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Abstract
A field experiment was conducted at Ibn Al - Bitar Vocational Preparatory in Al-Husainean, Kerbala,during the spring season
2019. To study the effect of biofertilizers and foliar spray to the zinc nanoparticle and their interaction in the growth and yield
of the sunflower (Helianthus annuus L)., Randomized Complete Block Design was used with three replications as factorial at
two factors. The first factor biofertilizer coefficients (Control, Azotovit, Phosphatovit and Azotovit+ Phosphotavit). The
second factor was Zn-nano particles (0, 50, 100 mg. L-1). The results showed that Azotovit of biofertilizers treatment led to a
significant increase in leaves area (0.705 m2), head diameter (29.17 cm), number seeds per head (1224 seeds head-1), weight of
1000 seeds (74.59 g), Fertility percentage (90.2%), total seeds yield (4.39 Mg h-1) Whereas, the treatment of (Azotovit +
Phosphotavit) biofertilizer in percentage of oil in seed was (44.2%) compared to the comparison treatment. Foliar fertilizer
treatment of Zn-nano particles at 50 mg.L-1 concentration was superior to gave highest value in leaves area (0.694 m2), head
diameter (29.08 cm), weight of 1000 seeds (73.13g) total seeds yield (4.22 Mg. h-1) and there was no significant difference
between it and 100 mg.L -1 treatment in number seeds per, fertility percentage and percentage of oil in seed (%). We conclude
from this that the integrated application of bio-fertilizer and nano-micronutrients is more effective in improving sunflower
yield productivity.
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Introduction
Sunflower (Helianthus annuus L.) plant is one of
the important summer oil crops in the world it represents
the third rank after Glycine max L. and Brassica napus
L. in the amount of oil on the global level, Its importance
comes from the fact that its seeds contain a high
percentage of oil, amounting to more than 50%. Almost
in the seeds of some of its improved varieties besides the
high taste characteristics of the oil (NSA, 2019). It has
been considered a promising alternative to traditional
farming systems, Especially in semi-arid regions In the
world, As its oil is one of the best healthy vegetable oils
suitable for human nutrition because it contains Omega 3
fatty acid as well as a high percentage of unsaturated
fatty acids (Oleic, Linoleic and Linolenic). Which ranges
between (85% -91%) while saturated fatty acids (Palmitic
and Stearic). That does not exceed (9%-12%), which
plays an essential role in heart disease and atherosclerosis,
as well as it contains vitamins A, B and E (Nasrallah et
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al., 2014). Vegetable parts are used in feeding livestock
animals because they contain protein substances up to
36% and carbohydrates 22-20% and other nutrients. As
a result of the negative effects and unguided use of
chemical fertilizers, including the problem of soil pollution
and increased soil salinity (Alamery et al., 2019; Alafeea
et al., 2019), therefore it was necessary to think about
using modern fertilizers as a substitute for traditional
fertilizers and use them to provide the nutrients necessary
for plant growth and increase productivity and to maintain
clean and good soil (Miransari, 2011). And among these
fertilizers are very environmentally friendly and highly
effective fertilizers so-called biofertilizers means only
organic materials obtained from bacteria, fungi,
microorganisms and amino acids (Lateef et al., 2019).
Biofertilizers stimulate the plant’s effectiveness in resisting
environmental stresses and supplying adequate nutrients
to crop plants through nitrogen fixation, dissolving
phosphorous and potassium and producing plant growth
hormones, ensuring optimal crop growth and development.
Many researchers concluded that amino acids play an
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important role in the germination process, root growth
and the representation of nucleic acids and protein and
they are included in organic compounds such as proteins,
amines and enzymes (Ibrahim et al., 2010; AbdelMawgoud et al., 2011; Dwived et al., 2016), Including
nanotechnology is a modern technology that has the
potential to bring about a new scientific revolution
(Almosawy et al., 2018b), nanotechnology can provide
effective solutions to multiple agriculture problems
(Prasad et al., 2017; Lv, M. et al., 2018; Alamery et al.,
2018). Nano-fertilizers are characterized by unique
properties due to their small size and large surface area
that leads to an increase in the absorption surface and
thus an increase in photosynthesis and thus an increase
in plant production (Singh et al., 2016; Almosawy et al.,
2018). This study was conducted to find out the effect of
bio-fertilizer and nanostatic fertilizer and their interaction
on the growth and yield of sunflower.

Materials and Methods
A field experiment was conducted in soil (clay
texture) to grow sunflower crop. In the spring agricultural
season of 2019, In the fields belonging to Ibn Al-Bitar
Professional Preparatory, Holy Karbala-Al-Husayniyah
District. The experiment included two factors: the first
factor was biofertilization with four levels (Control, Azotit,
Phosphate and Azotovit + Phosphotavit). The second
factor is zinc nano particles at three levels (0, 50 and 100
mg.L -1). experiment was fertilized with recommended
fertilizer quantities. It is added as a compound fertilizer
that contains (N% 17, P% 12, K% 12). At a rate of 75
kg.H-1 in one batch after planting. As for nitrogen fertilizer,
it used urea fertilizer (46% N). At a rate of 280 kg N.h-1
in two equal batches, potassium fertilizer was added at a
rate of 120 kg K.h-1, as potassium sulfate (50% K). It
was added with nitrogen fertilizer. plants were harvested
on 07/25/2019 when the emergence of full maturity signs,
the following characteristics were measured and
calculated :- leaves area (m 2), head diameter (cm),
Number of seeds per head (seed head-1), Weight of 1000
seeds (g), Fertility Percentage (%), total seed yield (Mg
h-1) and percentage of oil in seed (%).

Results and Discussion
Leaf area (m2)
The results of the statistical analysis in table 1 showed
that there were a significant differences between the
treatments of biofertilizers and nano zinc particles and
the interaction between them in leafs area, the treatment
of bio fertilizers has a significant effect. Azotovit treatment
was superior to gave highest value (0.705 m2) compared
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to the non-addition treatment which recorded (0.579 m2)
with an increase of 21.76%. The results of the same
table also indicate the effect of spraying with zinc nano
particles, the second concentration 50 mg.L-1 superior
by giving the highest rate (0.694 m2), which did not a
significant with the third concentration (100 mgL-1) (0.649
m2). The minimum value was recorded in control
treatment( 0.593 m2). As for the effect of the interaction
between biofertilizers and nanoscale, it was observed in
Azotovit biofertilizer and the second concentration of zinc
nano particles (50 mg.L-1) by gave highest value (0.745
m2). While the lowest value (0.482 m2) was recorded at
control treatment.
Head diameter (cm)
The table of statistical analysis (2) indicates a
significant differences between the coefficients of
biofertilizers and zinc nano particles and their interaction
in the characteristic of the head diameter of sunflower
plants, the addition of biofertilizers was a significant effect.
Azotovit treatment was superior to gave highest value
(29.17 cm), compared to the non-addition treatment (27.26
cm) with an increase (7.01%), which did not differ
significantly from the two biofertilizers treatment
(Phosphovit and Azotovit + Phosphovit), The same table
also indicates the effect of zinc nano particles. The second
concentration (50 mg.L-1) superior by gave the highest
rate in the head diameter (29.08 cm), which did not differ
significantly from the third concentration (28.82 cm), the
lowest value (27.30 cm) was recorded at control
treatment. The interaction between biofertilizers and zinc
nano particles, the treatment Azotovit and the second
concentration of zinc nano particles (50 mg.L-1) superior
by gave the highest value (30.53 cm) compared with
control treatment (not adding to both) (22.80 cm), with
an increase (33.90%).
Number of seeds per head (seed head -1)
The results of the statistical analysis in table 3 indicate
the effect of biofertilizers and zinc nano particles and the
interaction between them, has a significant effect on the
characteristic number of seeds per head. Azotovit
treatment was superior by gave i the highest value (1224
seed head-1) compared to the control treatment (without
addition), which gave the lowest value (1133 seed head-1),
with an increase (8.03%). The concentrations (50 and
100 mg. Liter-1) led to an increase in the number of seeds
per head compared to the control treatment (15.22 and
8.12%), respectively. As for the interference between
biofertilizers and zinc nano particles, the results of the
table indicated that the highest number of seeds in the
head recorded in Azotovit and the second concentration

4650

Abbas Ali Alamery and Noor Abdulmunem Ahmed

Table 1: Effect of biofertilizers and zinc nano particles and their interaction in leaf
area (m2).
Zinc nano particles (Mg. L-1)
100
50
0
0.579
0.614
0.640
0.482
0.705
0.743
0.745
0.627
0.632
0.580
0.702
0.614
0.666
0.660
0.688
0.649
LSD 0.05 for
0.073
Bio fertilizers 0.649
0.694
0.593
0.042
0.037
Mean

Bio fertilizers
0
Azotovit
Phosphotovit
Azotovit +Phosphotovit
LSD 0.05 for interaction
Mean
LSD 0.05 for zinc nano particles

a significant effect of biofertilizers and
zinc nano particles and the interaction
between them. Azotovit treatment was
superior by gave the highest value (74.59
g), which did not differ significantly from
the two biofertilizers treatments
(Phosphovit and Azotovit + Phosphovit).
Which gave (74.24 g), while the control
treatment (without adding) was gave the
least value (63.04 g).

The same table shows that the
concentrations
(50 and 100 mg.L-1) led
Table 2: Effect of biofertilizers and zinc nano particles and their interaction in head
to an increase in the weight of 1000
diameter (cm).
seeds, compared to the non-addition
Zinc nano particles (Mg. L-1)
Mean
Bio fertilizers
treatment (11.24 and 9.05%)
100
50
0
respectively. Interaction between
27.26
29.70
29.27
22.80
0
biofertilizers and zinc nano particles,
29.19
28.23
30.93
28.40
Azotovit
Azotovit biofertilizer treatment with
28.73
28.27
29.07
28.87
Phosphotovit
second concentration (50 mg.L-1) was
28.44
28.73
27.47
29.13
Azotovit +Phosphotovit
superior by gave the highest value (79.91
LSD 0.05 for
2.49
LSD 0.05 for interaction
g), while the lowest value (54.96 g) was
Bio fertilizers 28.73
29.18
27.30
Mean
recorded at control treatment.
1.44
1.24
LSD 0.05 for zinc nano particles
Table 3: Effect of biofertilizers and zinc nano particles and their interaction in
Number of seeds per head (seed head-1).

Fertility Percentage %

The statistical analysis table 5
showed
a significant effect of
Zinc nano particles (Mg. L-1)
Mean
Bio fertilizers
biofertilizers and zinc nano particles and
100
50
0
the interaction between them. Azotovit
1133
1301
1176
921
0
treatment was superior by gave the
1224
1208
1356
1109
Azotovit
highest value (90.2%). Control
1171
1234
1107
1172
Phosphotovit
treatment (without adding) was gave the
1145
1253
1050
1133
Azotovit +Phosphotovit
lowest value (82.9%). The same table
LSD 0.05 for
106.0
LSD 0.05 for interaction
also indicates the effect of zinc nano
Bio fertilizers 1249
1172
1084
Mean
particles the third concentration 100
61.2
53.0
LSD 0.05 for zinc nano particles
mg.L-1 was superior by gave the highest
Table 4: Effect of biofertilizers and zinc nano particles and their interaction in value (89.4%), which did not differ
Weight of 1000 seeds (g).
significantly from the second
Zinc nano particles (Mg. L-1)
concentration 50 mg.L -1 which was
Mean
Bio fertilizers
100
50
0
recorded (89.2%), compared to the non63.04
67.26
66.91
54.96
0
addition treatment, which recorded
74.59
75.23
79.91
68.62
Azotovit
(83.3%), with an increase (7.32 and
68.87
70.24
71.59
64.80
Phosphotovit
7.08%) respectively. Interaction
74.24
74.03
74.10
74.58
Azotovit +Phosphotovit
between biofertilizers and zinc nano
LSD 0.05 for
2.60
LSD 0.05 for interaction
particles, the first concentration of
Bio fertilizers 71.69
73.13
65.74
Mean
biofertilizer treatment with third
1.50
1.30
LSD 0.05 for zinc nano particles
concentration (100 mg.L-1) was superior
-1
-1
by gave the highest value (90.5%), while the lowest value
(50 mgL ) treatment (1356 seed head ), while the lowest
(68.3%) was recorded at control treatment.
value in interaction was recorded in the control (non-1
addition of both) treatment (921 seed head ).
Total seed yield (Mg.h-1)
Weight of 1000 seeds (g)
The results of the statistical analysis in table 4 showed

The statistical analysis table 6 indicates a significant
effect of biofertilizers and zinc nano particles and the
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Table 5: Effect of biofertilizers and zinc nano particles and their interaction in between biofertilizers treatments and
Fertility Percentage (%).
zinc nano particles and their interaction,

(Azotovit+ Phosphotovit) treatment was
superior by gave highest value (44.2%),
which did not differ significantly from
82.9
0
the individual treatments (43.7% and
90.2
Azotovit
43.6%), the control treatment was given
88.7
Phosphotovit
the lowest value (38.1%). The third
87.5
Azotovit +Phosphotovit
concentration of zinc nano particles 100
LSD 0.05 for
LSD 0.05 for interaction
mg.L-1 was superior by gave the highest
Bio fertilizers
89.4
83.3
Mean
value (44.0%) compared to the control
2.5
LSD 0.05 for zinc nano particles
(non-addition) treatment, which
Table 6: Effect of biofertilizers and zinc nano particles and their interaction in total
recorded (40.6%) with an increase
-1
seed yield (Mg.h ).
(8.37%). The interaction between
Zinc nano particles (Mg. L-1)
biofertilizers and zinc nano particles, the
Mean
Bio fertilizers
100
50
0
treatment of the interaction between
3.83
4.46
4.27
2.75
0
Phosphotovit and the third concentration
4.39
4.14
4.56
4.47
Azotovit
of zinc nano particles 100 mg.L-1 was
3.92
4.09
3.95
3.73
Phosphotovit
superior by gave the highest value
3.92
3.83
4.08
3.83
Azotovit +Phosphotovit
(47.2%), while The lowest value was
LSD 0.05 for
0.26
LSD 0.05 for interaction
recorded at control treatment (31.5%).
Mean

Bio fertilizers
0.15

Zinc nano particles(Mg. L -1)
100
90.5
90.1
89.8
87.2

50
89.8
90.3
88.4
88.4
4.4
89.2
2.2

0
68.3
90.1
88.0
86.8

4.13

4.22
0.13

3.70

Bio fertilizers

Mean
LSD 0.05 for zinc nano particles

The results of our experiment
revealed that biofertilizers generate
Table 7: Effect of biofertilizers and zinc nano particles and their interaction in
positive effects on promoting plant
percentage of oil in seeds (%).
growth by increasing the leafy area,
Zinc nano particles(Mg. L -1)
head diameter, number of seeds per
Mean
Bio fertilizers
100
50
0
head, weight of 1000 seeds, total seeds
38.1
40.5
42.4
31.5
0
yield, percentage of fertility and
43.7
41.5
46.1
43.4
Azotovit
percentage of oil, It is attributed to the
43.6
47.2
41.3
42.3
Phosphotovit
role of bacteria in improving soil fertility
44.2
46.9
40.3
45.4
Azotovit +Phosphotovit
by fixing nitrogen from the atmosphere
LSD 0.05 for
3.7
LSD 0.05 for interaction
and dissolving phosphorous by launching
Bio fertilizers
44.0
42.5
40.6
Mean
special enzymes that dissolve
2.2
1.9
LSD 0.05 for zinc nano particles
phosphorous, which are phosphorous
interaction between them. Azotovit treatment was
enzymes that convert phosphorous into a ready-made
superior by gave the highest value (4.39 Mg.h-1). Control
image of the soil and absorb it easily. This increases the
treatment (without adding ) was gave the lowest value
production of hormones and thus increases plant growth
(3.83 Mg.h-1) an increase of (14.62%). The same table
(Govindappa et al., 2011; Raj and Adhikari, 2013) and
also indicates the effect of zinc nano particles, the second
this result is consistent with the findings of both (El-Refaey
concentration 50 mg.L-1 superior by gave the highest
et al., 2015; Kumar et al., 2016; Shakya and Barwa,
value (4.22 Mg h-1), which did not differ significantly from
2017; Al-Sudani and Al-Baldawi, 2018) which indicated
the third concentration 100 mg.L-1 which recorded (4.13
a significant effect of adding fertilizer to the studied traits.
Mg h-1), compared to the control treatment (3.70 Mg.hAs for the zinc nano particles, the reason for the
1
). The interaction between biofertilizers and zinc nano
increase in some studied traits may be due to the unique
particles, the second treatment of biofertilizer (azotovit)
behavior and properties of the nanoparticles due to their
with second concentration (50 mg.L-1) was superior by
small size, making it possible to absorb them with better
gave the highest value (4.56 Mg.h-1), while the lowest
efficiency by the plant and also increasing their surface
-1
value (2.75Mg.h ) was recorded at control treatment.
area, which enabled them to increase the speed of their
Percentage of oil in seed (%)
absorption, Increased enzymatic activity and an increase
in the speed of chemical reactions when they are at the
The results presented in the table of statistical analysis
nanoscale levels and their direct entry into plant cells
(7) indicate that there were a significant differences
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(Sabir et al., 2014; Almosawy et al., 2014). These results
are consistent with the findings of Laware and Raskar,
(2014) that the role of nanoparticles is manifested in
encouraging and improving the characteristics of growth
(Almosawy et al., 2019; Alamery et al., 2014). The
overall results indicate that the integrated application of
biofertilizers and micronutrients with nano-micronutrients
is more effective in improving sunflower productivity.
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