@@ Agricultural Biotechnology Journal :

Shahid Bahonar Tranian
University of Kerman Biotechnology Society
Print ISSN: 2228-6705 Online ISSN: 2228-6500

Effect of spraying of humic acid and nano iron on some chemical

characteristics of Eggplant (Solanum melongena L)

Anwar Radhi

*Corresponding author. Department of Horticulture Sciences and Landscape Engineering,
College of Agriculture and Marshlands, University of Thi Qar, Iraq. E-mail:
anwar.post2024@utq.edu.iq

Nazar AL Ghasheem

Department of Horticulture Sciences and Landscape Engineering, College of Agriculture and

Marshlands, University of Thi Qar, Iraq. E-mail: nizar.shihan.post.am@utq.edu.iq

Abstract

Objective

Nowadays, improving the nutritional quality of eggplant leaves and fruits and increasing the
efficiency of nutrients in different climatic conditions has attracted the attention of researchers.
In addition, it is very important to study the effect of nutrition on the content of chlorophyll,
protein, anthocyanin and alkaloids with simple and reproducible methods. Therefore, the aim of
this study was to investigate the effect of different amounts of humic acid and nano-iron on some

chemical properties of eggplant (Solanum melongena L., Barcelona cultivar).

Materials and methods

This research was performed during the 2025 growing season at the Research Station of the
College of Agriculture and Marshlands, University of Thi Qar, Iraq. A factorial design with two
main factors was used in this research. The first factor was foliar spraying with humic acid at
three concentrations: 0, 2, and 4 g/L.. while, foliar spraying with nano-iron at five concentrations:
0, 20, 40, 60, and 100 mg/L was considered as the second factor. Then, total leaf protein
percentage, leaf nitrogen percentage, fruit anthocyanin content, leaf chlorophyll percentage, and
fruit alkaloid content were measured. The results were analyzed using the Genstat statistical
program and analysis of variance (ANOVA) for the studied traits. The means were tested

according to the least significant difference (LSD) test (p < 0.05).
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Results

The results showed that the greatest positive effect on chemical properties was caused by the
concentration of 4 g/ humic acid. This treatment increased the percentage of leaf nitrogen
(3.73%), total leaf protein (23.32%), leaf chlorophyll (17.68%), fruit anthocyanin (11.33%), and
fruit alkaloids (0.45%). In addition, the best performance was obtained with a concentration of 60
mg/L nanoiron. For this treatment, the values of 3.56% leaf nitrogen, 22.28% protein, 16.51%
chlorophyll, 10.82% anthocyanin, and 0.43% alkaloids were observed. Based on these results, it
can be said that both treatments have a strengthening role in physiological processes and the

accumulation of important chemical compounds in the plant.

Conclusion

According to the results obtained, treatments of 4 g/LL humic acid and 60 mg/L nanoiron can be
used as the best recommended treatments to improve the quality of eggplant leaves and fruits.
Because these substances probably increase the absorption of nutrients and enhance metabolic
activity, causing chlorophyll and secondary beneficial compounds to be produced more in the
plant. Therefore, these treatments can be recommended for use in nutritional programs in areas
that have similar conditions to the study area.
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Introduction

One of the plants that is rich in essential nutrients, vitamins and organic acids and is very

important for human health is eggplant (Solanum melongena L.) (Alhaithloul et al., 2019). The
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location of cultivation and widespread production of this vegetable includes subtropical regions
such as India and Central America, throughout Asia and Africa, and warm temperate regions of
the Mediterranean basin and South America (FAO, 2020). Antioxidant compounds, including
ascorbic acid, phenolic compounds, and flavonoids, are found in high amounts in eggplant fruits
(Lyuetal., 2024). Another reason for the increasing demand for eggplant is that it has been shown
to help inhibit tumor growth and reduce inflammation (Matsubara et al., 2005). Like many
horticultural crops and plants, eggplant also requires adequate nutrients for proper growth and
production. Based on the results of various studies, it has been found that slow-release fertilizers
can be used to improve yield and enhance fruit quality (Wang et al., 2015). Various sources, such
as organic, synthetic or combined sources, can be used to provide optimal plant nutrition for
growth and development. Therefore, many studies have focused on the development and
application of organic fertilizers, biofertilizers and nanonutrients and report their advantages and
disadvantages. (Yadav et al., 2019). The biological decomposition of plant and animal residues
produces a complex organic material of variable molecular weight, called humus. This organic
material is usually dark brown to black in color (Suh et al., 2014). Humus is classified into three
groups; fulvic acid, humic acid, and humin, based on solubility and molecular characteristics
(Souza et al., 2022). These groups, especially humic acids and amino acids, enhance plant
physiological excellence and act as effective biostimulants. These are commonly used as safe and
cost-effective alternatives to chemical fertilizers (Souri and Hatamian, 2019; Amiri Foroutaghi et
al., 2022). Various research results have shown that humic acid plays an important role in
increasing plant growth. For example, it plays a role in increasing salt stress tolerance in eggplant
genotypes (Kiran et al., 2014), increases the concentration of volatile compounds in Thymus
vulgaris (Noroozisharaf and Kaviani, 2018), improves fresh yield and leaf NPK content in
eggplant (Mammadova, 2023), and increases the yield and quality of strawberry fruits (Zydlik
and Zydlik, 2023). One of the powerful new technologies is nanotechnology. It is an
interdisciplinary-multidisciplinary field that uses a set of tools and techniques from engineering,
physics, chemistry, and biology (Mohammadabadi et al., 2009; Heidarpour et al. 2011;
Mohammadabadi and Mozafari, 2018). With the advances made in nanoscience and
nanotechnology, humanity has been able to achieve the fabrication and identification of
submicron-sized bioactive carriers (Mortazavi et al., 2005; Zarrabi et al., 2020). Compared to
micrometer-sized carriers, nanocarriers have higher surface area availability, greater potential for
increased solubility, higher bioavailability, improved controlled release, and enable precise
targeting of entrapped materials (Heidarpour et al. 2011; Mohammadabadi and Mozafari, 2019).
In agriculture, nanotechnology has also become a reliable and promising tool for improving

agricultural productivity and managing plant stresses (Rai and Ingle, 2012). Nanofertilizers have
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a high specific surface area and increased reactivity, so they can prevent nutrient loss, limit the
accumulation of toxic elements in soil and water, and reduce the environmental damage
associated with conventional fertilizers (Mohamed et al., 2023). Iron is an essential micronutrient
that plays a key role in redox reactions and also serves as an important cofactor for key antioxidant
enzymes such as superoxide dismutase (SOD), peroxidase (POD), and catalase (CAT) (Tripathi
et al., 2018). Various research results have shown that foliar application of iron nanoparticles can
increase plant stress tolerance (Konate et al., 2017), increase free proline and total phenolic
content, and stimulate carbohydrate and protein synthesis (Attia et al., 2022; Ashraf et al., 2022).
Thus, the aim of this study was to assess the effects of different concentrations of humic acid and

nano-iron on the growth and development of eggplant seedlings.

Materials and methods

This study was done at the Research Station of the Faculty of Agriculture and Natural
Resources, Dhi Qar University, Dhi Qar Governorate, Iraq, during the 2024-2025 growing season.
The study area has a hot and semi-arid climate.

A factorial design with two main factors was used in this research. The first factor was foliar
spraying with humic acid at three concentrations: 0, 2, and 4 g/L. while, foliar spraying with nano-
iron at five concentrations: 0, 20, 40, 60, and 100 mg/L was considered as the second factor. A
total of 15 treatments were carried out with three replications, resulting in 45 experimental units.

Powdered humic acid with a purity of 90% was prepared and dissolved in distilled water at
concentrations of 0, 2, and 4 g/L. The solutions were completely homogenized with a magnetic
stirrer and prepared half an hour before foliar spraying. The solutions were sprayed with a hand
sprayer in the early morning hours until the entire leaf and aerial parts were wetted (to the point
of near-drip).

Iron oxide nanoparticles (FesOs) with particle sizes of 30-50 nm were prepared.
Concentrations of 0, 20, 40, 60 and 100 mg/L were prepared using distilled water and a small
amount of adhesive (Tween-20, 0.1%) to improve foliar uptake. Spraying was done in the same
three stages as humic acid, and in each case humic acid was applied first and then nanoiron to
avoid mixing of solutions. All agronomic operations including weeding, pest control, irrigation
and uniform growth were carried out according to local recommendations. No other foliar
chemical fertilizers were used to avoid interference with the results. Pest control was done with
low-risk biological pesticides only when needed.

For nitrogen measurement, whole and developed leaves were sampled. The samples were
dried at 70°C and then ground. Nitrogen percentage was measured by Kjeldahl method according
to AOAC guidelines (Abrams et al., 2014).
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Total protein content was calculated using the standard equation:
Protein % = N% x 6.25

To measure chlorophyll, 1 g of fresh leaf tissue was homogenized in 80% acetone solution
and optical absorption was measured at wavelengths of 663 and 645 nm by spectrophotometer.
The chlorophyll content was calculated based on the Arnon (1949) formula.

For measurement of anthocyanin, 2 g of fresh fruit peel was extracted with acidic methanol
(methanol + 1% HCI) and optical absorbance was measured at 535 nm. Anthocyanin content was
calculated according to the method of Giusti & Wrolstad (2001).

For the determination of alkaloids, 5 g of fresh sample was extracted with 70% ethanol and
after filtration, the alkaloid content was determined using the titration method adopted from
AOAC (Fazel et al., 2010). The results were reported in mg/100g fresh weight.

Data were analyzed using the Genstat statistical program (GenStat, 2008). Means were
compared using the LSD test at a probability level of 5%. All data were checked for normality

and corrected if necessary.

Results and discussion

Estimating the concentration of N in leaves: Results in Table 1 shows the effect of
different concentrations of humic acid on the percentage of nitrogen in eggplant plant leaves.
The concentration of 4 g/L showed the highest percentage of nitrogen (reaching 3.73), while
the treatment without adding humic acid (0 g/L) recorded the lowest percentage (2.92). As for
the effect of spraying with nano iron, the concentration 60 mg/L nano iron achieved the highest
average percentage of nitrogen in the leaves (reaching 3.56), while the concentration of 0 mg/L
recorded the lowest average (3.05). The Table 1 also indicates the presence of significant
differences resulting from the interaction between humic acid concentrations and nano iron.
The combined treatment with 4 g/L. concentration humic acid and 60 mg/L nano iron recorded
the highest percentage of nitrogen in eggplant plant leaves (reaching 3.83). In contrast, the
control treatment (without additives) showed the lowest nitrogen content (2.13).

Estimating the concentration of protein in eggplant plant leaves: Results in thr Table
2 shows the effect of different concentrations of humic acid on the percentage of protein
content in eggplant plant leaves. The results revealed the significant differences between used
concentrations. The concentration of 4 g/L recorded the highest protein content (reaching
23.32), while the lowest percentage was recorded in the treatment without adding the acid (0
g/L) (18.34). Regarding the effect of nano-iron, the data showed that the concentration of 60
mg/L led to a significant increase in the protein percentage, (reaching 22.28), while the

concentration of 0 mg/L recorded the lowest percentage (19.10). The interaction between
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humic acid and nano-iron concentrations showed a significant effect, with the combined
treatment of 4 g/L humic acid and 60 mg/L nano-iron achieving the highest total protein
content in leaves (reaching 23.94). In contrast, the control sample recorded the lowest protein

content (13.35).

Table 1. Effect of spray concentrations of humic acid and nano-iron and their interaction

on estimating the percentage of nitrogen in eggplant plant leaves

Nano Iron Con. (mg/L)
Humic Acid Con. (g/L)

20 40 60 100 Mean (Humic Acid)
0 2.13 2.84 3.15 3.27 3.24 2.92
2 336 347 3.52 3.59 3.52 3.49
4 3.66 3.70 3.72 3.83 3.74 3.73

Mean (Nano Iron)  3.05 3.33 346 3.56 3.50

L.S.D. Nano Iron Humic Acid Interaction

0.05% 0.116 0.089 0.200

Table 2. The effect of spraying with humic acid and nano iron and the interaction between

them in estimating the percentage of protein in eggplant leaves

Humic Acid Con. (g/L) Nano Iron Con. (mg/L)
0 20 40 60 100 Mean (Humic Acid)
0 13.35 17.77 19.69  20.44 20.46 18.34
2 21.02  21.71 2225 2248 22.10 21.91
4 2292 23.17 23.21 23.94 2340 23.32

Mean (Nano Iron) 19.10  20.88 21.71 2228  21.99

L.S.D. Nano Iron Humic Acid Interaction

0.05% 0.725 0.562 1.256

Estimating the total chlorophyll in eggplant plant leaves (mg/100g): Results in Table 3
shows significant differences between the concentrations under study of humic acid. The
concentration of 4 g/L recorded the highest total chlorophyll content, (reaching 17.68 mg/100g of
fresh material), while the lowest value was recorded in the treatment without adding the acid (0
g/L) (14.09 mg/100g). Regarding the effect of nano-iron, it was found that the concentration of
60 mg/L led to a significant increase in chlorophyll concentration (reaching 16.51 mg/100g)
compared to concentration of 0 g/L, which recorded 14.96 mg/100g. The interaction between

humic acid and nano-iron showed a clear significant effect. The combined treatment at the

202



o S,

Radhi & AL Ghasheem, 2026

o

concentration of 4 g/ humic acid and 60 mg/L nano-iron achieved the highest total chlorophyll
content (reaching 18.50 mg/100 g). In contrast, the sample recorded the lowest concentration

(13.54 mg/100 g).

Table 3. Effect of spraying with humic acid and nano-iron and their interaction on

estimating the percentage of total chlorophyll (mg/100 g fresh matter) in eggplant plant

leaves
Humic Acid Con. (g/L) Nano Iron Con. (mg/L)
0 20 40 60 100 Mean (Humic Acid)
0 13.54 13.89 14.24 14.50 14.27 14.09
2 14.55 1534  15.40 16.53 16.38 15.64
4 16.78 17.44  17.52 18.50 18.15 17.68

Mean (Nano Iron) 1496 1556 15.72 16.51 16.27

L.S.D. Nano Iron Humic Acid Interaction

0.05% 0.340 0.263 0.589

Estimating the anthocyanin pigment in fruit peel: Results in Table 4 shows significant
differences between the used concentrations. The data showed that the concentration of 4 g/L of
humic acid resulted in the highest anthocyanin pigment level (11.33 mg/100 g), while the
concentration of 0 mg/L recorded the lowest value (9.26 mg/100 g). Regarding the effect of nano-
iron, the concentration of 60 mg/L achieved the highest anthocyanin content (10.82 mg/100 g),
while the lowest value was related to the concentration of 0 mg/L (9.86 mg/100 g). Regarding the
interaction between humic acid and nano-iron, the results showed that the combined treatment
with the concentration of 4 g/L humic acid and the concentration of 60 mg/L nano-iron showed
statistically significant results and recorded the highest concentration of anthocyanin pigment
(reaching 11.53 mg/100 g). In contrast, the control treatment (without additives) recorded the
lowest value 8.35 mg/100 g).

Estimating the concentration of alkaloids in fruits: Results in Table 5 shows significant
differences between the studied concentrations. When the concentration 4 g/L. humic acid was
used, the highest average alkaloid content of 0.43 mg/100g was achieved, while the concentration
of 0 g/L recorded the lowest value (0.21 mg/100g). Results (Table 5) also represents that nano-
iron different concentrations were significantly affected the level of alkaloids in eggplant fruits.
The concentration of 60 mg/L recorded the highest rate (0.43 mg/100g), while the lowest value
achieved in the treatment without adding iron (0 mg/L) (0.22 mg/100g). Regarding the interaction

between nano-iron and humic acid Humic acid, a clear significant effect was found, as the
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combined treatment at the concentration of 4 g/L humic acid with the concentration of 60 mg/L
nano-iron resulted in the highest concentration of alkaloids in the fruit (reaching 0.54 mg/100 g).
In contrast, the control treatment (0 mg/L) recorded the lowest content (0.12 mg/100 g of fresh

matter).

Table 4. Effect of spraying with humic acid, nano-iron, and their interaction on anthocyanin

pigmentation in eggplant fruit peel (fresh weight)

Humic Acid Con. (g/L) Nano Iron Con. (mg/L)
0 20 40 60 100 Mean (Humic Acid)
0 8.35 8.73 9.140 1026 9.84 9.26
2 10.14  10.19 1036  10.66 10.24 10.32
4 .11 11.13 1143 1153 1145 11.33
Mean (Nano Iron) 9.86 10.01 1031 10.82 10.51
L.S.D Nano Iron Humic Acid Interaction
0.05% 0.224 0.173 0.388

Table 5. Effect of spraying with humic acid and nano-iron and their interaction on

estimation of the percentage of alkaloids in the eggplant fruit mg/100 g (Fresh weight)

Humic Acid Con. (g/L) Nano Iron Con. (mg/L)
0 20 40 60 100 Mean (Humic Acid)
0 0.12  0.15 021 033 0.25 0.21
2 024 031 039 042 0.37 0.34
4 031 041 0.44 0.54 0.46 0.43

Mean (Nano Iron) 0.22 0.29 0.35 043 0.36

L.S.D. Nano Iron Humic Acid Interaction

0.05% 0.024 0.018 0.041

Results of the current study (Tables 1, 2, 3, 4, and 5) confirm the effect of foliar spraying
with humic acid and nano-iron on the chemical characteristics of eggplant. This is attributed to
the role of humic acid on plant growth and productivity (Canellas et al., 2020; Nardi et al., 2021).
The results of this study are in line with the results of their studies. In other studies (Al Zubaidy
and Hsabah, 2022; Sontakk et al., 2024; Haggag et al., 2024), researchers have shown that humus
is responsible for dissolving and moving nutrients through root secretions. Humus also enhances
the presence of nitric oxide in lateral roots, which promotes root growth. Also, studies indicate

that humic acid is a source of the auxin indole acetic acid (IAA), which promotes cell division
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and expansion and acts as an exogenous auxin hormone, regulating root growth and shape
(Zandonadi et al., 2010; Olaetxea et al., 2019; Nardi et al., 2021). Studies have found that spraying
with iron nanoparticles increases proline and phenolic compounds in plant tissues, as proline plays
a role in osmotic regulation (Nahar et al., 2017). Proline accumulation helps maintain cellular
balance and reduce oxidative stress, while phenols help strengthen the plant's immune system.
This is consistent with what many previous studies have confirmed, indicating increased levels
of phenols and proline in infected plants (Attia et al., 2022; Mikulic-Petkovsek et al., 2013). The
results of our study confirm the findings of Wang et al. (2011), who confirmed the role of iron in
RNA synthesis and enzyme activity. They found that iron nanoparticles induce greater oxidative
stress in plants and enhance the activity of antioxidant enzymes.

Conclusions: The results obtained in this study showed that the use of humic acid and nano-
iron treatments had significant effects on eggplant characteristics. A concentration of 4 g/L of
humic acid had the best effect on the amount of leaf chlorophyll, total protein, leaf nitrogen,
anthocyanin, and fruit alkaloids. In addition, the best concentration for nano-iron used was 60
mg/L, which had the best effect on the amount of leaf chlorophyll, total protein, leaf nitrogen,
anthocyanin, and fruit alkaloids. The best interaction effect of the two treatments was also
obtained in the combination of 4 g/L of humic acid with 60 mg/L of nano-iron. These results
indicate the important role of humic substances in increasing plant growth and quality, improving
physiological activities, and absorbing nutrients, and can confirm their role as biostimulants. On
the other hand, nanoiron treatment also stimulated the synthesis of important biochemical
compounds in the plant, improved metabolic functions, and increased antioxidant activity.
Therefore, it can be said that simultaneous treatment with humic acid and nanoiron can have
positive effects on the nutritional value and chemical quality of eggplant. Therefore, it can be
concluded that one of the ways to improve the quality of agricultural products can be the
simultaneous use of organic stimulants and nanofertilizers. More research should be conducted
on other varieties and at different growth stages and on a larger scale in order to have a general

and final conclusion.
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