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Abstract

This study aimed to evaluate the effects of spraying mineral and nano-zinc
fertilizers, and the different application stages, on certain vegetative growth
characteristics of wheat. Field experiment 2025-2026, was conducted in a
farmer's field in Al-Hashimia. The experimental design was a split-plot RCBD
with three replicates. The main panels consisted of four zinc spray treatments :
control (without spraying).FO, Metallic Zinc at a concentration of 20 mg L™.(F1).
Nano Zinc Oxide at a concentration of 20 mg L™ (F2), Metallic Zinc at a
concentration of 20 mg L™+ Nano Zinc at a concentration of 20 mg L™ (F3), and
the subpanels included four spray stages: Tillering + Elongation stage (D1),
Tillering + Booting stage (D2),Elongation + Booting stage (D3), Tillering +
Elongation + Booting stage (D4). The treatment with F3 significantly
outperformed others (F1,F2 and FO), in all studied parameters. The results
showed a PH of 101.75cm , LNWP of 9.17 leave plant™, TN of 478.3 tiller m"
2 CLI of 54.38 SPAD and FLA of 60.69 cm™. The application stage of D4 was
significantly superior to the stages of D1,D2 and D3 in all studied parameters.
The interaction among F3 combining zinc and the D4 spraying stage gave the
best results in all studied parameters

Keywords: wheat, nano zinc, metallic zinc, growth stages

Introduction

Wheat is one of the most important crop is still below the required level
strategic grain crops in Iraq and the as a result of its being affected by
world, due to its key role in several environmental and nutritional
achieving  food  security and factors, most notably the lack of
providing a primary source of energy micronutrients such as zinc, which is
and plant protein for humans (Ahmed one of the elements necessary for
et al., 2025). Despite the progress plant growth and development
made in agricultural production (Hassan et al., 2020). It plays an
techniques, the productivity of this important role in  many Vvital
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processes within the plant, such as
activating enzymes, regulating auxin
formation, and contributing to
protein formation, as well as its role
in improving the efficiency of
photosynthesis. (El-Aziz et al.,,
2022). In modern agriculture, with
the adoption of nano-fertilizer
technologies, farming has shifted
from traditional methods to precision
agriculture. NanoZn plays a crucial
role in enhancing enzymatic activity,
strengthening  cell walls, and
protecting photosynthetic processes
essential for plant growth (Shen et
al,2023; Gupta et al.,2024; Sherpa et
al.,2024).

Study conducted by Zarea and
Karimi (2021) showed that applying
added nutrients to crops leads to
improved grain quality. On the other
hand, Kaleri et al.,(2023) benefited
that increases crop yield when
combined with other agricultural
practices such as tillage and leveling.
Rahimi et al.,(2023), it been proven

that  fertilization  reduces the
environmental stress that plants
experience during their growth

period, and it has been confirmed
that the fertilizers application s
concentrated when the soil is under
water stress. Foliar spraying plays a
vital role in promoting the growth
and corn varieties productivity when
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used in conjunction with appropriate
leveling methods, leads to an
increase in  vegetative  growth
indicators.  Plant  height and
chlorophyll  ratio.  Anwar et
al.,(2021); Mueen et al.,(2025),
numerous studies have confirmed the
synergy between selected variety and
modern  fertilization  processes,
opening up prospects for sustainably
improving plant productivity by
exploiting the characteristics for each
variety. Alaamer et al ,(2022); Singh

et al.,(2023).
Furthermore, a deficiency of this
element causes a decrease in

vegetative growth and impaired grain
formation, leading to a decline in
both the quantity and quality of the
yield (Poornima et al., 2019; Al-
Ghazali et al.,2023). Due to the
limited availability of zinc in many
soils, the importance of using foliar
spraying as an effective means of
directly and rapidly supplying the
plant with this element has emerged
(Mohammed et al 2022; Alaamer et
al.,2026). Nanotechnology IS
considered one of the promising
trends in the agricultural field, as
nano-zinc oxide is characterized by
unique properties, including small
size and increased surface area,
which contributes to improving the
efficiency of absorption and transfer
within  the plant compared to
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traditional fertilizers (Al-Sharifi et
al., 2023). The use of nanoZn leads
to improved vegetative growth and
increased productivity, as well as
enhancing the plant's ability to
withstand  various environmental
stresses, as a result of its role in
activating antioxidant systems and
improving nutrient utilization
efficiency (El-Hendawyet al., 2022).

Materials and Methods
Study site

Al-Hashimiyah City, the district
center of Babylon Governorate,

is situated in the

Middle
Euphrates region, approximately

Therefore, current study focused on
evaluating spraying processes using
(Zn) mineral fertilizer and zinc oxide
(Zno) nanoparticles on wheat crop
and identifying the best treatments
that contribute to improving growth
characteristics and achieving higher
efficiency in the use of nutrients
under local environmental
conditions.

130 km south of Baghdad,
located at latitude 30.40°N and
longitude 44.39°E Known for its
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Fig.1. Study site

A field experiment was conducted
during the 2025-2026 winter season in
a farmer's field in Al-Hashimiya
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district, Babil Governorate. The field
soil was plowed, smoothed, and
leveled, then divided into three
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replicates, each containing 16
experimental units of 4 m® (2m*2m).
Phosphate fertilizer (P204 45%) was
added at a rate of 100 kg ha™ (Al-
Fahdawi, 2017: Mueen et al.,2025)
mixed with the soil, and planting was
carried out in rows with a spacing of
20 cm between rows and a seeding
rate of 120 kg ha® (Ahmed et al.,
2016; Alsharifi et al.,2025). Nitrogen
fertilizer (urea 46% N) was also added
at a rate of 200 kg ha® (morsy et
al.,2021; Alaamer et al.,2026), in four

equal installments: the first and second
at the beginning of the tillering stage,
and the third when 50% of the plants
in the experimental unit. Prior to
planting, soil samples were collected
from nine randomly selected locations
(0-10 cm depth) with three replicates
each for comprehensive
physicochemical analysis. The
sampling area was determined based
on experimental requirements, with
results presented in Table 1 .

Table 1. Analysis of soil physical and chemical characteristics

Depth Texture %
Clay Silt Sand
64 23 13 Silt Clay loam
Soil physical properties
0-100m) by (Mg m TSP (%) SPR (Kpa)
’)
1.30 50.94 1477.08 field capacity %
1.31 50.56 1466.10 33.14
1.34 49.43 1544.59 32.61
VA 1.31 50.31 1495.92
Soil chemical properties
E.C HP True Density (Mg.m-3)
0-10 (ds\cm?)
2.33 7.01 2.41
Soluble cation meq\I
Na K Ca+Mg
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8.24

0.C (%) CEC Meq\100 g)

0.55

Study Factors
First factor : Zinc Combinations
Control (without spraying) (FO)

Metallic Zinc at a concentration
of 20 mg L™ (F1)

Nano Zinc Oxide at a
concentration of 20 mg L™ (F2)

Metallic Zinc at a concentration
of 20 mg L™+ Nano Zinc at a
concentration of 20 mg L™ (F3).

The second factor: Spraying
stages

Tillering + Elongation stage (D1)
Tillering + Booting stage (D2)

Elongation + Booting stage (D3)
Chlorophyll index in leaves (CIL)

was estimated using a device
chlorophyll meter SPAD model 502,
for ten randomly selected plants with
three replicates for each experimental
unit.

Flag leaf area ( FLA)

It was calculated according to the
method approved by (Al-Sahouki,
2020: Shathar et al.,2024) using Eq1.
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12.31 56.15
CaCo3 (%) O.M (%)
31.81 4 0.64

Tillering + Elongation + Booting
stage (D4)

Vegetative growth
characteristics

Plant height (PH)

Its was measured using an Invar
tape, from the soil surface to the
spike end .

Leaves number in plant (leaf
plant™)

Tillers number (TN)

The tiller number was
determined at the flowering
stage, at 100%.with three
replicates per experimental unit.

LA:FLxFWx0.75

(1)
Where:

L,; Leaf area cm?, FL; Leaf length cm,

FW:: Leaf width cm.

Statistical Analysis:

The experimental data were analyzed
using GenStat 18th edition (VSN
International) with a  split-plot
arrangement in a randomized complete
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block design (RCBD). Treatment
means were compared using Least

Results and discussion

The results of the analysis of variance
in Table 2, showed a significant effect
of the study factors and their
interaction on plant height. A
significant advantage was observed
with the treatment of spraying
Metallic Zinc + nano-zinc at a
concentration of 20 mg L™, resulting in
the highest average plant height of
101.75 cm. Compared to the control
treatment (without spraying), which
yielded the lowest average length of
89.29 cm, this superiority may be
attributed to the role of Metallic Zinc
+ nano-zinc in increasing the rate of
nutrient absorption when added to the
plant's foliage, as it plays a role in
improving photosynthesis, which in

which gave the lowest average of
92.70 cm. This superiority may be
attributed to the importance of metallic
zinc and nano-zinc oxide in increasing
vegetative growth in stages close in
time to the flowering stage, especially
the (tillering + elongation + bud
formation) stage, given the importance
of this stage in the life of the plant.
Providing metallic zinc and nano-zinc
oxide at these times through foliar
spraying may improve the nutrient
absorption process by enhancing the
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Significant Difference (LSD) test at o
= 0.05 significance level.

Plant height (cm)

turn enhances plant growth. In addition
to its positive role in activating
enzymes and forming the amino acid
tryptophan, which participates in the
synthesis of IAA, which is necessary
for cell elongation and division, and
thus increasing plant height (Alenzy et
al., 2022). These results were
consistent with what was found by
Muhammed and Al-Joboory (2024) .
The results of the same table also
showed a significant advantage for the
spray treatment in the tillering,
elongation and booting stage in plant
height, recording the highest average
of 97.46 cm, compared to the spray
treatment in the tillering stage,

role of the root system in the
absorption process, both qualitatively
and quantitatively. Likewise,
improving vegetative characteristics,
in addition to that, foliar spraying at
advanced stages of plant life is of great
importance in improving the efficiency
of sustaining and utilizing nutrients by
compensating for their deficiency at
sensitive stages of plant life while
maintaining water balance within the
plant, Malav et al. (2025). These
results were somewhat consistent with
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what Al-Rawi (2021) ; Ali et al (2023)

The results shown in the same table
also indicate a significant interaction
between the treatment of metallic and
nano-zinc spraying and the spraying
stages, with the interaction between
Metallic Zinc + nano-zinc spraying
being the most effective. With a
concentration of 20 mg L' and

spraying  during  the tillering,
elongation and booting stage of plant
height, it gave the highest average
height of 107.30 cm compared to the
interaction treatment between the
control treatment (without spraying)
and spraying during the tillering stage,
which gave the lowest average height
of 84.72 cm.

Table 2: Effect of zinc combinations and spray stages, and their

interaction on plant height.

Transactions

ZC D1 D2
FO 84.72  88.79
F1 91.22 89.78
F2 97.44  96.28
F3 97.43 100.45

V-SS 92.70  93.83
ZC=1.45

SS

D3 D4
V-ZC
90.38 93.29 89.29
92.12 94.19 91.83
92.53 95.07 95.33
101.18 107.30 101.75

9421 97.46
SS=1.29 ZC*55=2.56

Zinc Combinations; ZC, Control (without spraying); FO, Metallic Zinc at
a concentration of 20 mg L™ ; F1, Nano Zinc Oxide at a concentration of
20 mg L™ ; F2, Metallic Zinc at a concentration of 20 mg L™+ Nano Zinc
at a concentration of 20 mg L™ ; F3, Spraying stages : SS, Tillering +
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Elongation stage ;D1,Tillering + Booting stage ;D2,Elongation + Booting
stage ;D3,Tillering + Elongation + Booting stage ;D4,

Leaves number in plant (leaf
plant™)

The results of the analysis of
variance showed a significant
effect of the study factors on the
number of plant leaves trait. A
significant  advantage  was
observed with the treatment of
spraying Metallic Zinc + nano

+ npano-zinc in improving the
chances of vegetative growth by
increasing the leaf area to intercept
as much light as possible and
increasing the efficiency of the
products of the photosynthesis
process, which was reflected in a
decrease in the state of respiration
within the plant and led to an
increase in the number of leaves.
Bachai and Jamil (2025) found
these results to be consistent with
what Adrees et al. (2021); Askar.
(2024).

The results of the same table also
showed a significant advantage for
the spray treatment in the tillering,
elongation and booting stage of the
leaves number in plant, recording
the highest average of 9.04 leaf

zinc at a concentration of 20 mg
L, recording the highest average
of 9.17 leaf plant™, compared to
the control treatment (without
spraying), which gave the lowest
average of 6.96 leaf plant™. This
superiority may be attributed to
the role of metallic  Zinc

plant!, compared to the spray
treatment in the tillering stage,
which gave the lowest average of
6.84 leaf plant®. This led to an
increase in the activity of vital
processes in the plant, such as an
increase in chlorophyll content,
which affects carbon metabolism
and was reflected positively in
growth indicators such as an
increase in the number of leaves
(Ghanem et al., 2025). These results
were somewhat consistent with
what was indicated by Irmes et al.
(2023); Mued et al. (2025).

The results shown in the same table
also indicate no  significant
interaction between the application
of metallic and nano-zinc and the
application stages.
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Table3: Effect of zinc combinations and spray stages, and interaction between

them on the number of leaves plant.

Transactions

ZC D1 D2
FO 5.97 6.47
F1 6.39 7.19
F2 7.05 7.84
F3 7.97 8.46
V-SS 6.84 7.49
ZC=0.54

Tillering number (tiller m™)

The results of the analysis of variance
showed a significant effect of the
study factors on the tillering number.
Specifically, the treatment of
spraying Metallic Zinc + nano-zinc at
a concentration of 20 mg L™ showed
a significant advantage in this trait,
recording the highest average of
478.3 tiller m? compared to the
control treatment (no spraying). The
lowest average yield was 343.6 tiller
m?2.  This superiority may be
attributed to the role of Metallic Zinc
nano-zinc in balancing auxins and

SS
D3 D4
V-ZC
7.48 7.94 6.96
8.04 8.29 7.48
8.83 9.70 8.35
10.00 10.24 9.17
8.59 9.04
SS=.30 ZC*SS=N.S
cytokines, reducing apical
dominance, and increasing the plant's
tiller formation capacity.
Furthermore, the effectiveness of
nano-zinc in enhancing

180

photosynthetic efficiency and dry
matter accumulation stimulated the
plant to increase lateral growth rates,
particularly the number of tillers. The
results of Jassim et al. (2023) were
consistent with those of Hussain et al.
(2022) and Singh et al. (2023).

The results of the same table also
showed a significant advantage for
the spray treatment in the tillering,
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elongation and booting stage in the
number of plant tiller, recording the
highest average of 455.8 tiller m?,
compared to the spray treatment in
the tillering stage only, which gave
the lowest average of 353.6 tiller m™.
This superiority may be attributed to

nano-zinc controlling growth
hormones or improving their
performance, creating a balance

between longitudinal and transverse
growth, maintaining the vitality of a
greater number of tillers and their
reaching the flowering stage as

productive tillers, while helping to
improve the compensation
mechanism within the wheat crop by
controlling the  movement of
nutrients. This is consistent with what
Hossain et al. (2025), Ali et al.
(2023); Sallume et al. (2023).

The results shown in the same table
also indicate that there is no
significant overlap between the
spraying treatments of metallic and
nano zinc and the spraying stages.

Table 4: Effect of zinc combinations and spray stages, and their interaction

on the tillering number.

Transactions SS
ZC D1 D2 D3 D4
V-ZC
FO 297.0 306.05 361.2 409.7 343.6
F1 310.0 3945 413.4 417.2 383.8
F2 397.0 4145 442.8 4525 426.7
F3 4105 468.2 490.9 543.7 478.3
V-SS 353.6 395.9 427.1 455.8
ZC=16.61 SS=20.49 ZC*SS=N.S
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Flag leaf area (cm?)

The results of the analysis of
variance showed a significant
effect of the study factors on the
flag leaf area characteristic. A
significant advantage was
observed with the treatment of
spraying Metallic Zinc + nano-
zinc at a concentration of 20 mg
L™ 1 recording the highest
average of 54.38 cm?, compared
to the control treatment (without
spraying), which gave the lowest
average of 46.06 cm2. This
superiority may be attributed to
the role of Metallic Zinc + nano-
zinc, whose unique properties
have led to the formation of
numerous functions within the
crop, including  chlorophyli
formation and activation of
photosynthesis and respiration,
thus leading to higher CO2
uptake rates that maintain the
crop's health. The structural and
morphological composition of
chloroplasts in RNA production
through carbohydrate regulation
and protein synthesis leads to an
increase in flag leaf area (Jassim
et al., 2023). These results were
consistent with those found by
Chen et al. (2025); Debnath et al.
(2025).
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The results of the same table also
showed a significant superiority
of the spray treatment in the
tillering, elongation and booting
stage in the leaf area
characteristic,  recording  the
highest average of 53.71 cm2,
compared to the spray treatment
in the tillering stage, which gave
the lowest average of 46.93 cm2.
This  superiority may  be
attributed to the significant effect
of nano-zinc oxide spraying,
particularly during the tillering,
elongation, and booting stages.
This effect is most pronounced in
these stages, as it facilitates the
absorption and transport of
processed nutrients from the
source in different directions, and
activates the enzymes responsible
for Physiological activities by
providing the required nutrients
in their sensitive stages and thus
increasing the leaf area (Kaleri,
2023). These results were
somewhat consistent with what
was indicated by Al-Ajili et al.
(2023);AL-Salama et al.,(2024).
The results shown in the same
table also indicate no significant
interaction between the
application of metallic and nano-
zinc and the application stages.
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Table 5: Effect of zinc combinations and spray stages, and interaction
between them on flag leaf area..

Transactions SS
ZC D1 D2 D3 D4
V-ZC
FO 41.89  44.56 47.83 49.69 46.06
F1 45.14  50.09 51.15 51.33 49.43
F2 49.25 51.82 54.03 55.94 52.79
F3 51.42 52.75 55.73 57.60 54.38
V-SS 46.93 49.81 52.18 53.71
ZC=1.10 SS=1.68 ZC*SS=N.S
(without spraying), which gave the
Chlorophyll index in leaves lowest average of 50.12 SPAD,

(SPAD)

The results of the analysis of
variance in Appendix 5 showed a
significant effect of the study
factors and their interaction on the
chlorophyll index in leaves. A

this superiority may be attributed
to the role of metallic Zinc +nano-
zinc in increasing the activity of
photosynthesis and plant
hormones such as cytokinins and
Kinetin, which in turn maintain

significant advantage was chlorophyll, prolong leaf
observed with the treatment of greenness, and delay aging.
spraying Metallic Zinc + nano- Furthermore, it plays an effective
zinc at a concentration of 20 mg L role  in reducing oxidation
! which recorded the highest processes, thus increasing the
average of 60.69  SPAD. chlorophyll content of leaves

Compared to the control treatment
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(Zarea et al., 2023). These results
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are consistent with those found by
Qian et al. (2023);Chen et al.
(2025).

he same table also showed a
significant advantage for the spray
treatment during the tillering,
elongation, and booting stages in
the total chlorophyll content index
of the flag leaf, recording the
highest average of 58.38 SPAD,
compared to the spray treatment
during the tillering stage, which
gave the lowest The average of
51.68 SPAD. This superiority may
be attributed to the fact that the
spraying of zinc oxide
nanoparticles at these stages
arranges and organizes the stroma
sheets in the chloroplasts, leading
to an increase in the total
chlorophyll content of the flag leaf
and improved light absorption
efficiency (Qamari,et al.,2023).
These results are somewhat
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consistent with those reported by
AL-bakri and Lehmood (2024).
The results shown in the same
table also indicated a significant
Interaction between the treatments
of metallic and nano zinc spraying
and the spraying stages. The
interaction  treatment  between
spraying Metallic Zinc + nano
zinc at a concentration of 20 mg L
! and spraying at the tillering,
elongation and booting stage was
superior in the characteristic of the
index of total chlorophyll content
of the flag leaf, giving it the
highest average of 64.47 SPAD.
Compared to the interaction
treatmentbetween the  control
treatment (without spraying) and
spraying at the tillering stage,
which gave the lowest average of
45.25 SPAD.
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Table 6: Effect of zinc combinations and spray stages, and their
interaction on chlorophyll index in leaves.

Transactions

ZC D1 D2

FO 4525 50.48

F1 50.85 51.75

F2 53.39  54.39

F3 57.23  59.48

V-SS 51.68 54.02

ZC=1.64
Conclusions

The study included zinc

combinations : Control (without
spraying), Metallic Zinc at a
concentration of 20 mg L™ ,
Nano Zinc Oxide at a
concentration of 20 mg L*
,Metallic Zinc at a concentration
of 20 mg L™+ Nano Zinc at a
concentration of 20 mg L™, under
four levels of spraying stages
Tillering + Elongation stage,
Tillering + Booting stage,
Elongation + Booting stage,

Spraying stages
D3 D4
V-ZC
51.87 52.90 50.12
54.00 56.18 53.23
55.98 59.98 55.64
61.59 64.47 60.69
55.86 58.38
SS=1.41 ZC*SS=2.78
Tillering + Elongation + Booting
stage. The results demonstrated
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that the D4  significantly
outperformed D1, D2and D3
across all measured traits. The F3
zinc combinations also surpassed
F1,F2 andFO in all growth
parameters. Optimal results were
achieved with the interaction of
D4 and F3, highlighting this
combination as the most effective
for enhancing wheat growth
parameters.
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