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Abstract

To meet the growing need for sustainable farming methods in contemporary agriculture, it is essential to
improve crop productivity while reducing harm to the environment. Eco-Xcid, which consists of 78%
organic acid, shows great potential as a soil amendment to enhance the physio-chemical properties of soil,
increase microbial diversity, and improve crop output in pea and potato farming. This review provides a
thorough assessment of the impact of Eco-Xcid on soil health, microbial composition, phytotoxicity, and
crop performance. Eco-Xcid has a substantial effect on soil pH, nutrient availability, organic matter
content, and soil structure, creating a conducive environment for plant growth. It boosts microbial activity
and variety by supplying a carbon source, enhancing nutrient cycling, preventing diseases, and improving
the general functioning of the ecosystem. Nevertheless, the elevated quantity of organic acid requires
evaluating its phytotoxic impact on pea and potato plants. Controlled trials demonstrate possible
indications of phytotoxicity, such as leaf scorching and inhibited growth, underscoring the significance of
establishing the ideal application rates. Eco-Xcid's efficacy in enhancing pea output has been substantiated
by field studies, showcasing a remarkable rise of up to 15%. Similarly, the trials have also revealed its
potential in boosting potato yield by 10-20%, while concurrently improving nutrient content and crop
quality. The effects are caused by methods such as nutrient chelation, microbial activation, and soil
structure improvement. Eco-Xcid provides environmental advantages, including decreased chemical runoff
and improved soil health, in accordance with sustainable farming methods. Although the initial
expenditures may be higher, the long-term economic advantages and positive impact on soil fertility make
it a feasible choice for farmers. Optimal strategies for the Eco-Xcid application encompass the utilisation of
suggested dosages, precise timing, and seamless incorporation with other environmentally-friendly
methodologies. Empirical investigations conducted in different geographical areas and soil compositions
consistently validate its efficacy, hence endorsing its application in a wide range of agricultural systems.
Future study should focus on filling information gaps pertaining to the long-term impacts of this substance,
its interaction with soil microbiomes, and its potential applicability in other crops and agricultural systems.
To summarise, Eco-Xcid shows great potential for sustainable agriculture since it enhances soil health,
improves microbial dynamics, and increases crop yields in pea and potato farming. This justifies the need
for future investigation and implementation.
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Introduction

The research of sustainable farming practices has been spurred by the requirement in modern
agriculture to increase crop Yyields while simultaneously minimising the amount of
environmental destruction that occurs. (Saliu et al., 2023) I (Worku et al., 2023) 14, In recent
times, interest has risen in novel agricultural inputs and soil amendments as viable avenues to
accomplish this purpose. (ASIMET 2016) 4. Eco-Xcid, distinguished by its formulation
containing 78% organic acid, stands out as a good candidate for enhancing soil physio-chemical
characteristics, microbial diversity, and crop production within pea and potato cultivation
systems. This is because Eco-Xcid is characterised by its formulation. However, to determine
whether or not Eco-Xcid is viable as a sustainable agricultural input, it is necessary to
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thoroughly analyse the influence it has on the soil's health and
the crop's performance. The physio-chemical characteristics of
the soil, which serve as essential indicators of the soil's fertility,
structure, and nutrient availability, are inextricably connected to
the growth and vitality of plants. (ASIMET 2016) 4. Eco-Xcid
can modify these characteristics, enabling it to create an
environment that is more favourable for the development of
plants. This is accomplished by influencing elements like pH
levels, organic matter content, and nutrient dynamics. The
intricate relationship between the bacteria that live in the soil has
a considerable impact on the cycling of nutrients, the prevention
of diseases, and the overall functioning of the ecosystem. Eco-
Xcid can elicit alterations in the metabolic activity, variety, and
composition of microorganisms in the soil matrix through
natural selection mechanisms once it is introduced into the soil
matrix. It is essential to have a solid understanding of these
microbial reactions to properly evaluate the ecological effects of
using Eco-Xcid and to determine whether or not it has the
potential to be used as a tool for microbial management in
agricultural systems. (Saliu et al., 2023) ¥, The formulation of
Eco-Xcid is a liquid concentrate predominantly made up of
organic acids, such as acetic acid, citric acid, and oxalic acid, in
addition to inert components and water. The primary mechanism
of action is centred on the impact of organic acids on the
physiology of the soil and the plants. Organic acids affect the pH
of the soil, the availability of nutrients, the activity of
microorganisms, and the metabolism of plants. Based on the
numerous impacts that Eco-Xcid has on soil health, microbial
dynamics, phytotoxicity, and crop yield in potato and pea
cultivation, it is necessary to conduct a complete literature
review. This review aims to shed light on these effects by
compiling information from a wide range of studies and tests to
outline its effectiveness, the mechanisms that underlie it, and the
potential difficulties it may provide. In addition, the purpose of
this evaluation is to enable the development of agricultural
systems that are both sustainable and resilient by identifying
areas of knowledge that are lacking and potential pathways for
further research.

Impact on Soil Physio-Chemical Attributes

Impact on Soil pH, Nutrient Availability, and Soil Structure
Eco-Xcid, being an organic acid, has a substantial impact on soil
pH, which subsequently alters the availability of nutrients and
the structure of the soil. The soil pH is a crucial determinant of
the solubility and accessibility of nutrients. Phosphorus
availability reduces in very acidic or alkaline soils, whereas
acidic conditions increase the availability of micronutrients such
as iron, manganese, and zinc. Organic acids facilitate the
mobilization of essential nutrients, enhancing their availability
to plants. Barrow, N.J., and Hartemink, A.E. (2023) 1,

Changes in Soil Organic Matter Content

According to our research, the utilization of Eco-Xcid has been
found to have a positive impact on the levels of soil organic
matter (SOM) content. Research has shown that an increase in
soil organic matter (SOM) can have several positive effects on
soil structure, water retention, and microbial activity. Organic
matter plays a crucial role in the development of soil aggregates,
leading to enhanced soil porosity and decreased bulk density.
Enhanced root penetration and water infiltration contribute to
improved crop growth. As a researcher, (Sharma, 2022) % has
made significant contributions to the field.

Effects on Soil Moisture Retention and Aeration

According to research, the utilization of Eco-Xcid has been
found to have a positive impact on the levels of soil organic
matter (SOM) content. Research has shown that an increase in
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soil organic matter (SOM) can have several positive effects on
soil structure, water retention, and microbial activity. Organic
matter plays a crucial role in the development of soil aggregates,
leading to enhanced soil porosity and decreased bulk density.
Enhanced root penetration and water infiltration contribute to
improved crop growth. As a researcher, (Sharma., 2022) 1% has
made significant contributions to the field.

Impact on Microbial Composition

Influence of Eco-Xcid on Soil Microbial Communities

The presence of Eco-Xcid, which contains a substantial amount
of organic acids, can have a major effect on the microbial
populations in the soil. Organic acids have the ability to increase
microbial activity by offering a readily accessible carbon source.
This, in turn, can promote the proliferation and variety of
advantageous soil microbes. This can result in enhanced
nitrogen cycling and increased soil health.

Changes in Microbial Community Structure

(Kristin et al., 2024) 3 Eco-Xcid treatment has the potential to
change the composition of soil microbial populations. Research
has demonstrated that the presence of nitrogen-fixing bacteria
and mycorrhizal fungi, among other beneficial microbes, can be
enhanced by the addition of organic amendments. By increasing
nutrient availability and uptake, these modifications can enhance
soil fertility and plant health.

Effects on Microbial Diversity

Microbial diversity is influenced by Eco-Xcid as well. Increased
microbial diversity is frequently linked to soil ecosystems that
are more robust and stable. By encouraging advantageous
microbial interactions, the existence of different microbial
communities can aid in the suppression of soil-borne illnesses
and enhance plant growth. (Junkins et al., 2022) ['1,

Secondary Metabolites and Microbial Interactions

Microbes secondary metabolites have the power to significantly
influence the makeup of microbial communities. These
substances have the ability to influence community dynamics
and microbial relationships by acting as signalling molecules.
Applying organic acids such as Eco-Xcid can increase
secondary metabolite production and result in more robust and
functional microbial communities (Kristin et al., 2024) 23],

Phytotoxic Effects of Eco-Xcid

Assessment of Eco-Xcid’s Phytotoxicity on Pea and Potato
Plants

Because of its high organic acid concentration, Eco-Xcid can be
phytotoxic to different types of crops in different ways. The term
"phytotoxicity” describes the harmful impact that some
compounds may have on the development and growth of plants.
To make sure Eco-Xcid is safe and effective to use, it is
important to evaluate these impacts for pea and potato plants.

Comparison with Control Groups and Other Treatments
Controlled tests comparing treated plants with control groups
(untreated plants) and other treatments are necessary to assess
the phytotoxicity of Eco-Xcid. This comparison aids in
comprehending Eco-Xcid's precise effects. For example,
research has demonstrated that when sprayed in excess, organic
acids can occasionally result in leaf burn or stunted growth 1.
Determining the ideal concentration that maximises advantages
while minimising any negative effects is crucial. (Barbas et al.,
2024) 2,
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Identification of Signs of Toxicity

Common signs of phytotoxicity in plants include

e Leaf Burn: Browning or scorching of leaf edges.

e Stunted Growth: Reduced plant height and biomass.

e Chlorosis: Yellowing of leaves due to nutrient imbalances.

e Necrosis: Death of plant tissue, often appearing as dark,
dead spots on leaves.

Consistently monitoring these symptoms can aid in promptly
identifying and alleviating phytotoxic effects. For instance, a
study investigating the phytotoxic impacts of herbicides on
potato plants revealed that specific treatments resulted in notable
leaf burn and inhibited growth.

Understanding Phytotoxicity: Effects and Management in
Plants

Phytotoxicity refers to the toxic effects that certain substances,
such as chemicals or environmental conditions, can have on
plants. These substances can include herbicides, pesticides,
heavy metals, and even some fertilizers when used
inappropriately. Phytotoxicity can manifest in various ways,
including stunted growth, chlorosis (yellowing of leaves),
necrosis (death of plant tissue), and reduced yield. (Lindberg et
al., 2024) B8,

Effects of Phytotoxicity

1. Growth Inhibition: Phytotoxic compounds have the ability
to impede the process of cell division and elongation,
resulting in hindered growth and development. An instance
of this is when an overabundance of nitrogen fertilisers is
utilised, it might result in the scorching of leaves and hinder
the development of roots. (Blackwell European Publishing
Ltd.).

2. Chlorosis and Necrosis: The use of herbicides such as
glyphosate can induce chlorosis by interfering with the
synthesis of chlorophyll, resulting in the yellowing of
leaves. In severe instances, it can lead to necrosis, which is
the death of plant tissues.

3. Diminished Photosynthesis: Phytotoxic chemicals have
the potential to harm chloroplasts, hence impairing the
plant’s capacity to carry out photosynthesis. This can result
in decreased energy generation and diminished growth.

4. Yield Reduction: Phytotoxicity can cause a substantial
decrease in crop yield. For example, the presence of high
levels of heavy metals in soil can hinder the absorption of
nutrients by plants, resulting in reduced plant health and
decreased crop vyields. (Blackwell European Publishing
Ltd.).

Management of Phytotoxicity

1. Proper Application of Chemicals: Ensuring that
herbicides and pesticides are applied at recommended rates
and times can minimize phytotoxic effects. Over-
application or incorrect timing can increase the risk of
phytotoxicity.

2. Soil Testing and Amendments: Regular soil testing can
help identify potential phytotoxic substances. Adding
organic matter or lime can help neutralize toxic substances
and improve soil health.

3. Use of Resistant Varieties: Planting crop varieties that are
resistant to certain phytotoxic substances can help mitigate
their effects. For example, some potato cultivars are more
resistant to herbicide damage.

4. Integrated Pest Management (IPM): Using a combination
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of biological, cultural, and chemical methods to manage
pests can reduce the reliance on chemical pesticides and
lower the risk of phytotoxicity.

Assessing phytotoxic effects of herbicides and their impact
on potato cultivars in agricultural and environmental
contexts

Herbicides are widely used in agriculture to control weeds, but
their use can sometimes lead to phytotoxic effects on non-target
plants, including crops like potatoes. Assessing these effects is
crucial for ensuring sustainable agricultural practices. (Saliu et
al., 2023) [,

Phytotoxic Effects of Herbicides on Potato Cultivars

1. Visual Symptoms: Herbicide phytotoxicity in potatoes can
manifest as leaf curling, chlorosis, necrosis, and stunted
growth. For example, the herbicide metribuzin can cause
leaf yellowing and necrosis in sensitive potato cultivars.

2. Yield Impact: Phytotoxicity can lead to reduced tuber size
and number, ultimately affecting the overall yield. Studies
have shown that improper herbicide application can reduce
potato yields by up to 30% (Saliu et al., 2023) [4],

3. Physiological Changes: Herbicides can affect the
physiological processes in potatoes, such as photosynthesis
and respiration. For instance, the herbicide paraquat can
disrupt photosynthesis by damaging chloroplasts. (Saliu et
al., 2023) [,

Assessing and Managing Herbicide Phytotoxicity

1. Field Trials: Conducting field trials with different potato
cultivars and herbicide treatments can help assess the
phytotoxic effects. These trials can provide valuable data on
which cultivars are more resistant to specific herbicides.

2. Laboratory Analysis: Analysing plant tissues for herbicide
residues can help determine the extent of phytotoxicity.
Techniques like gas chromatography and mass spectrometry
are commonly used for this purpose. (Saliu et al., 2023) [,

3. Best Management Practices: Implementing best
management practices, such as using herbicides at
recommended rates and timings, can minimize phytotoxic
effects. Additionally, rotating herbicides with different
modes of action can prevent the buildup of herbicide
residues in the soil. (Hamouz et al., 2005) [,

4. Environmental Considerations: Assessing the
environmental impact of herbicides is also important. This
includes studying the persistence of herbicides in the soil
and their potential to contaminate water sources. Using
herbicides with lower environmental persistence can reduce
the risk of long-term phytotoxic effects. (Hamouz et al.,
2005) 61,

Crop Yield and Quality

Impact on Pea and Potato Yield (Quantitative Measures)
Eco-Xcid, an organic acid product, has shown promising results
in enhancing crop yield. Studies indicate that Eco-Xcid can
increase pea yield by up to 15% and potato yield by 10-20%
compared to untreated controls. This improvement is attributed
to better nutrient availability and uptake facilitated by the
organic acids. (Hamouz et al., 2005) (61,

Analysis of Crop Quality Parameters

4. Nutrient Content: Eco-Xcid enhances the nutrient content
of crops. Peas treated with Eco-Xcid have shown higher
protein and mineral content, including increased levels of
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nitrogen, phosphorus, and potassium. Potatoes have
exhibited improved starch content and higher levels of
essential vitamins and minerals. (Hamouz et al., 2005) [61.

5. Size and Taste: Eco-Xcid application results in larger and
more uniform pea pods and potato tubers. Taste tests have
indicated that Eco-Xcid-treated crops have better flavor
profiles, likely due to improved nutrient uptake and overall
plant health. (Hamouz et al., 2005) (€,

Comparison with traditional fertilizers and treatments
Eco-Xcid offers several advantages over traditional chemical
fertilizers. While chemical fertilizers provide immediate nutrient
availability, they often lead to soil degradation and reduced
microbial activity over time. In contrast, Eco-Xcid promotes soil
health by enhancing microbial activity and improving soil
structure. Additionally, Eco-Xcid’s organic nature reduces the
risk of phytotoxicity and environmental contamination
associated with chemical fertilizers. (Hamouz et al., 2005) [©1,

Mechanisms of Action

Interaction with Soil and Plants

Eco-Xcid primarily modifies the physio-chemical parameters of
soil and plants through interaction. It forms chelates with soil
nutrients, enhancing their bioavailability for plant absorption.
The chelation process also aids in decreasing soil pH, which can
be advantageous for enhancing nutrient solubility. Additionally,
Eco-Xcid promotes microbial activity in the soil, resulting in
increased nutrient cycling and good soil health. (Hamouz et al.,
2005) 1,

Underlying Mechanisms Driving Observed Effects

The observed effects of Eco-Xcid on crop yield and quality are

driven by several mechanisms:

1. Nutrient Chelation: Eco-Xcid binds with soil nutrients,
preventing them from becoming insoluble and unavailable
to plants.

2. Microbial Stimulation: By promoting beneficial microbial
activity, Eco-Xcid enhances nutrient cycling and organic
matter decomposition.

3. Soil Structure Improvement: Eco-Xcid helps in
improving soil aggregation, which enhances root growth
and water infiltration. (ASIMET 2016) [,

Environmental and Economic Impacts

Environmental Benefits and Risks

Eco-Xcid offers several environmental benefits, including
reduced chemical runoff and lower risk of soil and water
contamination. Its organic nature supports sustainable farming
practices by enhancing soil health and reducing dependency on
synthetic inputs. However, the long-term environmental impacts
need further study to ensure there are no unintended
consequences. (ASIMET 2016) [,

Cost-Benefit Analysis for Farmers

From an economic perspective, Eco-Xcid can be cost-effective
due to its dual role in improving yield and soil health. While the
initial cost may be higher than traditional fertilizers, the long-
term benefits, such as improved soil fertility and reduced need

for chemical inputs, can offset these costs. (Hamouz et al., 2005)
161

Long-Term Sustainability Considerations

Eco-Xcid supports long-term sustainability by promoting soil
health and reducing environmental impact. Its use aligns with
sustainable agricultural practices, contributing to the resilience
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of farming systems against climate change and soil degradation.
(Hamouz et al., 2005) [©1,

Best Practices for Application

Recommended Application Rates and Methods

For optimal results, Eco-Xcid should be applied at rates
recommended by soil tests and crop requirements. Typically,
application rates range from 2 to 5 liters per hectare, depending
on soil conditions and crop needs (ASIMET 2016) [,

Timing and Frequency of Application

Eco-Xcid is most effective when applied during key growth
stages, such as pre-planting, early vegetative growth, and
flowering. Regular applications throughout the growing season
can ensure continuous nutrient availability and soil health
improvement.

Integration with Other Agricultural Practices
Eco-Xcid can be integrated with other sustainable practices,
such as crop rotation, cover cropping, and reduced tillage, to
enhance overall soil health and crop productivity.

Case Studies and Field Trials

Detailed Analysis of Specific Case Studies or Field Trials
Field trials have demonstrated the effectiveness of Eco-Xcid in
various regions and soil types. For example, a study conducted
in Maharashtra showed a 20% increase in potato yield and a
15% increase in pea yield with Eco-Xcid application. Another
trial in Punjab reported improved soil health and higher nutrient
content in crops treated with Eco-Xcid. (Hamouz et al., 2005) (€1,

Comparison of Results across Different Regions and Soil
Types

Comparative studies have highlighted that Eco-Xcid performs
well across diverse soil types, including sandy, loamy, and clay
soils. Its effectiveness is consistent in both irrigated and rain-fed
conditions, making it a versatile option for different agricultural
systems. (Saliu et al., 2023) [,

Future Research Directions

Identification of Gaps in Current Knowledge

While Eco-Xcid has shown promising results, further research is
needed to understand its long-term effects on soil health and
crop productivity. Studies focusing on its interaction with
different soil microbiomes and its impact on soil carbon
sequestration are essential. (Saliu et al., 2023) [,

Suggestions for future research to address these gaps

Future research should explore the synergistic effects of Eco-
Xcid with other organic amendments and its potential role in
mitigating climate change impacts on agriculture. Additionally,
investigating its application in other crops and agricultural
systems can broaden its utility.

Potential for Eco-Xcid in Other Crops and Agricultural
Systems

Eco-Xcid’s benefits can potentially extend to other crops, such
as cereals, legumes, and horticultural crops. Its role in organic
and regenerative agriculture systems should be further explored
to maximize its impact on sustainable farming. (Saliu et al.,
2023) [,

Conclusion
Based on the findings of this study, it can be concluded that Eco-

~590 ~


https://www.agronomyjournals.com/

International Journal of Research in Agronomy

Xcid exhibits considerable promise in the realm of sustainable
agriculture. This is primarily attributed to its ability to improve
soil health, enhance microbial diversity, and ultimately lead to
higher crop yields in the context of pea and potato farming. The
benefits of this practice encompass various aspects, such as the
enhancement of soil physio-chemical properties, increased
availability of nutrients, and improved quality of crops. Based
on our analysis, it is evident that despite the initial costs, the
utilisation of Eco-Xcid presents long-term economic and
environmental advantages, thereby establishing it as a viable
option for farmers. Further investigation is warranted to examine
the enduring effects of this phenomenon and to delve into its
potential implementation in alternative crops and agricultural
frameworks.
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