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INTRODUCTION

Phosphorus (P) is an essential nutrient for plant growth and development, playing a pivotal role
in various biochemical processes within living organisms *. While phosphorus is a vital
component for sustaining agricultural productivity, its excessive presence in water bodies can
lead to adverse environmental consequences, such as eutrophication 2. Phosphorus leaching from
soils into water sources has become a subject of increasing concern, prompting scientific
investigations to understand the factors influencing this phenomenon *“. One critical factor that
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governs nutrient mobility is soil texture—a fundamental aspect of soil composition that varies
across landscapes and influences the movement of water and solutes.

The intricate relationship between soil texture and phosphorus leaching has garnered attention
due to its implications for nutrient management, water quality, and sustainable agriculture °. Soil
textures, ranging from the coarse particles of sandy soils to the fine particles of clayey soils,
exhibit distinct hydraulic and chemical properties that influence nutrient retention and transport
®7  Understanding how phosphorus behaves in soils with different textures is crucial for
developing effective strategies to mitigate nutrient losses and promote environmentally
responsible agricultural practices ®.

The current study focuses on elucidating the variations in phosphorus leaching across diverse
soil textures, encompassing loam, sandy, sandy loam, clay, and sandy clay. The selection of
these soil textures is deliberate, representing a comprehensive spectrum commonly encountered
in agricultural landscapes worldwide. Investigating phosphorus leaching across these diverse soil
types is essential for tailoring nutrient management practices to specific environmental contexts
and ensuring the sustainable use of phosphorus in agriculture. The significance of this study
extends beyond academic curiosity, as it addresses real-world challenges related to nutrient
management and environmental conservation. Phosphorus leaching not only affects the fertility
of agricultural soils but also poses risks to water quality, aquatic ecosystems, and human health.
Consequently, identifying the key factors influencing phosphorus leaching in diverse soil
textures is paramount for devising targeted strategies to minimize nutrient losses and mitigate
environmental impacts. The overarching goal of this research is to fill existing knowledge gaps
regarding the intricate interplay between soil texture and phosphorus mobility. By employing
lysimeter experiments under controlled conditions, we aim to provide a detailed understanding of
how phosphorus leaches through different soil matrices. Lysimeters, as controlled experimental
setups, allow for precise monitoring of water movement and nutrient transport, enabling a
systematic investigation of phosphorus leaching dynamics.

The study objectives include characterizing the leaching patterns of phosphorus in each soil
texture, identifying the governing factors influencing phosphorus mobility, and assessing the
implications for sustainable agricultural practices. Through this study, we aim to advance our
understanding of phosphorus dynamics in diverse soil environments, paving the way for more
effective and sustainable agricultural practices in the future.

MATERIALS AND METHODS

Site Selection and Soil Sampling:

The study was conducted at University of Agriculture Faisalabad, where representative soil
samples were collected from sites with loam, sandy, sandy loam, clay, and sandy clay textures. A
systematic soil sampling approach was employed to ensure a comprehensive representation of
each soil type. Samples were collected at a depth of 30 cm using stainless steel soil augers.

Lysimeter Design and Installation:

Custom-designed lysimeters were utilized for this study, featuring cylindrical containers with a
diameter of 10 cm and a height of 100 cm. Lysimeters were equipped with porous ceramic cups
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at the base to allow for water drainage while retaining soil particles. Each lysimeter was filled
with a homogenized soil sample of the respective texture, ensuring uniformity within each soil

type.
Experimental Setup:

The lysimeters were arranged in a completely randomized design to account for potential spatial
variability. Each soil texture was replicated thrice to enhance statistical robustness. The
lysimeters were installed in an open field, simulating natural conditions while minimizing
external influences.

Phosphorus Application:

To simulate realistic agricultural scenarios, a controlled amount of phosphorus was applied to the
lysimeters. The phosphorus source was DAP and applied at 2% w/w. The application was
performed uniformly across all lysimeters, ensuring consistency in the experimental setup.

Field Monitoring:

Continuous monitoring of environmental parameters, including soil moisture, temperature, and
rainfall, was conducted throughout the study duration. Automated data loggers were strategically
placed in the experimental lysimeters to capture real-time variations in climatic conditions.

Gas Flux Measurement:

Gas flux measurements, with a focus on CO,, were conducted using non-invasive techniques.
Closed-chamber methods with attached 1% NaOH were employed, with gas samples collected at
regular intervals. Gas samples were analyzed using titration with 1% HCI and phenolphthalein as
indicator to quantify CO, flux dynamics in each lysimeter.

Soil and Pore Water Sampling:

Regular soil sampling was performed at predetermined intervals to assess changes in phosphorus
concentration within the soil matrix. Pore water samples were collected using suction lysimeters
to capture the leachate from each lysimeter. These samples were analyzed for phosphorus
content using standardized laboratory techniques.

Data Analysis:
The collected data, including gas flux measurements, soil phosphorus concentrations, and pore
water phosphorus content, were subjected to rigorous statistical analysis. Analysis of variance

(ANOVA) and regression analyses were performed to identify significant variations and
relationships among different soil textures.

RESULTS AND DISCUSSION
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Carbon Dioxide Emission Flux:

The investigation into carbon dioxide (CO2) emission flux revealed notable variations across the
diverse soil textures. The loam soil exhibited 12 mg/kg CO, emission, while sandy soils
demonstrated only 3.41 mg/kg. The sandy loam soil displayed 4.23 mg/kg, and both clay and
sandy clay soils exhibited medium 10.23 and 10.19 mg/kg CO, emission characteristics. These
findings presented in (table 1) suggest that soil texture significantly influences the dynamics of
CO; emissions, potentially linked to differences in microbial activity and organic matter
decomposition.

The observed variations in CO2 emission flux can be attributed to inherent differences in soil
texture affecting microbial activity and organic matter decomposition °. The loam soil, with its
balanced particle size distribution, may foster optimal conditions for microbial communities,
leading to maximum emission of CO,. Conversely, sandy soils, characterized by low water
retention and limited organic matter, may exhibit enhanced aerobic conditions, influencing CO,
emission pattern ’. The findings underscore the importance of soil texture in governing carbon
dynamics and microbial processes.

Phosphorus in Leachate:

Analysis of phosphorus concentrations in leachate provided insights into the leaching behavior
across the different soil textures. The sandy soils exhibited maximum amount of phosphorus in
the leachate, indicating higher mobility of phosphorus. In contrast, the loam and clay soils
demonstrated the least amounts of phosphorus, suggesting variations in phosphorus retention and
transport mechanisms. The sandy loam soil exhibited an intermediate leaching pattern. These
results presented in (table 1) underscore the impact of soil texture on phosphorus leaching
dynamics and have implications for nutrient management strategies.

The distinct leaching patterns observed across soil textures have implications for nutrient
transport and environmental impact. The higher mobility of phosphorus in sandy soils suggests
potential risks for groundwater contamination, emphasizing the need for targeted management
strategies '°. The variability in leaching patterns among loam, sandy loam, clay, and sandy clay
soils indicates the complex interplay of soil texture with factors such as porosity, adsorption
capacity, and hydraulic conductivity in governing phosphorus movement.

Phosphorus in Soil:

Examination of phosphorus concentrations within the soil matrix revealed distinctive patterns
across the various soil textures. The loam soil displayed the highest retention of phosphorus 16
mg kg™ depicted in table 1. Sandy soils demonstrated that the minimum amount of phosphorus
5.06 mg kg™ were retained in soil, emphasizing the potential for phosphorus accumulation near
the surface. The sandy loam soil exhibited bit higher than the sandy texture, while both clay and
sandy clay soils demonstrated very unique phosphorus distribution patterns. These variations
highlight the influence of soil texture on phosphorus retention within the soil profile.
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Table 1. The outcomes of phosphorus application on CO, emission, phosphorus retention and
leaching in different textured soils

Soil Texture CO, Emission Phosphorus in | Phosphorus in Soil
Leachate
(mg kg™) ) (mg kg™)
(mg kg™)
Loam 12+0.21 2.09+0.02 16+0.18
Sandy 3.41+0.09 8.43+0.07 5.06+0.09
Sandy loam 4.23+0.12 5.49+0.08 7.84+0.04
Clay 10.19+0.23 3.02+0.01 13.01+0.05
Sandy clay 10.23+0.18 3.43+£0.03 14.76+0.11

The spatial distribution of phosphorus within the soil profile reflects the intricate influence of
soil texture. The observed patterns may be attributed to differences in adsorption-desorption
processes, nutrient availability, and microbial interactions *. The findings have implications for
nutrient cycling, with potential consequences for plant uptake and long-term soil fertility.
Understanding these variations is crucial for tailoring nutrient management practices to specific
soil types, optimizing agricultural productivity while minimizing environmental impacts.

CONCLUSION

The findings highlight the distinct characteristics and behaviors of loam, sandy, sandy loam,
clay, and sandy clay soils, contributing to our understanding of nutrient transport in diverse
agricultural landscapes. The observed variations in carbon dioxide emission flux underscore the
influence of soil texture on microbial activity and organic matter decomposition. The loam soil
exhibited a unique pattern, indicative of balanced conditions for microbial communities, while
sandy soils displayed different emission characteristics, reflecting the influence of limited water
retention and organic matter. These results emphasize the role of soil texture in shaping carbon
dynamics within the soil matrix. The investigation into phosphorus leaching revealed substantial
differences across the diverse soil textures. Sandy soils exhibited higher phosphorus mobility,
suggesting potential risks for groundwater contamination and emphasizing the need for targeted
management strategies. In contrast, loam and clay soils demonstrated distinctive leaching
patterns, indicative of variations in phosphorus retention and transport mechanisms. The sandy
loam soil displayed intermediate leaching behavior, highlighting the complex interplay of soil
texture with factors such as porosity and hydraulic conductivity. The spatial distribution of
phosphorus within the soil profile further emphasized the intricate influence of soil texture. The
observed patterns may be attributed to differences in adsorption-desorption processes, nutrient
availability, and microbial interactions. These variations have significant implications for
nutrient cycling, plant uptake, and long-term soil fertility, emphasizing the importance of
tailoring nutrient management practices to specific soil types for sustainable agricultural
practices. The understanding gained from the variations in phosphorus leaching across diverse
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soil textures is instrumental in developing targeted and effective strategies for optimizing
agricultural productivity while mitigating potential environmental impacts.
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