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Abstract 

Soil types have a huge influence on germination and the emergence of plant and 

tree seeds. Soil is formed through weathering of the parent rock material. This 

normally happens when the rocks are exposed to agents of erosion such as wind 

and rain. The quality of any soil is critical for seed germination to be successful. 

This is because of its influences on air circulation, water retention and nutrient 

absorption rate and availability. There are chemical, physical and biological soil 

quality indicators. This article was a review of different soil types and their 

impact on germination and emergence of plant seeds. Dark clays form from the 

crystallization of minerals from molten materials under high temperatures and 

pressure. Climate, slope and relief also influence soil formation. The physical 

properties of soil such as texture, structure, depth, consistency, color, 

permeability and porosity were identified as having influence on the germination 

and emergence of plant seeds in different soil types. Organic matter rich clay 

soils had a 75 percent germination of the African giant sunflower. While soil 

type had an influence on germination of the Amaranth plant, it is crusting that 

strongly reduces germination. Helianthus annus L had lower seed germination 

due to poor aeration and water logging. Plant species such as Acacia sieberana 

had best germination in sand soil and lower in clays while Cola nitridated could 

be propagated in any soil type. 
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Introduction 

Soil is very important for the life kingdom on earth. Neal et al, (2016), define soil as 

unconsolidated mineral or organic material on the immediate surface of the earth that 

serves as a natural medium for the growth of land plants. Soil uses may have physical 

limitations such as compaction, salinity, texture, acidity, dryness, erosion hazard, 

sodicity, shallowness and lack of fertility (Osman, 2013). Texture, compaction, 

shallowness and dryness affect germination while salinity, acidity and lack of fertility 

may affect emergence and ultimately growth of both seedlings and plants. Soil’s 

physical, chemical and biological properties directly or indirectly affect plant growth, 

nutrient and water absorption, eventually affecting plant growth and yield (Fageria et 

al., 2011). This review on the effect of soil types on germination and emergence of 

plant seeds is crucial as it highlights soil management practices that help reduce soil 

losses through erosion. Crop productivity can only increase if soil acidity, salinity 

and fertility are kept under check and control. Soil as well is a habitat for a number of 

living microorganisms such as bacteria and fungi which are beneficial and symbiotic 

with some plants. These more than ten million soil organisms per gram of fertile soil 

transform the soil into a highly active biogeochemical reactor (Blume et al., 2016). 

When the interdependence of soil flora and fauna is disturbed, one of the soil 

functions like nutrient cycling, water infiltration, and decomposition are negatively 

affected, potentially leading to soil degradation and loss of agricultural productive 

capacity (Ruiz et al., 2008) 

Soil Formation 

Soils differ from one part of the world to another and even from one backyard to 

another because of how and where they are formed (SSSA, 2024). Mineral soil is 

formed by the chemical and physical weathering of rocks (Eldor, 2015). Dark, clayey 

and base-rich soils are formed from minerals that crystallize early from molten 

materials under high temperatures and pressures (Schaetzl and Anderson, 2005). 

Granite, sand and finest clay particles are found from soils that have formed from 

granite (Neal et al., 2016), while soils from limestone mostly contain insoluble shaley 

materials that were included as gray mud in more weatherable rock mass. New soil 

horizons and changes occur through transformations (such as weathering and mineral 

formation, decomposition and humification), and also through transport processes 

(Blume, et al., 2016). According to InTeGrate Modules (2018) the most important 

factors that influence soil formation include climate, soil age, parent material and soil 

slopes, relief and soil depth. These factors are the reason why soil differs from one 

place to another because of different influences they have. Parent materials influence 

soil formation through mineralogical composition, texture and stratification (Schaetzl 

and Anderson, 2005). Climate controls the rates of chemical reaction and substance 

transported in the soil, thereby directly affecting the flora and fauna of the soil 

(Stefaan et al., 2022).  
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Importance of soil quality on seed germination 

Soil quality is the ability of soil to supply plants with essential nutrients at every 

growth stage, crucial for maintaining agricultural productivity (Radwa et al., 2024). 

The quality of any soil is very critical for seed germination to be successful. It 

influences air circulation, water retention and nutrient absorption rate and 

availability.  Quality soil is able to regulate water, sustain plant and animal life, filters 

and buffers potential pollutants and cycles nutrients (Pathfinders, 2025). Efforts made 

for vegetation to successfully germinate will be in vain without fertile and nutritious 

soil (Spraygrass Australia, 2025).  

Soil Quality Indicators 

Soil quality indicators are soil measurements that can represent the conditions of the 

system or the soil’s ability to perform system functions (USDA, 2015). According to 

Sahil et al., (2023), soil quality indicators can be categorized into physical, chemical 

and biological indicators. Elke et al., (2013) listed soil health indicators as chemical, 

physical, biological, microbiological and biochemical as well as faunal indicators. 

Bunnemann E. K. et al., (2018) list examples of physical indicators as bulk density, 

texture, soil depth, bulk density, porosity, particle density, aggregation, infiltration, 

water storage, soil temperature; chemical indicators include pH, electrical 

conductivity, heavy metals, base saturation, cation exchange capacity, major and 

micronutrients, organic pollutants, salinity and sodicity. For biological indicators, he 

listed soil respiration, nematodes, earthworms, root health, metabolic quotient, soil 

fauna diversity and microbial biomass. NRCS (2011) states examples of physical 

indicators as bulk density, infiltration, soil crusts, available water capacity, soil 

structure and staking; chemical indicators to include electrical conductivity, soil 

nitrate, pH while biological indicators include earthworms, respiration, soil enzymes, 

particulate organic matter and potentially mineralizable Nitrogen 

How to improve soil quality 

Soil quality is improved in various ways such as performing a soil test, adding 

organic matter, using cover crops, adding minerals to the soil and  adding quality 

topsoil (Alsoils + Ltd, 2022). For Evergreen Trees Direct (2024) four tips for 

improving soil quality before planting include amending soil with organic matter, 

improving soil drainage, testing and balancing soil pH and considering soil structure 

and aeration. According to Swasya Living (2024), soil quality can be improved by 

adding organic matter, adjusting pH levels, practicing crop rotation and minimizing 

soil disturbance. These enhance the soil’s physical, chemical and biological 

properties. Rochgro (2025) states four ways that improve soil quality as testing it-the 

basic test of which is pH, adding compost, mulching the surface and crop rotation. 

Woodyard and Kladivko (2017) state four strategies to improve field’s soil health as 

practicing no tillage or strip tillage, adding more crops to your rotation, inducing 

cover crops and managing nutrients    
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Soil Composition 

Soil composition fluctuates daily but is heterogeneous in that it is made up of 

different    components such as 5% organic matter, 45% minerals, 20 – 30% air, 20 -

30% water (University of Hawaii, 2024). Charlotte (2009) concurs with this when 

she states that a good soil to grow agricultural plants has around 45% minerals, 25% 

air, 5% organic matter and 25% water. However, CUCE (2008) differs with 

University of Hawaii (2024) and Charlotte (2009) on soil organic matter when it 

states that most of their productive agricultural soils (in the United States) have 

between 3 and 6 percent organic matter. Soil organic matter is basically composed of 

carbon, hydrogen, oxygen and has small amounts of other elements like nitrogen, 

phosphorus, sulphur, potassium, calcium and magnesium contained in organic 

residues (Anil et al., 2019). Water and air levels of 25% are between the ranges of 20 

– 30% as stated by Hawaii University (2024). However, De Gomez et al., (2019) also 

approximated soil components into certain ranges as 45 to 9% of minerals, 2 to 50% 

water, 1 to 5% organic matter, 2 to 50% air and microorganisms are approximately 

1% of soil volume. Soil organic matter consists of varying proportions of small plant 

residues, small living soil organisms, decomposing (active) organic matter, and stable 

organic matter (humus) in varying stages (USDA, 2014). Australian soils have low 

soil organic matter content by global standards except well managed pastures and 

irrigated systems unconstrained by water availability (Frances, 2013). They contain 

between 0.3 percent carbon for desert loams while dryland agricultural soils contain 

about 0.7 to 4.0 percent organic carbon content depending on soil bulk density. In 

southern Europe, 74% of the land has a surface horizon (0-30cm) that contains less 

than 2 percent organic carbon (3.4% organic matter) (Ezio et al., 2001). This decline 

in organic matter contents of many soils as a result of intensive cultivation has now 

become a major process of land degradation 

Effect of soil organic matter on seed emergence 

Soil organic matter is any material produced originally by living organisms from 

plant animals that is returned to the soil and goes through the decomposition process 

(Bot and Benites, 2005). Humus, which is organic matter that has been converted by 

microorganisms to a resistant state of decomposition, improves soil fertility by acting 

as a reservoir for nutrients, increasing the water holding capacity of the soil, 

improving soil structure and friability, and providing a source of energy for soil 

living organisms (Mosaic AgriSight, 2021). EDN (2023) concurs with Mosaic 

AgriSight, (2021) when he states that “soil texture and organic matter content impact 

the water holding capacity of soils and therefore germination of seed”. In sandy soils, 

there is poor seed to soil contact which causes insufficient moisture for seed 

germination. While Carter (2002) agrees with EDN (2023) and Mosaic AgriSight 

(2021), he goes on to elaborate that organic matter also reduces crusting, improves 

aggregation, prevents erosion and prevents compaction. 
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Soil Types 

There are different types of soils namely clay soil, sand soil, peat soil, silt soil, loam 

soil and chalky soil (Masterclass, 2022). Clay soil contains at least 25 percent of clay 

and is good at holding nutrients due to the microscopic structure of each clay particle 

(Marthar, 2025). Loam soil is a mixture of sand, silt and clay, whose combination 

works to create fertile, rich soil that offsets the negative of the three soils on their 

own (Earnest, 2020). Silt soil is a light and moisture retentive soil type with a high 

fertility rating, well drained and has good moisture holding capacity (Boughton, 

2025). Peat soil is almost pure organic matter which is porous and excellent at 

holding water and nutrients (Martha, 2025). Sandy soil is composed of large particles 

that produce a gritty texture, drains quickly and does not retain nutrients effectively 

(ThriveFarm, 2025). It therefore makes it suitable for plants such as succulents and 

cacti, which require well-drained soils. Chalk soil is rich in lime and characterized by 

their alkaline pH due to high concentrations of calcium carbonate (GeoPard 

Agriculture, 2025).  

Soil physical properties and the role they play in plant growth and development 

Texture 

It is the relative proportions of sand, silt and clay in a soil (Henry, 1990). According 

to Fageria et al., (2011), soil texture is the relative proportions of various soil 

separates such as sand, silt and clay in soil.  

Soil structure 

It is the arrangement of soil particles (Neal et al., 2016). Thus, it is the arrangement of 

primary soil particles such as sand, silt and clay into natural aggregates called peds 

(Schaetzl and Anderson, 2005). Peds are held together and in place through the 

adhesion of organic substances, iron oxides, clays or carbonates (McCauley et al., 

2005). Strong aggregation decreases detachability and transportability of soil particles 

by water or wind, thereby runoff and soil erosion (Phogat and Dahiya, 2015).  

Types of soil structures (within a horizon) include blocky, platy, prismatic, columnar 

and spheroidal structures (Wolf and Snyder 2003). A detailed look at these types of 

soil structural types: 

(i) Blocky structure has soil particles arranged to form block-like units which are 

about as high as they are high or long (Daniels and Kathrine, 2015). According to 

Heliae Agriculture (2023), it has aggregates which are square shaped or blocky 

structural units with sharp edges and the larger the blocks, the higher the likelihood 

of difficulty water will have to penetrating the aggregates  

(ii) Platy structure is made up of thin plate like peds, less than 4mm thick, that are 

parallel to the soil surface (Schaetzl and Anderson, 2005).  Typical of compacted 

soils, platy structure leads to a drastic reduction of water infiltration capacity 

(Marcello, 2007)  
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(iii) Prismatic structure has particles arranged around a point and bound by 

relatively flat vertical surfaces (SAMETI, 2012).  

(iv) Columnar structure has vertical columns of soil that have a salt cap at the top 

(Unversity of Hawaii, 2024). It is mostly found in soils with excessive sodium 

because of the dispersing effects of sodium. 

(v) Spheroidal structure which is considered most suitable for producing crops, is 

made up of units that have no sharp edges and is mainly available in those soils rich 

in organic matter (Wolf and Snyder, 2003). The two types of spheroidal structures are 

granular and crumb structure. Granular structure soil particles are arranged in small 

and rounded units and are common in surface soils (Daniels and Kathrine, 2015). The 

soil grains at the soil surface allow water to circulate easily (Heliae Agriculture, 

2023). Anderson (2023) also concurs with this when he states that granular particles 

don’t ack together well, allowing more space for water to move through. 

Porosity  

Soil porosity of soil pore space are the small voids between particles of soil (Larum, 

2021). Course textured soils have many large (macro) pores because of the loose 

arrangement of larger particles with one another (McCauley et al., 2005). Macro 

porosity is important in the rapid drainage of excess water from the soil after heavy 

rainfall or irrigation, while micro porosity retains the water required for plant growth 

(Sheard, 1991) 

Bulk density is the oven – dried mass per unit volume of soil as a whole including 

pore space (Phogat and Dahiya, 2015). It is an important indicator of soil quality, 

productivity, compaction and porosity, mainly considered useful to estimate soil 

compaction (Almendro – Candel et al., 2018). Loose, porous soils have lesser bulk 

densities than tight, compacted soils (Apex Publishers, 2024). Bulk density values are 

useful in evaluating chemical associations with plant roots that explore a volume of 

soil rather than a weight of soil (Buol et al., 2011). 

Soil consistence or Plasticity 

This gives the indication of how soil will react to mechanical manipulation at various 

moisture contents (Neal et al., 2016). According to Schaetzl and Anderson (2005), 

consistence refers to the way a soil feels, resistance of soil material to rupture or 

plasticity, toughness and stickness of puddled soil material. 

Soil color 

It reflects environmental conditions, soil forming processes and other influences on 

the soil (Osman, 2013). According to Phogat and Dahiya (2015), soil colour provides 

valuable information regarding soil conditions and some properties of the soil. For 

example, the absorption of more solar radiation by dark-coloured soils, warming up 

faster than light-coloured soils. Soil colour is determined by the chemical coatings on 

soil particles, the amount of organic matter and moisture content in the soil 
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(Charlotte, 2009).  Soil colour is determined by the organic matter content, drainage 

conditions, degree of oxidation as well as presence of specific minerals in some cases 

(MPCA, 2022). 

Soil depth 

This refers to the distance from the soil surface to the underlying bedrock, parent 

material or other hard and compacted material (FARMLAB, 2024). Deep soils are 

important in soil formation, carbon sequestration as well as providing nutrients and 

water for plants (Chai, 2021). According to Hancock et al., (2015), soil depth limits 

the water storage capacity of a soil and so controls soil biological productivity. 

Soil temperature 

Soil temperature affects many aspects of soils the main once of which are plant 

growth on and biological activities and water movement within them (Schaetzl and 

Anderson, 2005). Its seasonality is hugely significant to soil water balance, to 

ecosystem functions and also to agronomic practices (Buol, 2011). According to 

Fageria et al., (2011), temperatures in temperate regions often determine the length of 

the growing season, while cool temperatures in the spring and autumn limit the 

growing season of warm season crops and hot summer crops limit the season for cool 

season crops. Below freezing, there is extremely limited biological activity and water 

does not move through the soil as a liquid (Henry, 1990). Soil temperature also 

affects the decomposition of organic matter and soil organic matter which 

approximately doubles for about every 10oC in the growing range of 13 – 35oC (Wolf 

and Snyder, 2003). 

Soil permeability 

This is a measure of the ease with which air and water move through the soil (Apex 

Publishers, 2024). Other than being a case with which soil allows fluid to pass 

through it, Phogat and Dahiya (2015) state that permeability also helps in 

determining the movement and retention of water, nutrients and air. Voids ratio, 

distribution of inter – granular pores and degree of saturation are among many factors 

that affect soil permeability (Elhakim, 2016).  According to Liz et al. (2019), the 

factors that mainly affect soil permeability are porosity, aggregation, shrinking and 

swelling of clay particles dispersion caused by low calcium levels versus sodium and 

magnesium and traffic. 

Effect of soil type on seed germination and emergence 

Different soil types differ on the impact they have on seed germination and 

emergence.The African giant sunflower variety has a germination percentage of 75% 

when sown on dark colored organic matter-rich silty clay loam soils (Yerima, 2015). 

In amaranth, soil type has an important role in germination but surface soil crusting 

strongly reduces emergence (Gomes et al., 2022). Soil type also has an impact 

towards germination and emergence of some tree species such as Acacia sieberana. 

According to Pahla et al., (2014), germination percentage of Acacia siebrana seed 
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sown in clay soil is generally lower than that of the same seed in sand soil. Cola 

nitida, a tree species whose major challenge in propagation is linked to germination 

(Yakubu et al., 2014) was tested for germination in different soil types. These soil 

types were riversoil, topsoil, topsoil combined with carbonized sawdust and topsoil 

combined with river soil. However, there were no significant differences on 

germination of the Cola nitida seed among the four soil types (Mukah et al., 2021). 

Any of the soil types can be used when propagating the large African tree. 

According to Conrad et al., (2003), clay soils account for lower seed germination of 

Helianthus annus L. due to poor aeration, water logging and an impervious layer due 

to closely packed structure of the soil. For pyrethrum seed, germination will be best 

on slightly alkaline clay loam soils whose nutrients are moderate (Barbra, 2014). 

Conclusions 

Good soil management practices should be the priority of not only soil ecologists but 

also the farming community if the soil is to remain usable and productive. Parent 

material has an influence in the formation of soil. Physical properties such as texture, 

structure, depth, color, temperature and permeability are key in seed germination and 

emergence. Germination of plants like amaranth is poor in soils that crust while 

African giant sunflower has a very high germination rate of 75 percent if planted with 

silt clay loam soils with dark colored organic matter. Clay soils account for lower 

germination percentages of most plant seeds while sand soils have the highest plant 

seed germination. 
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