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Effect of Soil pH on Growth of Some Medicinal Plants
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Abstract. Medicinal plants have been valuable sources of natural therapeutic compounds leading to increased
attention and recognition of their importance in healthcare, pharmaceutical production, and sustainable agriculture
due to their contributions in these areas. Soil pH is of great significance among the environmental factors that
impact the cultivation of medicinal plants as this factor plays a crucial role in determining the availability of
nutrients and the functioning of microbial processes that include root development and processes impacting the
plant growth and accumulation of the bioactive substances. Soil pH management becomes the prerequisite for
wise decision-making and ensuring the successful production of the necessary medicinal plants. The present re-
view provides a thorough review of the impact of soil pH on several medicinal plants by discussing the findings
from the modern literature. It is important to understand that the current research employs a literary comparative
method exploring the influence of neutral, acidic, and alkaline soils on the plant's development, nutrient uptake,
photosynthesis and soil microorganisms, as well as productive capacity and phytochemical characteristics of the
plant. The results of the research indicate that soil pH has an impact on nutrient availability and the rhizosphere
microbial patterns, as well as its impact.
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1. Introduction

Medicinal plants are high valued from ancient times and are also believed as an integral part
of conventional medicine and modern pharmaceutical. The active ingredients are naturally oc-
curring chemical compounds such as alkaloids, terpenoids, phenolics, flavonoids, essential
oils, etc. [1]. The growing interest in herbal medicine and sustainable healthcare has led to
increased planting of medicinal plants in various shared climatic regions. Medicinal plants re-
quire proper environmental and soil conditions for a healthy yield. Soil offers a firm medium
to support plant bodies and supply water, nutrients and oxygen. Plant growth and development
are consequently greatly influenced by the physicochemical characteristics of the soil. The pH
of the soil should be kept at its ideal level throughout plant growth and development because
it influences the availability of nutrients and other necessary elements. The availability of ni-
trogen, phosphorus, potassium, iron, zinc, calcium, and magnesium is decreased in extremely
acidic or alkaline soils, which consequently restricts the growth and development of medicinal
plants. Plants that are malnourished produce less biomass and have a detrimental impact on the
synthesis of secondary metabolites. Besides the supply of plant nutrients, pH influences the
activity of microorganisms in the rhizosphere, which results in enhanced nutrient cycling and
availability, decomposition of organic matter and suppression of diseases. Variation of pH af-
fects the general physiology and ecology of medicinal plants and lessens their resistance to
pests, pathogens and environmental stresses. The answer of medicinal plants to soil pH depends
on their organic makeup and nutritional requirement. Most previous research on the relation-
ship between soil pH and agricultural crops has been conducted on an individual basis [2].
Little is known about the overall effect of soil pH on different species of medicinal plants.
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2. Literature Review

Recent studies have showed us that the growth of medicinal plants is effected by soil properties
and environment [2 ]. It also shows us that better management practices improve the quality
and productivity of plants. Research has also showed the value of soil pH, microbial interac-
tions, and sustainable cultivation techniques for medicinal plant productivity [3].

2.1 Influence of Soil pH on Medicinal Plant Growth

The pH of the soil is an important factor for the growth and development of medicinal plants.
An optimum range of pH helps attain nutrient uptake in plants and promote their growth and
development [4]. Also alkaline soils reduce the nutrients availability to plants in results in poor
growth, yield, and biomass production. Medicinal plants species have different levels of toler-
ance to soil pH because of their nutritional and developmental demands. For example, Melissa
officinalis and Ocimum basilicum had a better photosynthetic performance in comparison to
Cassia angustifolia because it has better biomass production and build-up of medicinal com-
pounds which have improved soil pH. The experiments which were being conducted on Panax
notoginseng elaborated that adjusting the soil pH from highly acidic levels which improves the
plant growth by reducing the incidence of soil-borne diseases and improving the soil’s overall
properties [5]. These findings are sufficient proof to support for better medicinal plant produc-
tion.

2.2 Soil pH, Plant Physiology and Nutrient Availability

Soil pH is an important parameter that regulates the availability of macro and micronutrients
affecting the physio-logical efficiency of the plant. Imbalance in soil pH affects the availability
of phosphorus, iron, zinc, calcium, magnesium, and potassium resulting in poor chlorophyll
synthesis, root formation, and photo-synthesis processes . Thus, soil pH affects nutrient avail-
ability, crop yield, and metabolite production for medicinal purposes. It has been reported that
the inclusion of biochar and beneficial microorganisms can maintain favourable soil pH levels
which improves the availability of nutrients [6].

2.3 Sustainable Soil Management Strategies for Medicinal Plant Cultivation

The use of organic materials, biochar, microorganism inoculation, and liming is very useful in
soil improvement by raising the soil pH, fertility, and nutrients for the cultivation of medicinal
plants [6]. Biochar application increases soil enzyme activity, root development, and photo-
synthesis in various cultivation conditions. Also, biochar application makes the soil condition
better and improves tolerance of salt [7]. Similarly, beneficial microorganisms make the soil
structure better and improve stress resistance with enhanced yields of medicinal plants.

Table 1. Studies on Soil pH and Medicinal Plants

Plant Species | Research Fo- Key Finding
cus
Ocimum basili- | Soil pH Photosynthesis  improved
cum near neutral pH
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Cassia angusti- | Soil fertility Biomass and bioactive com-
folia pounds increased

Panax noto- | Soil acidification | Disease incidence decreased
ginseng after pH improvement

Aloe vera Soil acidification | Better salinity tolerance and
soil quality

Mentha longifo- | Biochar amend- | Growth varied significantly
lia ment across different soils

3.  Methodology

Here we review the published research on soil pH, nutrient availability, microbial interactions
and cultivation of medicinal plants [8]. It shows the influence of these factors on growth of
plants and results of cultivation.

3.1 Research Design

The present study was conducted using the systematic literature review method to determine
the influence of the soil pH on the growth and development of medicinal plants. Instead of
conducting laboratory and field experiments, the current research utilized peer-review scien-
tific articles to evaluate the influence of the independent variable (soil pH) on the dependent
variables (nutrients, plant’s physiology, and productivity). The study involved a comprehen-
sive comparison of the results of previous research and aimed to identify the strengths and
weaknesses of the prior studies, as well as research gaps, to determine the key aspects of the
influence of soil pH on medicinal plant growth and development [8].
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Figure 1. Overall workflow adopted for the systematic literature review
3.2 Data Sources

To conduct the present study, peer-review articles were searched and selected from the world’s
largest academic search engines, including Google Scholar, PubMed, ScienceDirect, Scopus,
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as well as SpringerLink. The articles included in the current study were retrieved from various
journals, including those specializing in soil science, plant physiology, environmental science,
and medicinal plant production. Particular attention was paid to peer-reviewed studies pub-
lished from 2020 onwards.

3.3 Study Selection

The articles included in this study were selected according to strict inclusion and exclusion
criteria.

Inclusion Criteria

e Peer-viewed articles or review papers.

e The year of publication — 2020 onwards.

e Articles researching the connection between the pH level of the soil and medicinal plants.

e Articles discussing the impact of soil pH on plant growth and development, the content of
phytochemicals in plants, soil fertility, and the interaction with microorganisms.

e Articles published in English.

Exclusion Criteria

e Removed duplicates.

e Excluded articles that have not been through peer-review.

¢ Excluded conference abstracts that do not contain scientific information.

e Excluded articles that do not address medicinal plants or the connection between plants
and pH.

e Excluded articles that do not report experiments or results.
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Figure 2. PRISMA-Style Flow Diagram
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3.4 Data Extraction

We developed a standardized format for data extraction to ensure that we extracted the same
information from each study we reviewed. The following variables were abstracted and placed
into a table:

o Plant species with medicinal properties

e pH range of soil

e Type of soil

e Growth factors

o Nutrient absorption

e Biomass production

e Seed germination

e Crop yield

e Phytochemical or secondary metabolite content
Key findings:

Data were presented in comparative matrices for systematic evaluation and to minimize incon-
sistencies in data interpretation.

3.5 Comparative Analysis

The studies included were classified based on the medicinal plant species, soil pH categories
(acidic, neutral, and alkaline), nutrient dynamics, physiological responses, and sustainable soil
management practices. A comparative analysis was done to find similarities and differences of
published results. Particular emphasis was given to the effects of soil pH on the availability of
nutrients, root morphology, microbial diversity, photosynthetic efficiency, biomass production
and phytochemical synthesis. The compiled evidence was analyzed for common trends, present
research gaps and knowledge gaps to direct the future research on sustainable cultivation of
medicinal plants [8].

4. Results And Discussion

The reviewed studies indicate that soil attributes, farming methods and microbial activity have
a strong effect on growth and quality of medicinal plants. They also point to species-exclusive
responses and the value of sustainable soil management in improving cultivation results [9] .

4.1 Factors Influencing Vegetation Recovery

Most species grew best at near-neutral pH (6.0—7.5) when conditions in the rhizosphere and
nutrient uptake were most favourable. Both acidic and alkaline soils reduced plant growth
through disturbance of the availability and uptake of nutrients. It is important to maintain the
optimal soil pH for healthy plant metabolism. Responses of the plant species differed. Ocimum
basilicum and Cassia angustifolia were found to grow better in suitable soil conditions . The
growth of Panax notoginseng, Aloe vera and medicinal mint was also improved by soil pH
management. The optimum soil pH is important for the growth of medicinal plants, nutrient
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uptake and the quality of the crop. Usually the best conditions are found in near neutral soils

[9].
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Figure 3. Relative Growth Under Different Soil pH
4.2 Influence of Soil pH on Nutrient Availability

Soil pH also directly affects the growth as well as quality of medicinal plants through control-
ling the availability of nutrients. Near-neutral soils are conducive to balanced uptake of the
necessary nutrients for optimum growth. Acidic soils reduce the availability of phosphorus and
increase the toxicity of metals, whereas alkaline soils inhibit the uptake of iron and zinc, lim-
iting plant growth and biomass production . Such imbalances influence the synthesis of bioac-
tive compounds. An optimum soil pH is important for sustainable medicinal plants cultivation
as it improves the efficiency of nutrients use, plant productivity and phytochemical accumula-
tion [10].
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Figure 4. Nutrient Availability Across Soil pH
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4.3 Comparative Analysis of Selected Medicinal Plants

Different medicinal plants answered differently to soil pH because of species-particular nutri-
ent requirements and physiological characteristics [10]. Most species prefer slightly acid to
neutral soil (pH 6.0 — 7.5) . Among the selected species, Ocimum basilicum and Cassia an-
gustifolia showed better growth under balanced soil conditions. Soil pH correction improved
the growth of Panax notoginseng . Balanced soils supported 4loe vera growth and biochar
improved growth of medicinal mint through better soil quality . The modification of soil pH
for a particular species enhances plant growth, biomass production and phytochemical accu-
mulation, and hence leads to sustainable cultivation [10] .

Table 2. Comparative response of selected medicinal plants to soil pH.

Medicinal Plant Optimum Soil pH Growth Response

Ocimum  basilicum 6.5-7.0 Improved biomass and

(Tulsi) nutrient uptake

Cassia  angustifolia 6.5-7.5 Increased biomass and

(Senna) phytochemical content

Panax notoginseng 6.0-7.0 Better rhizosphere
health and disease re-
sistance

Aloe vera 6.0-7.5 Enhanced vegetative
growth

Mentha longifolia 6.0-7.0 Improved growth under

(Mint) soil amendments

4.4 Discussion

All the reviewed studies indicated the importance of the optimum soil pH for the growth and
productivity of medicinal plants. The optimum pH was species dependent, but in general neu-
tral soils were best. Organic manure and biochar enhance soil pH and nutrient availability,
which promote plant growth in poor conditions. Differences in experimental conditions and
soil characteristics do not allow a direct comparison among studies, and standardized methods
of evaluation are needed. In summary, proper maintenance of soil pH improves progress, nu-
trient absorption and actinic buildup of medicinal plants. Future work should determine spe-
cies-exclusive pH requirements and evaluate long-term field performance. Further, soil health
can be cured by integrating beneficial microbes and eco-friendly cultivation practices, which
can enhance plant productivity.

5. Conclusion

This review aims to emphasize the importance of the soil pH in the growth, yield, and medicinal
quality of different medicinal plants. The comparison of the included studies demonstrated that
soil pH affects the nutrient supply, root system development, and microorganism activity,
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which determines plant growth and physiology. Most of the studied species showed that the
optimal growth was achieved at a slightly acidic to neutral soil pH (6.0-7.5) when the plants’
demand for nutrients is satisfied and the soil biology is enhanced. The results of the review
highlighted the importance of the relationship between soil pH and plant species, which deter-
mines the necessity for crop-specific approaches to growing plants in the soil. In this regard,
the appropriate soil treatment and pH regulation can ensure the increased nutrient uptake and
biomass production in medicinal plants. Thus, the current review demonstrated the importance
of maintaining the optimal soil pH for growing medicinal plants. The results of the review can
serve as an invaluable source of information for further experimental studies on medicinal plant
cultivation as well as help in developing cost-effective and efficient strategies for growing me-
dicinal plants.

6.  Future Scope

The results of the review that was conducted have indicated a number of areas that require
additional research in order to ensure medicinal plants’ sustainability via appropriate soil pH
management. Some of the recommendations that were made include:

6.1 Long-Term Field Studies

The conduction of long-term field experiments that will enable researchers to reveal the impact
of soil pH in different climatic conditions and soil types on the target plants’ growth and phy-
tochemical response.

6.2 Species-Specific Soil pH Optimization

The determination of optimum soil pH in relation to specific plant species in order to secure
the best possible biomass and medicinal qualities.

6.3 Sustainable Soil Management

A more accentuated focus on the development of soil management approaches that are oriented
towards sustainability, such as the use of biochar, compost, and biofertilizers.

6.4 Integration of Advanced Technologies

An increased use of precision agriculture, sensors, and GIS technologies in order to make soil
pH management more efficient.

6.5 Climate-Resilient Cultivation Strategies

The consideration of the impact of soil pH in the context of climate change, as well as the
adjustment of nutrient supply and demand in medicinal plants in order to gain a better under-
standing of how these factors affect plants’ overall sustainability.
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