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ARTICLE / INVESTIGACION

Nano fertilizer spraying affects the yield of Sorghum (Sorghum bicolor L.)
varieties.
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Abstract: The field experiment was carried out at the Abu Ghraib Agricultural Research Station Irag (AGARSI), affiliated
with the Agricultural Research body-Ministry of Agricultural of Iraq, to study the spraying with nano fertilizers and the stages
of the yield and yield components of varieties of Sorghum. The experiment was designed as a spilled-spilled-plot according
to the (RCBD) of three replicates. The main plots involved three varieties of Sorghum (Rabih, Lilo, and Ingath). In contrast,
the subplots involved spraying the nano-fertilizers (Nano-Iron and Nano-Zinc) and the control treatment (distilled water).
The sub-sub-plots involved the spray stages (Spraying at emerging five leaves, spraying at emerging the last folded leaf,
and spraying at 50% flowering stage). The results showed that there were significant differences in all traits, where the
variety Inqath had the highest was superior in panicle weight (g), the number of grains per panicle, (CGR)(gm2.day"'),
and grain yield (tons.ha™). Nano iron was also superior in four traits, panicle weight (g), the number of grains per panicle
(CGR)(g.m2.day™"), and grain yield (tons.ha™). For the spray stage, the stage of the emergence of five true leaves (S1)
was significantly superior in the traits of panicle weight (g), the number of grains per panicle, (CGR)(g.m*2.day™"), and grain

yield (tons.ha™).
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|
Introduction

Sorghum is a cereal and summer forage crop that
ranks fifth in the world in terms of cultivated area and pro-
duction behind wheat, rice, maize, and barley'. Sorghum
grain contains 65% starch, 12-10% protein, and 3% fat and
contains vitamins, salts, and minerals necessary for body
growth®. The importance of this crop lies in the fact that it
is a genotype tolerant of drought and heat. It is a staple
crop in areas not suitable for the cultivation of wheat. Des-
pite many varied uses of this crop, its grain is accompanied
by several problems, including weak field establishment.
This is a significant reason for the yield decline, especially
in arid and semi-arid areas, including Irag?. However, the
appropriate variety was not the only factor in achieving the
highest productivity; there are other factors, including the
use of chemicals fertilizers, despite their importance and
indispensability, have adverse effects on the environment
and humans and in addition to their high costs when added
in large quantities to the soil. Therefore, we must reduce
the risks of these fertilizers on the one hand and increase
the efficiency of plant growth and productivity, on the other
hand, at the lowest economic cost. Foliar nourishment is the
best method that has these advantages.

The foliar fertilization technique with nano iron and nano
zinc is an easy and economical method and is environmen-
tally friendly. Despite that, it is a complement to soil fertili-
zation and not a substitute for it. Iron is essential for plant
growth and plays a substantial role in chlorophyll constitu-
tion®. Despite that, it is not included in its composition. It
plays a critical role in synthesizing enzymes responsible for
chlorophyll assimilation. It also participates in the design of

many enzymes necessary for respiration'. Zinc also has
an essential role in constituting tryptophan, the amino acid
from which indole acetic acid IAA is formed?®. Zinc also con-
tributes to the construction of each of the glycol dehydro-
genases necessary for the assimilation of the proteins, and
it is necessary for the chlorophyll formation and plays an
essential role in the pollen grain germination on the stig-
mas'®. Nano fertilizers are nutrient carriers of 1-100 nm in
size. They are various, involving the macronutrients such
as nitrogen, phosphorous, and potassium fertilizers, singly
or in combination, mini-nutrients, and micro-nutrients, which
are either coated or encapsulated, or loaded on carriers,
which means that the fertilizer will be slow to release'. And
that the nano-encapsulation process reduces costs and in-
creases the productivity of the crop; that is, it increases the
farmer's profitability.

|
Materials and methods

The field experiment was carried out at the Abu Ghraib
Agricultural Research Station Iraq, affiliated with the Agri-
cultural Research body - Ministry of Agriculture of Iraq, du-
ring the spring season of 2021-2022. In a silty clay mixture
soil, some of its chemical and physical properties are shown
in Table 1.

The experiment was designed as a spilled _spilled_
plot according to the (RCBD) of three replicates. The main
fields involved three varieties of Sorghum (Rabih (V1), Lilo
(V2), and Ingath (V3) ), while the subplots involved spraying
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the nano-fertilizers (Nano Iron at a concentration of 1000
mg. L-1 (N1) and Nano-Zinc at a concentration of 1000 mg.
L-1 (N2) ), in addition to the control treatment (spray with
distilled water) (NO). The sub_sub_ plots were involved in
the spray stages (Spraying at emerging five leaves(S1),
spraying at emerging the last folded leaf (S2), and spraying
at 50% flowering stage (S3)'°.

Studied traits

1- Panicle weight (g)

2- Number of grains per panicle

3-100-grains weight (g)

4-Crop growth rate for the period from 100% inflores-
cence to the physiological maturity (gm=.day') (CGR)

5-Grain yield (tons.ha™).

|
Results

Panicle weight

Results in tables (2) and (3) show a significant differen-
ce between the varieties in the panicle weight. The variety
Ingath (V2) produced the highest trait average, amounting
to 164.54 and 162.78g, compared to Lilo (V3), achieving
the lowest panicle weight averaging 127.13 and 116.58g
for the two study seasons, respectively. The difference be-
tween the varieties in panicle weight may be due to their
difference in the number of grains in the panicle (Tables 2
and 3), which is consistent with the findings of Al-Kubaisi
and Najm®'® who indicated that sorghum varieties differed
significantly in panicle weight.

Results listed in Tables (2) and (3) illustrate a signi-
ficant difference in the panicle weight due to the effect of
the nano-fertilizer spraying treatments. Spraying nano-iron
(N1) achieved the hiahest character averaae. amountina

to 154.79 and 153.40g, compared to the control treatment
(NO), reaching the lowest panicle weight averages of 134.27
and 125.84 for the two study seasons, respectively.

The binary interaction between the varieties and the
nano-fertilizer spraying was significant in Tables (2) and (3)
and the panicle weight. The plants of the variety Inqath (V2)
sprayed with nano-iron (N1) achieved the highest value of
the interaction, which was 173.22 and 173.61g for the two
seasons, respectively, which did not differ significantly from
the plants of the same variety sprayed with nano-zinc (N2)
in the second seasons which achieved 169.63g. While the
plants of the Lilo variety (V3) sprayed with distilled water
only (NO) achieved the lowest interaction value of 118.48
and 104.48g for the two seasons, respectively.

The interaction between the varieties and the stages of
spraying the nano-fertilizers affected the panicle weight sig-
nificantly in Tables (2) and (3). The plants of the variety In-
gath (V2) spread at the stage of the emergence of five true
leaves (S1) gave the highest interaction values wof170.52
and 171. On the contrary, plants of the variety Lilo (V3)
sprayed at the stage of 50% of inflorescence (S3) reached
the lowest values of the interaction, which were 123.94
and 110.43g for the two seasons of the study. Those did
not differ significantly from plants of the same variety (V3)
sprayed at the stage of the last folded leaf (S2) emergence,
giving 126.50g in the first season of the study.

Concerning the binary interaction between the spraying
of nano-fertilizers and the spray stages, the effect on the
head weight was significant in Tables (2) and (3), as the
nano-iron (N1) spraying at the location of the emergence
of five true leaves (S1) attained the highest value of the
interaction, amounted to 164.46 and 165. In contrast, the
control treatment (NO) at the three stages (S1, S2, and S3)
achieved the lowest values of the interaction, which were
135.54, 132.80 and 134.48g in the first season and 127.22,

Variable 2021 2022 Units
Soil texture Alluvial clay mixture
Soil Sepa- Sand 15.1 14.5 %
rators Silt 532 543
Clay 31.7 31.2
Electrical Connection 4.25 4.14 Desmol M-1
(EC)
CEC 21.37 20.87 Desmol Kg soil - 1
Ph 7.49 7.54 -
Dissolved Cos Nill Nill mEq L-1

ions CaCOs; 22.94 23.56
Ca 18.02 18.63
K 1.11 1.06

Mg 11.12 10.49
Na 8.23 8.66

CI 22.3 22.73
HCOs 5.27 5.71
SOy 9.13 8.39

N 33.58 36.68 Mg Kg soil-1
P 13.95 14.11
K 127.14 131.56

Table 1. Some chemical and physical properties of field soil for the years 2021- 2022.
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varieties (V) Nano Fertilizer Stages (S) VxN
™) S1 S2 S3
Vi NO 132.75 132.25 133.54 132.85
N1 171.46 160.62 141.26 157.78
N2 147.69 152.29 138.43 146.14
V2 NO 153.74 150.68 150.06 1515
N1 183.06 175.79 160.81 173.22
N2 174.75 173.56 158.36 168.89
V3 NO 120.12 115.47 119.84 118.48
N1 138.85 133.28 127.95 133.36
N2 133.88 130.75 124.03 129.55
LSD 0.05 5.78 3.85
SxXV
Var. S1 S2 S3 average Var.
V1 150.64 148.39 137.74 145.59
V2 170.52 166.68 156.41 164.54
V3 130.95 126.5 123.94 127.13
L.S.D 0.05 3.62 3.16
SxN
N) S1 S2 S3 average Nano
Fer.
NO 135.54 132.8 134.48 134.27
N1 164.46 156.57 143.34 154.79
N2 152.11 152.2 140.27 148.19
LSD 0.05 3.28 2.15
average stages 150.7 147.19 139.36
LSD 0.05 1.86

Table 2. Shows the effect of spraying nano fertilizers and the y stage on the Panicle weight of Sorghum varieties (The

first season).

125.99 and 124.30g in the second season at the three
stages respectively without significant difference between
them.

The triple interaction between the study factors was
significant in the panicle weight in Tables (2) and (3). The
plants of the variety Ingath (V2) sprayed with nano-iron (N1)
at the stage of the emergence of five true leaves (S1) gave
the highest values of the interaction, which were 183.06 and
186.32g for the two study seasons. They did not differ signi-
ficantly from the plants of the same variety sprayed with na-
no-zinc at the emergence stage of five true leaves (V2N2S1)
that gave 179.68g in the second season. While the plants
of the variety Lilo (V3) sprayed with distilled water only (NO)
gave, at the three stages (S1, S2, and S3), the lowest va-
lues of the interaction reached 120.12, 115.47, and 119.84g
in the first season and 105.70, 106.84 and 100.89g in the

second season and for the three stages respectively without
significant difference between them.

The results above show the positive role of spraying
nano iron at the stage of the emergence of five true leaves
in increasing the percentage of fertilized florets and then
increasing the number of grains in the panicle, which led to
an increase in the weight of the panicle.

Number of grains per panicle

Results in tables (4) and (5) show a significant differen-
ce between the sorghum varieties in the number of grains
per panicle. Variety Ingath (V2) attained the highest avera-
ge of 2681.9 and 26849.8 grains. panicle’'. The difference
may be due to the genetic nature. This result is consistent
with those found by (4) and (18).

Spraying nano-iron (N1) was significantly superior and
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varieties (V) Nano Stages (S) VxN
(N) Fertilizer S1 S2 S3
Vi1 NO 127.82 127.13 128.88 127.94
N1 178.95 165.73 139.39 161.36
N2 148.66 154.4 135.54 146.2
V2 NO 148.15 143.99 143.13 145.09
N1 186.32 176.73 157.77 173.61
N2 179.68 175.11 154.11 169.63
V3 NO 105.7 106.84 100.89 104.48
N1 132.71 125.13 117.88 125.24
N2 125.92 121.67 112.53 120.04
LSD 0.05 6.91 4.49
SxV
Var. S1 S2 S3 average Var.
Vi 151.81 149.08 134.6 145.17
V2 171.38 165.28 151.67 162.78
V3 121.44 117.88 110.43 116.58
L.S.D 0.05 4.13 3.4
SxN
(N) S1 S2 S3 average Nano
Fer.
NO 127.22 125.99 1243 125.84
N1 165.99 155.86 138.35 153.4
N2 151.42 150.39 134.06 145.29
LSD 0.05 3.99 2.65
average stages 148.21 144.08 132.23
LSD 0.05 2.25

Table 3. Shows the effect of spraying Nano fertilizers at the spray stage on the Panicle weight of varieties of Sorghum

(The second season) .

attained the highest average number of grains per panicle,
which amounted to 2524.9 and 2471.2 grains. panicle™,
compared to the control treatment (NO), achieved the lowest
average for the trait of 21111.3 and 2121.9 grains.head" for
the two study seasons, respectively. The superiority of na-
no-iron spraying may be due to an increase in the products
of photosynthesis, their transmission and accumulation in
the reproductive parts, and the reduction of competition
between them. This increases the percentage increase in
the level of necessary elements that help in the success
of pollination and double fertilization. Then, the growth of
the number of grains in the panicle is in line with the results
obtained by (12) in his study on wheat. That indicated a sig-
nificant effect of nano iron spraying on the number of grains
in the ear.

The results in Tables (4) and (5) show that nano ferti-
lizer spraying at the five true leaf emergence stages (S1)
was significantly higher than the highest average number of
grains per panicle, which amounted to 2465, 3 and 2414.6
grains panicle’!, compared to spraying at the 50% flowe-
ring stage (S3), which reached the lowest mean for the trait,
amounting to 2189.2 and 2191.5 grains panicle™ for the two
study seasons, respectively.

The number of grains per panicle is affected by several
factors, including the availability of nutrients at the appro-
priate stage of plant growth. So the superiority of plants
sprayed at the growth stage of five actual leaf emergence
may be due to the essential role of feeding these elements
at the early stages of plant growth in stimulating vegetative
growth.
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The effect of binary interaction between varieties and
nano fertilizer spraying was significant on the number of
grains per panicle in tables (4) and (5). The plants of the
variety Ingath (V2) sprayed with nano-iron (N1) achieved
the highest interaction value of 2846.0 and 2788.3 grains
of panicle, respectively; however, they did not differ sig-
nificantly from the plants of the same variety (V2) sprayed
with nano-zinc (N2) which gave 2788.9 and 2739.5 grains.
panicle'.

While Lilo plants sprayed with distilled water only (NO)
achieved the lowest interaction value of 1814.4 and 1859.7
panicle™ for two seasons, respectively.

As for the binary interaction between the varieties and
the stages of spraying the nano-fertilizers, it had a signifi-
cant effect on the number of grains per panicle Tables (4)
and (5), as the plants of the variety Ingath (V2) sprayed at
the stage of the emergence of five true leaves (S1) gave
the highest value of the interaction, which was 2813.1 and

varieties (V) Nano (N) Stages (S) VN
Fertilizer S1 S2 S3
V1 NO 2157 2097 2072.8 2108.9
N1 2938.7 2663.1 2226.8 2609.5
N2 24629 2497 2170.5 2376.8
V2 NO 2455.6 23946 23819 2410.7
N1 3016 29251 2597 2846
N2 2967.7 28514 2547.6 2788.9
V3 NO 1832.1 1848.9 1762.2 1814 .4
N1 22285 2117.6 20113 21191
N2 21291 2067.1 1933 20431
LSD 0.05 106.4 71.1
SxXV
Var. S1 S2 S3 average Var.
V1 25195 2419 2156.7 2365.1
V2 2813.1 2723.7 2508.8 2681.9
V3 2063.2 2011.2 1902.2 19922
L.S.D 0.05 66.7 58.3
SxN
N) S1 S2 S3 average Nano
Fer.
NO 21482 21135 20723 21113
N1 27277 2568.6 2278 4 25249
N2 25199 24718 2217 24029
LSD 0.05 60.3 39.7
average stages 24653 2384.6 2189.2
LSD 0.05 34.1

Table 4. Shows the effect of spraying nano fertilizers and spray stage on the number of grains per panicle of varieties of

Sorghum (The first season).
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2767.1 grain. panicle, while the plants of the variety Lilo
(V3) sprayed at (S3) achieved the lowest value of the inte-
raction, which was 1902.2 and 1932.3 grains.panicle”' for
the two seasons, respectively.

Concerning the binary interaction between spraying na-
no-fertilizers and the spray stages, it had a significant effect
on the number of grains per panicle Tables (4) and (5), as
the spraying of nano-iron (N1) at the stage of the emergen-
ce of five true leaves (S1) achieved the highest value of the
interaction, which amounted to 2727.7 and 2644.3 grains.
panicle”, while the control treatment (NO) at the three sta-
ges (S1, S2, and S3) achieved the lowest value of the inte-

raction, which in the first season was 2148.2, 2113.5, and
2072.3 grains.panicle’, and in the second season 2147.9,
2110.3 and 2107.6 grains. panicle™ for the three stages, res-
pectively and without significant difference between them.

The effect of the triple interaction between the study
factors was significant in the number of grains per panicle in
Tables (4) and (5), the plants of the variety Ingath (V2) that
were sprayed with nano-iron (N1) at the stage of the emer-
gence of five true leaves (S1) gave the highest value of the
interaction which was 3016.0 and 2962.7 grains.panicle™.

It did not differ significantly from plants of the same va-
riety sprayed with nano-zinc at the stage of the emergen-

varieties (V) = Nano Fertilizer Stages (S) VxN
™) S1 S2 S3
Vi1 NO 2100.4 20914 2063.8 2085.2
N1 2765.2 25983 2196.4 25199
N2 2356.7 2435.6 2147.7 23133
V2 NO 2460.2 2407.6 2396.9 2421.6
N1 2962.7 2820.6 2581.6 2788.3
N2 2878.5 2800.5 2539.6 27395
V3 NO 1883.2 1831.8 1862 1859.7
N1 2205 2109.3 2001.3 2105.2
N2 21194 20065.7 1933.6 2039.6
LSD 0.05 99 63.4
SxV
Var. S1 S2 S3 average Var.
Vi1 24074 2375.1 2136 2300.2
V2 2767.1 2676.2 2506.1 26498
V3 2069.2 2002.2 19323 2001.3
L.S.D 0.05 601.6 52.2
SXN
™) S1 S2 S3 average Nano
Fer.
NO 2147.9 21103 2107.6 21219
N1 26443 25094 2259.8 2471.2
N2 24515 24339 2207 2364.1
LSD 0.05 56.2 35.3
average stages 2414.6 2351.2 2191.5
LSD 0.05 32.6

Table 5. Shows the effect of spraying Nano fertilizers and spray stage Number of grains per panicle of varieties of Sor-

ghum (The second season).
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ce of five true leaves (V2N2S1), which gave 2967.7 and
2878.5 grains.panicle”’, and the plants of the same variety
sprayed with nano-iron at the stage of the emergence of the
last folded leaf (V2N1S2) in the first season. While plants of
variety Lilo (V3) sprayed with distilled water only (NO) in the
three stages (S1, S2, and S3) achieved the lowest interac-
tion value of 1832.1, 1848.9, and 1762.2 grains. panicle™
in the first season, 11.62, 11.72 and 11.17 grains.panicle’
in the second season for the three stages, respectively, wi-
thout significant difference between them.

1000-grain weight

Results in the two tables (6) and (7) show significant
differences between the sorghum varieties in 1000-grain
weight. The variety Rabih (V1) gave the highest average
of this trait, amounting to 27.96 and 30.89g, which did not
differ significantly from the variety Ingath giving 27.63 and
30.32g. Variety Lilo (V3) produced the lowest 1000-grain
weight averaging 24.50 and 24.17g in the two seasons. The
difference between the sorghum varieties in the 1000-grain
weight is due to the difference in the genetics of each varie-
ty's nature. This result agrees with the findings of Al-Maini
and Shammari®®,

Spraying nano-zinc (N2) was significantly superior in
1000-grain weight achieving the highest weight amounted
to 28.62 and 30.86g, compared to the control treatment
(NO), which produced the lowest average for the trait of
2417 and 25.65g for the two study seasons Tables (6) and
(7). The superiority of spraying nano-Zn in grain weight may
be due to the physiological effect of zinc on the formation of
amino acids and carbohydrates (7). This result agrees with
the findings (17) about Sorghum, indicating a significant in-
crease in Grain weight when spraying with nano-zinc.

The results of Tables (6) and (7) show that spraying
nano-fertilizers in the stage of the emergence of the last fol-
ded leaf (S2) was significantly superior in 1000-grain weight
giving the highest value of which amounted to 27.58 and
29.51g, compared to spraying it at the stage of (S3), which
achieved the lowest average of 25.63 and 27.14g for the
two study seasons respectively. This shows that spraying
nano-micronutrients at the stage of the emergence of the
last folded leaf (S2) was the most effective in transferring
the photosynthetic products to the fertilized florets.

The effect of the binary interaction between the varie-
ties and spraying the nano-fertilizer was significant in the
1000-grain weight Tables (6) and (7). The Rabeh variety
plants (V1) spread with nano-zinc (N2) achieved the highest
interaction values of 30.06 and 33.62g. They did not differ
significantly from the plants of the variety Inqath (V2) spra-
yed with nano-zinc (N2), which gave 29.72 and 33.50g, whi-
le plants of the variety Lilo (V1) sprayed with distilled water
only (NO) achieved the lowest interaction values of 22.13
and 22.39g for the two seasons respectively.

The binary interaction between the varieties and the
stages of spraying nano-fertilizers affected the 1000-grains
weight significantly in Tables (6) and (7). The variety Ra-
beh's plants (V1) spread at the stage of the emergence of
the last folded leaf (S2) gave the highest value of the inte-
raction, which was 28.85 and 32.20g for the two seasons of
the study, respectively. They did not differ significantly from
the plants of the variety Ingath (V2) sprayed in the stage of
the emergence of the last folded leaf (S2) that gave 28.64
gm in the first season. While the plants of the variety Lilo
(V3) sprayed at the stage of the emergence of the last fol-
ded leaf (S2) achieved 50% inflorescence (S3) and had the

lowest interaction values reaching 23.82 and 23.51g for the
two seasons, respectively. It did not differ significantly from
the plants of the same variety sprayed at the emergence
stage of five true leaves (S1), which achieved 24.04 g in the
second season.

The binary interaction between spraying nano-fertilizers
and the spray stages significantly affected the 1000-grain
weight Tables (6) and (7). Spraying nano-zinc (N2) at the
location of the appearance of the last folded leaf (S2) gave
the highest values of the interaction, which were 30.49 and
32.88g. While the control treatment (NO) at the three stages
(S1, S2, and S3) gave the lowest interaction values, which
in the first season were 24.08, 24.25, and 24.18g, and in the
second season were 25.34, 25.91, and 25.69g for the three
stages respectively without significant difference between
them.

The effect of the triple interaction between the study
factors was significant in the 1000-grain weight Tables (6)
and (7). The plants of the variety Ingath (V2) sprayed with
nano-zinc (N1) at the stage of the emergence of the last
folded leaf (S2) gave the highest values of the interaction,
which were 32.55 and 36 for the two seasons of the study
respectively, which did not differ significantly from the plants
of the variety Rabah sprayed with nano-zinc at the stage of
the emergence of the last folded leaf (VIN2S2), which gave
31.80g in the first season. While the plants of the variety
Lilo (V3) that were sprayed with distilled water only achie-
ved (NO) at the three stages (S1, S2, and S3), the lowest
interaction value were 21.62, 22.46, and 22.30g in the first
season and 21.77, 22.73 and 22.679 in the second season
at the three stages respectively without significant differen-
ce between them.

Crop growth rate for the period from 100%
inflorescence to physiological maturity (g.m2.day")

The results of tables (8) and (9) show a significant di-
fference between sorghum varieties in the crop growth rate.
The variety Ingath (V2) gave the highest average for the
trait of 15.79 and 16.93g.m?.day"' compared to the variety
Rabeh (V1), which achieved the lowest standard of 11.94
and 12.63g.m2.day"' for the two study seasons, respecti-
vely. This result is consistent with the findings of (1) and (4),
indicating that sorghum varieties differed significantly in the
growth rate of their plants.

The results of tables (8) and (9) indicate that spraying
nano iron (N1) was significantly superior and achieved the
highest growth rate of the crop, which reached 14.78 and
16.08g.m2.day", compared to the control treatment (NO),
which attained the lowest average of 12.69 and 13.49g.m-
2. day" for the two study seasons, respectively.

The results of Tables (8) and (9) show that spraying
nano-fertilizers at the stage of the emergence of five true
leaves (S1) was significantly superior. It attained the highest
crop growth rate reaching 14.39 and 15.60g.m2.day"' com-
pared to spraying it at the stage of 50% inflorescence (S3),
which achieved the lowest average, reaching 13.19 and
14.09g.m2.day" for the two study seasons, respectively,
showing that the role of spraying micronutrients at the early
stages of plant growth in stimulating vegetative growth and
increasing the plant growth rate for the period from 100%
inflorescence until physiological maturity.

The effect of the binary interaction between the va-
rieties and spraying nano-fertilizer was significant on the
growth rate of the crop Tables (8) and (9). The plants of the
variety Ingath (V2) sprayed with nano-iron (N1) achieved
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varieties (V)  Nano (N) Stages (S) VxN
Fertilizer S1 S2 S3
V1 NO 25.18 25.09 2497 25.08
N1 29 29.65 27.57 28.74
N2 30.33 31.8 28.05 30.06
V2 NO 25.44 25.19 25.29 25.31
N1 29.06 28.18 26.39 27.88
N2 29.67 32.55 26.93 29.72
V3 NO 21.62 22.46 223 22.13
N1 25.57 26.17 2412 25.29
N2 26.06 27.14 25.03 26.08
LSD 0.05 0.97 0.63
SxV
Var. S1 S2 S3 average
Var.
Vi1 28.17 28.85 26.86 27.96
V2 28.06 28.64 26.2 27.63
V3 24.42 25.26 23.82 245
LSD 0.05 0.58 0.47
S xN
(N) S1 S2 S3 average
Nano Fer.
NO 24.08 24 .25 2418 24.17
N1 27.88 28 26.03 27.3
N2 28.69 30.49 26.67 28.62
LSD 0.05 0.56 0.37
average stages 26.88 27.58 25.63
LSD 0.05 0.32

Table 6. Shows the effect of spraying nano fertilizers and the spray stage on the 1000-grain weight of Sorghum varieties
(The first season).



Nano fertilizer spraying affects the yield of Sorghum (Sorghum bicolor L.) varieties.

varieties (V) Nano (N) Stages (S) VxN
Fertilizer S1 S2 S3
V1 NO 27.03 27.67 2691 27.2
N1 32.75 33.21 29.62 31.86
N2 34.01 35.71 31.12 33.62
V2 NO 27.23 27.33 27.5 27.35
N1 31.36 30.42 2851 30.1
N2 34.09 36.32 30.09 33.5
V3 NO 21.77 22.73 22.67 22.39
N1 24.92 25.57 23.53 24.67
N2 25.44 26.59 24.34 25.46
LSD 0.05 1.22 0.77
SxV
Var. S1 S2 S3 average
Var.
A\ | 31.27 32.2 29.22 30.89
V2 30.89 31.36 28.7 30.32
V3 24.04 24.96 23.51 24.17
LSD 0.05 0.74 0.61
S xN
(N) S1 S2 S3 average
Nano Fer.
NO 2534 2591 25.69 25.65
N1 29.68 29.73 27.22 28.88
N2 31.18 32.88 28.52 30.86
LSD 0.05 0.7 0.44
average stages 28.73 2951 27.14
LSD 0.05 0.4

Table 7. Shows the effect of spraying nano fertilizers and spray stage on 1000-grain weight of varieties of Sorghum (The
second season).
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varieties (V) Nano (N) Stages (S) VxN
Fertilizer S1 S2 S3
V1 NO 11.25 10.78 11.13 11.05
N1 13.17 12.6 11.96 12.58
N2 12.66 12.34 11.55 12.18
V2 NO 14.69 14.38 14.31 14.46
N1 17.68 16.84 15.41 16.64
N2 16.94 16.72 15.16 16.27
V3 NO 12.55 12.49 12.63 12.56
N1 16.51 15.39 13.42 15.11
N2 14.07 14.54 13.13 13.91
LSD 0.05 0.59 0.38
SxXV
Var. S1 S2 S3 average
Var.
V1 12.36 11.91 11.55 11.94
V2 16.44 15.98 14.96 15.79
V3 14.38 14.14 13.06 13.86
LSD 0.05 0.37 0.32
SxN
(N) S1 S2 S3 average
Nano
Fer.
NO 12.83 12.55 12.69 12.69
N1 15.79 14.94 13.6 14.78
N2 14.56 14.53 13.28 14.12
LSD 0.05 0.33 0.21
average stages 14.39 14.01 13.19
LSD 0.05 0.19

Table 8. Shows the effect of spraying nano fertilizers and spray stage on (CGR) of varieties of Sorghum (The first season).



Nano fertilizer spraying affects the yield of Sorghum (Sorghum bicolor L.) varieties.

varieties (V) Nano (N) Stages (S) VxN
Fertilizer S1 S2 S3
Vi NO 11.62 11.72 11.17 11.5
N1 14.13 13.43 12.75 13.44
N2 13.5 13.11 12.26 12.95
V2 NO 15.57 15.18 151 15.29
N1 19.12 18.23 16.47 17.94
N2 18.5 18.08 16.15 17.58
V3 NO 13.68 13.61 13.78 13.69
N1 18.63 17.2 14.75 16.86
N2 15.62 16.15 144 15.39
LSD 0.05 0.64 0.42
SxV
Var. S1 S2 S3 average
Var.
V1 13.08 12.75 12.06 12.63
V2 17.73 17.16 1591 16.93
V3 15.98 15.66 1431 1531
LSD 0.05 0.39 0.32
SXN
(N) S1 S2 S3 average
Nano
Fer.
NO 13.62 13.51 13.35 13.49
N1 17.73 16.29 14.66 16.08
N2 15.87 15.78 14.27 1531
LSD 0.05 0.37 0.24
average stages 15.6 15.19 14.09
LSD 0.05 0.21

Table 9. Shows the effect of spraying nano fertilizers and spray stage on (CGR) of varieties of Sorghum (The second
season).
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the highest interaction values of 16.64 and 17.94g.m2.day",
which did not differ significantly from the plants of the same
variety that were sprayed with nano-zinc (N2) which gave
16.27 and 17.58 g.m2.day"". While the plants of the variety
Rabih (V1) sprayed with distilled water only (NO) achieved
the lowest interaction values of 11.05 and 11. 50 g.m2.day""
for the two study seasons, respectively.

For the binary interaction between the varieties and the
stages of spraying nano-fertilizers, it had a significant effect
on the growth rate of the crop Tables (8) and (9). The plants
of the variety Inqath (V2) that were sprayed at the stage
of the emergence of five true leaves (S1) gave the highest
interaction values, which were 16.44 and 17.73 g.m2.day"',
while the plants of the variety Rabih (V1) sprayed at 50%
inflorescence stage (S3) achieved the lowest interaction
values of 11.55 and 12.06 g.m2.day"' for the two study sea-
sons, respectively.

Concerning the binary interaction between the spraying
nano-fertilizers and the spraying stages, it affected the grow-
th rate of the crop significantly Tables (8) and (9). Spraying
nano-iron (N1) at the stage of the emergence of five true
leaves (S1) achieved the highest interaction values, which
were 15.79 and 17.73 g.m2.day", while the control treat-
ment (NO) at the three stages (S1, S2, and S3) achieved the
lowest values of the interaction, reaching in the first season
12.83, 12.55, and 12.69 g.m2.day" and 13.62, 13.51, and
13.35 g.m2.day" in the second season for the three stages,
respectively, without significant difference between them.

The effect of the triple interaction between the study
factors was significant on the growth rate of the crop Tables
(8) and (9). The plants of the variety Inqath (V2) sprayed
with nano-iron (N1) at the stage of the emergence of five
true leaves (S1) gave the highest values of the interaction,
which were 17.68 and 19.12 g.m2.day'. The plants of the
same variety sprayed with nano-zinc in the stage of the
emergence of five true leaves (V2N2S1) were not signifi-
cantly different for the two study seasons, which gave 18.50
g.m2day’ in the second season. While the plants of the
variety Rabih (V1) were sprayed with water, only distilled
water (NO) in the three stages (S1, S2, and S3) achieved
the lowest interaction values of 11.25, 10.78, and 11.13g.m"
2.day" in the first season and 11.62, 11.72, and 11.17 g.m2.
day'in the second season for the three stages respectively
without any significant difference between them.

Grain yield (t.ha")

It is noticed from the results of tables(10) and that the-
re is a significant difference between sorghum varieties in
grain yield. The variety Inqath (V2) achieved the highest
average for the trait amounting to 5.344 and 5.079 tons.ha™'!
compared to the variety Lilo (V1), which attained the lowest
grain yield average of 3.943 and 3 .588 tons.ha™ for the two
study seasons, respectively.

The reason for the superiority of the variety Ingath in
grain yield may be due to its prominence in panicle weight
Tables (2) and (3), the number of grains per panicle Tables
(4) and (5), and the crop growth rate for the period from
100% inflorescence to physiological maturity Tables (8) and
(9). These results are consistent with the findings of (4) and
(18), who indicated that sorghum varieties differed signifi-
cantly in grain yield.

Spraying nano-iron (N1) was significantly superior. It
achieved the highest average grain yield of 5.023 and 4.828
tons.ha' compared to the control treatment (NO), which at-
tained the lowest average of 4.203 and 3.872 tons.ha™' for

the two study seasons, respectively Tables (10) and (11).
The reason behind the superiority of spraying nano-iron
in the grain yield may be due to its dominance in panicle
weight Tables (2) and (3), the number of grains per panicle
Tables (4) and (5), and the growth rate of the crop for the
period from 100% inflorescence to physiological maturity
Tables (8) and (9). In the same direction, the results of (16)
and (9) in maize yield showed a significant increase in grain
yield due to spraying nano iron.

The results of the two tables (10) and (11) show that
spraying nano-fertilizers in the stage of the emergence of
five true leaves (S1) was significantly superior to the highest
grain yield average of 4.911 and 4.655 tons.ha' compared
to spraying it in the stage of 50% inflorescence (S3), which
produced the lowest yield average of 4.350 and 4.081 tons.
ha' for the two study seasons sequentially.

The effect of the binary interaction between the varie-
ties and the nano-fertilizer spraying was significant on the
grain yield in Tables (10) and (11). The plants of the variety
Ingath (V2) sprayed with nano-iron (N1) achieved the hi-
ghest values of the interaction, which were 5.703 and 5.475
grains of tons.ha”', and it did not differ significantly from the
plants of the same variety that were sprayed with nano-zinc
(N2) achieving 5.562 and 5.316 tons.ha'. The plants of the
variety Lilo (V3) sprayed with distilled water only (NO) achie-
ved the lowest interaction values of 3.609 and 3.157 tons.
ha' for the two study seasons, respectively

The binary interaction between the varieties and the
stages of spraying the nano-fertilizers affected the grain
yield significantly in Tables (10) and (11). The plants of the
variety Ingath (V2), sprayed nano fertilizer at the stage of
the emergence of five true leaves (S1), gave the highest
interaction values, which were 5.641 and 5.395 tons.ha™,
while the plants of the variety Lilo (V3) sprayed at the 50%
inflorescence stage (S3) gave the lowest interaction values,
which were 3.774 and 3.372 tons.ha™, for the two seasons,
respectively.

As for the binary interaction between the spraying of
nano-fertilizers and the stages of spraying, it significantly
affected the grain yield in Tables (10) and (11). Spraying
nano-iron (N1) at the stage of the emergence of five true
leaves (S1) achieved the highest value of the interaction,
amounting to 5.437 and 5.271 tons.ha, while the con-
trol treatment (NO) at the three stages (S1, S2, and S3)
achieved the lowest value of the interaction that in the first
season were 4.282, 4.213, and 4.113 tons.ha' and in the
second season were 3.935, 3.889 and 3.793 tons.ha™ for
the three stages respectively without significant difference
between them.

The ftriple effect of the interaction between the study
factors was significant in the grain yield Tables (10) and (11).
The plants of the variety Inath (V2) sprayed with nano-iron
(N1) at the stage of the emergence of five true leaves (S1)
gave the highest values of the interaction, which were 6.122
and 5.971 tons.h™ for the two study seasons respectively.
Yet, they did not differ significantly from the plants of the
same variety sprayed with nano-zinc in the emergence sta-
ge of five true leaves (V2N2S1), which gave 5.931 tons.ha!
in the first season. In contrast, the plants of the variety Lilo
(V3) sprayed with distilled water only (NO) achieved in the
three stages (S1, S2, and S3), the lowest interaction values
were 3.642, 3.674 and 3.511 tons.ha in the first season
and 3.233, 3.196 and 3.042 tons.ha' in the second season
at the three stages respectively without any significant diffe-
rence between them.



Nano fertilizer spraying affects the yield of Sorghum (Sorghum bicolor L.) varieties.

Varieties (V) Nano (N) Stages (S) VxN
Fertilizer S1 S2 S3
V1 NO 4335 4212 4.146 4.231
N1 5.804 5.286 4466 5.185
N2 4.909 4.974 4.36 4.748
V2 NO 4.869 4.754 40681 4.768
N1 6.122 5.851 5.135 5.703
N2 5.931 5.713 5.042 5.562
V3 NO 3.642 3.674 3.511 3.609
N1 4.387 4.179 3.979 4.182
N2 4201 4.084 3.832 4.039
LSD 0.05 0.225 0.157
SXxV
Var. S1 S2 S3 average
Var.
V1 5.016 4.824 4324 4.721
V2 5.641 5.439 4952 5.344
V3 4.077 3.979 3.774 3.943
LSD 0.05 0.145 0.132
SxN
N) S1 S2 S3 average
Nano
Fer.
NO 4.282 4213 4113 4.203
N1 5.437 5.105 4527 5.023
N2 5.014 4.924 4411 4.783
LSD 0.05 0.126 0.085
average stages 4911 4.747 4.35

Table 10. Shows the effect of spraying nano fertilizers and spray stage on Grain yield (t.ha-1)of varieties of Sorghum (The
first season).

It appears from the results of the triple interaction that increasing panicle weight and the number of grains in the
the variety Ingath, sprayed with nano iron at the stage of panicle and the (Tables 2, 3, 4 and 5), positively reflected
the emergence of five true leaves, invested its genetic ener-  on its superiority in grain yield, which is the outcome of the
gy and physiological efficiency and directed them towards biological processes that take place within the plant system.



M.A.J. Al-Rubaie, Ahmed R. Mohammed, Husham S. Ali

Volume 7/ Issue 4 /32« hitp://www.revistabionatura.com
Varieties Nano (N) Stages (S) VxN
V) Fertilizer S1 S2 S3
V1 NO 4.008 4.042 3.986 4012
N1 5.677 5.228 4381 5.095
N2 4.679 4.863 4257 4.6
V2 NO 4.562 4.429 4351 4.448
N1 5.971 5.582 4872 5475
N2 5.653 5.53 4.765 5.316
V3 NO 3.233 3.196 3.042 3.157
N1 4.166 3.922 3.658 3915
N2 3.947 3.71 3.416 3.691
LSD 0.05 0.255 0.178
SxV
Var. S1 S2 S3 average
Var.
V1 4.788 4711 4.208 4.569
V2 5.395 5.18 4.663 5.079
V3 3.782 3.61 3.372 3.588
LSD 0.05 0.173 0.161
S xN
(N) S1 S2 S3 average
Nano Fer.
NO 3.935 3.889 3.793 3.872
N1 5.271 40911 4304 4.828
N2 4.76 4.701 4.146 4.536
LSD 0.05 0.139 0.088
average stages 4.655 4.5 4.081
LSD 0.05 0.08

Table 11. Shows the effect of spraying nano fertilizers and spray stage on Grain yield (t.ha-1)of varieties of Sorghum (The
second season).



Nano fertilizer spraying affects the yield of Sorghum (Sorghum bicolor L.) varieties.

It is also apparent that the grain yield of the three sorghum
varieties was more responsive to spraying nano iron at the
emergence stage of five real leaves. Still, the size of the res-
ponse was different according to the difference in the gene-
tic material of each variety and its response to environmen-
tal conditions, which explains the reason for the significant
effect of the interaction between the study factors.

|
Conclusions

Nano-fertilizers are of economic benefit because the
quantities used are minimal compared to conventional ferti-
lizers, as well as with a high and quick response by the plant
due to the small size of their particles; through the study, it
was found that fertilizer iron and nano-zinc has a positive
effect on yield traits, as well as cultivars differed significant-
ly among themselves in yield traits and cultivar superiority
(V3) Also, the spraying stages differed considerably among
themselves. The stage (S1) was significantly superior com-
pared to the other stages.
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