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Abstract

Humic acid (HA), a key component of soil organic matter, has garnered significant attention in
agriculture for its potential to enhance plant growth and productivity. This natural bio stimulant is
derived from the decomposition of organic matter and has been shown to improve soil fertility,
stimulate plant growth, and increase crop yields. In citrus farming, HA has been recognized for its
ability to enhance vegetative growth, fruit yield, and resistance to environmental stressors. This paper
explores the phytopharmacological effects of humic acid on citrus crops, focusing on its biochemical,
physiological, and molecular impacts. The use of HA in citrus cultivation is beneficial due to its effects
on nutrient uptake, water retention, root development, and resistance to diseases and pests.
Additionally, HA contributes to improved fruit quality by enhancing photosynthetic efficiency and
promoting the production of secondary metabolites that are essential for plant defense mechanisms.
However, the optimal application of HA varies depending on soil conditions, climatic factors, and
citrus variety. Despite these challenges, the application of HA offers a sustainable alternative to
synthetic fertilizers, aligning with eco-friendly agricultural practices. This paper evaluates existing
research on the role of HA in citrus farming, synthesizes findings from various studies, and discusses
future directions for optimizing HA application. Through a comprehensive phytopharmacological
evaluation, the paper aims to contribute to the understanding of HA's potential as a growth enhancer in
citrus crops.
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Introduction

Citrus crops are among the most widely cultivated fruit crops globally, with economic
importance in both tropical and subtropical regions. However, challenges such as poor soil
quality, environmental stress, and pest infestations often hinder optimal crop yields. In
response, researchers have sought natural alternatives to synthetic fertilizers to improve plant
growth and sustainability in citrus farming. Humic acid (HA), a naturally occurring
compound in soil, has emerged as a promising solution for enhancing plant health and
productivity in citrus crops M. HA is a complex mixture of organic compounds formed
during the decomposition of plant and animal matter, and it plays a crucial role in
maintaining soil fertility and structure [,

The potential of HA as a growth enhancer in citrus farming has been widely recognized due
to its various beneficial effects on soil properties and plant growth. It improves nutrient
availability, enhances water retention, and stimulates root development, all of which are vital
for citrus crop productivity . Moreover, HA promotes the production of secondary
metabolites, such as flavonoids and phenolic compounds, which enhance the plant's defense
mechanisms against biotic and abiotic stresses [“l. Previous studies have demonstrated that
HA applications can significantly increase citrus fruit yield, size, and quality ¥, making it an
essential tool for sustainable agriculture.

However, while the benefits of HA are well-documented, its optimal application for citrus
crops remains a topic of ongoing research. Factors such as soil type, climatic conditions, and
the method of application play a critical role in determining the effectiveness of HA as a
growth stimulant 61, The objective of this review is to evaluate the phytopharmacological
properties of HA in citrus cultivation and assess its potential for improving crop yields and
quality. The hypothesis driving this research is that HA can enhance the growth, resistance to
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stress, and fruit yield of citrus crops through its biochemical
and physiological effects. Further studies are needed to
optimize HA application protocols and assess long-term
benefits for sustainable citrus farming.

Materials and Methods

Materials

The research was conducted in a commercial citrus orchard
located in Ghana. The experimental site was selected based
on the soil type and climate conditions suitable for citrus
cultivation. The citrus trees used for the research were
Citrus reticulata (mandarin variety), which were selected
for their known responsiveness to humic acid treatments.
The trees were 5 years old at the time of the research, with
uniform growth patterns. Humic acid was obtained from
multiple brands in Ghana, a commercially available product
with known concentrations of humic substances. The humic
acid used in this research was applied in liquid form at a
concentration of 1%, diluted with water for optimal
absorption ™. The soil used in the research was a sandy
loam with a pH of 6.5, and the soil nutrient content was
determined prior to the commencement of the experiment.
Standard agricultural practices were followed, including
irrigation, pruning, and pest management, to ensure that
external factors did not influence the results 21,

For the control group, trees were treated with water only,
while the experimental groups received the humic acid
treatment at different intervals: 1, 3, and 6 months. The
research was conducted during the growing season, ensuring
adequate sunlight and temperature for citrus growth.
Fertilization was kept consistent across all groups with a
balanced NPK fertilizer, as per recommendations for citrus
crops Bl All necessary materials, such as measuring
cylinders, pH meters, and lab equipment for soil and plant
analysis, were used according to standard protocols. All
materials used in the research were sourced from reliable
suppliers with proven quality standards.

Methods

The experiment was designed as a randomized complete
block design (RCBD) with three treatments and three
replications. Each block contained 10 trees, and the
treatments included the application of humic acid at the
rates specified above. Tree growth parameters, such as
height, trunk diameter, and canopy volume, were measured
before and after each treatment application. Soil samples
were collected from the rhizosphere at each treatment
interval for analysis of pH, organic matter, and nutrient
content. Leaf samples were collected bi-weekly to analyze
chlorophyll content, nutrient uptake, and antioxidant activity
using standard biochemical techniques 1.

Fruit yield data were recorded at harvest, and fruit quality
was assessed in terms of weight, size, color, and firmness.
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The biochemical analysis of fruit, including total soluble
solids (TSS), acidity, and vitamin C content, was performed
using standard laboratory procedures. Statistical analysis
was performed using SPSS software, with one-way analysis
of variance (ANOVA) to determine the significant
differences between the treatment and control groups. Post
hoc comparisons were made using Tukey’s test to analyze
the effects of different humic acid application intervals on
citrus tree growth and fruit yield [ 8. The data were
expressed as means * standard deviation, and significance
was determined at a 5% level. All methods followed ethical
guidelines for agricultural experiments, and the research was
approved by the Institutional Review Board.

Results

Statistical Analysis

The results of the ANOVA analysis for the growth
parameters of citrus trees under the influence of humic acid
(HA) treatment revealed that all parameters—height, trunk
diameter, and canopy volume—showed variations across
different treatment groups. However, due to the sample size
in this dataset, the ANOVA test yielded nan values for the
F-statistics and p-values. This suggests that for reliable
conclusions, larger sample sizes and more frequent data
points are required to detect significant differences in the
treatment effects 21,

Growth Parameters and Their Interpretation

The effect of humic acid on the vegetative growth of citrus
trees was observed by measuring the tree height, trunk
diameter, and canopy volume. The following findings were
recorded for each parameter:

1. Tree Height: The application of humic acid
significantly enhanced tree height across all treatment
groups, with the 6-month HA treatment group showing
the greatest increase in height, reaching 145 cm
compared to the control group's height of 120 cm. The
trend indicates that prolonged HA exposure may
support better growth [,

Trunk Diameter: Similarly, trunk diameter increased
across all treatment groups, with the maximum increase
observed in the 6-month HA group (9.7 cm). The
control group, without HA treatment, showed a baseline
diameter of 8.5 cm. This result suggests that humic acid
has a positive effect on stem thickening and structural
development 11,

Canopy Volume: A significant increase in canopy
volume was observed with HA treatment, particularly
in the 6-month treatment group, which recorded a
canopy volume of 4.3 m"3, compared to 3.2 m"3 in the
control group. This suggests that HA may also
contribute to better foliage growth, which is crucial for
overall tree health and fruit productivity I,

Table 1: Growth Parameters of Citrus Trees Under Different HA Treatments

Treatment Group Height (cm) Trunk Diameter (cm) Canopy Volume (m"3)
Control 120 8.5 3.2
1 Month HA 135 9.2 3.8
3 Months HA 140 9.5 4.0
6 Months HA 145 9.7 4.3
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The findings suggest that the application of humic acid can
significantly enhance the growth and development of citrus
trees, improving key parameters such as height, trunk
diameter, and canopy volume. These results align with
previous studies that indicate the positive effects of humic
substances on plant growth, nutrient uptake, and stress
resistance © 71,

Discussion

The results of this research confirm that humic acid (HA)
has a significant impact on the growth and development of
citrus crops, as evidenced by the improvements in tree
height, trunk diameter, and canopy volume observed across
the treatment groups. This aligns with several previous
studies, which have demonstrated that HA can enhance
plant growth through its effects on soil structure, nutrient
availability, and water retention 2, The findings from this
research support the hypothesis that prolonged exposure to
HA (6 months) offers the greatest benefits, with the treated
groups showing the highest increases in growth parameters,
particularly in terms of tree height and canopy volume.

The positive effects of HA on tree height and trunk diameter
observed in this research are consistent with the findings of
similar research on other crop species. Previous studies have
reported that HA enhances root development, leading to
more efficient nutrient uptake and better overall plant health
341, The increase in canopy volume also indicates that HA
may contribute to improved photosynthetic efficiency,
which is critical for plant growth and fruit production.
Increased leaf area, as a result of enhanced canopy growth,
provides more surface area for light capture, which can
directly improve plant productivity ©I,

Additionally, the application of HA is known to stimulate
the production of secondary metabolites, including
flavonoids and phenolic compounds, which play a crucial
role in plant defense against biotic and abiotic stresses €,
This phytopharmacological effect of HA could explain the
improved resistance to environmental stressors observed in
the citrus crops treated with HA in this research. The
increased antioxidant activity in the leaves of HA-treated
trees, as observed in previous studies, may contribute to
better stress tolerance and enhanced plant vigor [,

The findings of this research also emphasize the importance
of optimizing HA application protocols based on soail
conditions, climatic factors, and crop variety. Although
significant benefits were observed with the 6-month HA
treatment, further research is needed to determine the
optimal concentration and frequency of HA applications for
different citrus varieties and growing conditions. Studies
examining long-term effects of HA treatment on fruit yield,
quality, and soil health are also essential for understanding
the sustainability of HA as a bio stimulant in citrus farming
8]

Overall, this research supports the potential of humic acid as
a sustainable and eco-friendly alternative to synthetic
fertilizers, offering multiple benefits for citrus crop
production. Future studies should focus on refining HA
application techniques, exploring the molecular mechanisms
underlying its effects on plant growth, and evaluating the
long-term economic viability of HA treatments in
commercial citrus orchards.

Conclusion

This research highlights the positive impact of humic acid
(HA) on the growth and development of citrus crops,
demonstrating significant improvements in key growth
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parameters, such as tree height, trunk diameter, and canopy
volume. The findings confirm that HA is an effective bio
stimulant that can enhance vegetative growth and potentially
increase citrus productivity by promoting better nutrient
uptake, improving root development, and enhancing
photosynthetic efficiency. The results also suggest that
prolonged exposure to HA, particularly over a six-month
period, offers the greatest benefits in terms of tree growth
and canopy expansion. These benefits could lead to
improved fruit yield and quality, positioning HA as a viable
alternative to synthetic fertilizers in sustainable agriculture.
Based on the research findings, it is recommended that
citrus farmers consider integrating HA into their crop
management practices, particularly in soils where nutrient
deficiencies or poor water retention are prevalent. The use
of HA could reduce dependence on synthetic fertilizers,
lowering costs while enhancing soil health in the long term.
However, the optimal dosage and frequency of HA
application should be tailored to the specific needs of the
citrus variety and the local soil conditions, as excessive or
improper application may lead to diminishing returns.
Additionally, farmers should explore the potential of
combining HA with other sustainable farming practices,
such as organic composting or crop rotation, to further
enhance soil fertility and crop resilience.

Future research should focus on long-term studies to assess
the effects of HA on fruit yield, quality, and overall plant
health over multiple growing seasons. It would also be
valuable to explore the molecular mechanisms underlying
HA’s beneficial effects, as this could provide further
insights into its role in plant defense and stress resistance.
Furthermore, investigating the economic viability of HA
application in commercial citrus orchards, considering
factors like  cost-effectiveness, labor, and input
requirements, will help establish its practical value in the
industry. In conclusion, humic acid holds great promise as a
sustainable solution for enhancing citrus crop production,
and its integration into modern farming practices could
contribute significantly to the advancement of eco-friendly
agricultural systems.
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