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Abstract

A field experiment was conducted at the Agronomy Department Farm, Fac-
ulty of Agriculture, Assiut University during 2017 and 2018 seasons to study the
response of two sunflower cultivars to foliar spray by different zinc oxide
nanoparticles concentrations. The field experiment was carried out in a random-
ized complete block design (RCBD) using a strip plot arrangement with three
replications. Zinc oxide nanoparticles (ZnO NPs) concentrations (control, 100,
200, 300, 400 and 500 ppm) were allotted horizontally, while two sunflower cul-
tivars (Sakha-53 and Giza-102) were assigned vertically. The obtained results
showed that number of seeds head”', seed index and seed weight head™ (g), Seed
yield (kg fed.™), oil percentage (%) and oil yield (kg fed.™") were affected signifi-
cantly by different zinc oxide nanoparticles concentrations in both seasons, ex-
cept number of seeds head™ in the second season. Sunflower plants which were
sprayed by 200 ppm ZnO NPs gave the highest mean values of seed yield fed.”
(1751.99 and 1515.18 kg/fed) and oil yield fed.” (676.79 and 600.81 kg/fed) in
the first and second seasons, respectively. Furthermore, Gizal02 sunflower culti-
var gave the highest means for mention traits in the two growing seasons. Also,
the interaction between ZnO NPs concentrations and sunflower cultivars had a
significant (P<0.01) effect on the all studied traits in both seasons. Giza 102
plants which were sprayed by 200 ppm ZnO NPs concentration gave the highest
mean values of oil yield (723.61and 701.37 kg/fed in the first and second sea-
sons, respectively).
Keywords: Sunflower, Cultivars, Zinc Oxide Nanoparticles, Seed and Oil yields.

Introduction

Sunflower (Helianthus annuus
L.) is one of the most widely culti-
vated oil crops in the world. In the
recent years, the planted area has in-
creased because its high oil yields.
Sunflowers do not require as much
applied fertilizer as cereals. Sunflow-
ers have an extensive root system
which may help in utilizing residual
soil nutrients (Al-Doori, 2013).

In Egypt, sunflower production
was about 19998 metric tonne (M.T.)

which was produced from 14826.33
Feddan with an average yield of
82367.68 kg/ha (FAO. 2017).

Zinc (Zn) is typically the second
most abundant transition metal in or-
ganisms after iron and the only metal
represented in all six enzyme classes
{oxide reductases, transferases, hy-
drolases, lyases, isomerases and li-
gases} (Auld, 2001). Zinc has been
considered as an essential micronutri-
ent for metabolic activities in plants.
It regulates the various enzyme ac-
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tivities and required in biochemical
reactions leading to formations of
chlorophyll and carbohydrates. Zinc
ions are also part of the transcription
factor family, known as ‘zinc fingers’
that control the proliferation and dif-
ferentiation of cells (Palmer and
Guerinot, 2009). The crop yield and
quality of produce can be affected by
the deficiency of Zn.

Zinc Nano-particle is used in
various agricultural experiments to
understand its effect on germination,
growth and various other properties
(Auld, 2001; Baybordi, 2006; Jamali
and Sammut, 2011).

ZnO in the Nano scale form is
absorbed by plants to a larger extent
unlike bulk ZnSO4. These particles
proved effective in enhancing plant
growth, development and yield. A
lower dose of foliar application is
proved to be significantly productive
(Prasad and Ulrich, 2012).

Nano-particles with smaller par-
ticle size and large surface area are
expected to be the ideal material for
use as Zn fertilizer for plants. Appli-
cation of micronutrient in the form of
nano-particles (NPs) is an important
route to release required nutrients
gradually and in a controlled way,
which is essential to mitigate the
problems of soil pollution caused by
the excess use of chemical fertilizers.
A number of researchers have re-
ported the essentiality and role of
zinc for plant growth and yield (Fage-
ria, 2002; Laware and Raskar, 2014).
ZnO nanoparticles can also poten-
tially mitigate the effects of other
types of abiotic stress on plants. (Tor-
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abian and Khoshgoftar, 2016). Praksh
and Halaswamy (2004) and Al-Doori
(2013) revealed that the addition of
zinc sprayed on the sunflower plants
leaves led to a significant increase in
characteristics number of seeds
head™, weight of thousand seed, seed
yield, seed oil content and seed oil
yield in the two growing seasons.

Many investigators found a
significant effect of ZnO NPs on sun-
flower indicated that sunflower culti-
vars exhibited significant differences
in all studied traits. Plants of Sakha-
53 were superior significantly than
Giza-102 in all studied traits number
of seeds/head, seed index, seed
yield/plant, oil percentage as well as
seed and oil yields/Feddan. (EI-Aref
et al, 2011; Al-Doori and Al-
Dulaimy, 2012; Al-Doori, 2013; Abd
El-Satar et al., 2017. Also, Nasim et
al., 2017).

The objective of this study was
to study the response of two sun-
flower cultivars to foliar spray by dif-
ferent zinc oxide nanoparticles con-
centrations.

Materials and Methods

This work was carried out dur-
ing 2017 and 2018 seasons at the
Agronomy Department Experimental
Farm, Agriculture Faculty, Assiut
University to study the effect of foliar
spray by different =zinc oxide
nanoparticles concentrations on seed
yield and its components as well as
oil yield of two sunflower cultivars
(Gizal02 and Sakha53). The me-
chanical and chemical analyses of the
experimental soil are presented in
Table 1.
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Table 1. Some physical and chemical properties of the experimental Soil.

Properties 2017 2018
Mechanical analysis (%)
Sand 27.00 27.80
Silt 23.00 22.20
Clay 50.00 50.00
Soil type Clay Clay
Chemical analysis:
pH 7.63 7.85
Organic matter % 1.80 1.70
Total N% 0.09 0.08

Experimental treatments and de-
sign:

The experiment was laid out in
randomize complete blocks design
(RCBD) using strip plot arrangement
with three replications. Six zinc diox-
ide nanoparticles concentrations (con-
trol, 100, 200, 300. 400 and 500 ppm)
were allocated horizontally, while,
the two sunflower cultivars were ar-
ranged vertically. Each sub plot area
was 10.5 m® (3.5 long 3.0 m width).
Cultural practices

Sunflower seeds were hand
sown on rows 60 cm distance in hills
25cm apart on 25 and 26 May in the
first and second seasons, respectively.
Control plants were treated with wa-
ter (without ZnO NPs) while the oth-
ers were sprayed by the certain con-
centration of ZnO NPs. All sprayed
treatments were done at 45 days after
sowing. The preceding winter crop
was wheat in both seasons. All other
recommended cultural practices for
sunflower crop were done in both
seasons.

Measured traits:

1- Yield components traits: At
harvest ten guarded plants from each
experimental unit were taken ran-
domly then number of seeds plant™,
100 seed weight and seed weight
plant” were measured.
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2- Seed yield (kg fed."): Heads
of two bagged inner ridges of each
plot were harvested and left two
weeks until fully air dried and seeds
were manually separated then
weighted and transferred into kg
fed.™.

3- Oil percentage (%): Oil per-
centage in sunflower seeds was esti-
mated by extraction using Soxhlet
apparatus and petroleum ether (Bp40-
60°C) as solvent according to
A.O.A.C. (1995).

4- Oil yield (kg fed.™).

Oil yield = Seed yield fed." x
oil percentage.

Statistical analysis:

All collected data were analyzed
with analysis of variance (ANOVA)
Procedures, using the SAS Statistical
Software Package v.9.2 (SAS, 2008).
Differences between means were
compared by revised least significant
difference (RLSD) at 5% level of
significant (Gomez and Gomez,
1984).

Results and Discussion
Yield components traits:

The presented data in Tables 2,
3 and 4 reveal that the studied zinc
oxide nanoparticles (ZnO NPs) con-
centrations had a significant (P<0.01)
effect on seed index and seed weight
head” in the two growing seasons,




Doi:10.21608/ajas.2019.52641
Abou-Bakr, et al., 2019

http://ajas.journals.ekb.eg/

while number of seeds head' was
significantly different during first
season only. Thus, the highest mean
values of seeds number head’
(1032.11 and 931.26), seed index
(6.34 and 7.21g) and seed weight
head™(63.12 and 57.71 g) were ob-
tained from sunflower plants which
were sprayed by ZnO NPs concentra-
tion at 200 ppm for number of seeds/
head and seed weight head™ and 400
ppm for seed index trait. This may be
due to that zinc oxide nanoparticles
increase the zinc absorption via sun-
flower plants and consequently in-
creased photosynthesis process which
led to an increment in metabolic
translocation from sources to seeds.
These findings are in a good line with
those obtained by Praksh and Halas-
wamy (2004), Gitte et al. (2005), Ba-
baeian et al. (2011) and Al-Doori
(2013).

In addition, the illustrated data
in the same Tables results show that
the tested sunflower cultivars varied
significantly (P<0.01) in number of
seeds head™ trait in the both seasons,
while seed index and seed weight
head' were significantly different
during second season only. Giza 102
sunflower cultivar superior Sakha 53
in this respect and registered the
highest mean values of these traits
(977.40, 5.85 g and 56.15 g for num-
ber of seeds head’, seed index and
seed weight head™' in the first season,
respectively being 998.12, 6.49 g and
58.48 g in the second season in the
same order). This is may be due to
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the genetic behavior in combination
with the environmental conditions
which was suitable for Giza 102 cul-
tivar than Sakha 53. These results are
in agreement with those stated by El-
Aref et al. (2011), Al-Doori and Al-
Dulaimy (2012), Al-Doori (2013) and
Nasim et al. (2017).

In case of interaction effects in
this respect, the presented data in Ta-
bles 2, 3 and 4 show that the interac-
tion between ZnO NPs concentrations
and sunflower cultivars had a signifi-
cant effect on number of seeds head™,
seed index and seed weight head™ in
the two growing seasons. Thus, the
highest mean value of seeds number
head™ (1090.44) was noted from Giza
102 cultivar which was sprayed by
ZnO NPs at 200 ppm in the first sea-
son, while in the second season the
highest mean value of this trait
(10194.99) was recorded from Giza
102 cultivar which was sprayed by
ZnO NPs at 300 ppm. Meanwhile, the
highest mean value of seed index in
the first season (6.56 g) was obtained
from Giza 102 cultivar which was
sprayed by ZnO NPs at 500 ppm, but
the highest mean value in the second
season (7.38 g) was registered from
Giza 102 cultivar which was sprayed
by ZnO NPs at 300 ppm. Also, the
highest mean values of seed weight
head™ (63.77 and 65.99 g in the first
and second seasons, respectively)
were obtained from Giza 102 cultivar
which was sprayed by ZnO NPs at
200 ppm. Similar trend was observed
by Al-Doori (2013).
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Table 2. Effect of zinc oxide nanoparticles concentrations, sunflower cultivars and
their interaction on number of seeds head™.

Season 2017 2018
Zinc oxide Cultivars Cultivars
“a“?;’lj‘;f)‘des Giza102 | Sakha53 | V™ | Giza102 | Sakhas3 | Mean
Control 844.25 830.34 837.30 965.63 756.66 861.15
100 1073.71 741.59 907.65 | 1006.15 790.43 898.29
200 1090.44 973.77 11032.11| 1124.70 737.81 931.26
300 997.23 795.80 896.52 | 1194.99 649.11 922.05
400 871.77 706.59 789.18 969.56 661.60 815.58
500 986.97 930.93 958.95 727.66 709.31 718.49
Mean 977.40 829.84 —— 998.12 717.49 ——
RF Itf;]t)a(;fg s F test R. LSD 0.05 F test R. LSD 0.05
ZnO NPs ok 67.07 Ns 156.60
Cultivars * -— w* -—
Interaction w* 82.59 * 180.00

“and ** mean significant 5 and 1% at level of probability, respectively
Ns mean non- significant.

Table 3. Effect of zinc oxide nanoparticles concentrations, sunflower cultivars and
their interaction on seed Index of sunflower.

Seasons 2017 2018
Zinc oxide Cultivars Cultivars

“a?l;’lf;;"des Giza 102 | Sakha53 | M | Giza 102 | Sakhas3 | MM

Control 5.65 5.95 5.80 5.15 6.17 5.66

100 5.39 5.39 5.39 5.54 5.44 5.49

200 5.85 5.66 5.75 6.44 6.32 6.38

300 5.43 5.46 5.45 7.38 5.07 6.22

400 6.20 6.49 6.34 7.24 7.18 7.21

500 6.56 4.72 5.64 7.21 6.13 6.67

Mean 5.85 5.61 — 6.49 6.05 —

l{ f;;a(‘]‘.‘:) s F test R. LSD 0.05 F test R. LSD 0.05
ZnO NPs * 0.62 ok 0.47
Cultivars Ns -— w¥x -—
Interaction w* 0.63 w*x 0.43

“and ** mean significant 5 and 1% at level of probability, respectively
Ns mean non- significant.
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Table 4. Effect of zinc oxide nanoparticles concentrations, sunflower cultivars and

their interaction on weight of seeds head -1 (g).
Season 2017 2018
Zinc oxide Cultivars Mean Cultivars Mean
nanoparticles (ppm)| Giza 102 | Sakha-53 Giza 102 | Sakha- 53
Control 52.55 42.24 47.40( 49.31 46.66 47.99
100 57.17 55.61 56.39| 55.82 47.07 51.45
200 63.77 62.47 63.12| 65.99 49.43 57.71
300 49.27 57.38 53.33 62.43 52.51 57.47
400 56.44 59.85 58.15| 61.20 47.90 54.55
500 57.72 51.07 54.40| 56.11 42.86 49.49
Mean 56.15 54.77 — 58.48 47.74 —
R F test R. LSD 0.05 F test R. LSD 0.05
ZnO NPs ok 4.48 w% 6.39
Cultivars Ns -— -—
Interaction * 6.80 7.80

"and ** mean significant 5 and 1% at level of probability, respectively

2- Seed yield (kg/ fad.)

Seed yield (kg/fed) trait reacted
significantly (P<0.01) to the tested
zinc oxide nanoparticles concentra-
tions (ZnO NPs) in the two growing
seasons (Table 5). Thus, the highest
mean values of seed yield head’
(1751.99 and 1515.18 kg/fed. during
the first and second seasons, respec-
tively) were obtained from 200 ppm
of ZnO NPs concentration. This is to
be expected since the same trend was
observed with regard to seed weight
head™ (Table 4). The previous results
are in accordance with those obtained
by Trehan and Sharma (2000),
Sankaran et al. (2001), Praksh and
Halaswamy (2004), Gitte et al.
(2005), Babaeian et al. (2011), Al-
Doori (2013), Seghatoleslami and Fo-
rutani (2015), Parmar (2016) and
Ghasemi et al. (2017).

Also, the recorded data in Table
5 denote that the tested sunflower
cultivars had a significant influence
on seed yield trait in the second sea-
son only while, sunflower cultivars
failed to reach a significant level at
5% level of probability in the first
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season. Whatever, Giza 102 sun-
flower cultivar superior Sakha53 in
this respect and gave the highest
mean values of seed yield head’
(1441.62 and 1483.55 kg/fed in the
two respective seasons). This is to be
expected since the same trend was
observed with regard to seed weight
head (Table 4). These results are in
agreement with those mentioned by
El-Aref et al. (2011), Al-Doori and
Hasan, (2012), Al-Doori (2013), Abd
El-Satar et al. (2017) and Nasim et al.
(2017).

Concerning the interaction effect
on seed yield trait, the exhibited data
in Table 5 reveal that the interaction
between ZnO NPs concentrations and
sunflower cultivars had a significant
effect in this respect during the two
successive seasons. The highest mean
values of seed yield head” (1767.62
and 1665.04 kg/fed during in the first
and second seasons, respectively)
were obtained from Giza 102 cultivar
which was sprayed by ZnO NPs at
200 ppm. Similar trend was observed
by Al-Doori (2013).
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Table 5. Effect of zinc oxide nanoparticles concentrations, sunflower cultivars and
their interaction on seed yield (kg/fed.).

Season 2017 2018
Zinc oxide Cultivars Cultivars
nanoparticles Giza102 | Sakha-53 | V™™ | Giza102 | S| njean
(ppm) 53
Control 1274.28 1182.77 1228.53 | 1380.77 1139.72 | 1260.25
100 1348.82 1248.38 1298.60 | 1407.81 1308.57 | 1358.19
200 1767.62 1736.35 1751.99 | 1665.04 1365.31 | 1515.18
300 1379.79 1295.96 1337.88 | 1471.37 1243.76 | 1357.57
400 1262.3 1289.93 1276.12 | 1507.68 1194.67 | 1351.18
500 1616.91 1099.98 1358.45 1468.6 1277.92 | 1373.26
Mean 1441.62 1308.895 - 1483.55 1254.99 -
ﬁfeits‘;‘;‘ﬁ.o s F test R. LSD 0.05 F test R. LSD 0.05
ZnO NPs ok 126.65 126.83
Cultivars Ns -— -—
Interaction * 190.32 88.80

“and ** mean significant 5 and 1% at level of probability, respectively

Ns mean non-significant.

3-Oil percentage of seeds (%):

[llustrated data in Table 6 state
that the studied zinc oxide nanoparti-
cles (ZnO NPs) concentrations had a
significant and highly significant
(P<0.01) effect on oil percentage in
the 1% and 2™ seasons, respectively).
Thus, the highest mean values of oil
percentage (41.67 and 42.09 % in the
first and second seasons, respec-
tively) were obtained from 300 ppm
ZnO NPs concentration. This is may
be ascribed to the superiority of its
capability in transformation of sugar
to fat in seed tissue. These results are
in agreement with those obtained by
Sankaran ef al. (2001) and Gitte et al.
(2005).

Also, the recorded data in Table
6 denote that the tested sunflower
cultivars had a significant and highly
significant influence on oil percent-
age in the 1* and 2" seasons, respec-
tively. Whatever Giza 102 sunflower
cultivar superior Sakha 53 in this re-
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spect and gave the highest mean val-
ues of oil percentage (41.71 and
41.16% in the first and second sea-
sons, respectively). This is may be
ascribed to the superiority of its ca-
pability in transformation of sugar to
fat in seed tissue than the other culti-
vars. Similar trend was obtained by
Zheljazkov et al. (2009).

Here too, the exhibited data in
Table 6 denote that the interaction
between ZnO NPs concentrations and
sunflower cultivars had a highly sig-
nificant effect on oil percentage in
both seasons. The highest mean val-
ues of oil percentage in the first sea-
son (45.40%) was obtained from Giza
102 cultivar which was sprayed by
ZnO NPs at 100 ppm, while the high-
est mean value in the second season
(42.51%) was registered from Giza
102 cultivar which was sprayed by
ZnO NPs at 300 ppm. The previous
results are in accordance with those
obtained by Al-Doori (2013).
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Table 6. Effect of zinc oxide nanoparticles, sunflower cultivars and their interac-

tion on oil Percentage (%).

Season 2017 2018
Zinc oxide nanopar- Cultivars Mean Cultivars Mean
ticles(ppm) Giza 102 | Sakha- 53 Giza 102 | Sakha- 53
Control 38.50 38.05 38.28 37.21 36.88 37.05
100 45.40 34.81 40.11 41.09 39.38 40.24
200 40.92 36.27 38.60 42.12 36.63 39.38
300 41.88 41.46 41.67 42.51 41.66 42.09
400 42.08 31.78 36.93 42.49 40.95 41.72
500 41.46 33.78 37.62 41.53 37.68 37.05
Mean 41.71 36.03 | --—--- 41.16 3886 | -
gl F test R. LSD 0.05 F test R. LSD 0.05
Zno NPS 2.37 % 0.49
Cultivars -— *k -—-
Interaction wk 2.98 w% 0.85

“and ** mean significant 5 and 1% at level of probability, respectively.

4- Oil yield (kg/ fed.):

It is clear from the data in Table
7 that had a highly significant
(P<0.01) effect on oil yield. The
heaviest mean of values of oil yield
(676.79 and 600.81 kg/fed during the
first and second seasons, respec-
tively) were obtained from 200 ppm
ZnO NPs concentration. This is to be
logic since the same trend was ob-
served with regard to seed yield and
oil percentage traits as mentioned be-
fore (Tables 5 and 6). These findings
are in harmony with those obtained
by Praksh and Halaswamy (2004) and
Gitte et al. (2005).

Data in the same Table exhib-
ited that the studied sunflower culti-
vars had a highly significant influ-
ence on oil yield trait. Giza 102 sun-
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flower cultivar superior Sakha 53 in
this respect and gave the highest
mean values of oil yield (600.66 and
611.62 kg/fed in the two respective
seasons). This is to be expected since
the same trend was observed with re-
gard to seed yield trait as mentioned
before (Table 5). These results are in
agreement with those reported by Al-
Doori and Al-Dulaimy (2012).

Also, the obtained data in Table
7 reveal that the interaction between
ZnO NPs concentrations and sun-
flower cultivars had a highly signifi-
cant effect on oil yield. The highest
mean values of oil yield (723.61 and
701.37 kg/fed during the two respec-
tive seasons) were obtained from
Giza 102 cultivar which was sprayed
by ZnO NPs at 200 ppm.
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Table 7. Effect of zinc oxide nanoparticles, sunflower cultivars and their interac-

tion on oil yield (kg/fad.)

Season 2017 2018
Zinc oxide Cultivars Cultivars
“a“?;’;‘;f)‘des Giza102 | Sakha53 | ™ |Giza102 |Sakha-53 | "
Control 489.75 450.02 469.89 513.78 420.22 467.00
100 612.29 432.01 522.15 578.52 515.44 546.98
200 723.61 629.97 676.79 701.37 500.25 600.81
300 577.26 537.75 557.51 625.52 518.02 571.77
400 531.09 407.84 469.47 640.37 489.19 564.78
500 669.98 373.06 521.52 610.18 481.77 545.97
Mean 600.66 471.78 — 611.62 487.48 —
ﬁ.tisgﬁngo s F test R. LSD 0.05 F test R. LSD 0.05
Zno NPS w* 74.96 w* 52.65
Cultivars * -— w* -—
Interaction w* 57.11 w* 33.90

“and ** mean significant 5 and 1% at level of probability, respectively
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