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Introduction
Soil constitutes a major storage for heat, acting as a reservoir 

of energy during the day and source of heat to the surface at night. 
The soil stores energy during the warm season and releases it to 
air during the cold season Geiger et al.1 The temperature of the soil 
depends on the ratio of the energy absorbed to that lost from the 
soil. It fluctuates annually and daily, affected mainly by variations in 
air temperature and solar radiation.2 Soil temperature is one of the 
important factors that influence soil properties processes involved in 
plant growth. It governs the soil physical, chemical and biological 
processes (Buchan, 2001). It also influences the interspheric processes 
of gas exchange between the atmosphere and the soil Lehnert.3 The 
amount of radiation received by the soil affects soil temperature 
(Haskel et al. 2010), biological processes such as; seed germination, 
seedling emergence, plant root growth and the availability of nutrients 
Probert.4 The temperature of the soil alters the rate of organic matter 
decomposition and the mineralization of different organic materials 
in the soil (Davidson & Janssens, 2006). Soil temperature also affects 
soil water retention, transmission and availability to plants.

Soil temperature
Soil temperature is the function of heat flux in the soil as well 

as heat exchanges between the soil and atmosphere Elias et al.5 It is 
also defined as the function of the internal energy of the soil (Ghali 
2003). The transfer of heat in the soil Zhao et al.6 and the latent heat 
exchanges at the surface Nwankwo et al.7 are the primary causes of 
variations in soil temperature. The main source of soil temperature 
is solar radiation. Soil temperature is measured with a thermometer. 
Soil temperature varies seasonally and daily which may result from 
changes in radiant energy and energy changes taking place through 
soil surface Chiemeka.8

Factors influencing soil temperature
Zhang (2003) divided these factors into two; the amount of heat 

made available to the soil surface and the amount of heat dissipated 
from soil surface down the profile.

A. The factors that affect the amount of heat supplied at the soil 
surface include; soil colour,9 mulching Matthias et al.,10 solar 
radiation Geiger et al.,1 slope of land surface Elisbarashiviti et 
al.,11 vegetative cover Decker et al.,12 organic matter content13 and 
evaporation Lu et al.14 

i. Soil colour: Dark coloured soils absorb more radiant heat than 
light coloured soils.7 Thus dark coloured soils have a higher soil 
temperature than light coloured soils.

ii. Soil mulch: Horton et al.,15 observed that mulch materials inhibit 
evaporation and increase soil moisture. Consequently, these ma-
terials reduce the temperature on the soil surface Shinners et al.16 
Therefore, mulching the surface of the soil serves to insulate heat 
thereby reducing soil temperature Dahiya et al.17 Generally less 
heat will flow into a mulched soil compared to bare soils.

iii. Slope of the land surface: Solar radiation that reaches the land 
surface at an angle is scattered over a wider area than the same 
amount of solar radiation reaching the surface of the land at right 
angles. Therefore the amount of radiation per unit area of the land 
surface decreases as the slope of the land increases Elisabarashi-
villi et al.18 Thus soil temperature decreases as the slope of land 
increases.

iv. Vegetative cover: A bare soil quickly absorbs heat, becomes hot 
during the hot season and becomes cold during the cold season. 
Vegetation acts as a thermal insulator and significantly affects the 
soil temperature.7 It does not allow the soil to become either too 
hot during the dry season or too cold during the rainy season Ji-
menez et al.19

v. Organic matter content: Organic matter increases the water hol-
ding capacity of the soil. It also contributes to the dark colour of 
the soil. These two soil properties increase its absorption of heat, 
thereby increasing the soil temperature Fang et al.20

vi. Evaporation: The evaporation of water from the soil requires a 
large amount of energy. Soil water utilises the energy from solar 
radiation to evaporate thereby rendering it unavailable for heating 
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Abstract

Soil temperature varies seasonally and daily which may result from changes in 
radiant energy and energy changes taking place through the soil surface. It governs 
the soil physiochemical and biological processes and also influences the interspheric 
processes of gas exchange between the atmosphere and the soil. Environmental factors 
affect soil temperature by either controlling the amount of heat supplied to the soil 
surface and the amount of heat dissipated from the soil surface down the profile. 
Soil temperature alters the rate of organic matter decomposition and mineralization 
of different organic materials. It also affects soil water content, its conductivity and 
availability to plants. The paper introduced soil temperature as a major determinant of 
the processes that takes place in the soil which are necessary for plant growth.
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up of the soil.1 Thus the greater the rate of evaporation, the more a 
soil is cooled and its temperature decreases.

vii. Solar radiation: This is the amount of heat from the sun that rea-
ches the earth. The amount of radiation from the sun that a soil 
receives and absorbs affects the variability of soil temperature.21 
As the solar radiation reaching the soil surface increases the soil 
temperature also increases Geiger et al.10

B. Some of the factors that affect the amount of heat dissipated from 
the soil down the profile include; moisture content22 and bulk 
density (Abu-Hamdeh, 2013). 

i. Soil moisture content: Moisture influences soil heat dissipation 
down the profile. The flow of heat is higher in a wet soil than in a 
dry soil where the pores are filled with air. The rate of heat dissi-
pation increases with moisture content Ochsner et al.23

ii. Bulk density: High bulk density increases the soil surface by 
increases the amount of heat dissipated through the soil surface 
by increasing the rate at which heat energy passes through a unit 
cross-sectional area of the soil Abuel-Nagal et al. 2009.

Effects of soil temperature on some soil 
properties and plant growth
Effects on soil biological properties

Bioactivity: Soil temperature range of 10℃-28℃ influence soil 
respiration by increasing the activity of extracellular enzymes that 
degrade polymeric organic matter in soils Conant et al.,24 increase 
microbial retake of soluble substrates Allison et al.,25 and increase 
microbial respiration rates Wallenstein et al.26 Increase in soil 
temperature increases the soil nitrogen mineralization rates through 
the increase in microbial activity and increase in the decomposition 
of organic matter in the soil.27 Soil temperature below freezing 
point decreases mineralization by inhibiting microbial activity and 
decreasing diffusion of soluble substrates in the soil Kaiser et al.28

Soil micro-organisms: Most soil micro-organisms require 
temperatures between 10℃-35.6℃ for their activities (Davidson 
& Janssens 2006). Soil microbial activities decrease with low soil 
temperatures and at freezing point, most activities cease Allison.29

Soil macro-organisms: At a soil temperature range of 10℃-24℃, soil 
macro-organisms have increased rate of metabolism requiring them to 
either feed more or burn their own fat stores Conant et al.24 At extreme 
high temperatures of 58℃, soil macro-organisms die because of the 
unfavourable temperature of the soil (Bristow, 1998). Soil macro-
organisms do not survive in temperatures below freezing point.

Organic matter decomposition: At a temperature below 0℃ 
the accumulation of soil matter increases due to the slow rate of 
decomposition Allison et al.25 Organic matter decomposes slowly at 
lower temperatures as a result of decrease in microbial activities and 
biochemical processes.30 Soil temperature between 2℃-38℃ increases 
the organic matter decomposition31 by increasing the movement of 
soluble substrates in the soil Fierer et al.32 and stimulating microbial 
activities Fang et al.20 

Effects on chemical properties of the soil
Cation exchange capacity (CEC) 

Increase in soil temperature decreases organic matter Ubeda et al.33 

through combustion. This decrease in organic matter and reduction 
in clay size clay fraction as a result of high temperature leads to a 
decrease in the cation exchange capacity of the soil Certini.34 Increase 
in soil temperature leads to a decrease in the cation exchange capacity 
of the soil Rengasamy et al.35

Available phosphorus

Yilvaiaio et al.,36 observed that water-soluble phosphorus 
increased with soil temperature from 50c-250c due to the increase in 
the movement of phosphorus in the soil controlled by diffusion. Soils 
with low temperature have low availability of phosphorus because 
the release of phosphorus from organic material is hindered by low 
temperature Gahoonia et al.37

Soil pH

At a soil temperature ranges of 25℃- 39℃ the soil pH increases 
as a result of organic acid denaturation which increases at high 
temperature Menzies et al.38

Effects on soil physical properties
Soil structure 

Increase in soil temperature causes temperature induced dehydration 
of 2:1 clay minerals in the soil leading to strong interactions among 
the clay particles which in turn yield less clay and more silt-sized 
particles in the soil Arocena et al.39 High soil temperature also leads 
to heat-induced cracks in the sand-sized particles that eventually 
lead to breakdown and consequently a reduced amount of sand-sized 
particles in the soil Pardini et al.40 Increase in soil temperature lowers 
the clay sand contents and increases the silt content Assaf et al.41

Aggregate stability

At soil temperature above 30oc, the aggregate stability of the soil 
increases Fox et al.42 This is as a result of thermal transformation of 
iron and aluminium oxides, causing them to act as cementing agents 
for clay particles that then form strong silt-sized particles in the soil 
Terefe et al.43

Soil moisture content

Reductions in soil moisture occur when increased soil 
temperatures decrease water viscosity, thus allowing more water to 
percolate through the soil profile Broadbent.31 In addition, reduced 
shade combined with increased soil temperatures also results in higher 
evaporation rates which in turn restrict the movement of water into the 
soil profile Rengasamy et al.35

Soil aeration

Temperature influences the carbon dioxide content in the soil air. 
High temperature encourages micro-organism activity which results 
in higher production of carbon dioxide in the soil Allison.29

Effects of soil temperature on plant growth
Soil temperature has a great effect on plant growth by influencing 

water and nutrient uptake Toselli et al.,44 root and shoots growth Weih 
et al.45

Water uptake

Water uptake decreases with low temperature. This is due to the 
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increased viscosity and decreased absorption rate of water at low 
temperature Toselli et al.44 Decreased water uptake reduces the rate 
of photosynthesis.

Nutrient uptake

The metabolic activities of micro-organisms play an important 
role in the cycling of nutrients in the soil and ensuring the nutrients are 
in a form available to plants. Therefore increased metabolic activities 
of micro-organisms as a result of increase in soil temperature will 
stimulate the availability of nutrients for plants. Soil temperature 
also affects nutrient uptake by changing soil water viscosity and root 
nutrient transport Grossnickle,46 Lahti et al.,47 observed that at low soil 
temperature, nutrient uptake by plants reduce as a result of high soil 
water viscosity and low activity of root nutrient transport.

Root growth

Increase in soil temperature improves root growth because of the 
increase in metabolic activity of root cells and the development of 
lateral roots Repo et al.48 Low soil temperature results in reduced 
tissue nutrient concentrations and as such decreases root growth Lahti 
et al.49–56

Conclusion
The soil is indispensable for the maintenance of plant life, 

affording mechanical support, supplying nutrients and water. The 
soil constitutes a major storage for heat. The soil temperature is a 
catalyst for many biological processes. Soil temperature influences 
soil moisture, aeration and availability of plant nutrients which are 
necessary for plant growth.
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