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INTRODUCTION 

Parent material, the underlying geological material from 

which soil horizons develop, is fundamental to soil 

formation and micromorphology. Understanding its 

influence is crucial for optimizing soil management 

practices and improving agricultural outcomes. This review 

examines the impact of various parent materials on soil 

micromorphology and discusses the advanced techniques 

used to study these relationships. 

 

TYPES OF PARENT MATERIALS AND THEIR 

INFLUENCE 

Parent materials vary widely and include igneous, 

sedimentary, and metamorphic rocks, each contributing 

uniquely to soil formation. The type of parent material 

dictates the mineralogical composition, texture, and 

structural development of soils (Figure 1). 
 

Igneous Rocks 

Igneous rocks, formed from cooled magma or lava, 

contribute to soil development through both physical and 

chemical weathering processes. These rocks, rich in 

primary minerals such as quartz, feldspar, and mica, 

typically lead to the formation of mineral-rich soils with 

specific micromorphological features. Soils derived from 

igneous rocks often exhibit angular quartz grains and 

crystalline structures, indicative of their high mineral 

content (Smith et al. 2018). 
 

Sedimentary Rocks 

Sedimentary rocks, composed of compacted sediment, 

influence soil micromorphology by providing a diverse 

range of minerals and organic materials. These rocks, often 

layered, result in soils with distinct stratification and varied 

particle sizes. The presence of different sediment layers can 

lead to heterogeneous soil structures, influencing water 

retention and nutrient availability (Jones and Brown 2019). 
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Metamorphic Rocks 

Metamorphic rocks, formed through the 

alteration of pre-existing rocks by heat and 

pressure, result in soils with unique 

micromorphological characteristics. These 

soils often exhibit foliation and recrystallized 

minerals, contributing to complex mineral 

compositions and distinct horizons. The 

influence of metamorphic rocks on soil 

structure is notable in areas with significant 

geological activity (Wang et al. 2021). 

 

                   
Figure 1. Different types parent material and their characteristics  

                                                                       (Source-Jones and Brown 2019) 

 

SOIL MICROMORPHOLOGY 

Soil micromorphology, the study of soil 

features at a microscopic level, provides 

detailed insights into soil formation processes 

and properties (Figure 2). 

 

Soil Horizons 

Parent material significantly influences the 

development and differentiation of soil 

horizons. The type of parent material 

determines the extent and nature of horizon 

development, impacting soil structure, 

texture, and nutrient availability. For 

instance, soils derived from igneous rocks 

often show well-developed horizons due to 

the high mineral content, while soils from 

sedimentary rocks may exhibit more 

pronounced layering and organic matter 

accumulation (Lee and Kim 2018). 

 

Particle Size Distribution 

The texture and particle size distribution of 

soil are heavily influenced by the parent 

material. Igneous rocks tend to produce 

coarser soils due to the slow weathering of 

minerals, while sedimentary rocks, with their 

varied composition, often result in finer 

textures. The particle size distribution 

directly affects soil porosity, permeability, 

and water-holding capacity, crucial factors 

for plant growth and soil health (Patel et al. 

2022). 
 

 
Figure 2 Formation of soil horizons influenced by parent material  

                                                                        (Source- Lee and Kim 2018) 
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MINERAL COMPOSITION 

Mineral composition of soils is a direct 

reflection of the parent material, influencing 

soil fertility and structure (Figure 3). 

Primary Minerals 

Primary minerals, derived directly from 

parent material, significantly affect soil 

micromorphology. The presence of minerals 

such as quartz, feldspar, and mica varies with 

the type of parent rock. These minerals are 

crucial for soil fertility, providing essential 

nutrients and contributing to soil physical 

properties (Garcia and Martin 2020). 

Secondary Minerals 

Secondary minerals, formed through 

weathering and soil-forming processes, 

contribute to soil fertility and structure. The 

type of parent material determines the types 

and abundance of secondary minerals in the 

soil. These minerals, such as clays and 

oxides, play a critical role in nutrient 

retention and soil stability (Johnson et al. 

2017).     
 

 
Figure 3: Primary and Secondary Minerals in soils  

                                          (Source: Garcia and Martin 2020) 
 

TECHNIQUES FOR STUDYING SOIL 

MICROMORPHOLOGY 

Advanced micromorphological techniques 

have revolutionized the study of soil 

formation and properties, providing detailed 

insights into the influence of parent material 

(Figure 4). 

Thin Section Analysis 

Thin section analysis involves preparing and 

examining thin slices of soil under a 

microscope. This technique reveals details 

about soil structure, mineralogy, and 

porosity. It is particularly useful for studying 

soil horizons and the arrangement of soil 

particles and minerals (Robinson and Clark 

2016). 

Scanning Electron Microscopy (SEM) 

SEM provides high-resolution images of soil 

particles, allowing for detailed examination 

of soil morphology and mineral composition. 

This technique is especially useful for 

studying the micromorphology of fine-

textured soils and identifying the presence of 

secondary minerals (Lal et al. 2018). 
 

 
Figure 4: Process of thin section analysis in soil micromorphology 

(Source: Robinson and Clark 2016) 
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IMPLICATIONS FOR SOIL FERTILITY 

AND MANAGEMENT 

Understanding the impact of parent material 

on soil micromorphology is essential for 

developing effective soil management 

practices. By recognizing the inherent 

properties of soils derived from different 

parent materials, land managers can tailor 

agricultural practices to optimize soil health 

and productivity. For example, knowing the 

mineral composition and particle size 

distribution can inform decisions on fertilizer 

application, irrigation practices, and crop 

selection (Teasdale et al. 2020). 

 

FUTURE RESEARCH DIRECTIONS 

 Investigating the interactions between 

parent material and soil organic matter to 

understand their combined effects on 

soil fertility. 

 Examining the long-term effects of 

different parent materials on soil 

properties and crop productivity. 

 Developing advanced 

micromorphological techniques, such as 

3D imaging and molecular analysis, to 

provide more comprehensive insights 

into soil formation processes. 

 

CONCLUSION 

Parent material plays a fundamental role in 

shaping soil micromorphology, influencing 

soil structure, mineral composition, and 

fertility. Advances in micromorphological 

techniques provide deeper insights into these 

relationships, enhancing our understanding of 

soil formation and management. Recognizing 

the impact of parent material on soil 

properties is crucial for developing 

sustainable agricultural practices and 

improving soil health. 
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