical soil manual,
Longman Inc., New York, U.S.A.

Duncan, D.B. (1955). Multiple Range and
Multiple F-test. Biometrics, 11: 1-42.

El-Sarag, E.l. (2007). Influence of plant
population and nitrogen fertilization levels
on performance of some sunflower
cultivars under North Sinai condition.
Ann. Agric. Sci., Ain Shams Univ.,
Cairo, 25(1):113-121.

Fox, P. and Rockstrom, J. (2000). Water
harvesting for supplemental irrigation of
cereal crops to overcome intra-seasonal
dry-spells in the Sahel. Phys. Chem.
Earth. Part B: Hydrol. Oceans Atmos.,
25 (3): 289-296.

Freitas, C.A.; Silva, AR.; Bezerra,
F.M.L.; Andrade, R.R.; Mota, F.S.
and Aquino, B.F. (2012). Growth of
irrigated sunflower under different water
sources and nitrogen fertilization. Revista
Brasileira de Engenharia Agricola e
Ambiental, 16 (10): 1031-1039.

Hamza, M. and Safina, S.A. (2015).
Performance of sunflower cultivated in
sandy soils at a wide range of planting
dates in Egypt. J. Plant Prod., 6(6):853-867.

Kalaydjieva, R.; Matev, A. and
Zlatevinfluence, Z. (2015). Influence of
irrigation regime on the leaf area and leaf
area index of French bean (Phaseolus
vulgaris L.). Emir. J. Food Agric., 27 (2):
171-177.

Ma, T.; Zeng, W.; Li, Q.; Wu, J. and
Huang, J. (2016). Effects of water, salt
and nitrogen stress on sunflower
(Helianthus annuus L.) at different
growth stages. J. Soil Sci. and Plant
Nutr., 16 (4): 1024-1037.

Rauf, S.; Sadagat, H.A.; Ahmed, R. and
Khan, I.A. (2009). Genetics of root
characteristics in sunflower (Helianthus
annuus L.) under contrasting water regimes.
Indian J. Plant Physiol., 14 (4): 319-327.

Reddy, A.R.; Chaitanya, K.V. and
Vivekanandan, M. (2004). Drought
induced responses of photosynthesis and
antioxidant metabolism in higher plants.
J. Plant Physiol., 161: 1189-1202.

Saeed, A.A.Q.; Abdel-Nasser, G. and
Gomaa, M.A. (2015). Growth, productivity
and water use of sunflower crop under
drip irrigation system. J. Adv. Agric. Res.,
20 (3): 420-437.

Sharief, A.E. and Said, E.M. (1993). The
contribution of sowing dates, plant
density on the productivity of some oil
seed sunflower cultivars. J. Agric. Sci.
Mansoura Univ., 18 (4): 959-967.

Snedecor, G.W. and Cochran, W.G.
(1990). Statistical Methods, 8" Ed., lowa
State Univ. Press, Ames, lowa, USA.

Turhan, H.; Citak, N.; Pehlivanoglu, H.
and Mengul, Z. (2010). Effects of
ecological and topographic conditions on
oil content and fatty acid composition in
sunflower. Bulgarian J. Agric. Sci., 16
(5): 553-558.

Xiao, G.; Zhang, Q.; Xiong, Y.; Lin, M.
and Wang, J. (2007). Integrating
rainwater harvesting with supplemental
irrigation into rain-fed spring wheat
farming. Soil and Tillage Res., 93:429-437.

Yankov, B.S. and Tahsin, N. (2016).

Genetic  variability and correlation
studies in some  drought-resistant
sunflower (Helianthus annuus L.)

genotypes. J. Cent. Eur. Agric., 16 (2):
212 - 220.


https://doi.org/10.1016/j.powtec.2007.09.012

10 Abd El-Kareem, et al.| SINAI Journal of Applied Sciences 12 (2) 2023 163-172
g-.'\)d‘ gdlall

JJJBMM‘J‘JJJUVA;JQYMUMgJ\QQMﬁEMJW‘JM‘M
Ala ) ol Y

*GUMS\ d:@l.Au‘ Ol c‘u.‘G Gy el ‘*uab.aﬁ\ A dada c‘é-ﬂ@-“ e s @Ai

_paa 3yl c&g&:\)}\ & ganll LS daglaall Jualaall u;&d@.&nc;\gﬁg)j\ Jraladll Q_;;_a?ms\
e i pal) Raala < L) 30 o slall 340 colall 5 ial V) and Y
s &Lﬁg‘)ﬂ\ daala ca.:\c\J)'j\ ?)H\ L (Jualaall CU}\ c‘sﬂ_\.\l\ Ch.a‘}“ ?mat“

85 pe Jsmanall 524 ) A Lala | ) 90 ey Lgladianl 40aS 5 alae () a6 skl 5 i) gl daae Jale olaall
el ) U JiaY) (s siasall (LS (e obally LaldiaW) e diadaiall 5 a8l culd Al ) Ay il (8 duala oLl
A @llall e (Helianthus annuus L.) ceedd) ) sa any | sball aladil 50 US (e Sliad (saliai@V) 2ilall (s
e A Ol e LIS 8 alakall bl cuy ey il ddhie g Sl (g pdll Ly gad L g slaal) lalaaly < il
GV Al ) o Cangs AT Y I g Lgeall Jsiy 31 sudl sl amy G 1) A el Jiny (5315 Allall lai)
Lebe Y Ans (11=1.2, 12=0.9, 13=0.6. 1,=0.3 m®/day/plot area) s U < sivse day )i il g
e 015 (G1=P.L 120, G=P.L 125, G3=P.L 240, G4=P.L 770, G5=P.L 990) &l 5 ¥ dused
LS Y WV YO0 anse DA eliss Jled ok <t (Sakha-53, Giza-102) ssedl sle Cilial
Sy el Vet sV e a padll ek o) ded el o) gl cedal | (YxE) Aldas YA e Al
Gedlgal pa VoY 5 VT e, Y el ) el | e sall DS B |3 X Gy SOl (e Lple J peanl
Gls ol Ve il o) il S gl B4 Cps A Yo )T L3 | xsakha 53 11 XGg <Dllaall
. 12xGiza 102 5 I3 xG3,G4 and Giza 1025 12xGs s 11xGy <dkaal) (o nis
Jpanall claalin ¢ geanall o5 3l il giuaccslia) ¢ uadll ) gal 451 ol sl ) Agald ) clalsl)

REVIEWERS:

Dr. ElSayed Gheith | gheith2010@yahoo.com
Dept. Agronomy, Fac. Agric., Cairo Univ., Egypt.
Dr. AbdelRahman Elsayed Omar | omaromar1971@yahoo.com

Dept. Agronomy, Fac. Agric, Zagazig Univ, Egypt.



