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Effect of nano-zinc and nano-boron spraying on cotton growth and yield
Nada Fadil, Hameed Alfarttoosi*

Abstract: A field experiment was carried out in one of the fields of Karbala Governorate - Iraq, during the summer agricultural 
season of 2021 to know the effect of spraying with nano-zinc and nano-boron on some characteristics of cotton yield. The 
experiment was applied in three replications according to the randomized complete block design (RCBD) with two factors; 
the first factor included four levels of Nano-zinc (0, 100, 200, 300) mg L-1. The second factor included four levels of Nano-
boron (0, 90, 180, 270) mg L-1. The concentration of 300 mg L- a of Nano-zinc caused a significant increase in the leaf area 
number of monopodial, number of sympodial branching, total boll number per plant, number of open bolls per plant, boll 
weight, number of seeds per boll, Seed index and Fibre index, as it gave averages of leaf area 1861 cm2, 8.50 branches 
Plant-1. 4.45 branches plant-1, 28.48 bolls plant-1, 15.09 bolls plant-1, 10.82 g, 6.85 g, respectively. The results also showed 
that Nano-boron caused a significant increase in the studied traits, where the concentration is 90 mg L-1, which caused a 
significant increase in plant height, leaf area number of monopodial, number of sympodial branching, total boll number per 
plant, number of open bolls per plant, boll weight, number of seeds per boll, Seed index and Fibre index. It gave averages 
of leaf area 153.91 cm, 1908 cm2, 8.56 branches plant-1, 27.98 boll plant-1, 15.07 boll plant-1, 5.37 g, 10.77 g, and 6.60 g, 
respectively. It is concluded that adding zinc and boron, singly or together, to the vegetative system improved cotton growth 
characteristics and yield.
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Introduction
Cotton is one of the essential economic crops because 

it contains fiber and oil. It also can persist and survive in 
different environments, as some cotton can adapt to such 
environments and produce high-quality fibers1. Still, the de-
terioration in the productivity of the cultivated varieties has 
caused. It is due to the lack of fertilization with micro-nu-
trients, which leads to an imbalance in the nutritional ba-
lance or thus affects the growth of the plant2. To preserve 
the environment from the risk of pollution, Nano-fertilizers 
were used as well to reduce time and effort. Foliar feeding 
with nutrients is essential in changing cotton's growth and 
physiological characteristics through fertilization strategies. 
Foliar spray fertilization leads to improving the efficiency 
of fertilizer use and reducing the environmental pollution. 
It has also been proven that fertilization with foliar feeding 
of mixtures of micronutrients during the flower or nut deve-
lopment stages is adequate when optimal use of nutrients. 
With cotton, thus reducing the rate of walnut shedding and 
increasing the yield3, indicated that foliar feeding helps to 
reach the nutrients to the places of their representation4. In-
dicated that it is preferable to use foliar feeding when there 
is a problem in the soil, such as its ability to sediment and 
fix nutrients and high salinity as it reduces. The readiness 
and absorption of these elements5.indicated that the appli-
cation of nanotechnology in agriculture leads to improving 
the environment and increasing crop quality and production 
of crops6. Nano fertilizers are characterized by their small 
size and large surface area, which leads to an increase in 

yield. Zinc and boron are considered nutrients. The essen-
tial microelements for plants and animals and zinc have a 
vital role in the plant's metabolic system, as this zinc activa-
tes the participation in the formation of proteins, fats, carbo-
hydrates, DNA and enzymes7. Zinc also plays a significant 
role in controlling the production and toxicity of free radicals 
that can be caused damage to membrane lipids8. Zinc defi-
ciency leads to a decrease in vegetative and fruitful growth9. 
Using zinc by spraying on leaves leads to Increasing the 
number of flowers, number of seeds per boll, and cotton 
yield10,11. Boron contributes to the transfer of sugar particles 
and sources of filling, leading to improved fruits and increa-
sing vegetative growth and seed formation. Indicated that 
spraying with boron at concentrations (0.0.56.1.12) kg/ha 
led to a significant increase in bolls, boll weight and cotton 
yield12. It was also found13 when using seven treatments of 
zinc and boron with the following concentrations (0 + 0, 0.75 
+ 0, 0 +1, 0.75 + 1, 1.50 + 0, 0 + 2, 1.50 + 2) added by 
spraying on cotton, that 0.75 kg/ha of zinc with 1.00 kg.ha-1 
caused a significant increase in the number of bolls, cotton 
yield and boll weight13. (14) showed a significant increase 
in cotton yield due to spraying zinc and boron. (15) when 
studying the effect of three concentrations of boron on the 
growth and yield of cotton indicated that boron caused a 
significant increase in the number of bolls and cotton yield. 
This study examines how spraying with zinc and nano-bo-
ron affects cotton growth and yield characteristics.
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Materials and methods 
A field experiment was carried out in the holy city of 

Karbala during the summer of 2021 to find out the effect of 
spraying with different concentrations of Nano-zinc and Na-
no-boron on the growth characteristics and yield of cotton. 
The experiment was applied with three replications accor-
ding to a randomized complete block design (RCBD) with 
two factors; the first factor included four levels of Nano-zinc 
( 0, 100, 200, 300) mg L-1 and four treatments of Nano-bo-
ron (0, 90, 180, and 270) mg L-1. The fertilizer was rando-
mly sprayed on the vegetative system of the plant, as the 
Nano-zinc used is from the chelating fertilizers that contain 
zinc in it 12%, and the Nano-boron used is from the chela-
ting fertilizers that contain boron (9%). Nano zinc and Nano 
boron were sprayed when the plant reached the flowering 
stage by 50% after the absence of the sun.

Plants were randomly selected from each experimen-
tal unit. The following characteristics were measured: Plant 
height(cm), leaf area (cm2), number of monopodial (bran-
ches plant-1), number of sympodial branching (branches 
plant-1), total boll number per plant (boll plant-1), number of 
open bolls per plant (boll plant-1), boll weight (g), number 
of seeds per boll (seed boll-1), Seed cotton yield (Ton h-1) , 
Seed index and Fibre index.

Results and discussion
Table 1 shows that there were significant differences be-

tween the treatments of nano-zinc, where the concentration 
of 300 mg L-1 gave the highest average in leaf area, num-
ber of ), number of monopodial (branches plant-1), number 
of sympodial branching (branches plant-1), with averages 
amounting to 1861 cm2, 8.50 branch. Plant-1,4.45 branch 
Plant-1, superior to the non-spray treatment. While the con-
centration of 100 mg.L-1 gave the high est average plant 
height of 154.81 cm. The reason is that zinc is essential in 
forming enzymes as it is a functional and structural cofactor 
and biomass production and is also required in producing 
chlorophyll and regulating enzymes16. At the same time, the 
deficiency of zinc in cotton leads to the small size of the leaf, 
its wrapping and its appearance it17. The results of Table 1 
also showed that Nano-boron caused a significant increase 
in the studied traits; the concentration 90 mg L-1 gave the 
highest average in the plant trait: height, leaf area, number 
of sympodial branching with standards of leaf area 153.91 
cm, 1908 cm2, 8.56 branch Plant-1 superior to no-spray. The 
boron deficiency affects the growth and yield of cotton as 
a result of reducing the transfer of material represented to 
the stalk through vascular bundles, which stops growth or 
causes abnormal development of the cotton reproductive 
parts of cotton18. And when spraying the solution (Zn + B) 
together on the vegetative treatment of cotton plants led to 
a significant increase between treatments, the concentra-
tion of 300 mg L-1 of Nano-Zn with 90 mg L-1 of Nano-boron 
gave the highest average in leaf area. The number of sym-
podial branches, which provided an averages leaf area of 
2228 cm2, 9.33 branch Plant-1, respectively, is superior to 
no spraying, and this is because zinc and boron cause an 
improvement in the absorption site and its transfer of plant 
nutrients to plant parts and an increase in photosynthesis, 
which in turn causes an increase in growth characteristics, 
and this is consistent with what was stated19.

Table 2 shows that there were significant differences 

between the treatments of Nano-Zn in the number of total 
bolls, the number of open bolls and the number of seeds per 
bolls, the concentration of 300 mg.L-1 caused a significant 
increase in the number of total bolls, the number of open 
bolls, as it gave averages of 28.48 bolls plant-1, 15.09 bolls 
Plant-1, respectively, superior to the non-spray treatment 
that offered the lowest standards. This trait increase may be 
due to the role of zinc in the production of IAA auxin, which 
prevents the dropping of buds, flowers and bolls and the 
rise in the number of branches17. This is in agreement with 
(16). It was also noted that the Nano boron caused a signifi-
cant increase in these characteristics, as the concentration 
of 90 mg L-1 of Nano boron gave the highest rate in the total 
number of bolls, and the number of open bolls amounted 
to 27.98 bolls plant-1,15.07 bolls plant-1, respectively. It is 
superior to the non-spray treatment that gave the lowest 
averages, and the reason for this increase is that boron con-
trols the growth of meristematic cells, so when it is lacking, 
no change occurs at standard rates. The transfer of sugars 
and the increase in the rate of photosynthesis enhances the 
growth of flowers and seeds, which increases the number of 
bolls12, and this is consistent with what was reached15. The 
results also showed that spraying zinc and boron together 
caused a significant increase in the studied traits, the con-
centration (300 +90) mg L-1 of Nano-zinc and Nano-boron 
caused a significant increase in the total number of bolls 
and the number of open bolls, as it gave averages of 31.20 
bolls plant-1, 17.03 bolls Plant-1, respectively, superior to the 
no-spray treatment that gave the lowest standards.

Table 3 showed that Nano-zinc led to a significant in-
crease in bolls weight, seed index and Fibre index. The 
concentration of 300 mg L-1 of Nano-zinc caused a subs-
tantial increase in seed index and Fiber index, as it gave 
averages of 10.82 g and 6.85 g, respectively, superior to the 
non-spray treatment that offered the lowest standards. The 
reason is due to the role of zinc in cell formation and seed 
development, as zinc deficiency causes a decrease in the 
number of bolls and thus their small size21-23. The treatments 
of Nano-boron also caused a significant increase in bolls 
weight, seed index and Fibre index, the concentration of 90 
mg L-1 gave the highest averages of 5.37 g, 10.77 g, and 
6.60 g, respectively, superior to The non-spray treatment 
that offered the lowest standards. The reason is due to the 
effective role of boron in the vital processes of the cotton 
plant and its role as well in the transfer of sugars from the 
leaves to the fruits, as it is necessary to fill the seeds and 
improve the quality of the bolls24 and this is consistent with 
(25). The spraying of Nano-zinc and Nano-boron together 
gave an increase in all traits, and spraying with 300 mg L-1 + 
90 mg L-1 of Nano-zinc and Nano-boron caused a significant 
rise in bolls weight, seed index and Fibre index, as it gave 
averages amounting to 5.54 g, 11.52 g, 7.20 g, respectively, 
and this is consistent with what was stated25.

Conclusions
It is concluded from this study that spraying zinc and 

boron caused a significant increase in all growth characte-
ristics and cotton yield, so we suggest spraying a concen-
tration of 300 mg.L-1 of nano-zinc and a concentration of 
90 mg.L-1 of nano-boron to increase the yield and quality 
of cotton.
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Table 1. Effect of nano zinc–boron spray on the same growth traits of cotton.
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Table 2. Effect of Nano zinc – boron spray on the same productivity traits of cotton.
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