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ABSTRACT - Plants can tolerate a wide range of soil temperature variations, but their development is affected when the soil 

undergoes higher or lower temperatures of certain extreme values. The aim of this study was to assess the soil temperature of 

two regions of the state of São Paulo, Brazil. Daily measurements of soil temperature were taken at two weather stations, one 

in the municipality of Adamantina (soil classified as Podzolic, Dark Red Latosol, Eutrophic, moderate A, of sandy/medium 

texture) and another in the municipality Monte Alegre do Sul (soil classified as Red Yellow Podzolic, of fine sandy-clayey 

texture) within a period of 365 days. The experimental design was completely randomized, with the two municipalities being 

the treatments, and 12 repetitions determined by monthly averages. The soil temperature at a 3-cm depth in Adamantina 

reached values above 40°C, values not observed in Monte Alegre do Sul. At a 12-cm depth, there were no differences between 

the municipalities. In Monte Alegre do Sul, the recorded soil temperatures proved suitable for crops, with better use of organic 

matter by the soil and greater stability of surface temperature throughout the day compared to Adamantina. In Adamantina, 

however, the use of agronomic technology is required to ensure greater stability of surface temperature. The temperature 

throughout the year in the soil surface layer in the Adamantina region in the afternoon was higher than in the Monte Alegre do 

Sul region, a fact that implies the need of differentiated agronomic technology depending on the cultivation location. 

Keywords: microbial activity; plant development; soil physics; thermal index. 

 

TEMPERATURA DO SOLO E IMPLICAÇÕES AGRONÔMICAS                                    

EM DUAS REGIÕES DO ESTADO DE SÃO PAULO 
 

RESUMO - As plantas podem suportar ampla variação de temperatura do solo, mas o desenvolvimento torna-se 

comprometido a partir do momento em que o solo apresenta temperaturas maiores ou menores de determinados valores 

extremos. Objetivou-se com esse trabalho avaliar a temperatura do solo em duas regiões do estado de São Paulo. Foram 

realizadas medições diárias de temperatura do solo em duas estações meteorológicas, sendo uma em Adamantina (solo 

classificado como Podzólico Vermelho Escuro, latossólico eutrófico A moderado, textura arenosa/média) e outra em Monte 

Alegre do Sul (solo classificado como Podzólico Vermelho-Amarelo, textura fino-areno-argilosa) durante 365 dias. O 

delineamento experimental foi inteiramente casualizado, sendo duas cidades os tratamentos, e 12 repetições determinadas pelas 

médias mensais. A temperatura do solo a 3 cm em Adamantina atingiu valores acima de 40°C, o que não foi verificado em 

Monte Alegre do Sul. A 12 cm de profundidade não se observou diferenças entre os municípios. Em Monte Alegre do Sul, as 

temperaturas registradas mostram-se adequadas para o cultivo, tendo maior aproveitamento da matéria orgânica e maior 

estabilidade de temperatura superficial ao longo do dia em comparação a Adamantina. Para Adamantina, requer-se o emprego 

de tecnologias para maior estabilidade superficial de temperatura do solo. A temperatura do solo ao longo do ano na camada 

superficial na região de Adamantina no período da tarde é superior a região de Monte Alegre do Sul, o que infere tecnologia 

agronômica diferenciada para os tratos culturais em função da região de cultivo. 

Palavras-chave: atividade microbiana; desenvolvimento de plantas; física do solo; índice térmico. 

 

INTRODUCTION 

Soil temperature is one of the agronomic aspects 

that interfere in plant development. It can affect water 

content, absorption and availability of nutrients in soil, 

root growth, microbial activity, seed germination, rooting 

of cuttings, and reactions of soil formation 

(PREVEDELLO, 1996; ABCSEM, 2015; MENESES et 

al., 2016). 

The thermal index of a soil is evaluated according 

to the soil surface heating under solar radiation and the 

sensible heat transfer to its interior by means of 

conduction. Therefore, several factors determine soil 
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temperature such as global solar irradiance, air 

temperature, rain, wind, cloudiness, type of surface cover, 

relief and type of soil (PEREIRA et al., 2002). 

Mota (1983) pointed out that soil temperature 

exerts greater influence than air temperature regarding the 

ecological impacts for plants. This type of information is 

of utmost importance for agriculture professionals 

(GASPARIN et al., 2005). Plants can tolerate a wide range 

of soil temperature variation, but their development is 

significantly affected when the soil undergoes higher or 

lower temperatures of certain extreme values 

High soil temperatures interfere in physiological 

and biochemical processes by reducing plant growth, thus 

intervening in stomatal conductance, electron transport, 

membrane integrity, enzyme action and 

photophosphorylation (SHOAIB et al., 2012; HILLEL, 

2004). Soil temperature variations in the root zone are 

reported to negatively affect strawberry crops in terms of 

plant growth, fruit yield and quality (GONZALEZ-

FUENTES et al., 2016). 

Soil temperature variations are more evident at a 

depth of up to 10 cm, at which a large part of the roots and 

microbial activity develop. In this respect, the primary 

factor that affects microbial activity and soil respiration 

rates is the soil temperature (KOCH et al., 2007). Between 

layers, heat transfer is controlled by conduction and 

convection mechanisms and, due to changes in physical 

structure, these processes can affect soil in different ways 

(BONETTI et al., 2017). Given that every geographic 

region has different characteristics of climate and soil, 

further studies on soil temperature are necessary, since 

very few studies have addressed such an important 

variable, which may imply decisions on different 

agronomic treatments depending on the cultivation 

location. 

 The major agricultural activities in the 

Adamantina region are the cultures of fruit, vegetables, 

coffee, achiote, cassava, peanuts, rubber trees, eucalyptus, 

sugarcane, and pastures. In Monte Alegre do Sul, the 

predominant cultures are pastures, eucalyptus, coffee, 

maize, sugarcane, fruit and vegetables. 

In view of the above, the present study aimed to 

assess the soil temperature of the two mentioned regions of 

the state of São Paulo, Brazil, with the purpose of 

contributing to the agronomic technology used for crops of 

larger areas in both regions. 

 

MATERIAL AND METHODS 

Daily measurements of soil temperature were 

taken at two weather stations within a period of 365 days, 

from March 5, 2014 to March 4, 2015 (Figures 1 and 2), 

using data provided by the CIIAGRO  (Centro Integrado 

de Informações Agrometeorológicas). 

One of the weather stations in this study is the 

automatic station installed in the municipality of 

Adamantina, located in the west of the state of São Paulo, 

at a latitude of 21°40’05,70”, a longitude of 51° 08’40,93” 

and an altitude of 402 m. The soil of the region was 

classified as Podzolic, Dark Red Latosol, Eutrophic, 

moderate A, of sandy/medium texture (PRADO et al., 

2003), and the relief was characterized as slightly 

undulating. During the evaluation period, the mean 

minimum and maximum air temperatues were 17.94°C and 

30.78°C, respectively, with total rainfall of 1072 mm. 

The other weather station is installed in the 

municipality of Monte Alegre do Sul, located in the east of 

the state of São Paulo, at a latitude of 22°41’35,50”, a 

longitude of 46°40’23,23” and an altitude of 782 m. The 

soil of the region was classified as Red-Yellow Podzolic, 

which today would correspond to alluvial Red Yellow 

Argisol, unit of Monte Alegre, of fine sandy-clayey 

texture, and an undulating to strongly undulating relief, 

according to Rotta et al. (1971). During the evaluation 

period, the mean minimum and maximum air temperatures 

were 14.24°C and 28.75°C, respectively, with total rainfall 

of 1146.2 mm. 

The experimental design adopted was completely 

randomized, with the two municipalities being the 

treatments, and 12 repetitions. Each repetition was 

determined by the average of 30 samples of each variable 

for the 30-day months, and 31 samples for the 31-day 

months. The variables analyzed were soil temperature at at 

depths of 3 and 12 cm, at 8:00 a.m. and 2:00 p.m. 

The data obtained were submitted to analysis of 

variance and when there was significance as per the F test, 

the means of the soil tillage treatments were compared by 

the Tukey’s test, at a 0.05 significance level. For the 

statistical analysis, the SISVAR statistical program was 

used as an aid (FERREIRA, 2010). 

 

RESULTS AND DISCUSSION 

As can be seen in Figures 1 and 2, regardless of 

the region, soil temperature plummets right after a rain. 

This can be explained by the fact that rainfall interferes 

significantly in the action of solar radiation on the soil 

surface, and consequently contributes to the frequent 

changes in temperature during the year (CARNEIRO et al., 

2014). This factor also relates to the soil reflection 

coefficient, which decreases when the soil surface is moist, 

even with the thermal conductivity increased by the 

presence of water, causing the soil temperature to decrease 

(PREVEDELLO, 2010).  

 When analyzing the action of humidity over soil 

temperature, Silva et al. (2006) observed temperature 

variations occurring in different soil management systems 

with no-tillage under irrigation conditions; however, those 

managements did not influence the productivity of the crop 

(common beans). 

Within the period studied for the two regions, the 

soil temperature at a 3 cm depth in Adamantina frequently 

reached values above 40°C, a fact that was not observed in 

Monte Alegre do Sul. This factor would probably imply 

greater evapotranspiration in the region of Adamantina, 

meaning that irrigation management would have to be 

differentiated for a crop implemented under the same 

conditions as in Monte Alegre do Sul. In addition to 

irrigation management, elevated temperatures accelerate 

the process of degradation of soil and organic matter, as 
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according to Hansen et al. (2018), the activity of 

bioenzymes responsible for degradation increases with 

temperatures of 30 to 50°C, depending on the type of soil. 

Thus, there is a greater need to monitor and incorporate 

organic matter into the soil. 

Risser et al. (1978) reported that the effect of soil 

temperature is greater in the periods of sowing, emergence 

and initial growth, when significant daily thermal 

amplitudes occur, mainly in the surface layer. Gasparin et 

al. (2005) analyzed the temperature in the soil profile in 

Cascavel, state of Paraná, Brazil, and observed that the 

greatest variations in soil temperature occurred at a depth 

of 2 cm. From 8 a.m. onwards, geotemperatures kept rising 

until they reached a maximum value at around 2 p.m., and 

from then on they started to decrease. According to 

Prevedello (2010), soil temperature variations tend to 

disappear at depths exceeding 40 cm; however, this 

variation decrease depends on the amount of water in the 

soil and its degree of compaction, since water, in involving 

the solid particles of the soil, produces an effective contact 

area, leading to an increase in the thermal conductivity of 

the soil.  

 
FIGURE 1 - Daily data of soil temperature and rainfall in the period from March 5, 2014 to March 4, 2015 in Adamantina, 

São Paulo State, Brazil.  

 

 
FIGURE 2 - Daily data of soil temperature and rainfall in the period from March 5, 2014 to March 4, 2015 in in Monte Alegre 

do Sul, São Paulo State, Brazil. 
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Table 1 shows a significant difference in soil 

temperature at 2:00 p.m. at a 3-cm depth, with an average 

of 33.43°C for Adamantina and 24.18°C for Monte Alegre 

do Sul. At a 12-cm depth, no differences between regions 

were observed, neither in the morning nor in the afternoon. 

As can be seen, the soil in Adamantina has low diffusivity, 

as it has high surface temperatures, with no heat 

penetration at greater depths as time goes by. According to 

Silans et al. (2006), soil thermal diffusivity depends on 

several factors such as granulometry, structure, soil 

density, among other factors. The comparison between the 

two types of soil under analysis, based on the relevant 

classification, indicates that the soil in Adamantina has a 

sandy characteristic, while that of Monte Alegre do Sul has 

a greater amount of clay, which explains why the latter 

presents better heat transfer downward in the soil. 

 

TABLE 1- Soil mean temperature (°C) from March 5, 2014 to March 4, 2015, at different depths and times of the day, in two 

municipalities in the state of São Paulo, Brazil. 

Municipality in São Paulo state 

Soil depth (cm) 

3  12 

Time of day (h) 

8:00 14:00  8:00  14:00  

Adamantina 21,68 a* 33,43 a 26,13 a 25,78 a 

Monte Alegre do Sul 19,97 a 24,18 b 28,87 a 28,73 a 

Overall mean 20,82 28,80 27,50 27,26 

F 1,53 
ns 

32,35 ** 3,22 
ns

 3,75 
ns

 

CV(%) 16,30 13,83 13,61 13,66 

DMS 2,87 3,37 3,17 3,15 

*Means followed by the same lower case letter in the column do not differ by Tukey's test at a 0.05 significance level. CV = 

coefficient of variation, 
ns

 = not significant at a 0.05 significance level by the F test. **significant at a 0.01 significance level 

by the F test. 

 

In Adamantina, the predominant cultures are fruit 

and vegetables in general. Substantial information about 

top soil temperature on the surface layer may for example 

imply different management recommendations for those 

cultures, such as irrigation and methods to avoid excessive 

soil surface heat, in addition to providing better 

understanding of the evapotranspiration process and soil 

water balance. 

For strawberry crops, Passos et al. (2014) 

recommend using ammoniacal and nitric nitrogen when 

the soil temperature is between 12 to 27°C and using 

nitrogen in the nitric form when it is above 27°C, since, 

according to those authors, applying ammoniacal N in high 

dosages can intoxicate the strawberry roots. Nitrate is one 

of the forms in which plants absorb nitrogen, especially at 

high temperatures, but most plants do not absorb it at soil 

temperatures above 32°C. Soil coverage aims to prevent 

from heat. Techniques such as mulching, irrigation, 

afforestation, increased planting density, and intercropping 

can avoid this risk (PRIMAVESI, 2003). 

According to Kiehl (1985), soils with a 

temperature below 25°C can easily accumulate organic 

matter, but soils exposed to higher temperatures favor 

decomposition. This can make agricultural cultivation 

unsustainable and more dependent on external resources of 

rural property, since organic matter contributes more than 

70% of the cation exchange capacity (RAIJ, 1969), which 

does benefit soil fertility. 

Based on the temperature values obtained, it can 

be assumed that Monte Alegre do Sul has better use of soil 

organic matter, which is of paramount importance since 

the predominant cultures in the region are coffee, 

eucalyptus and sugarcane – perennial and semi-perennial 

cultures that require large amounts of nutrients in slow 

release throughout the cycle. 

In the Adamantina region, lower in altitude than 

Monte Alegre do Sul, the soil temperature reached higher 

values, which indicates better seed germination rates, for 

instance in vegetables of the Cucurbitaceae family 

(pumpkin, cucumber, melon, watermelon , gherkin), and 

eggplant, green beans, scarlet eggplant, okra, peppers, 

green maize and even sprouts of sweet potatoes and 

chayote. In the soil of such cultures, the mean temperature 

variation ranges between 25°C and 30°C, reaching up to 

35°C, as is the case with melons. Onion crops have an 

intermediate behavior, with 20 to 30°C of soil temperature 

for germination). For other conventional vegetables such 

as lettuce, tomatoes, potatoes, kale, cauliflower, broccoli, 

carrots, chives, beets, radishes, garlic, the optimal range of 

soil temperature is around 15 to 25°C (ABCSEM , 2015), 

that is, a temperature typical of regions with a milder 

climate, such as Monte Alegre do Sul. 

Rena and Guimarães (2000) report that, in coffee 

crops, higher soil temperatures produce lateral roots in a 

more vertical position, deepening the root system. Under 

field conditions, it causes significant changes in the 

occurrence and distribution of roots. According to Serrano 

Júnior (2002), the optimal range of soil temperature for the 

organic management of fruit trees ranges from 20 to 32°C, 

and for this reason the author recommends dead and live 

cover. This technique contributes to the maintenance of 

soil moisture, reduces losses owing to evapotranspiration 

(KOSTERNA et al., 2014), and may be indicated in 

regions with low or poorly distributed rainfall throughout 

the year. In terms of vegetation cover, Prevedello (1996) 

characterizes straw as a material with low thermal 

conductivity and high reflectivity of sunlight. In addition, 
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straw covering provides organic matter, which is as a 

source of nutrients for plants and microorganisms, and 

contributes to the maintenance of the soil water content 

and decreases geotemperature oscillations (VOOS and 

SIDIRAS, 1985). 

Advantages of soil cover using synthetic or 

organic materials have also been reported for vegetables 

such as lettuce (MENESES et al., 2016), garlic (JAMIL et 

al., 2005), potatoes (KAR; KUMAR, 2007), carrots 

(RESENDE et al., 2005), melons (JOHNSON et al., 2004), 

peppers (QUEIROGA et al., 2002), and tomatoes 

(GRASSBAUGH et al., 2004). Remarkably, associating 

the soil temperature at a 3-cm depth (Table 1) with the 

conventional process of plant and animal waste 

composting, it is in the thermophilic phase (above 45°C in 

organic waste composting) that maximum decomposition 

of organic matter occurs, with active degradation of 

polysaccharides, transforming them into food for the 

microbiota (PEREIRA NETO, 2007). In this respect, it can 

be inferred that the Adamantina region may present a 

faster rate of organic matter decomposition than the Monte 

Alegre do Sul region, which implies lower values of cation 

exchange capacity and decreased soil fertility in low-

altitude agricultural regions. 

In view of the above, this study highlights the 

need for further research on soil temperature associated 

with cultures in both annual and perennial crops. In this 

vein, it is justifiable to evaluate the development and 

production of plants in different vegetation covers, as well 

as the influence of irrigation, afforestation, and increased 

planting density. 

 

CONCLUSIONS 

In Monte Alegre do Sul, the recorded 

temperatures proved suitable for crops, showing better use 

of organic matter by the soil and greater stability of surface 

temperature throughout the day compared to Adamantina. 

As for Adamantina, it was found that additional 

agronomic technology is required to obtain greater surface 

stability of soil temperature. 

The temperature throughout the year in the soil 

surface layer in the Adamantina region in the afternoon 

was higher than in the Monte Alegre do Sul region, a fact 

that implies the need of differentiated agronomic 

technology depending on the cultivation location. 
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