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 This research investigates the qualitative effects of soil pH variation on 

peanut plant growth, aiming to provide insights into the complex 

interactions between soil properties and plant responses in agricultural 

ecosystems. Through semi-structured interviews with ten informants, 

supplemented by insights synthesized from prior research and 

theoretical frameworks, the study explores perceived relationships, 

implications for soil health and nutrient availability, challenges, 

opportunities, and practical implications for peanut production. Key 

findings highlight the critical influence of soil pH on peanut growth 

and productivity, with deviations from optimal pH levels affecting 

nutrient availability, root health, and overall plant vigor. Participants 

underscore the importance of targeted soil management practices, 

including lime application, organic matter incorporation, and crop 

rotation, in optimizing soil pH and supporting resilient peanut 

production systems. The study identifies challenges in soil pH 

management, such as limited accessibility of soil testing services and 

inadequate farmer knowledge, while also highlighting opportunities 

for innovation and improvement. The insights gleaned from the study 

contribute to advancing knowledge in agricultural sciences and inform 

evidence-based soil management practices for sustainable peanut 

production. 
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1. INTRODUCTION  

Peanuts (Arachis hypogaea) are 

crucial in global agriculture due to their 

nutritional value, culinary versatility, and 

economic significance [1]. Rich in protein, oil, 

and essential nutrients, peanuts contribute 

significantly to food security and economic 

well-being worldwide [2]. However, the 

optimal growth and productivity of peanuts 

are influenced by various environmental 

factors, with soil pH playing a critical role [3]. 

Maintaining the appropriate soil pH is 

essential for maximizing peanut yields and 

quality, as it affects nutrient availability and 

overall plant health. Understanding and 

managing soil pH levels can help ensure 

sustainable peanut production, supporting 

both agricultural productivity and food 

security initiatives globally. 

Soil pH is a critical factor that 

significantly influences nutrient availability, 

microbial activity, and essential chemical 

processes for plant growth and development. 

The effects of pH on nutrient availability are 
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not only due to reactions with soils but also 

impact the rate of uptake by plants, with 

specific effects varying for different ions [4]. 

Soil pH also plays a crucial role in shaping the 

resistome, with multidrug efflux pump genes 

enriched in acidic soils, reflecting the benefits 

of high proton activity on these genes [5]. 

Moreover, soil pH is a key determinant of the 

microeukaryotic community composition, 

with significant differences observed between 

alkaline and acidic soils, showcasing the 

stronger effect of pH compared to niche 

differences on community composition [6]. 

Understanding and managing soil pH is 

essential for optimizing nutrient availability, 

microbial activity, and overall soil health in 

agricultural systems. 

Understanding the qualitative effects 

of soil pH variation on peanut plant growth 

holds significant implications for agricultural 

productivity and sustainability. Given the 

dynamic nature of soil pH in agricultural 

ecosystems, characterized by natural 

variability and human-induced alterations, 

elucidating the relationship between soil pH 

and peanut growth is paramount. Such 

insights can inform agronomic practices 

aimed at optimizing soil management 

strategies, enhancing crop resilience, and 

ensuring sustainable peanut production in 

diverse agroecological contexts. 

While numerous studies have 

investigated the impact of soil pH on crop 

growth, including peanuts, there remains a 

need for qualitative analyses that delve 

deeper into the underlying mechanisms and 

holistic plant responses. Qualitative analysis 

offers a nuanced approach to understanding 

complex interactions between soil properties 

and plant physiology, going beyond simple 

correlations to elucidate causative 

relationships and underlying processes. By 

adopting a qualitative perspective, 

researchers can uncover subtle yet significant 

effects of soil pH variation on peanut plant 

growth, providing valuable insights for 

agricultural practitioners and policymakers. 

Therefore, this research aims to 

explore the qualitative effects of soil pH 

variation on peanut plant growth through a 

comprehensive analysis. By systematically 

examining plant morphology, physiological 

responses, and soil-plant interactions, this 

study seeks to unravel the intricacies of how 

soil pH influences peanut growth and 

development. Through rigorous 

experimentation, meticulous data collection, 

and thoughtful interpretation, we endeavor to 

contribute to the body of knowledge in 

agricultural sciences and provide practical 

guidance for sustainable peanut production.  

 

2. LITERATURE REVIEW  

2.1 Soil pH and Nutrient Availability 

Soil pH plays a crucial role in nutrient 

availability to plants, impacting the solubility 

and mobility of essential elements. In acidic 

soils (pH < 6.0), aluminum (Al) and 

manganese (Mn) toxicity can hinder root 

growth and nutrient uptake in crops [4]. 

Conversely, alkaline soils (pH > 7.0) may lead 

to deficiencies in micronutrients like iron (Fe) 

and zinc (Zn), affecting vital physiological 

processes for plant growth [6]. Liming is a 

common practice to ameliorate low soil pH, 

with finely-ground limestone being effective 

due to its high neutralizing value [7]. The 

effects of pH on nutrient availability are 

complex, with interactions between soil 

reactions and plant uptake rates influencing 

elements like phosphate, sulfate, molybdate, 

and cations such as zinc and copper [8]. 

Additionally, the distribution and network of 

aluminum-tolerant microorganisms in acidic 

soils have been studied, highlighting their 

potential role in alleviating Al toxicity to 

plants [9]. 

2.2 Soil pH and Soil Microbial 

Communities 

Soil pH significantly impacts soil 

microbial communities, with acidic soils 

promoting acidophilic microbes that enhance 

nutrient solubilization and alkaline soils 

supporting distinct microbial populations 

[10], [11]. The effects of pH on nutrient 

availability are not only due to soil reactions 

but also influenced by plant uptake rates, 

creating a complex interplay [4]. Microbes in 

native soils, influenced by pH, play a crucial 

role in promoting plant growth, as 
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demonstrated in bahiagrass where specific 

microbial taxa positively interacted to 

enhance biomass, especially in the original pH 

soil [12]. Soil pH is a critical factor that 

determines the chemical environment for 

plants and microbes, affecting nutrient 

cycling, organic matter decomposition, and 

disease suppression [13]. Understanding the 

intricate relationships between soil pH, 

microbial communities, and plants is essential 

for optimizing nutrient availability, root 

health, and overall plant performance. 

Peanut plants demonstrate a wide 

array of physiological responses to varying 

soil pH levels, encompassing modifications in 

root morphology, exudation patterns, ion 

transport mechanisms, and enzymatic 

activities [14]–[17]. These adaptive strategies 

are crucial for optimizing nutrient uptake and 

water absorption efficiency in acidic or 

alkaline soil conditions. Studies have 

highlighted the importance of alterations in 

root length, density, and branching as 

morphological adaptations aimed at 

enhancing nutrient acquisition under 

challenging pH environments [18]. 

Additionally, the response of peanut plants to 

low potassium stress involves changes in 

protective enzyme activities, osmotic 

regulatory substance accumulation, 

fluorescence characteristics, and nutrient 

content, ultimately impacting plant yield and 

quality. Understanding these complex 

interactions between soil pH and peanut plant 

physiology is essential for developing 

strategies to enhance crop productivity and 

resilience in diverse agricultural settings. 

2.3 Yield and Quality Responses of 

Peanuts to Soil pH Variation 

Soil pH plays a crucial role in peanut 

yield and quality, with deviations from 

optimal levels impacting productivity and 

crop health significantly. Research has shown 

that managing soil pH is essential for 

maximizing peanut productivity while 

minimizing negative effects on crop quality 

and marketability [16], [19]–[22]. Factors like 

lime and phosphorus applications have been 

studied extensively, demonstrating their 

influence on plant height, pod production, 

and soil health, especially in acidic soils. The 

synergistic and antagonistic effects of 

nutrients like nitrogen and phosphorus 

further emphasize the importance of balanced 

soil management practices to achieve high 

yields and desirable quality traits in peanuts. 

Understanding the multifaceted interactions 

between soil properties, environmental 

conditions, and agronomic strategies is key to 

optimizing peanut production while ensuring 

crop health and market competitiveness. 

2.4 Challenges and Knowledge Gaps 

Addressing the challenges and 

knowledge gaps related to the effects of soil 

pH on peanut plant growth requires 

interdisciplinary approaches integrating soil 

science, plant physiology, microbiology, and 

agronomy to provide holistic insights into 

soil-plant interactions [19], [23], [24]. Research 

gaps include limited focus on qualitative 

aspects of soil pH effects and the interaction 

between soil microbial communities and 

plant-microbe associations [25]. Long-term 

implications of soil pH management practices 

on soil health, sustainability, and ecosystem 

resilience also warrant further investigation 

[22]. Understanding the complex dynamics of 

these interactions is crucial for sustainable 

agriculture and food security, emphasizing 

the need for comprehensive studies that 

bridge these disciplines to enhance our 

knowledge of soil-plant interactions and 

improve agricultural practices for future 

generations.  

 

3. METHODS  

3.1 Research Design 

The research adopts a qualitative 

approach to explore the multifaceted 

interactions between soil pH variation and 

peanut plant growth. Qualitative methods are 

well-suited for investigating complex 

phenomena, allowing for in-depth 

exploration of participants' perspectives, 

experiences, and perceptions. Semi-

structured interviews serve as the primary 

data collection method, enabling researchers 

to gather rich, detailed insights from 

informants with expertise in relevant fields 
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such as agronomy, soil science, plant 

physiology, and agricultural extension. 

3.2 Participant Selection 

A purposive sampling strategy is 

employed to select ten informants with 

diverse expertise and experience related to 

peanut cultivation, soil management, and 

agronomic practices. Informants may include 

agricultural scientists, extension agents, 

farmers, and industry professionals with in-

depth knowledge of soil-plant interactions 

and practical insights into peanut production. 

Efforts are made to ensure representation 

from different geographical regions and 

agricultural contexts to capture a range of 

perspectives and experiences. 

3.3 Data Collection 

Semi-structured interviews are 

conducted with each informant to delve into 

their perspectives on the qualitative effects of 

soil pH variation on peanut plant growth. 

These interviews aim to gather detailed 

insights on various aspects, including 

perceived relationships between soil pH 

levels and peanut growth parameters such as 

plant vigor, yield, and disease resistance. 

Participants are asked to share observations 

on soil pH effects on soil health, nutrient 

availability, and microbial communities, as 

well as practical implications for soil 

management practices like lime application, 

nutrient supplementation, and crop rotation. 

Furthermore, challenges and constraints 

encountered in managing soil pH in peanut 

production systems are explored, alongside 

opportunities for innovation and 

improvement in soil pH management 

strategies. All interviews are audio-recorded 

with participants' consent and transcribed 

verbatim for data analysis, supplemented by 

field notes capturing non-verbal cues, 

contextual information, and researcher 

reflections. 

3.4 Data Analysis 

Data analysis is conducted using 

NVivo software, a qualitative analysis tool 

that facilitates systematic coding, 

categorization, and interpretation of textual 

data. The process begins with the importation 

of semi-structured interview transcripts into 

NVivo, where open coding is applied to 

identify significant themes, concepts, and 

patterns related to soil pH, peanut growth, 

soil health, agronomic practices, challenges, 

and opportunities. Coded segments are then 

organized into broader thematic categories 

based on similarities and relationships, with 

common themes refined through iterative 

analysis. NVivo allows researchers to explore 

relationships between themes, variations 

across participant responses, and converging 

or diverging perspectives using visual tools 

such as concept maps, matrices, and word 

clouds. In the final stage, findings are 

interpreted in the context of research 

objectives, theoretical frameworks, and 

relevant literature, with researchers critically 

reflecting on the implications of emergent 

themes for peanut production. The results are 

synthesized into a comprehensive narrative 

capturing the complexity and richness of 

informants' perspectives on soil pH effects on 

peanut plant growth. 

 

4. RESULTS AND DISCUSSION  

This section presents the findings of 

the qualitative analysis conducted through 

semi-structured interviews with ten 

informants, supplemented by insights 

synthesized from prior research and 

theoretical frameworks. 

4.1 Perceived Relationships between 

Soil pH and Peanut Growth 

Informants consistently highlighted 

the critical influence of soil pH on peanut 

plant growth and productivity. The majority 

emphasized the importance of maintaining 

optimal soil pH levels within the range of 6.0 

to 7.0 for maximizing peanut yields and 

quality. They noted that deviations from this 

optimal pH range could significantly impact 

nutrient availability, root health, and overall 

plant vigor. Several informants observed a 

direct correlation between acidic soil 

conditions (pH < 6.0) and diminished peanut 

yields, attributing this phenomenon to 

aluminum toxicity, phosphorus fixation, and 

compromised root development. Conversely, 

alkaline soils (pH > 7.0) were associated with 

micronutrient deficiencies and reduced 
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nutrient uptake efficiency, leading to stunted 

growth and suboptimal yield formation. 

In our interviews, farmers and 

agricultural scientists alike expressed 

concerns about the detrimental effects of soil 

pH extremes on peanut growth, citing 

instances where poorly managed soil pH led 

to substantial yield losses and compromised 

crop quality. These observations underscore 

the practical implications of soil pH 

management for sustaining peanut 

production in diverse agroecological contexts. 

4.2 Implications for Soil Health and 

Nutrient Availability 

Participants elaborated on the 

broader implications of soil pH variation for 

soil health, nutrient cycling, and microbial 

dynamics. They emphasized the pivotal role 

of soil pH in modulating nutrient availability, 

with acidic soils often exhibiting deficiencies 

in critical nutrients such as phosphorus, 

calcium, and magnesium. Informants 

underscored the importance of targeted soil 

management practices, including lime 

application, organic matter incorporation, 

and cover cropping, in ameliorating nutrient 

imbalances and enhancing soil fertility. 

Moreover, they highlighted the intricate 

relationship between soil pH and soil 

microbial communities, noting the differential 

responses of microbial populations to acidic 

and alkaline conditions. Maintaining an 

optimal soil pH was seen as crucial for 

fostering beneficial microbial activities, 

promoting nutrient mineralization, and 

mitigating the proliferation of soil-borne 

pathogens. 

Our interviews echoed these 

sentiments, with participants expressing a 

consensus on the need for holistic soil 

management approaches that prioritize soil 

health and sustainability. They emphasized 

the importance of integrating soil testing, 

nutrient management plans, and conservation 

practices to optimize soil pH and support 

resilient peanut production systems. 

4.3 Challenges and Opportunities in 

Soil pH Management 

Several challenges and opportunities 

related to soil pH management emerged 

during the interviews. Participants 

highlighted the limited accessibility of soil 

testing services, particularly in rural areas, as 

a significant barrier to informed soil pH 

management decisions. They also cited 

inadequate farmer knowledge and awareness 

regarding soil pH concepts and management 

practices as impediments to effective soil 

management. However, informants identified 

opportunities for innovation and 

improvement in soil pH management, 

including the adoption of precision 

agriculture technologies, remote sensing, and 

soil amendment innovations. These 

advancements offer potential solutions for 

optimizing soil pH management and 

enhancing peanut productivity in a 

sustainable manner. 

In our interviews, farmers expressed 

frustrations with the lack of readily available 

resources and technical support for 

implementing soil pH management practices 

effectively. They emphasized the need for 

tailored extension programs, farmer 

education initiatives, and collaborative 

research efforts to address knowledge gaps 

and promote adoption of best management 

practices for soil pH optimization. 

4.4 Practical Implications for Peanut 

Production 

The insights gleaned from the 

interviews have practical implications for 

peanut production practices and agronomic 

decision-making. Participants stressed the 

importance of conducting regular soil tests to 

assess pH levels and nutrient status, enabling 

targeted soil amendment strategies tailored to 

specific soil conditions and crop 

requirements. They advocated for integrated 

soil fertility management approaches that 

combine soil testing, lime application, organic 

amendments, and crop rotation to maintain 

optimal soil pH and promote long-term soil 

health. Additionally, informants underscored 

the role of extension services, farmer 

cooperatives, and agricultural research 

institutions in disseminating soil pH 

management knowledge and facilitating 

technology adoption among peanut growers. 
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In our conversations with farmers 

and agricultural experts, there was a 

consensus on the need for concerted efforts to 

promote sustainable soil management 

practices and enhance soil health resilience in 

peanut production systems. They emphasized 

the importance of collaborative partnerships, 

stakeholder engagement, and policy support 

in fostering a conducive environment for 

implementing effective soil pH management 

strategies. 

4.5 Limitations and Future Research 

Directions 

While the findings offer valuable 

insights into the qualitative effects of soil pH 

variation on peanut plant growth, several 

limitations should be acknowledged. The 

small sample size of informants may limit the 

generalizability of the findings to broader 

agricultural contexts, highlighting the need 

for larger-scale studies with diverse 

participant samples. Additionally, the 

qualitative nature of the study precludes 

quantitative assessment of soil pH effects on 

peanut yields and physiological parameters, 

warranting complementary research 

approaches integrating field experiments and 

laboratory analyses. Future research 

endeavors should aim to address these 

limitations and explore additional dimensions 

of soil-plant interactions to further enhance 

our understanding of sustainable peanut 

production practices. 

 

5. CONCLUSION 

The qualitative analysis conducted in 

this study provides valuable insights into the 

effects of soil pH variation on peanut plant 

growth, highlighting the multifaceted 

dynamics of soil-plant interactions in 

agricultural ecosystems. The findings 

underscore the critical importance of 

maintaining optimal soil pH levels for 

maximizing peanut yields and quality, while 

also emphasizing the broader implications for 

soil health, nutrient availability, and 

microbial dynamics. Challenges in soil pH 

management, including limited accessibility 

of soil testing services and inadequate farmer 

knowledge, underscore the need for targeted 

education and outreach efforts to promote 

sustainable soil management practices. 

However, opportunities for innovation and 

improvement, such as the adoption of 

precision agriculture technologies and soil 

amendment innovations, offer promising 

pathways for enhancing soil pH management 

and supporting resilient peanut production 

systems. By integrating these insights into 

agricultural policies, extension programs, and 

research initiatives, stakeholders can work 

collaboratively to foster a conducive 

environment for implementing effective soil 

pH management strategies and ensuring 

sustainable peanut production for future 

generations.
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