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Abstract: The heat capacity is an extensive soil 
property because its value depends both on the 
specific heat and the soil mass or volume. The heat 
capacity value is influenced by the unchangeable 
soil properties (e.g. texture), slightly changeable 
ones (e.g. humus content), and variable soil 
properties (e.g. water and air volume). In the paper 
is proposed a calculation method to estimate the 
influence of soil’s water content on the heat 
capacity value. Knowing this influence is important 
in making a decision on the most appropriate 
irrigation technology to be used, especially during 
cold seasons. 
 

 

Rezumat: Capacitatea calorică este o proprietatea 
extensivă a solului întrucât valoarea acesteia 
depinde atât de căldură specifică cât şi de masa 
sau volumul sistemului. Mărimea capacităţii 
calorice este influenţată atât de însuşirile 
nemodificabile, greu modificabile cât şi de cele 
uşor modificabile care sunt variabile în decursul 
unui sezon de vegetaţie. În lucrare se prezintă o 
metodă de calcul a capacităţii calorice a solului 
aflat în diferite praguri de umezire. Cunoaşterea 
acestei influenţe prezintă importanţă în stabilirea 
variantelor tehnologice de aplicare a udărilor 
convenabile din punct de vedere al consumului de 
energie în sezonul rece al anului . 
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 INTRODUCTION 
 The thermal regime of horticultural soils or substrata in greenhouses and solaria is 
influenced both by air temperature in the protected areas and by some soil features. Soil features 
influencing the thermal regime may be unchangeable, little changeable, or slightly changeable 
during crop vegetation period. Granulometric and mineral composition of the solid part of the 
soil, organic matter content, cation exchange capacity etc. are part of the unchangeable or 
difficult to change features. Organic matter influences soil thermal regime both through its 
thermal features (specific heat, calorie capacity, and thermal conductivity) and calorie energy 
released during its decomposition. This phenomenon is applicable in vegetable growing. Thus, to 
prepare hotbeds during the cold season we use a large amount of non-fermented manure (a layer 
50-70 cm thick) that ensures a temperature higher than 250C. Granulometric and mineral 
composition does not change during the year and, therefore, the values of thermal features 
(specific heat, calorie capacity, thermal conductivity) of mineral constituents keep relatively 
constant. Though the total volume of the pores occupied by water and air keep relatively constant, 
the volume of the pores occupied only by water or by air is variable. Diminishing the volume of 
the pores occupied by water occurs as a result of soil surface water evaporation or of its 
absorption by plant roots. Increasing the volume of the pores occupied by water occurs as a result 
of watering or of water vapour condensation in the soil, a process that releases heat. As thermal 
features of mineral constituents does not change during the year, the balancing of soil temperature 
within certain limits can be done through maintaining the soil somehow aerated to ensure optimal 
ratio between the volumes of the constituents in the three aggregation states depending on the 
vegetation season. Maintaining during the cold season a small supply of water in the soil 
contributes to diminishing calorie energy necessary to heat it as calorie capacity of the soil with a 
smaller amount of water is smaller compared to that of the moist soil. In this paper we suggest a 
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calculus method for the establishment of slightly changeable features on calorie capacity in order 
to develop a sustainable technology of soil exploitation in protected areas. 
 
 MATERIAL AND METHOD 
 Primary data can be shown as in Figure 1. 

 

 
 

Figure 1 General graph of the influence of the different moisture levels on soil calorie capacity 
 
Soil calorie capacity is an extensive feature influenced by practically unchangeable 

features (granulometric composition), by slightly changeable ones (organic matter content), as 
well as by features variable during vegetation (water and air content). Granulometric 
composition, percentage content of granulometric fractions of loam (a0A), dust (b0P), and sand 
(c0N), can be assessed through the Kacinsky method. As granulometric composition is a 
practically unchangeable soil feature, data can be taken from the special climate and soil study 
developed upon establishment of the greenhouse. Calcium carbonate percentage content and soil 
organic matter are measured with the Scheibler and Walkley-Black methods modified by 
Gogoaşă. For the calculus of volume calorie capacity of the soil it is necessary to also measure 
apparent density, which can be done on samples disposed naturally in metal cylinders (100 cm3).  
Data concerning mass specific heat of mineral and organic soil components can be found in 
literature (Figure 1). On the ground of primary data we can assess, through climate and soil 
transfer functions, hydro-physics indices of the soil, such as: field water capacity, wilting 

Primary analytic data: 
 ▪ loam (a0A), dust (b0P) and sand (c0N) 
content; 
 ▪ organic matter content (MO); 
 ▪ water content; 
 ▪ apparent density (DA). 

Known data: 
Loam (cmA=0,233 cal/g degree), dust 
(cmP=0,213 cal/g degree), sand (cmP=0,194 
cal/g degree), organic matter (cMO=0,447 
cal/g degree), calcium carbonate 
(cCaCo3=0,210 cal/g degree), and water 
(cH2O =1cal/g degree) mass specific heat. 

Calculated elements: 
 ▪ dry soil mass specific heat (cm) 
(cal/g degree); 
▪ dry soil volume specific heat (cv) 
(cal/cm3 degree). 

Data measured or assessed through soil 
transfer functions: 
 ▪ field water capacity (g/100g); 
 ▪ minimum moisture level (g/100g). 

Calculated elements: mass and volume 
specific heat of soil moistened at field level 
(cmCC and  cvCC) or at the moisture minimum 
level (cmPM şi  cvPM). 

Area (S) and thickness (h) of the 
horticultural soil layer or sublayer 

Calculated elements: mass and volume calorie 
capacity of dry (Cm and Cv) moist soil at the level 
of field capacity (CmCC and  CvCC) or at the level of 
the minimum moist level (CmPM şi  CvPM). 

 ♦ Interpreting results 
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coefficient, and minimum moisture level. Area and thickness of soil or horticultural sub-layer can 
be taken from the greenhouse design. 

 
RESULTS AND DISCUSSIONS 
For more clarity, we shall present below the definitions of the terms referring to thermal 

soil features. Specific heat (c) is the amount of heat necessary for a mass unit (mass specific heat) 
or a volume unit (volume specific heat) in a body to raise its temperature with 10C. Specific heat 
is an intensive property independent of the system size. As soil is a poly-phase system (composed 
of constituents in solid, liquid, and gaseous phase) measuring the value of volume specific heat 
can be done through the balanced mean of the values of volume specific heat of its components. 
Calorie capacity (C), also called “thermal capacity”, defines the amount of calorie energy (C) 
necessary to raise the temperature of a body with a certain mass (mass calorie capacity) or of a 
certain volume (volume calorie capacity) with 10C. The soil thermal capacity is an extensive 
property as its size depends on the substance content in the soil. The amount of calorie energy 
received as well as the morphological, physical, chemical, mineral, and biologic features are the 
determining factors of the thermal regime of the soil. Transmitting heat from the atmosphere into 
the soil is influenced by the variation of the flow of daily radiation and also by soil features. 
 1. We estimate a correction coefficient (cf) for the transformation of the value of 
granulometric fraction content in values related to the solid part of the soil. Calculating such a 
coefficient is necessary as in the climate and soil current studies the percentage content of 
granulometric fractions of loam is related to the silica. We use the relation: 

100
100 3CaCOMOcf 

   

in which: MO - percentage content of organic matter (g/100g dry soil); CaCO3 - percentage 
content of calcium carbonate (g/100g dry soil).  
 2. We calculate the percentage content value of granulometric loam (apsA), dust 
(bpsP), and sand (cpsN) fractions related to the solid part of the soil with the following relations: 

apsA = a0A*cf 
bpsP = b0P*cf 
cpsN = c0N*cf 

in which we noted with a0A, b0P, c0N the percentage content of loam, dust, and sand 
granulometric fraction related to the silica part of the soil. 
 3. We calculate mass specific heat (cm) of the solid part of dry soil, expressed in cal/g 
degree. It represents the balanced average of mass specific heat of the solid constituents. The 
calculus of mass specific heat is done with the following relation:  

100
210,0447,0194,0213,0233,0 3CaCOMONcPbAa

c pspsps
m


  

in which: 0.233; 0.213; 0.194 – average values of specific heat of loam, dust, and sand 
granulometric fractions; 0.447 and 0.210 – average values of the specific heat of organic matter 
and of calcium carbonate. This relation shows that the values of mass specific heat (cm) of the 
solid part of dry soil changes with the increase of organic matter content. Mass specific heat is 
about twice larger than that of mineral components.  
 4. We calculate the value of volume specific heat (cv) of the solid part of the dry soil: 

DAcc mv *  

in which DA is apparent density (g/cm3).  
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 5. As water specific heat is a calorie/gram degree, calculating the value of the volume 
specific heat of the solid part of the moist soil at the level of water storing capacity (cvCC), 
expressed in cal/cm3 degree, can be done with the following relation: 

DACCcc vvCC *
100

  

in which we noted with CC water soil capacity in protected areas (g/100g dry soil). 
 6. We calculate the value of the volume specific heat of the solid part of the moist soil 
at the minimum moisture level (cvPM), expressed in g/100g dry soil: 

DAPMcc vvPM *
100

  

in which PM is the minimum level of soil moisture in protected areas of retaining water. 
 7. We calculate the volume calorie capacity (Cv) of the soil layer in greenhouses or 
solaria, expressed in megacal/degree: 

vchSCv **  

in which S is the area occupied by the soil layer (m2), and h – thickness of soil layer (m). 
 8. We calculate the volume calorie capacity of the soil layer in greenhouses or solaria 
moistened at the level of water holding capacity and at the level of minimum moisture level. 

hScC CCvvCC ** and hScC PMvvPM *  
in which CvCC and CvPM are the capacities of volume calorie of the solid soil (megacal/degree). 
 The calculus algorithm shows that: The volume calorie capacity of the moistened soil 
at the level of water holding capacity is larger than the calorie capacity of the moistened soil at 
the level of the minimum threshold. Maintaining a smaller soil water supply results in a 
diminution of the calorie capacity and, implicitly, in the diminution of the heat necessary to 
reach optimal temperature for plant growth and development. We think that maintaining a 
smaller supply of soil water without affecting plant growth and development can only be done 
through applying localised watering (drip irrigation or jet break collar irrigation). Though some 
authors recommend maintaining soil moisture in the lower part of the active moisture interval 
during winter, this cannot be done as descending advance of the moisturising front occurs 
gradually and only after water content reached sustainable water holding capacity level.  

 
CONCLUSIONS 
Soil calorie capacity has the largest values when soil water supply is larger. 

Diminishing soil calorie capacity and the necessary heat for maintaining temperature within 
certain limits can be done by applying localised watering. The calculus method can be used in 
calculating soil calorie capacity with different features and in establishing some technological 
variants suitable from the point of view of energy consumption during the cold season. 
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