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July 08, 2024 A study was conducted in the s_pring of _2023 i_n_KarbaIa Governorate
to examine the effects of liquid organic fertilizer and nano copper
spray on the growth and yield mung beans in clay loam soil. The
Accepted: experiment used a randomized complete block design (RCBD) with
treatments distributed in three replicates. The study looked at two
factors: levels of liquid organic fertilizer (0, 10, and 2 L ha) and
concentrations of nano copper (0, 15, 30, and 45 mg L™?). The results
showed that using liquid organic fertilizer and nano copper spray,
either alone or in combination, significantly impacted the growth
Dec. 15,2024 | and yield characteristics of the mung beans. The combination of lig-
uid organic fertilizer (10 L ha?) and nano copper spray (45 mg L)
resulted in significant increase in the number of branches in a plant,
number of leaves in a plant, leaf chlorophyll index (SPAD), plant
biological yield, harvest index, and protein yield by 68.70%,
62.85%, 39.44%, 93.28%, 38.51% and 454.78% respectively, com-
pared to the treatment without these additions.
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Introduction

Mung beans Vigna radiata L. are a type of legume used as a food source. It plays an
important role in human nutrition due to its high protein content and richness in lysine,
an essential amino acid lacking in many grains. In addition to carbohydrates, it also
contains vitamins, calcium, iron, and zinc. This crop helps to increase soil fertility and
improve its properties [1]. The current productivity of crops in Iraq is lower than the
global mean. Despite the importance of these crops, they have not received enough
attention, therefore, it is necessary to improve production by using modern agricultural
techniques. This would help achieve optimal vegetative growth and a higher grain
yield with good quality. To achieve this, it is important to have fertile soil, which con-
tributes to increased crop productivity [2]. When it comes to giving plants the vital
nutrients they need, liquid organic fertilizers are a significant and sustainable choice.
They contain amino acids, humic and fulvic acids, and other elements that are good
for the soil and help grow and produce a range of crops. These fertilizers produce little
pollution, are inexpensive, and are simple to use. They enhance the soil's biological,
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chemical, and physical characteristics, which promotes healthier plant growth,
Furthermore, they are quickly released from the plant for use in physiological functions
and are readily absorbed by plants. This gives plants the energy they require to absorb,
particularly in key growth stages [3] Applying organic acids to soil offers several
advantages, organic acids improve the soil's chemical characteristics by chelating ions
and making them more available to plants. They also improve the plant's ability to
survive environmental stresses like drought and high temperatures.

Additionally, organic acids boost the number of microorganisms in the soil and plant
protein content [4]. Organic acids are also crucial for regulating soil pH, ion exchange,
and water retention, all of which contribute to better absorption of nutrients and water
by plants. Moreover, they promote higher crop yields by improving mineral nutrition
in the soil, leading to better leaf and root development and enhanced physiological and
biochemical functions in plants [5]. Notably, humic acid, a type of organic acid, is
particularly effective at stimulating the activity of hormones like auxin, which is re-
sponsible for cell elongation. This leads to increased plant mass, enhanced nutrient
uptake, and promotion of seed germination, seedling growth, and root elongation [6,7].
Furthermore, organic acids help plants withstand the negative effects of drought, high
temperatures, and salt stress. They directly affect the ease with which nutrients are
absorbed by the cell membranes of roots and leaves [8]. Using excessive amounts of
fertilizers may increase production, but it also raises the cost of production and often
leads to inefficient fertilizer use, causing soil degradation and decreased crop
productivity, especially in alkaline soils, this diminishes the plants' ability to absorb
nutrients added to the soil, with trace elements like copper particularly affected. Cop-
per is essential for plant growth, nutritional balance, and vital functions. Foliar feeding,
which involves applying nutrients to plants through their leaves, is an effective and
cost-efficient technique for enhancing plant growth.

Copper is crucial for pollen production and seed formation, and its deficiency can
result in reduced grain and seed production. Therefore, "It plays a significant role in
improving agricultural crop production™ [9, 10]. The use of nano copper fertilizer in
fertilization presents an effective alternative to traditional fertilizers, as it offers several
advantages such as requiring smaller quantities and displaying high stability under dif-
ferent conditions. Nano fertilizers are known for their extremely small size. This means
they do not require large spaces and are rapidly absorbed by plants, allowing for their
use at the required times based on the actual needs of the plant. They can be applied as
sprays on the green group, enabling plants to benefit from them more quickly. This
provides a larger area for various metabolic reactions in the plant, enhancing the ac-
tivity of photosynthesis and increasing the production of dry matter and crop produc-
tivity [11,12].

Given the significance of the mung bean crop and the growing demand for high-
quality food both in terms of quantity and quality, this study aims to determine the
optimal addition level of liquid organic fertilizer and nano copper concentration, as
well as their combined impact on the growth and productivity of mung bean plants.
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Materials and Methods
Executing the experiment

Field research was carried out on clay loam soil in Kerbala Governorate, which is
located at longitudes 44.16, and latitude 32.67, during the spring season of 2023. The
aim of the research was to investigate the effects of adding liquid organic fertilizer and
spraying with nano copper on the growth, yield, and quality of mung beans.
A Randomized Complete Block Design was used for the experiment, with treatments
applied in a split-plot configuration and three replicates [13]. The experiment involved
two factors: levels of liquid organic fertilizer (0, 10, and 20) L ha?, represented by (O,,
O1, and O,) in sequence; and concentrations of nano copper (Cu%215) at (0, 15, 30, and
45) mg L, represented by (Fo, F1, F2, and Fs) in sequence.
Field preparation and agricultural operations

The field soil was leveled, smoothed, and divided into (3m x 3m) panels to prepare
it for planting. Spaces were left between sectors and treatments within the same indus-
try to avoid the transfer of fertilizers between treatments. In each experimental unit,
four rows spanned a length of 3 meters. The spacing between lines was set at 75 cm,
while the distance between each seed hole was 25 cm. The seeds, which belonged to a
local variety of mung beans, were sown on 15/03/2024.

Table (1): Soil chemical and physical properties at a 0-30 cm depth before mung bean
planting.

Properties Values
pH 7.40
EC (1:1) 2.12dsm*
OM 1.18 g kg™
N available 30.54 mg kg
P available 12.34 mg kg™*
K available 68.27mg kg
Soil separators Sand 265 G kgt
Silt 355 G kgt
Clay 380 G kg'*
Texture Clay loam

Following the planting, the crop received immediate irrigation and was subsequently
irrigated as required during the entire duration of the growing season. The liquid or-
ganic fertilizer, known as Humizone and produced by Al-Joud Company for Modern
Industrial and Agricultural Technology in Kerbala Governorate, was applied in two
separate doses. The first dose was administered during the initial irrigation after plant-
ing, while the second dose was given before the plant's flowering stage. Comprised of
14% humic acid, 3% fulvic acid, and a variety of essential nutrients, this fertilizer pro-
vides optimal nourishment for the plants. In addition to the fertilizer, nano copper was
applied in three stages using a spraying technique. The first application occurred 30
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days after planting, followed by a second spray two weeks later, and a third spray at
the onset of pod formation. To ensure thorough coverage of the leaves, a 16-liter hand
sprayer was utilized for the spraying process, which took place early in the morning to
avoid high temperatures. Adding (1cm?) of the bright cleaning solution with each spray
as a spreading agent increases the surface tension, facilitating the absorption of the
foliar fertilizer by the plant tissues. The control treatment was sprayed with distilled
water only. All experimental units were given mineral fertilizers. Urea fertilizer con-
taining 46% nitrogen was applied at a rate of 60 kg of nitrogen ha* in two applications.
The first application took place right after the complete emergence of seedlings, and
the second was applied 30 days after the first. A single superphosphate fertilizer with
20% P,Os was applied at a rate of 80 kg P,Os hat in a single application, mixed with
the soil before planting. Potassium sulfate fertilizer with 50% K,O was applied at a
rate of 80 kg K,O ha?, in two applications. The first application was performed 30
days after planting, and the second was at the beginning of the flowering stage [9]. The
plants were harvested at full maturity on July 5, 2023. The studied plant traits were
determined by averaging the values of ten randomly selected plants from each experi-
mental unit.
Statistical analysis

The data was analyzed using analysis of variance (ANOVA) by the method of a
randomized complete block design with a split plot, to compare and differentiate the
mean differences the least significant difference (LSD o os) test was conducted [10].
The analysis was done using GenStat 12, a statistical analytical software.

Results and Discussion
Number of branches (branch plant

The results from Table 2. demonstrate the significant effect of using liquid organic
fertilizer on the number of plant branches. The addition level (O) resulted in the
highest number of branches, with a mean of 8.19 branches plant™, marking a 46.51%
increase compared to the comparison level (Og), which had a mean of 5.59 branches
plant™. Furthermore, the results indicate a notable difference in the number of plant
branches when applying nano-copper. The highest mean of 7.32 branches plant, was
achieved with concentration (F3), showing a 16.00% increase compared to concentra-
tion (Fo), which had a mean of 6.31 branches plant™. The interaction results revealed
a significant effect of the combined treatments. Treatment (O F3) resulted in the high-
est number of branches, with a mean of 8.72 branches plant™, while the comparison
treatment (Og Fo) had the lowest number of branches, averaging 5.16 branches plant,
marking a 68.70% increase.
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Table (2): Effect of liquid organic fertilizer, nano copper, and their interaction on Num-
ber of branches (branch plant™)

Nano copper Liguid organic fertilizer (L ha?) Means

(mg L) Oo O1 o)}
Fo 5.16 6.12 7.66 6.31
F1 5.56 6.40 8.03 6.66
F2 5.75 6.83 8.38 6.98
Fs 5.91 7.32 8.72 7.32

5.59 6.67 8.19
Means

LSDo.05 Liquid organic fertilizer (O) = 0.02
LSDo.0s Nano copper (F) =0.04
LSDo.0s O x F Interactions = 0.07

The study's findings demonstrated the plant responded to the application of liquid
organic fertilizer and nano copper spraying, as well as their combined effect on
increasing the number of plant branches. The increase in branches was likely a result
of the liquid organic fertilizer, particularly due to the role of humic acid in improving
nutrient availability and absorption from the soil. This, in turn, had a positive influence
on the accumulation of essential plant materials such as starch, sugars, and protein, all
of which are crucial for plant growth and development. Furthermore, the availability
of soil nutrients such as nitrogen, phosphorus, and potassium plays a crucial role in
promoting plant branches and root development. These factors may contribute to the
production of the hormone zeatin, which could help reduce apical dominance and
stimulate the formation of lateral buds, thus increasing the number of plant branches
[15]. The plant's response to nano copper spraying was also notable, as increasing the
concentration had a significant effect on increasing the number of plant branches. This
may be attributed to the positive role of copper in promoting the formation, division,
and elongation of plant cells, resulting in increased vegetative branches in the plant
[16].

Number of leaves (leaf plant™)

The results from Table 3. showed that adding liquid organic fertilizer had a signifi-
cant effect on the number of leaves in the plant. The (O,) addition level was signifi-
cantly superior, resulting in the highest mean of 30.56 leaf plant™!, while the (Og) com-
parison level had the lowest mean of 23.02 leaf plant™!, representing a 32.75% increase.
The results also demonstrated a significant effect of spraying with nano copper on the
number of leaves in the plant. The (F3) concentration showed the highest mean of 28.34
leaves per plant, while the (Fy) concentration had the lowest mean of 24.62 leaves
plant™!, reflecting a 15.11% increase. Furthermore, the table indicated a significant
effect of the interaction between liquid organic fertilizer and nano copper spraying on
the number of leaves. The (O,F3) treatment recorded the highest mean of 32.70 leaves
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per plant, while the O0OF0 treatment had the lowest mean of 20.08 leaves per plant,
showing a 62.85% increase.

The study results demonstrated that the plant responded positively to the application
of liquid organic fertilizer and nano copper spray, as well as their combined effect,
leading to an increase in the number of leaves. This can be attributed to the liquid
organic fertilizer's rich nutrient content, including essential elements like nitrogen,
phosphorus, and potassium. These nutrients play a crucial role in enhancing the plant's
metabolic functions, cell division, and growth, consequently causing an increase in
internode length and the number of nodes on the stem that support the leaves.

Table(3): The Effect of adding liquid organic fertilizer, nano copper, and their inter-
action on Number of leaves (leaf plant™).

Nano copper Liquid organic fertilizer (L ha?) Means
(mg L™ Oo O, O,
Fo 20.08 25.47 28.32 24.62
F1 22.96 26.15 29.95 26.35
F2 24.22 26.82 31.30 27.44
F3 24.82 27.50 32.70 28.34
23.02 26.48 30.56
Means

LSDo.05 Liquid organic fertilizer (O) = 0.33
LSDo.0s Nano copper (F) =0.23
LSDo.0s O x F Interactions = 0.43

The presence of tryptophan, an amino acid essential for auxin production, influences
cell division and elongation, resulting in increased growth of the plant's vegetative
parts. Moreover, nitrogen aids in the synthesis of plant hormones that activate leaf
forming cells, thereby promoting leaf production. Similarly, phosphorus supports
various physiological processes within plants, contributing to the formation of energy
compounds and enhancing cell size, division, and elongation. This positive effect on
plant growth is supported by previous studies [17,18] Additionally, the application of
nano copper spray also demonstrated a significant effect on increasing the number
of leaves. Sufficient copper application enhances the plant's ability to develop a robust
root system, facilitating nutrient absorption from the soil and increasing nutrient
concentration within the plant. Nano copper is known for its rapid absorption due to
its small size and large surface area. This can enhance metabolic reactions in plants,
increase the rate of photosynthesis, and stimulate nutrient uptake, leading to improved
plant growth characteristics [19].
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Leaf Chlorophyll Index (SPAD)

The results presented in Table 4. demonstrate the significant effect of adding liquid
organic fertilizer on the chlorophyll index in the leaves. The addition level (O,) re-
sulted in the highest mean of 54.24%, with an increase of 21.20% compared to the
comparison level (Og), which produced the lowest mean of 44.75%. The table also
shows significant differences in the chlorophyll index in the leaves when spraying with
nano copper. In this case, concentration (F3) was superior, with the highest mean of
51.58% and an increased rate of 12.66% compared to concentration (Fy), which re-
sulted in 45.78%. Furthermore, the interaction between the two study factors presents
significant differences. Treatment (O,F;) achieved the highest chlorophyll index in the
leaves at 60.70%, while the comparison treatment (OoF) recorded 43.53%, reflecting
an increase rate of 39.44%.

Table (4): The Effect of adding liquid organic fertilizer, nano copper, and their inter-
action on Leaf Chlorophyll Index (SPAD)

Nano copper Liquid organic fertilizer (L ha) Means

(mg L) Oo 01 0z

Fo 43.53 44.77 49.03 45.78

F1 44.47 46.53 50.10 47.03

F2 45.10 47.27 57.13 49.83

Fs 45.90 48.13 60.70 51.58
44.75 46.68 54.24

Means

LSDo.05 Liquid organic fertilizer (O) = 1.64
LSDo.0s Nano copper (F) =1.54
LSDo.0s O x F Interactions = 2.59

The study's results indicated that using liquid organic fertilizer and applying nano
copper, as well as their combined effect, resulted in increased chlorophyll levels in the
plants. This response may be attributed to the role of liquid organic fertilizer in
promoting plant growth by increasing leaf area, which consequently leads to higher
chlorophyll levels in the leaves. Moreover, the fertilizer contributed to the formation
of proteins, sugars, and energy compounds, thereby enhancing plant growth and
chlorophyll production. This finding is consistent with the conclusions reached by [5]
Additionally, liquid organic fertilizer contains various organic compounds such as
humic and fulvic acid, along with essential plant nutrients like nitrogen, phosphorus,
potassium, and micronutrients. Its addition to the soil increased the availability of these
nutrients due to its acidic nature, ensuring a balanced nutrient supply for the plants.
Furthermore, it influenced respiration and carbon metabolism, increased antioxidants,
and expanded the plant's leaf area, thereby enhancing plant performance. This is cru-
cial as leaves are the primary source of food for plants, and their area directly impacts
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the efficiency of photosynthesis. Consequently, a larger leaf area intercepts more light
and produces more chlorophyll, leading to increased photosynthesis efficiency [20]

The application of nano copper had a significant effect on increasing chlorophyll in
the leaves. This is because copper plays a crucial role in chlorophyll production.
Copper serves two main functions in plants: firstly, it affects the oxidizing enzyme of
ascorbic acid, thereby enhancing the acid's oxidative activity. Secondly, copper is an
essential element in the formation of the basic substance Ironporphyrin for chlorophyll
pigment. Approximately 70% of the copper present in the plant is concentrated in
chlorophyll. Consequently, an increase in plant height and leaf area has a positive ef-
fect on chlorophyll formation in the leaves. A larger leaf area results in a higher inter-
ception of light, thereby increasing the efficiency of the photosynthesis process in the
plant [21]. The plant's response to nano copper spraying in growth characteristics can
be attributed to the significance of nano fertilizers in plant nutrition. These fertilizers
work to boost photosynthesis processes by increasing the chlorophyll content in leaves.
They also enhance the ability of crops to withstand various stress conditions and resist
diseases, ultimately achieving the best nutritional balance for these nutrients within the
plant. This pushes the plant towards better growth as a result of the clear role of these
nutrients in improving the plant's chances of utilizing growth factors in a more effec-
tive way [19].

Biological yield (ton ha)

The results in Table 5. demonstrate a significant effect of adding liquid organic
fertilizer on biological yield. The addition level (O,) resulted in the highest mean yield
of 3.753 tons ha?, representing a 67.32% increase compared to the comparison level
(Op), which yielded a mean of 2.243 tons ha. Additionally, significant differences
were observed when spraying with nano copper. The (F3) concentration showed a
significantly superior effect, with the highest biological yield of 3.215 tons per hectare,
a 21.41% increase compared to the (Fo) concentration, which yielded 2.648 tons ha™.
Moreover, there was a significant difference in the interaction between the treatments.
The (O, F3) treatment yielded the highest biological yield, with a mean of 4.057 tons
ha, compared to the (Oq Fo) treatment, which recorded 2.099 tons ha, representing a
93.28% increase.

Table (5): Effect of liquid organic fertilizer, nano copper, and their interaction on Bi-
ological yield (ton ha™')

Nano copper Liguid organic fertilizer (L ha) Means

(mg L) Oo O1 0
Fo 2.099 2.470 3.374 2.648
F1 2.215 2.772 3.642 2.876
F2 2.293 3.034 3.939 3.089
Fs 2.366 3.222 4.057 3.215

2.243 2.874 3.753
Means

LSDo.0s5 Liquid organic fertilizer (O) = 0.051
LSDo.05 Nano copper (F) =0.031

241



Journal of Kerbala for Agricultural Sciences Issue (4), Volume (11), (2024)

LSDo.os O x F Interactions = 0.062

The biological yield is the amount of carbon dioxide accumulated by a plant during
the growing season, which depends on the balance between photosynthesis and
respiration. It encompasses the total dry matter produced by the plant during its life
cycle, including stems, leaves, branches, and pods. Biological yield is influenced by
environmental and genetic factors, as well as the addition of nutrients that support plant
growth. Achieving maximum growth rates requires an adequate number of leaves and
a robust leaf area for vegetation cover, which is linked to plant growth speed and
duration [15], Research results indicate that the biological yield of plants increases in
response to the application of liquid organic fertilizer and nano copper spray. This
increase may be attributed to the positive effect of the liquid organic fertilizer, which
creates a favorable environment for the growth and reproduction of microscopic soil
organisms, supporting overall plant health. Liquid organic fertilizer, containing or-
ganic acids like humic acid, acts as a natural chelator for nutrients, enabling the plant
roots to effectively absorb them, and thereby promoting vital processes within the
plant. This, in turn, supports healthy plant growth, enhancing crop productivity [18].
The application of nano copper spray has been found to positively effect the biological
yield of plants. This is attributed to the significant role of copper in increasing plant
height, number of branches, number of leaves, dry weight of the plant, and seed yield,
ultimately contributing to the overall biological yield. These findings are consistent
with the work of [11, 22]. Copper plays an important role in enhancing vegetative
growth by influencing the photosynthesis process through its involvement in
chloroplast specific proteins and electron transfer within the photosynthesis system.
The combination of liquid organic fertilizer and nano copper spray contributes to
achieving a balanced nutritional profile for the plant, thereby promoting better growth
and production [16, 23].

Harvest Index

The results presented in Table 6. demonstrate the significant effect of adding liquid
organic fertilizer on the harvest index. The addition level (O;) resulted in the highest
harvest index at a mean of 39.01%, representing an 18.78% increase compared to the
comparison level (Oo) which yielded the lowest harvest index at a mean of 32.84%.
Additionally, the results indicate a significant difference in the effect of spraying with
nano copper. The highest harvest index was achieved with concentration (F3) at a mean
of 38.91%, reflecting a 9.38% increase compared to concentration (Fo) which resulted
in a mean of 35.57%. Furthermore, when considering the interaction of both factors,
the treatment (O, F3) achieved the highest harvest index with a mean of 43.99%, while
the comparison treatment (O Fo) yielded the lowest mean at 31.76%, representing a
significant increase of 38.51%. The harvest index is an important characteristic of
a crop, representing the plant's efficiency in converting carbon metabolism products
into seeds. The study results demonstrate the plant's response to the application of
liquid organic fertilizer and spraying with nano copper. The interaction of these
treatments led to an increase in the harvest index, likely due to the effect of the liquid
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organic fertilizer. This resulted in an increased total seed yield and biological yield,
subsequently positively affecting the harvest index. The liquid organic fertilizer also
played a significant role in plant growth by increasing dry matter and transferring it
from the vegetative part to the fruitful part, ultimately accumulating in the seeds [18].
Additionally, spraying with nano copper also had a significant effect on increasing the
harvest index, attributed to the positive role of copper in enhancing the efficiency of
the photosynthesis process and nutrient transfer to the seeds, resulting in increased
seed and biological yield [24].

Table (6): Effect of liquid organic fertilizer, nano copper, and their interaction on
Harvest Index.

Nano copper Liguid organic fertilizer (L ha?) Means
(mg L) Qo 01 02
Fo 31.76 36.74 38.23 35.57
F1 32.07 37.96 37.20 35.74
F2 32.78 38.22 36.60 35.87
Fs 34.75 37.99 43.99 38.91
32.84 37.73 39.01
Means

LSDo.0s Liquid organic fertilizer (O) = 0.34
LSDo.05s Nano copper (F) =0.87
LSDo.0s O x F Interactions = 1.33

Protein yield (kg h')

In Table 7, the results demonstrate the significant effect of adding liquid organic
fertilizer on protein yield. The addition level (O;) produced the highest mean protein
yield of 483.20 kg hat, showing a substantial 223.43% increase compared to the lowest
protein yield of 149.40 kg ha* at the comparison level (Oo). Additionally, significant
differences in protein yield were observed when using nano copper spray, with
concentration (F3) showing the highest mean yield of 389.30 kg ha?, a 56.03%
increase compared to concentration (Fo), which yielded 249.50 kg ha™*. The interaction
between the two factors also demonstrated significant differences, with treatment
(O2 F3) resulting in the highest protein yield at a mean of 608.60 kg ha, while the
comparison treatment (O Fo) yielded the lowest mean of 109.70 kg ha, showing an
increase of 454.78%.
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Table (7): Effect of liquid organic fertilizer, nano copper, and their interaction on

Protein yield (kg h'!)
Nano copper Liguid organic fertilizer (L ha?) Means
(mg L?) Oo 01 0,
Fo 109.70 233.10 405.50 249.50
F1 132.40 284.80 438.10 285.10
F2 158.70 325.70 480.50 321.70
Fs 196.60 362.60 608.60 389.30
149.40 301.50 483.20
Means

LSDo.05 Liquid organic fertilizer (O) = 9.86
LSDo.0s Nano copper (F) =7.79
LSDo.0s O % F Interactions = 13.75

The results indicate how the crop responded to the application of liquid organic
fertilizer and spraying with nano copper, as well as their combined effect on increasing
protein yield. The increase in protein yield can be attributed to the significant effect of
liquid organic fertilizer on total seed yield and its higher protein concentration in the
seeds, which led to an overall increase in protein yield. These findings align with the
results of [18 ,25], the results also demonstrated the significant effect of spraying with
nano copper in increase protein yield, as a result of its superior effect on both total seed
yield and protein concentration in the seeds. This subsequently led to an increase in
protein yield in the [21, 26]. The response of the mung bean crop to organic fertiliza-
tion and spraying with nano copper in terms of growth characteristics can be explained
by achieving a better nutritional balance for these nutrients within the plant. This bal-
anced nutrition encouraged better growth and production by enhancing the plant's abil-
ity to effectively utilize growth factors

The mung bean crop's growth, yield, and quality were significantly improved by
increasing the amount of liquid organic fertilizer in the soil and spraying the crop with
Nano copper, the best results in the plant traits studied were achieved with the treat-
ment involving the addition of (10 L ha) of liquid organic fertilizer to the soil and
foliar feeding with (45 mg L) of nano copper.

References

1) Shahrajabian, M. H., Sun, W., & Cheng, Q. (2019). A short review of health ben-
efits and nutritional values of mung bean in sustainable agriculture. Polish Journal
of Agronomy, 37, 31-36.

2) Mohan Naik, G., Abhirami, P., & Venkatachalapathy, N. (2020). Mung bean. In
Pulses: Processing and Product Development (pp. 213-228).

3) Hu, Y.W, Li, Q. K., Song, C. J., & Jin, X. H. (2021). Effect of humic acid com-
bined with fertilizer on the improvement of saline-alkali land and cotton growth.
Applied Ecology and Environmental Research, 19(2), 1279-1294.

244



Journal of Kerbala for Agricultural Sciences Issue (4), Volume (11), (2024)

4) Shah, Z. H., Rehman, H. M., Akhtar, T., Alsamadany, H., Hamooh, B. T., Mujtaba,
T., & Chung, G. (2018). Humic substances: Determining potential molecular regu-
latory processes in plants. Frontiers in Plant Science, 9, 263.

5) Khan, R. U., Khan, M. Z., Khan, A., Saba, S., Hussain, F., & Jan, I. U. (2018).
Effect of humic acid on growth and crop nutrient status of wheat on two different
soils. Journal of Plant Nutrition, 41(4), 453-460.

6) Olaetxea, M., Mora, V., Garcia, A. C., Santos, L. A., Baigorri, R., Fuentes, M., &
Garcia-Mina, J. M. (2016). Root-shoot signaling crosstalk involved in the shoot
growth promoting action of rhizospheric humic acids. Plant Signaling & Behavior,
11(4), e1161878.

7) Chen, Q.,Qu, Z., Ma, G., Wang, W., Dai, J., Zhang, M., & Liu, Z. (2022). Humic
acid modulates growth, photosynthesis, hormone, and osmolytes system of maize
under drought conditions. Agricultural Water Management, 263, 107447.

8) Van Oosten, M. J., Pepe, O., De Pascale, S., Silletti, S., & Maggio, A. (2017). The
role of biostimulants and bioeffectors as alleviators of abiotic stress in crop plants.
Chemical and Biological Technologies in Agriculture, 4, 1-12.

9) Zhao, H., Liu, M., Chen, Y., Lu, J., Li, H., Qiao, S., & Glushchenko, N. N. (2019).
Pepper plants response to metal nanoparticles and chitosan in nutrient media. Aus-
tralian Journal of Crop Science, 13(3), 433-443.

10) Pramanik, P., Krishnan, P., Maity, A., Mridha, N., Mukherjee, A., & Rai, V.
(2020). Application of nanotechnology in agriculture. In Environmental Nanotech-
nology (Vol. 4, pp. 317-348).

11)  Singh, M. D. (2017). Nano-fertilizers as a new way to increase nutrient use
efficiency in crop production. International Journal of Agriculture Sciences, 9(7),
0975-3710.

12)  Thakur, S., Thakur, S., & Kumar, R. (2018). Bio-nanotechnology and its role in
agriculture and the food industry. Journal of Molecular Genetics and Medicine,
12(324), 1747-0862.

13) Gomez, K. A., & Gomez, A. A. (1984). Statistical procedures for agricultural
research. John Wiley and Sons.

14)  Al-Abedi, J. A. (2011). A guide to the use of chemical and organic fertilizers
in Iraq. The General Authority for Agricultural Extension, Iragi Ministry of Agri-
culture, 90.

15)  Akhtar, T., Ismail, S. M., & Al-Nakhlawy, F. S. (2017). Optimization of humic
acid application rate by evaluating the response of mung bean (Vigna radiata) yield,
growth components, and soil properties in the western region of Saudi Arabia. In-
ternational Journal of Biosciences, 1(1), 240-248.

16)  Al-Darragy Ammar, J. O., & Huthily, K. H. (2022). Effect of rhizobia inocu-
lation and levels of copper, molybdenum, and cobalt on the number of root nodes,
plant weight of root nodes, and some growth characteristics of mung bean (Vigna
radiata L.). NeuroQuantology, 20(10), 9954.

17) lzadi, M. H., & Emam, Y. (2010). Effect of planting pattern, plant density, and
nitrogen levels on grain yield and yield components of maize cv. SC704.

245



\\, Journal of Kerbala for Agricultural Sciences Issue (4), Volume (11), (2024)

18)  Nabi, H. A. A., & Obaid, A. K. (2019). Effect of humic acid on some growth
characteristics and green yield of two hybrids of broad bean (Vicia faba L.). Basrah
Journal of Agricultural Sciences, 32, 256-261.

19)  Yang, H., Wei, H., Ma, G., Antunes, M. S., Vogt, S., Cox, J., & Peer, W. A.
(2016). Cell wall targeted in planta iron accumulation enhances biomass conversion
and seed iron concentration in Arabidopsis and rice. Plant Biotechnology Journal,
14(10), 1998-20009.

20)  Alsawaf, A., & Ibraheem, F. F. (2023). Effect of cultivars, apical pinching, and
copper nano-fertilizer on green pod characteristics of broad bean (Vicia faba L.) in
the Fadhiliya area. Eastern Journal of Agricultural and Biological Sciences, 3(1),
69-76.

21) Abobatta, W. F. (2017). Different impacts of nanotechnology in the agricultural
sector development. In Nano Technology Science and application - The Creative
Researchers first scientific annual conference (pp. 99-102).

22)  Semenova, N. A., Burmistrov, D. E., Shumeyko, S. A., & Gudkov, S. V.

(2024). Fertilizers based on nanoparticles as sources of macro- and microelements
for plant crop growth: A review. Agronomy, 14(8), 1646.

23) Mawale, K. S., Nandini, B., & Giridhar, P. (2024). Copper and silver nanopar-
ticle seed priming and foliar spray modulate plant growth and thrips infestation in
Capsicum spp. ACS Omega, 9(3), 3430-3444.

24)  Ayub, M. A, Naeem, A., ur Rehman, M. Z., Farooqi, Z. U. R., Umar, W., Fat-
ima, H., & Shabaan, M. (2022). Role of nanotechnology in enhancing crop produc-
tion and produce quality. In Sustainable Nanotechnology for Environmental Reme-
diation (pp. 703-764).

25)  Kahraman, A. (2017). Effect of humic acid doses on yield and quality param-
eters of cowpea [Vigna unguiculata (L.) Walp] cultivars. Legume Research - An
International Journal, 40(1), 155-159.

26) Al-Yasari, M. N. H. (2022). Potassium and nano-copper fertilization effects on
morphological and production traits of oat (Avena sativa L.).

246



