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Article Info ABSTRACT
Article type: Background and objectives: The present research was conducted in
Research Full Paper

order to investigate the foliar spraying of zinc and iron nanoparticles
and some organic substances on the growth and yield of wheat, in the
crop year of 2023-24, in Gamboa area in Hamidieh city.

Material and methods: The experimental design was factorial in the
form of randomized complete block design in three replications. The
first factor includes different levels of organic fertilizers in 5 levels
including 1- control (without using organic fertilizers), 2- application
of biochar bagasse (at the rate of 5 ton. ha') 3- application of
vermicompost fertilizer (at the rate of 5 ton. ha™), 4- Application of
humic acid (in two stages of stem formation and flowering), 5-
Spraying with seaweed extract (in two stages of stem formation and
flowering). The second factor includes the use of zinc and iron
nanoparticles in four levels, including 1- control (no use of
nanoparticles), 2- zinc nanoparticles with a concentration of 2 parts per
Article history: thousand, 3- iron nanoparticles with 2 parts per thousand and 4- iron
Received: 2025-6-2 and zinc nanoparticles with a concentration of 2 It was in the
Accepted: 2025-102-25  thousands.

Results: The results showed that the experimental treatments had a
significant effect on the studied traits. The examination of the plant
height trait showed that the application of biochar, bagasse,
vermicompost, and humic acid fertilizers increased the plant height by
11.8, 13.1, and 12.5%, respectively, compared to the control treatment
(93.8, 94.8, and 94.3 cm, respectively). On the other hand, the average
height of the plant under the conditions of foliar application with
seaweed extract (88 cm) despite a 5% increase compared to the control
treatment, did not have a statistically significant difference with each
other. In the conditions of application of nanoparticles, the application
levels of zinc nanoparticles, iron nanoparticles and zinc + iron

Keywords: nanoparticles respectively increased the plant height by 6.8, 8.4 and
gramt%"eld 10.5% compared to the control treatment. In terms of the weight of
TOW

. 1000 seeds, the use of organic compound fertilizers did not have a
Humic acid .. .. . . .
Micronutrient elements  Statistically significant difference with each other and had a higher
and Physiological Index average than the control treatment. Among the application levels of
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nanoparticles, the highest average weight per thousand grains was
related to the application of iron + zinc nanoparticles (42.9 gr). The
average seed yield in the control treatment was equal to 3336.3 Kg/ha,
which had no statistically significant difference with the foliar
treatment with seaweed extract (3382.5 kg/ha), but it had a
significantly lower average compared to other treatment levels. In
contrast, vermicompost and humic acid fertilizer application treatments
(4560.5 and 4637.5 kg/ha, respectively) had the highest seed yield.
Under the application levels of nanoparticles, the average grain yield in
the control treatment was equal to 3630 kg per hectare, which increased
by 10.1, 11.7 and 18.1% to 4038, 4056.4 and 4289 kg under the
conditions of application of zinc nanoparticles, iron nanoparticles and
zinc + iron nanoparticles, respectively. The highest average biomass
yield was related to humic acid application treatment, which increased
the average biomass yield (15332 kg/ha) by 34% compared to the
control treatment. Under the application levels of nanoparticles, the
treatments of application of zinc nanoparticles (13403.4 kg/ha), iron
nanoparticles (13536.8 kg/ha) and application of =zinc + iron
nanoparticles (14706.4 kg/ha) increased biomass yield by 11, 13.4 and
23.2%, respectively.

Conclusion:In general, the use of organic fertilizers (biochar,
vermicompost and humic acid) and nanoparticles (zinc and iron) led to
a significant improvement in growth, grain yield and plant biomass,
and the greatest effect was observed in the treatment of humic acid and
zinc + iron nanoparticles.
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Table 4. Analysis of variance the effect of different levels of organic fertilizer and application of nanoparticles on
experimental traits
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Table 5. Mean Comparison of main effects of organic fertilizer and the application of nanoparticles on wheat yield
and yield components
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Within columns, the means with the same letter are not significantly differet based on LSD test at the five percent
probability level.
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Figurel. Mean comparison of interaction effects of organic fertilizer and the application of nanoparticles on Spike

length
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Within columns, the means with the same letter are not significantly differet based on LSD test at the five
percent probability level.
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Figure 2. Mean comparison of interaction effects of organic fertilizer and the application of nanoparticles on Number
of spikes per plant of wheat
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Within columns, the means with the same letter are not significantly differet based on LSD test at the five percent
probability level.
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Figure 3. Mean comparison of interaction effects of organic fertilizer and the application of nanoparticles on Number
of seed per spikes of wheat
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Within columns, the means with the same letter are not significantly differet based on LSD test at the five percent
probability level.
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