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Abstract

The influence of soil temperature on crop development is a critical aspect of farming, as it
plays a crucial role in determining the suitability of an environment for plant growth. Soil
temperature is of utmost importance during the initial stages of crop development, as it
dictates the optimal timing for planting and sowing activities. The temporal dynamics of
soil temperature, spanning from monthly to seasonal and diurnal cycles, exert a profound
impact on the growth of plants, necessitating the need for active management by farmers.
In particular, during periods of intense solar radiation and high temperatures, farmers
must take measures to regulate the temperature of the soil to ensure optimal plant growth
and development. Therefore, understanding the intricate relationship between soil
temperature and plant growth is imperative for farmers to maximize crop yields and
optimize field activities. Through in-depth knowledge of soil thermal regimes, farmers can
improve their decision-making and management practices, leading to more efficient and
sustainable agricultural practices.

Introduction

Soil temperature is a complex parameter that varies spatially and temporally due to
several factors, including soil colour, slope, vegetation cover, compaction, moisture, and
solar radiation. Accurate measurement and understanding of soil temperature patterns are
crucial for developing effective agricultural management strategies.

The physical and chemical properties of the soil, including soil moisture and texture,
are strongly correlated with soil temperature, and changes in these properties can lead to
variations in thermal regimes. This makes soil temperature an important factor for
predicting crop yields, as understanding the relationships between soil temperature and
other environmental factors can help forecast the potential productivity of a given area.
Therefore, gaining a deeper understanding of the complex relationships between soil
temperature, soil properties, and environmental factors is crucial for effective agricultural
management and sustainable crop production.

Factors Affecting Soil Temperature

Solar radiation is the primary source of land heating, as it penetrates the atmosphere and
directly heats the earth's surface. This process creates temperature gradients within the
soil, resulting in warmer temperatures near the surface and cooler temperatures at deeper
depths. The intensity of solar radiation varies depending on factors such as latitude,
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altitude, time of day, and season. Therefore, the depth of the soil layer affected by solar
radiation will depend on these factors, as well as soil properties such as colour, texture,
and moisture content. As a result, understanding the complex relationship between solar
radiation and soil temperature dynamics is essential for effective agricultural management
and maximizing crop yields.

The distribution of solar energy is governed by complex interplay of atmospheric
and terrestrial factors, such as seasonality, solar angle, cloud cover, and air temperature.
Seasonal variation in solar radiation intensity and duration is largely controlled by the tilt
and position of the Earth's axis relative to the sun, leading to changes in the angle and
path of the incoming solar radiation. Cloud cover and atmospheric opacity further
modulate the amount of solar energy that reaches the surface, with thicker clouds reducing
the amount of incoming radiation and leading to cooler surface temperatures.

In addition, air temperature plays a crucial role in determining the energy balance
of the Earth's surface, as it directly affects the rate of radiative cooling and convective
heat transfer from the surface to the atmosphere. As a result, warmer atmospheric
conditions typically lead to warmer surface temperatures due to reduced heat loss and
increased convective heat transfer.

Dark-coloured objects, including soil, are known to absorb more sunlight than
lighter colours due to their ability to absorb a greater number of photons of solar radiation.
As a result, darker soils are capable of absorbing more solar energy and converting it into
thermal energy, leading to higher temperatures. This relationship between soil colour and
temperature has important implications for various soil-related processes, such as nutrient
cycling and plant growth. By understanding the physics behind the absorption of solar
radiation by soil, we can gain valuable insights into the functioning of the Earth's surface
and inform land management practices to improve soil health and mitigate the effects of
climate change.

Bare lands have a tendency to absorb more heat as compared to those with
additional layers such as mulch, cover crops, crop residue, or vegetation canopy. These
additional layers not only prevent evaporation but also help in cooling down the soil
temperature. In addition, these layers have a direct impact on soil properties, such as
water retention and soil colour. For instance, mulch, cover crops, crop residue, and
vegetation canopy can increase soil water retention and darken the soil colour. As a result,
the temperature of the soil also tends to increase due to the absorption of more solar
radiation by the darker coloured soil.

Organic matter content is also a critical factor affecting soil temperature, as it can
increase soil water retention and darken the soil colour, leading to increased soil
temperatures. Thus, the presence or absence of ground cover and organic matter can
significantly impact soil temperature and associated processes such as nutrient cycling,
microbial activity, and plant growth.

Wet grounds conduct heat vertically better than dry ones. It means dry earth heats
up faster during the day and cools down faster at night. However, the water content may
affect double ways depending on the earth’s compaction and density - either evaporating
from the surface or dissipating in the profile underneath. Cold precipitation cools the earth.

Soil composition and texture

Soil composition and texture are critical factors that affect the thermal properties of soil.
Clay soil typically has a higher heat capacity than sand, while sand heats up faster due to
its lower water content and porosity. Finer soils have higher thermal conductivity, but the
impact of water content on thermal conductivity is complex. Understanding the
interactions between soil composition, texture, and water content is essential for
predicting the thermal properties of soils and their impact on ecosystem processes.

Impact of Soil Temperature on Soil Properties

The ground’s thermal conditions can either decrease or increase the biological, chemical,
and physical characteristics of various types of soil. To effectively control thermal
conditions in light of your objectives, you must have a firm grasp of these influences on
the following properties.
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Biological Properties

The average soil temperatures for bioactivity range from 50 to 75°F (10-24°C). These
values are favorable for the normal life functions of the ground biota that ensure proper
organic matter decomposition, increased nitrogen mineralization, uptake of soluble
substances, and metabolism. On the contrary, conditions near freezing slow down the
activities of soil-dwelling microorganisms, while macro-organisms can’t survive below
freezing points. Decreased microbial activities are the reason for reduced organic matter
decomposition and its excessive accumulation.

Chemical Properties

Due to decomposed organic matter, high soil temperature regimes show higher cation
exchange capacity. The warmer the ground, the more water-soluble phosphorus it
contains for plants. Vice versa, low-heated earth is poor in phosphorus available for
vegetation. As to pH levels, the acidity rises to a greater degree due to organic acid
denaturation.

Physical Properties

Increased soil temperatures induce the dehydration of clay and cracking of sand particles,
eventually reducing their content and increasing the concentration of silt. The warmer the
earth is, the more carbon dioxide it releases. Heat is the reason for land cracking due to
evaporation and, thus, insufficient water penetration into the ground profile.

Effects of Soil Temperature on Plant Growth

Soil temperature plays a crucial role in plant growth and productivity. Warm soil
temperatures promote crop development by enhancing water and nutrient uptake, while
cold temperatures inhibit water uptake due to reduced water viscosity and slow down the
process of photosynthesis. Soil temperature also affects the growth of earth-dwelling
microorganisms, as their metabolism slows down in colder temperatures, leading to a
decrease in nutrient release and dissolution.

This can result in stunted plant growth in colder climates. Shoot growth is also
affected by cold ground and air, as it inhibits cell duplication. Although warmer soil is
beneficial for root development, excessive heat can accelerate the decomposition of
organic matter and the evaporation of moisture, thereby reducing soil quality. Thus, it is
crucial to maintain an optimal level of soil warmth for healthy plant growth and high crop
yields. Understanding the relationship between soil temperature and plant growth can help
optimize agricultural practices for improved productivity and sustainability.

Ideal Soil Temperature for Planting

Plants cannot thrive under low temperature conditions, as the biological and chemical
processes in the soil are significantly reduced. At freezing temperatures, these processes
come to a complete halt. Therefore, determining the optimal soil temperature for plant
growth and identifying beneficial conditions for crop germination and development
becomes crucial. This requires analyzing historical soil temperature data for a specific
region, closely monitoring the current thermal conditions, and keeping track of vegetation
and weather forecasts.

Accurate soil temperature data provides valuable insights into the ideal conditions
for plant growth and can inform agricultural practices for optimized crop yield. Maintaining
suitable soil temperatures promotes healthy plant growth and supports essential biological
and chemical processes, such as nutrient absorption and photosynthesis. Therefore,
continuous monitoring and analysis of soil temperature is critical for ensuring successful
crop production and sustainable agriculture.

Plants go through various growth stages, and each stage requires a specific
temperature range to support growth and development. These temperature ranges are
known as the cardinal temperatures, which consist of three types: maximum, optimum,
and minimum. The minimum cardinal temperature represents the temperature below
which there is insufficient heat available for biological activities. The optimum cardinal
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temperature refers to the temperature at which the rate of metabolic processes is
maximum. The maximum cardinal temperature represents the temperature beyond which
growth stops.

For cool season cereals, the cardinal temperatures are 5-14°C for the minimum,
25-31°C for the optimum, and 31-37°C for the maximum. In contrast, for warm season
cereals, the cardinal temperatures are 15-18°C for the minimum, 31-37°C for the
optimum, and 44-50°C for the maximum.

Crops Minimum (°C) Optimum (°C) | Maximum (°C)

Wheat 3 -4.5° 20 - 25° 30 - 32°

Barley 4 -5° 15 - 20° 38 - 40°

Gram 4 -5° 15 - 30° 36 - 40°

Sugarcane 10 -15° 20 - 35° 35 - 40°

Rabi Crops | Sunflower 10 - 15° 20 - 25° 30 - 35°
Mustard 7 - 10°C 20 - 25°C 30 - 35°

Potato 4 -7°C 18 - 22°C 30 - 32°

Tomato 20 - 25°C 15 - 16°C 30 - 32°

Chickpea 20 - 25°C 10 - 12°C 35 - 40°

Rice 10 - 12° 30 - 32° 36 - 38°

Groundnut 12 - 15° 21 - 26° 36 - 40°

Kharif Jowar/Millets 15 -18° 25 - 32° 40 - 45°
crops Bajra 12 - 15° 25 - 30° 40 - 45°
Maize 8 - 10°C 32 - 35° 40 - 44°

Cotton 10 - 15° 25 - 30° 35 - 40°
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