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1 RESUMO

Cultivos consorciados visam a maximizagao sustentavel do uso do solo e 4gua, e tém-se tornado
uma alternativa para regides com periodos chuvosos relativamente curtos e temperaturas
elevadas. O objetivo foi verificar a dindmica e a manuten¢do da umidade do solo, em fung¢do
das oscilagdes da temperatura do solo em sistemas de milho consorciado com e sem irrigagao.
O delineamento experimental foi composto por doze tratamentos, sendo: milho, braquiéria e
crotaldria em monocultivo, consorcio entre milho e braquidria, consorcio entre milho e
crotaldria, e sem cobertura do solo, em dois sistemas (seis tratamentos irrigados e seis sem
irrigacdo), com quatro repeticoes. Avaliou-se a temperatura do solo nas profundidades de 10,
20, 30 e 40 cm e umidade do solo na camada entre 0-30 cm. Foram avaliados os componentes
de produgao do milho ao final do ciclo. O cultivo do milho em consorcio com a crotalaria ou
braquidria, proporcionou reducdo da temperatura média do solo em 17,4 e 17,6%,
respectivamente. O consoércio reduziu a amplitude térmica do solo quando comparado com o
milho em monocultivo. A umidade do solo apresentou menores valores nas fases de
desenvolvimento, intermediaria e final para os cultivos de milho consorciado. O cultivo do
milho em consoércio irrigado ndo apresentou diferenga significativa na produtividade em relagao
ao monocultivo.

Palavras-chave: braquiaria, consorcio, crotaldria, reflectometria no dominio do tempo, Zea
mays L.
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2 ABSTRACT

Intercropping aims at sustainable maximization of soil and water use, and has become an
alternative for regions with relatively short rainy periods and high temperatures. The aim was
to verify the dynamics and maintenance of soil moisture as a function of soil temperature
oscillations in intercropped corn systems with and without irrigation. The experimental design
was composed of twelve treatments: corn, brachiaria and crotalaria in monoculture,
intercropping between corn and brachiaria, intercropping between corn and crotalaria, and
uncovered soil, in two systems (six irrigated treatments and six without irrigation), with four
replications. Soil temperature at depths of 10, 20, 30, and 40 cm and soil moisture in the 0-30
cm layer was evaluated. The production components of corn at the end of the cycle were
evaluated. Corn intercropped with crotalaria or brachiaria provided a 17.4 and 17.6% reduction
in average soil temperature, respectively. Intercropping reduced the temperature range of the
soil compared to corn in monocrop. Soil moisture showed lower values at the development,
intermediate, and final stages for the intercropped corn crops. Corn under irrigated

intercropping showed no significant difference in yield compared with monocropping.

Keywords: brachiaria, intercrop, crotalaria, time domain reflectometry, Zea mays L.

3 INTRODUCTION

The advantages of intercropping
systems over monocultures are increasingly
evident. This system can be established with
simultaneous sowing or with a difference of
a few days between the sowing of the crops
involved (CECCON, 2013; SOUZA et al.,
2019). Several annual crops are used for this
purpose, but the preference is for corn, with
production allocated to grain or silage
(JAKELAITIS et al., 2004).

The corn cultivation system in
association with the crotalaria crop provides
many advantages to the agricultural system,
such as fixation of atmospheric nitrogen; a
biomass rich in P, K and Ca; a branched and
deep root system; facilitating nutrient
cycling; and promoting soil decompaction, a
crop that inhibits the proliferation of
phytonematodes, among other advantages
(TEODORO et al., 2011; GAZOLA et al.,
2013).

The cultivation of corn intercropped
with brachiaria also provides numerous
advantages, such as improvements in soil
physical properties, a reduction in weed

infestation (PACHECO et al., 2009) and
increases in the productivity of subsequent
crops (BARDUCCI et al., 2009).

An important factor to be considered
when cultivating intercropped crops is
competition for resources, such as water,
light and nutrients, which can vary according
to the sowing season, types of crops
involved, plant population, spacing used and
cultivation location (CECCON, 2013).

Corn, a crop with carbon fixation
metabolism (C4), is considered excellent for
intercropping systems, as it has accelerated
initial growth, is tall, has a high capacity to
intercept photosynthetically active radiation,
and adapts well to intercropping with other
crops (OLIVEIRA et al., 2010). These
characteristics are desirable in an intercrop,
since the search is for systems in which
forages or legumes are managed without
harming the main crop.

Carneiro  (2014), studying the
temperature of the soil with vegetation
cover, noted that soil moisture was of utmost
importance, as it affected the heat flow in the
soil, modifying the temperature amplitude in
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the soil profile as a function of the
evaporation of water from the soil.

Soil moisture is influenced by factors
such as vegetation, soil texture, topography
and cultivation region and varies greatly
over time and space (SANTOS;
MONTENEGRO; SILVA, 2011). Thus, the
use of intercropping or mulch systems on the
soil affects soil dynamics, resulting in higher
moisture values in relation to monoculture
systems (GHANBARI et al., 2010).

Soil temperature and moisture are
directly related so that soil warming reduces
moisture, affecting the soil biota and plant
root growth (BAO et al., 2016), and these
two factors can be influenced by the
presence or absence of biomass on the soil
surface (CARNEIRO, 2014). Thus, soil
cover, either by dry mass or by the leaf area
of crops, results in a reduction in soil
temperature and, consequently, a lower rate
of soil water evaporation.

Soil water evaporation is the main
component of the water balance for areas
with irrigated or rainfed crops, especially in
the early stages of crop development. In
combination with intercropping, the use of
irrigation increases heat flow in the soil—
atmosphere system, reducing soil warming,
especially in soils where no-till farming is
used, as these soils have a higher water heat
capacity than soils without mulch or without
irrigation (RIBAS et al., 2015).

Therefore, understanding the effects
of intercropping corn with different crops on
soil temperature and moisture dynamics
under irrigated and nonirrigated conditions
is an increasingly important factor in the
planning and management of intercropping,
especially when corn is used as the main
crop, owing to its enormous impact on the
Brazilian economy and agriculture. Thus,
the objective of this study was to investigate
the influence of intercropping corn systems
on soil moisture dynamics and maintenance
as a function of soil temperature fluctuations
in irrigated and nonirrigated environments.

4 MATERIAL AND METHODS

The experiment was implemented in
the experimental field of the Technological
Center for Geoprocessing and Remote
Sensing (CETEGEO-SR) at the State
University of Mato Grosso - UNEMAT, in
the municipality of Tangara da Serra - MT.
Near the experimental area, an automatic
meteorological station with equipment from
Campbell Scientific Inc., installed at the
geographic coordinates latitude 14° 65' 00”
S, longitude 57° 43' 15” W and altitude of
440 m, from which the meteorological data
used to  estimate the  reference
evapotranspiration - ETo, calculated via the
Penman—Monteith method - FAO 56
(ALLEN et al., 1998; ALLEN et al., 2006),
were obtained. ETo was used to determine
when and how much to irrigate according to
the Kc values of the crop for each growth
stage (ALLEN et al., 1998).

According to Koppen, the region's
climate is classified as megathermal humid
tropical (Aw), with high temperatures, a dry
season from May to September and a rainy
season from October to April, with an
average annual rainfall of 1,830 mm and an
average air temperature of 24.7°C
(DALLACORT et al., 2011; DANIEL et al.,
2021). The soil is classified as a dystroferric
Red Latosol with a clayey texture (SANTOS
et al., 2018).

The daily data on precipitation,
irrigation, average temperature, solar
irradiance, and relative humidity from
sowing to harvest are presented in Figure 1.
The amount of precipitation and irrigation
applied corresponded to 286 and 170 mm,
respectively, totaling 356 mm of water
during the growing season. There is an
inverse relationship between humidity and
radiation, with increased solar irradiance
tending to decrease humidity, whereas the
air temperature decreases on days with low
solar irradiance. Plant emergence occurred
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on March 6, 2019. During this period,
constant rainfall continued, meeting the
crop's water needs during the initial and

developmental phases. At 70 DAE, the dry
season began.

Figure 1. Data on precipitation, irrigation, average air temperature, solar irradiance, relative
humidity, wind speed and reference evapotranspiration during the experiment were
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Source: The authors (2022).

Corn (Zea mays L.) was sown after
the soybean harvest to represent the second
crop in the state of Mato Grosso on February
28,2019, via the direct seeding method with
a Baldan PP-SOLO-4500 seeder. The corn
hybrid Agrisure Viptera3 Syngenta SX7341,
with an average cycle of 105 days, was used,
with 3 plants per meter, spaced 0.50 m
between rows, totaling 60,000 plants per
hectare. The intercropping crops used were
sunn hemp (Crotalaria spectabilis Roth.)
and Brachiaria dictyoneura (Brachiaria
humidicola CV. Llanero), sown
simultaneously with corn sowing, with a

regulation of 30 seeds per meter. The
spacing used for the intercropping system
was 0.50 m; however, the rows of corn and
secondary crops (sunn hemp or brachiaria)
were interspersed.

Fertilization was performed
according to soil analysis (Table 1), as
recommended by Sousa and Lobato (2004).
For soybean cultivated in the total area prior
to this experiment (first harvest in Mato
Grosso), soil correction was performed with
1.49 t ha ! dolomitic limestone. The base
fertilization for soybean consisted of 400 kg
ha "' NPK mineral fertilizer (formulas 5--25-
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-15) applied at the seeding line. For the
sowing in this experiment (second corn
harvest), liming was not performed;
however, 250 kg ha "' NPK mineral fertilizer,
formula 5-25-15, was applied in the seeding
line, both in the irrigated and nonirrigated

were grown without fertilization. Cultural
treatments were carried out in accordance
with the recommendations for crops
(FANCELLI; DOURADO NETO, 2004;
CARVALHO; AMABILE, 2006;
OLIVEIRA et al., 2010).

areas. The crotalaria and brachiaria crops

Table 1Chemical and physical analysis of the soil in the 0-20 cm layer of the experimental area
of UNEMAT in Tangard da Serra-MT .
Chemical characteristics

pH P K Here Mg Al H SB CTC V MO
————————————— -3 o
Sample H20 - mg dm - cmol_C dm % gdm-
Irrigated area 64 28 272 33 1.7 00 29 51 80 637 28.1

Nonirrigated area 5.5 1.8 374 1.5 10 0.1 52 2.6 7.8 33.1 287

Physical Micronutrients
Sand  Silt Clay Zn Ass Faith Mn B
Sample 1 3
—————————— o —— e 111811 R
Irrigated area 337.8 884 573.8 14 19 714 641 05
Nonirrigated area  384.0 724  543.6 1.1 20 70.7 641 03

SB: (sum of bases) = Ca + Mg + K; CEC = total cation exchange capacity; V: base saturation; MO: organic matter.

Source: The authors (2022).

The experimental design adopted
was a double factorial design (environment
X treatments) in a strip scheme composed of
two strips, one irrigated and one without
irrigation, with twelve treatments: corn in
monoculture; Brachiaria in monoculture;
crotalaria in monoculture; intercropping
between corn and Brachiaria (corn X
Brachiaria); intercropping between corn and
Crotalaria (corn x Crotalaria); and without
soil cover (no crop), in two irrigation
systems (six irrigated treatments and six
without irrigation), with four replicates per
treatment (Figures 2 and 3). Each
experimental plot had an area of 20 m? (4 x
5 meters) and was composed of 10 rows of 4
meters in length, of which the six central
rows were used as the useful area for each
replicate (Figure 3).

With respect to the monitoring and
comparison of soil temperature and moisture

values, the experimental design adopted was
a triple factorial design (environments X
treatments % phases). The environments and
treatments were the same as those mentioned
above, and the corn development phases
were determined to better understand the
variations in soil temperature and moisture
during the experiment, dividing the crop
cycle into four phases: initial (I): from
planting to 10% soil cover (sowing to V3);
development (II): from the end of the initial
phase until the beginning of tasseling (V4--
V14); intermediate (II1): from the beginning
of tasseling until the beginning of grain
maturation (VT--RS); and final (IV): from
the beginning of maturation until harvest
(R6--Harvest), according to the
methodology described by Ritchie, Hanway
and Benson (1993) and Allen et al. (2006).
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Figure 2. Arrangement of the treatments and irrigation environments used in the experiment.

Milho x Crotaldria | Milho x
oo [

N

Figure 3. Sketch of the experiment, arrangement of treatments and sensors used.
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For the irrigated environment, ETo
data obtained from the meteorological
station were used to calculate the crop
evapotranspiration (ETc), which was
determined by multiplying the ETo by the
crop coefficient (Kc) and dividing by the
efficiency of the irrigation system to
determine the total availability of water in
the soil, net irrigation depth and gross
irrigation depth. The following values were
used: field capacity = 0.361 m *m 3 and
permanent wilting point = 0.232 m * m
(DANIEL, 2011). To calculate the irrigated
quantity, Equations 1, 2, 3, 4 and 5 were
used.

ETc=ETo * Kc (1)
DTA = S22 2)
DRA = DTA * Fatorjsp. 3)
LLI=DRA * Zraa 4)
LBI=LLI * Ef (5)

where ETc is crop evapotranspiration
(mm); ETo is reference evapotranspiration
(mm); Kc is the crop coefficient; DTA is
total soil water availability (mm c¢cm !); CC
is field capacity (%); PMP is permanent
wilting point (%); Ds is soil bulk density (g
cm ); DRA is real soil water availability
(mm); pisp. factor is the soil water availability
factor (50); Z rd. where LLI is the net
irrigation depth, LBI is the gross irrigation
depth, and Ef is the system efficiency
(decimal).

Irrigation was performed by a
sprinkler system composed of 6 sprinklers
(Ec0232 Frabrimar, Brazil) with 4.0 x 2.8
mm nozzles spaced 12 x 12 m apart, with a
distribution uniformity coefficient of 83%
and system efficiency of 80% under a
pressure of 30 mca, providing an applied
water depth of 9.80 mm h .

The sensors used to measure the soil
temperature were K-type thermocouples,
which consisted of a thermocouple junction
composed of chromium and aluminum
alloys (Chromel " and Alumel °) at the tips.
These were protected by aluminum capsules
and properly sealed with resin and self-
fusing tape (3 M™ Scotch™ Self-Fusing
Tape 23, Brazil) to prevent corrosion of the
thermocouple tips (WERNECK, 1996;
THOMAZINI; ALBUQUERQUE, 2005). In
the central area of each treatment, four
sensors were installed horizontally at depths
of 10, 20, 30, and 40 cm. The soil
temperature values were expressed in °C.

To monitor soil moisture, CS-616
time-domain reflectometry (TDR) probes
(CAMPBELL SCIENTIFIC, 2004) were
installed at a depth of 20 cm, also
horizontally in the center of each treatment.
The TDR probes were previously calibrated
and measured in the laboratory, and the soil
moisture values obtained were adjusted via
the equation proposed by Vasconcelos et al.
(2018). The soil moisture data were
expressed in volumetric moisture (m 3 m ).
Both the temperature and moisture sensors
were connected to a multiplexer board
connected to two dataloggers (CR1000,
Campbell Scientific Inc., USA), one in each
system  (irrigated and  nonirrigated),
programmed to store the collected data at 30-
s intervals.

The leaf area index (LAI) for corn
was calculated according to the procedure
described by Mckee (1964), in which four
plants from each treatment were collected in
each irrigation environment at stages Vo,
V9, V12, VT, R1, and R5. The leaf area was
estimated by the sum of the lengths of all the
leaves multiplied by the maximum width
and multiplied by the conversion factor
(0.75). To obtain the LAI, the leaf area (™
is added and divided by the soil surface
available for each plant (™?).

The corn harvest was carried out on
July 1, 2019, completing the cycle 124 days
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after sowing (DAS) and 120 days after
emergence (DAE). The  following
parameters were evaluated in the corn crop:
plant height, stalk diameter, plant dry matter
accumulation, ear insertion height, ear
diameter and length, number of rows and
grains per row, 1000-grain weight, grain
mass, and yield.

Data on corn production
components, as well as soil temperature and
moisture values, were subjected to analysis
of variance (ANOVA) via the F test, and
when significance was reached at 5%
probability, the means were compared via

the Tukey test. The SISVAR statistical
program, version 5.8 (FERREIRA, 2011),
was used for data analysis.

5 RESULTS AND DISCUSSION

The highest average soil temperature
was observed at 12:00 hours for the
treatment without soil cover, i.e., “exposed
soil and no crop”, with averages of 30.8 and
30.7°C for the nonirrigated and irrigated
environments, respectively (Figures 4 and
5).

Figure 4. Hourly variation in average soil temperature at different depths (10, 20, 30 and 40
cm) for each treatment in an irrigated environment.
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Source: The authors (2022).
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Figure 5. Hourly variation in average soil temperature at different depths (10, 20, 30 and 40
cm) for each treatment in a nonirrigated environment.
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For both the monoculture and
intercropping  treatments, the highest
temperatures occurred between 1:00 PM and
3:00 PM at a depth of 10 cm, both for the
irrigated and nonirrigated environments.
These are also the times that presented the
highest soil temperatures in experiments
conducted by Trevisan (2019), who worked
with intercropped crops in the state of Sdo
Paulo, for corn in monoculture and in
intercropping with Crotalaria spectabilis.

The treatment without soil cover
presented a greater soil temperature range
because of the lack of vegetation cover and
protection from solar radiation. For the
intercropping treatments, the range was
smaller because of greater soil cover by
plants. Gasparim et al. (2005), in
experiments in the state of Parand, used the
same types of sensors and reported that dry
matter cover reduces the temperature range
in the soil profile compared with bare soil,
and the greater the density of the cover on
the soil is, the lower the temperature in the
soil profile.

0 2 4 6 8 10 _12 14 16 18 20 22
Horas

Atadepth of 20 cm, we observed that
the highest temperatures occurred between
2:00 PM and 4:00 PM and presented a
reduced soil thermal amplitude, as expected,
which was also observed by Gasparim et al.
(2005), who used the same types of sensors
but in treatments with straw as the soil cover.
Kojima et al. (2018) reported that soil
thermal conductivity increases as soil
moisture increases, as does the increased
contact between soil particles and mass flow.
These phenomena occur slowly, gradually
transferring heat and resulting in delayed
soil heating in deeper layers. In this
experiment, we observed delayed soil
heating at depths greater than 20 cm,
corroborating the results obtained by the
authors.

The average hourly soil temperatures
for the irrigated environment were lower
than those for the nonirrigated environment
because irrigation occurred between 5:00
PM and 6:00 PM, when the soil temperatures
were the highest. Despite the limited
irrigation, there was a 0.73°C reduction
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compared with the nonirrigated
environment. In terms of soil quality, a study
by Crusciol et al. (2010) revealed that
intercropping Brachiaria with corn resulted
in greater soil aeration, lower soil
mechanical resistance to penetration, lower
soil surface temperatures, and greater water

availability for plants. All of these changes
are favorable for plant growth.

The soil temperature significantly
differed between the environment and
treatment only at a depth of 10 cm (Table 2).
For the other depths and for soil moisture,
there was only isolated significance for the

sources of variation.

Table 2Average soil temperature at 10 cm depth in irrigated and nonirrigated systems

according to treatments for each stage of the corn crop .

Factors

Soil temperature - 10 cm (°C)

Phases
Environment (AM) I 11 111 v QM
Irrigated 27.98bA 2631 bB  23.98bC 23.33bD 110.42 **
Nonirrigated 28,29aA  26.71aB  25.06 BC  25.21 BC 54.97 *=*
QM 1.17 * 1.95 ** 14.09 ** 42.35 #* --
Phases
Treatment (TR) I 1 I v oM
Corn 28.19aA 26.29bB  23.96bC 24.15¢C 31.87 **
Crotalaria 27.87aA  25.56cB  23.75bC 22.86dD 39.02 **
Brachiaria 28.11aA  2742aB  26.08 BC  25.25bD 13.24 *x*
Corn x Crotalaria 28.13aA  2591cB  23.55bC 23.29 AD 41.24 ==
Corn x Brachiaria 28.07aA 26.22bB 23.72bC 23.22 AD 40.91 *=
No Coverage 28.48aA  27.67aB 26.06aD  26.85 BC 8.72 *x
QM 0.32"m™ 5.73 ** 11.68 ** 18.69 ** --
AMx TR Irrigated Nonirrigated oM
Corn 25.52bA 25.78bA 0.55m
Crotalaria 24 92cA 25.10cA 025
Brachiaria 25.17bcB 28.26aA 76.49 *x*
Corn x Crotalaria 24.97cB 25.47bcA 1.99 **
Corn x Brachiaria 25.18bcA 25.44bcA 0.53 ™
No Coverage 26.65aB 27.88aA 12.01 **
QM 6.73 *x* 30.38 ** --

Means followed by the same lowercase letter in the same column and uppercase letter in the same row do not differ
statistically according to Tukey's test at the 5% probability of error. ™ = not significant; * = significant at 5%
probability; ** = significant at 1% probability according to the F test. QM = Root mean square. Phases: Initial (I):
from planting to 10% soil cover (sowing to V3); Development (II): end of the initial phase until the beginning of
tasseling (V4 to V14); Intermediate (I11): beginning of tasseling until the beginning of grain maturation (VT to
R5); Final (IV): from the beginning of maturation until harvest (R6 to harvest). Source: The authors (2022).

A statistical analysis of the
environments according to crop stage
revealed that the temperatures were
relatively high during the initial and
developmental phases of the crop, likely due
to the low leaf area index and low

evapotranspiration, which promoted water

circulation between the soil and atmosphere,
creating a microclimate with relatively low
temperatures during the hottest hours of the
day. With respect to the irrigated
environment, temperatures were lower at all
crop stages because irrigation was carried
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out between 5:00 PM and 6:00 PM, reducing nutrient (vegetative phases V4 and VS8),

soil temperatures. resulting in crop productivity losses. N

In the initial phase, the temperature uptake occurs because genes present in corn
did not significantly differ among the roots and leaves are activated during these
treatments, with the highest values observed stages. They are responsible for stomatal
for all the treatments. The highest soil regulation, stimulating water movement in
temperature values were obtained for the no- the roots, forming carbon chains for N
crop treatment at all stages. Among the assimilation, and phosphorus absorption and

treatments with plant cover, the Brachiaria transport (SAKAKIBARA; TAKEI,
treatment presented the highest temperature HIROSE, 2006). Thus, intercropping can

values, and in the development and maintain and regulate soil temperature,
intermediate stages, the values were similar avoiding extreme temperatures that could
to those of the no-crop treatment. In the impair nutrient uptake.
comparison between the environment and Despite the similar trend between the
treatment, we observed that the brachiaria systems (Figure 6), a greater temperature
treatment for the nonirrigated environment range was observed in the uncropped
did not differ statistically from the no-crop system, which presented the highest average
treatment, with values of 28.3 and 27.9°C, maximum temperature values compared to
respectively, for the brachiaria and no-crop those of the other systems, whether
treatments. intercropped or monocultured. For the
Soil temperature influences nutrient minimum soil temperature in an uncropped
uptake. Corn crops utilize nitrogen (N) in its environment (without cropping) at a depth of
nitric and ammoniacal forms. When corn is 10 cm, the air temperature variation is
exposed to extreme soil temperatures, N transmitted to the soil, causing decreases in
uptake can be impaired, especially during the soil temperature, as observed in the other
the phases with the greatest demand for this treatments.

Figure 6. Average values of maximum and minimum soil temperatures at different depths for

the evaluated treatments .
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Source: The authors (2022).

dynamics are influenced by several profile, where there is a delay in the
factors, one of which is soil depth diffusion of thermal energy at greater soil
(OLIVEIRA et al., 2005). The main source depths (GASPARIM et al, 2005;
of energy for the soil is solar radiation, OLIVEIRA et al., 2005). This behavior can
which heats the soil via heat conduction be demonstrated by the soil reaching its
from the surface to the interior of the soil maximum daily temperature only after the
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air reaches its maximum temperature. At
greater depths in the soil profile, the range of
soil temperature variation is greater, and the
oscillations are smaller.

Figure 7 shows the soil moisture
values for each treatment in the irrigated
(7A) and nonirrigated (7B) environments.
Notably, for the nonirrigated environment
with the sunn hemp monoculture treatment,
the soil moisture reached  values
corresponding to moisture at the permanent
wilting point at 27, 35, 43, and 45 DAS.
From 80 DAS onward, all the treatments

presented soil moisture close to the
permanent wilting point, a period in which
the corn crop was at the end of the
intermediate phase. For the irrigated
environment, there were no days in which
the soil moisture reached the permanent
wilting point. From 100 DAS onward (the
final phase of the corn crop), all the
treatments reached the permanent wilting
point, including the irrigated environment,
since irrigation was interrupted when the
corn reached physiological maturity.

Figure 7. Soil moisture (m3 m ) in the evaluated environments (A — irrigated environment; B
— nonirrigated environment), according to treatments during the corn cycle.
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Source: The authors (2022).
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The soil moisture content varied with
respect to the intercropped crops, since at the
end of the corn cycle at 120 DAS, the
crotalaria and brachiaria crops were still in
full development owing to their longer cycle
than corn, which presented leaves, flowers
and fruits. In other words, these crops had
high evapotranspiration rates, as observed
by Souza, Lima and Carvalho (2012). These
same authors reported that the intercropped
crop presented higher evapotranspiration

consequent increase in the total leaf area
responsible for the transpiration of both.

In the analysis of soil moisture
between environments, significant
differences were observed at all crop stages.
Notably, at all crop stages, the treatment
with Brachiaria in monoculture presented
higher moisture values than the other
treatments did; however, the crop stages
presented significant differences due to the
rainfall regime that occurred up to 63 DAS

values because of the simultaneous (Table 3).

development of velvet bean and corn, with a

Table 3Soil moisture at an average depth of 0--30 cm for irrigated and nonirrigated systems
according to the treatments evaluated for each stage of the corn crop .
Soil moisture (Depth 0-30 cm) (m 3m )

Factors
Phases
Environment (AM) I 11 111 v QM
Irrigated 0.319aA 0.303 BC 0.309aB  0.210aD  0.061 **
Nonirrigated 0.297bA 0.288bB 0.251bC  0.158bD  0.098 **
QM 0.006 ** 0.003 ** 0.040 **  0.033 ** --
Phases
Treatment (TR) I 1 I v oM
Corn 0.312bA 0.291bB 0.278bC  0.177cD  0.027 *x*
Crotalaria 0.280 dA 0.274cA 0.255¢cB  0.153dC  0.028 **
Brachiaria 0.321abA 0.312aA 0.296aB 0.210 BC  0.020 **
Corn x Crotalaria 0.310bcA 0.297 bB 0.2776C  0.172¢D  0.031 =
Corn x Brachiaria 0.327aA 0.314aB 0.297 BC 0.195bD  0.029 **
No Coverage 0.300 AC 0.286 bB 0.278bB  0.197bC  0.017 **
QM 0.002 ** 0.002 ** 0.002 **  0.003 ** --
AMx TR Irrigated Nonirrigated oM
Corn 0.279 dA 0.250cB 0.004 **
Crotalaria 0.263cA 0.218eB 0.016 **
Brachiaria 0.295abA 0.274aB 0.004 **
Corn x Crotalaria 0.287cA 0.241 dB 0.017 *=
Corn x Brachiaria 0.300aA 0.266 bB 0.009 **
No Coverage 0.289bcA 0.242 dB 0.017 ==
QM 0.003 *x* 0.006 ** --

Means followed by the same lowercase letter in the same column and uppercase letter in the same row do not differ
statistically according to Tukey's test at the 5% probability of error. ™ = not significant; * = significant at 5%
probability; ** = significant at 1% probability according to the F test. QM = Root mean square. Phases: Initial (I):
from planting to 10% soil cover (sowing to V3); Development (II): end of the initial phase until the beginning of
tasseling (V4 to V14); Intermediate (I11): beginning of tasseling until the beginning of grain maturation (VT to
R5); Final (IV): from the beginning of maturation until harvest (R6 to harvest). Source: The authors (2022).

An analysis of the influence of the
environment on the treatments revealed that,
for the irrigated environment, the highest

moisture values were found in the corn x
Brachiaria and Brachiaria treatments,
whereas for the nonirrigated environment,
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the highest value was found only in the
Brachiaria treatment. Sunn hemp grows
rapidly, similar to corn. Therefore, for both
the irrigated and nonirrigated environments,
the lowest moisture values were observed
for the corn X sunn hemp and sunn hemp
monoculture  treatments, with  high
evapotranspiration rates being a major
contributing factor.

The increase in LAI in corn crops
indirectly affects soil water evaporation by
increasing the interception of incident solar
radiation, increasing soil shading and
reducing the energy reaching the soil. Soil
water evaporation is greater at the beginning
of the corn crop cycle because of the lower
percentage of leaf area. As the canopy closes
the crop interrows, evaporation becomes less
important and decreases considerably
(BERGAMASCHI et al., 2004; DALMAGO
et al., 2010). This presence of water at the
beginning of the cycle affects the soil heat
flux, modifying the soil temperature
amplitude values as a function of
evaporation (CARNEIRO et al., 2014;
CORTEZ et al., 2015). Similarly, the
absence of water also affects the flow of heat
in the soil, making it difficult to conduct heat
from the surface layers to deeper layers
(FUNARI; PEREIRA FILHO, 2017;
OLIVEIRA et al., 2019).

Conventional agricultural production
systems can cause changes that harm soil
physical and water attributes, such as
porosity,  density,  water  retention,
temperature, and soil moisture, which are
used as indicators of soil quality
(ROSSETTIL; CENTURION, 2013). Thus,
these soil quality indicators provide
parameters and signs of soil degradation for
alternative management and systems that
improve soil structure (SANTI et al., 2012;
STEFANOSKI et al., 2013).

Among the physical-hydric
attributes of soil, temperature and humidity
stand out, as they directly impact the
development  of  agricultural  crops
(HEINRICHS et al., 2005; OLIVEIRA et al.,
2005). According to Gasparim et al. (2005),
soil temperature is directly related to soil—
plant—atmosphere interaction processes. Soil
temperatures above 42°C promote changes
in the soil biota, negatively affecting the
roots and seedlings of agricultural crops
(ZHOU et al., 2013; HEINZE et al., 2017),
the mineralization of organic matter
(CONANT et al., 2011), and the evaporation
of  soil water. Therefore, more
conservationist systems that maintain soil
moisture at more appropriate values can
benefit agricultural crops.

The average leaf area index (LAI) of
the corn crop did not differ between the
treatments and environments because of
adequate plant spacing and density. The
crotalaria and brachiaria crops are smaller
than the corn crop is, which does not affect
the LAI (Figure 8). Corn growth and
development can be affected by, or even
directly affect, the intercropping systems in
which it is grown. Thus, factors such as soil
water evaporation and the LAI determine a
crop's water demand. Considering that plants
extract their water from the soil, the LAI
indirectly influences water withdrawal,
determining the speed of the process
depending on their stage of development
(DALMAGO, 2010). Andrade (2008),
studying corn crops in two cultivation
systems (direct planting and conventional
planting), also reported no differences in
IAF, with values close to 0.40 m >m 2 (20
DAS) and a maximum of 5.30 m *m (62
DAS).
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Figure 8. Leaf area index (LAI) of corn crops in monocultures and intercropping systems .
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Source: The authors (2022).

The analyzed variables of the corn the irrigated environment, there was no
crop revealed that the height of the plants significant  difference  between  the
was lower in the corn monoculture treatment treatments (Table 4).

in the nonirrigated environment; however, in
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Table 4. Average values of the variables analyzed in corn cultivation with the interaction
between environments (with or without irrigation) and treatments (cultivation

systems).
Treatments Plant height (cm) Spike lnszacrlt;())n height Culm diameter (cm)
X - — —
Environment Irrigated  Nonirrigated Irrlgate Nonu(’irlgate Irrigated Non:(“irlg at
Corn 197.1aA  187.2bB 103.6a g9 gan 2.1A 2.1A
monoculture A
Cormn x 192.5aB 203.92A 101.1a 99.9aA 1.7B 2.1A
Crotalaria A
Comx 0 2aA 201.7aA 107.6a 160 148 2.1A 2.2A
Brachiaria A
DMS 8.40 8.36 1.47
column:
DMS line: 9.28 6.86 1.21
Treatments Ear diameter (cm) Number of rows Dry mass of plant (g)
). ) Nonirrigat  Irrigate  Nonirrigate . .
Environment Irrigated ed J J Irrigated Nonirrigated
Corn 48abA  49aA  155aA 15224  12038A 124.6aA
monoculture
Corn x 4.8bA 48aA  142bB  15.6aA 105.3 131.6aA
Crotalaria bB
Corn x 5.0aA 49aA  15.5aA  15.5aA  108:2aA 142.4aA
Brachiaria
DMS column: 1.7 1.1 22.5
DMS line: 1.4 09 18.4
o o -1
Treatments x Environment - Productivity (kg ha ). -
Irrigated Nonirrigated
Corn monoculture 9765.3aA 8403.7aB
Corn x Crotalaria 9391.3aA 8793 .8aA
Corn x Brachiaria 10298.7aA 9882.9aA
DMS column: 1222.0
DMS line: 1002.2

Means followed by the same lowercase letter in the same column and uppercase letter in the same row do not differ
statistically from each other according to the Tukey test at the 5% probability level. LSD = least significant

difference. Source: The authors (2022).

Productivity differed only in the
nonirrigated environment, with the lowest
productivity being obtained in the corn
monoculture. This is related to soil moisture,
which, for corn monocultures, had a lower
moisture content between treatments,
causing a water deficit. In intercropping, soil
coverage by leaf area occurs more quickly,
reducing the rate of soil water evaporation.
Chieza et al. (2017) mentioned that correct

management of intercropped crops, as well
as choosing the correct sowing time, has a
significant effect on corn production and
may have influenced the productivity
reported in this experiment.

Another factor that can affect the
yield of corn intercropped with Brachiaria,
for example, the presence of weeds from the
Poaceae family, which can coexist with
crops and can affect Brachiaria and corn due
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to their difficult control. The main weeds
found in this experiment were Digitaria
sanguinalis, Cenchus echinatus,
Dactyloctenium aegyptium, and Cynodon
dactylon. Jakelaitis et al. (2004) reported
that subdoses of herbicides, such as
foransulfuron+iodosulfuron-methyl or
nicosulfuron, are necessary when managing
areas of corn intercropped with Brachiaria,
with the aim of controlling weeds and
reducing the Brachiaria growth rate.

Although corn crop productivity is
not greater in intercropping treatments, the
use of green manures and cover crops can
benefit agroecosystems, improve the N
supply through the biological fixation of
legumes, accumulate organic matter on the
soil surface, improve the physical-chemical
and biological attributes of the soil, control
the dynamics of soil temperature and
moisture and reduce soil losses due to
erosion (OLIVEIRA et al., 2010; CECCON,
2013; WUTKE et al., 2014).

6 CONCLUSIONS

Compared with the corn
monoculture, the cultivation of corn in
association with Crotalaria or Brachiaria
resulted in a reduction in the average soil
temperature of 17.4 and 17.6%, respectively,
compared with the corn monoculture, which
reduced the thermal amplitude.

The average daily temperature of the
uncovered soil was 4°C higher than that of
the environments cultivated in the
consortium.

For the intercropping treatments, soil
moisture presented the lowest values in the
development, intermediate and final phases,
confirming that water consumption by
intercropping crops is relatively high
because of the number of plants per ™2,

Compared with monocultures, corn
intercropped crops presented no significant
difference in productivity. Productivity for
intercropped crops did not differ between

irrigated and nonirrigated environments, but
monoculture corn experienced reduced
productivity when nonirrigated.

7 ACKNOWLEDGMENTS

To the National Council for
Scientific and Technological Development
(CNPq) for awarding the first author a
doctoral scholarship. We thank the State
University of Maringa (UEM) and the State
University of Mato Grosso (UNEMAT) for
their support in carrying out this study.

8 REFERENCES

ALLEN, RG; PEREIRA, LS; RAES, D.;
SMITH, M. Crop evapotranspiration :
Guidelines for computing crop water
requirements. Rome: FAO, 1998. (Irrigation
and Drainage Paper, 56).

ALLEN, RG; PEREIRA, LS; RAES, D.;
SMITH, M. Evapotranspiration from
cultivation : Guides for determining the

water requirements of crops. Rome: FAO,
2006. (Riego y Drenaje, 56).

ANDRADE, JG Water losses due to
evaporation from a soil cultivated with
corn in no-tillage and conventional tillage
systems . 2008. Dissertation (Master in Soil
Science) — Center for Rural Sciences,
Federal University of Santa Maria, Santa
Maria, 2008.

BAO, X.; Zhu, X.; CHANG, X.; WANG,
S.; Xu, B.; LUO, C.; ZHANG, Z.; WANG,
Q.; RUL Y.; CUI X. Effects of soil
temperature and moisture on soil respiration
on the Tibetan plateau. PLoS ONE , San
Francisco, v. 11, no. 10, p. 9-15, 2016.

BARDUCCI, RS; COSTA, C.;
CRUSCIOL, CAC; BORGHL E.;
PUTAROV, TC; SARTL, LMN Production

Irriga, Edition — Central-West, Botucatu, v. 27, n. 2, p. 221-241, April-June, 2022



238 Temperature and humidity...

of Brachiaria brizantha and Panicum
maximum with corn and nitrogen
fertilization. Archivos de Zootecnia ,
Cordoba, v. 58, n. 222, p. 211-222, 2009.

BERGAMASCHI, H.; DALMAGO, GA;
BERGONCI, JI; BIANCHI, CAM;
MULLER, AG; COMIRAN, F;
HECKLER, BMM Water distribution
during the critical period of corn and grain
production. Brazilian Agricultural
Research, Brasilia, DF, v. 39, n. 9, p. 831-
839, 2004.

CAMPBELL SCIENTIFIC. Instruction
Manual . CS616 and CS625 Water Content
Reflectometers. Logan: Campbell
Scientific, 2004.

CARNEIRO, RG Soil temperature profile
in the Amazon and Atlantic Forest forest
biomes with application of the wavelet
transform . 2014. Dissertation (Master in
Meteorology) — Center for Technology and
Natural Resources, Federal University of
Campina Grande, Campina Grande, 2014.

CARNEIRO, RG; MOURA, MAL; SILVA,
VPR; SILVA JUNIOR, RS; ANDRADE,
AMD; SANTOS, AB Soil temperature
variability as a function of litter in a
remnant fragment of Atlantic Forest.
Brazilian Journal of Agricultural and
Environmental Engineering , Campina
Grande, v. 18, n. 1, p. 99-108, 2014.

CARVALHO, AM; AMABILE, RF
Cerrado : Green manure. Brasilia, DF:
Embrapa Cerrados, 2006. 369 p.

CECCON, G. Corn-Brachiaria
Consortium. Brasilia, DF: Embrapa
Agriculture West, 2013.

CHIEZA, ED; GUERRA, JGM; ARAUIJO,
ES; ESPINDOLA, JA; FERNANDES, RC
Production and economic aspects of corn
intercropped with Crotalaria juncea L. at

different sowing intervals, under organic
management. Ceres Journal , Vicosa, v.
64, n. 2, p. 189-196, 2017.

CONANT, RT; RYAN, MG; AGREN, GI;
BIRGE, HE; DAVIDSON, EA;
ELIASSON, PE; EVANS, SE; FREY, SD;
GIARDINA, CP; HOPKINS, FM;
HYVONEN, R.; KIRSCHBAUM, MF;
LAVALLEE, JM; LEIFELD, J.; PARTON,
WIJ; STEINWEG, JM; WALLENSTEIN,
MD; WETTERSTEDT, JAM;
BRADFORD, MA Temperature and soil
organic matter decomposition rates -
synthesis of current knowledge and a way
forward. Global Change Biology ,
Chicago, v. 17, no. 11, p. 3392-3404, 2011.

CORTEZ, JW; NAGAHAMA, HJ;
OLSZEVSKI, N.; PATROCINIO FILHO,
AP; SOUZA, EB Soil moisture content and
surface temperature in tillage systems and
stages of development of maize crop.
Agricultural Engineering , Jaboticabal, v.
35,n. 4, p. 699-710, 2015.

CRUSCIOL, CAC; SORATTO, RP;
BORGHI, E.; MATEUS, GP Benefits of
integrating crops and tropical pastures as
systems of production. Better Crops ,
Ottawa, vol. 94, no. 2, p. 14-16, 2010.

DALLACORT, R.; MARTINS, JA;
INOUE, MH; FREITAS, PSL; COLETTI,
AlJ Rainfall distribution in the municipality
of Tangaré da Serra, mid-north of Mato
Grosso State, Brazil. Acta Scientiarum
Agronomy , Maringa, v. 33, n. 2, p. 193-
200, 2011.

DALMAGO, GA; BERGAMASCHI, H.;
KRUGER, CAMB; BERGONCI, JI;
COMIRAN, F.; HECKLER, BMM Soil
surface water evaporation under no -tillage
and conventional tillage systems. Pesquisa
Agropecuaria Brasileira , Brasilia, DF, v.
45, n. 8, p. 780-790, 2010.

Irriga, Edition — Central-West, Botucatu, v. 27, n. 2, p. 221-241, April-June, 2022



Barbieri, et al. 239

DANIEL, DF; BARBIERI, JD;
DALLACORT, R.; FENNER, W.;
TIEPPO, RC; KRAUSE, W. Agroclimatic
aptitude for maize crop in regions of Mato
Grosso state, Brazil. Tropical and
Subtropical Agroecosystems , Mérida, v.
24, no. 3, p. 1-15, 2021.

DANIEL, TAD Evaluation of irrigation
levels on the production and productivity
components of wheat cultivars (Triticum
aestivum L.) in the municipality of
Tangara da Serra-MT . 2011. Dissertation
(Master in Tropical Agriculture) — Federal
University of Mato Grosso, Cuiaba, 2011.

FANCELLI, AL; DOURADO NETO, D .
Corn production . 2nd ed. Guaiba:
Agropecuadria, 2004.

FERREIRA, D. F. Sisvar: a computational
system for statistical analysis. Science and
Agrotechnology , Lavras, v. 35, n. 6, p.
1039-1042, 2011.

FUNARI, FL; PEREIRA FILHO, AJ
Estimation of soil heat flux from soil
temperature in Sao Paulo, SP. Journal of
the Geological Institute , Sao Paulo, v. 38,
n. 1, p. 49-57, 2017.

GASPARIM, E.; RICIERI, RP; SILVA,
SM; DALLACORT, R.; GNOATTO, E.
Soil profile temperature using two cover
densities and bare soil. Acta Scientiarum
Agronomy , Maringa, v. 27, n. 1, p. 107-
115, 2005.

GAZOLA, RN; MELO, LMM; DINALLI,
RP; TEIXEIRA FILHO, MCM; GARCIA,
CMP Sowing depths of brachiaria in
intercropping with corn in no-tillage
planting. Agricultural Engineering ,
Jaboticabal, v. 33, n. 1, p. 157-166, 2013.

GHANBARI, A.; DAHMARDEH, M;
SIAHSAR, BA; RAMROUDI, M. Effect of
maize (Zea mays L.)-cowpea (Vigna

unguiculata L.) intercropping on light
distribution, soil temperature and soil
moisture in arid environment. Journal of
Food, Agriculture & Environment ,
Helsinki, v. 8, n. 1, p. 102-108, 2010.

HEINRICHS, R.; VITTI, GC; MOREIRA,
A.; FIGUEIREDO, PAM; FANCELLI, AL;
CORAZZA, EJ Soil chemical
characteristics and phytomass yield of
green manures and corn grains, resulting
from intercropping. Brazilian Journal of
Soil Science , Vigosa, v. 29, n. 1, p. 71-79,
2005.

HEINZE, J.; GENSCH, S.; WEBER, E.;
JOSHI, J. Soil temperature modifies effects
of soil biota on plant growth. Journal of
Plant Ecology , Oxford, vol. 10, no. 5, p.
808-821, 2017.

JAKELAITIS, A.; SILVA, AA;
FERREIRA, LR; SILVA, AF; FREITAS,
FCL Weed management in corn
intercropping with signalgrass (Brachiaria
decumbens). Planta Daninha , Campinas,
v.22,n. 4, p. 553-560, 2004.

KOJIMA, Y.; HEITMAN, JL; SAKAIL M.;
KATO, C.; HORTON, R. Bulk density
effects on soil hydrologic and thermal
characteristics: A numerical investigation.
Hydrological Processes , Des Moines, vol.
32, no. 14, p. 2203-2216, 2018.

MCKEE, GW A coefficient for computing
leaf area in hybrid corn. Agronomy
Journal , Madison, vol. 56, no. 2, p. 240-
241, 1964.

OLIVEIRA, KAS; DALLACORT, R.;
BARBIERI, JD; DANIEL, DF; TIEPPO,
RC; SANTOS, SB Monthly and seasonal
variability of soil temperature under
different cover and depth conditions in the
Tangar4 da Serra region, Mato Grosso.
Scientific , Jaboticabal, v. 47, n. 3, p. 256-
268, 2019.

Irriga, Edition — Central-West, Botucatu, v. 27, n. 2, p. 221-241, April-June, 2022



240 Temperature and humidity...

OLIVEIRA, ML; RUIZ, HA; COSTA, LM;
SCHAEFER, CEGR Soil temperature and
moisture fluctuations in response to
vegetation cover. Brazilian Journal of
Agricultural and Environmental
Engineering , Campina Grande, v. 9, n. 4,
p. 535-539, 2005.

OLIVEIRA, P.; KLUTHCOUSKI, J.;
FAVARIN, JL; SANTOS, DC Santa
Brigida System — Embrapa Technology:
intercropping of corn with legumes. Santo

Antdnio de Goids: Embrapa Rice and
Beans, 2010. 16 p. (Technical Circular, 88).

PACHECO, LP; PIRES, FR; MONTEIRO,
FP; PROCOPIO, SO; ASSIS, RL;
CARGNELUTTI FILHO, A.; CARMO,
ML; PETTER, FA Soybean overseeding as
a technique for suppressing weed

emergence. Planta Daninha , Vigosa, v.
27,1n. 3, p. 455-463, 2009.

RIBAS, GG; STRECK, NA; SILVA, SD;
ROCHA, TSM; LANGNER, JA Soil
temperature affected by irrigation and
different covers. Agricultural Engineering
, Jaboticabal, v. 35, n. 5, p. 817-828, 2015.

RITCHIE, SW; HANWAY, JJ; BENSON,
GO How a corn plant develops . Ames:
Iowa State University. 1993. (Special
Report, 48).

ROSSETTI, KV; CENTURION, JF
Management systems and physical-hydric
attributes of a Red Latosol cultivated with
corn. Brazilian Journal of Agricultural
and Environmental Engineering ,
Campina Grande, v. 17, n. 5, p. 472-479,
2013.

SAKAKIBARA, H.; TAKEI K.; HIROSE,
N. Interactions between nitrogen and
cytokinin in the regulation of metabolism
and development. Trends in Plant Science
, Oxford, vol. 11, no. 9, p. 440-448, 2006.

SANTI, AL; AMADO, TJC; CHERUBIN,
MR; MARTIN, TN; PIRES, JL; FLORA,
LPD; BASSO, CJ Principal component
analysis of soil chemical and physical
attributes limiting grain yield. Brazilian
Agricultural Research , Brasilia, DF, v.
47,n.9, p. 1346-1357, 2012.

SANTOS, HG; JACOMINE, PKT; ANJOS,
LHC; OLIVEIRA, VA; LUMBRERAS, JF;
COELHO, MR; ALMEIDA, JA; ARAUJO
FILHO, JC; OLIVEIRA, JB ; CUNHA, TJF
Brazilian Soil Classification System . 5th
ed. Brasilia, DF: Embrapa Soils, 2018. 356

p-

SANTOS, TEM; MONTENEGRO, AAA;
SILVA, DD Soil moisture in the semiarid
region of Pernambuco using time domain
reflectometry (TDR). Brazilian Journal of
Agricultural and Environmental
Engineering , Campina Grande, v. 15, n. 7,
p. 670-679, 2011.

SOUSA, DMG; LOBATO, E. Cerrado :
soil correction and fertilization. Brasilia,
DF: Embrapa Technological Information;
Planaltina: Embrapa Cerrados, 2004. 416 p.

SOUZA, AP; LIMA, ME; CARVALHO,
DF Evapotranspiration and crop
coefficients of corn in monoculture and
intercropped with velvet bean, using
weighing lysimeters. Brazilian Journal of
Agricultural Sciences , Recife, v. 7, n. 1,
p. 142-149, 2012.

SOUZA, RT; VALADAO, FCA;
VALADAO JUNIOR, DD; GUIMARAES,
PR; PAULA, VRR Maize-crotalaria
intercropping systems. Semina :
Agricultural Sciences , Londrina, v. 40, n.
4, p. 1455-1468, 2019.

STEFANOSKI, DC; SANTOS, GG;
MARCHAO, RL; PETTER, FA;
PACHECO, LP Soil use and management

Irriga, Edition — Central-West, Botucatu, v. 27, n. 2, p. 221-241, April-June, 2022



Barbieri, et al. 241

and their impacts on physical quality.
Brazilian Journal of Agricultural and
Environmental Engineering , Campina
Grande, v. 17, n. 12, p. 1301-1309, 2013.

TEODORO, RB; OLIVEIRA FL; SILVA,
DMN; FAVERO, C.; QUARESMA, MAL
Agronomic aspects of legumes for green
manure in the cerrado of the upper

Jequitinhonha valley. Brazilian Journal of Soil
Science , Vigosa, v. 35, n. 2, p. 635-643, 2011.

THOMAZINI, D.; ALBUQUERQUE, PUB
Industrial sensors : fundamentals and
applications. Sdo Paulo: Editora Erica,
2005.

TREVISAN, M. Soil physical-hydric
attributes in intercropped corn and
green manure systems under organic
management . 2019. Dissertation (Master's
in Agroecology and Rural Development) —
Center for Agricultural Sciences, Federal
University of Sdo Carlos, Araras, 2019.

VASCONCELOS, AT; TIEPPO, RC;
DALLACORT, R.; SANTIL A.; ANDREA,

MCS Laboratory temperature-
compensating calibration procedure for soil
water content determination by
reflectometry. Scientific , Jaboticabal, v.
46, no. 3, p. 221-225, 2018.

WERNECK, MM Transducers and
Interfaces . Rio de Janeiro: Editora LTC,
1996.

WUTKE, EB; CALEGARI, A
WILDNER, L.P. Green manure and cover
crop species and recommendations for their
use. In : LIMA FILHO, OFL;
AMBROSANO, EJ; ROSSI, F.; CARLOS,
JADC (ed.). Green manure and cover
crops in Brazil : fundamentals and
practice. Brasilia, DF: Embrapa, 2014. p.
59-168.

ZHOU, Z.; JIANG, L.; DU, E.; HU, H.; LI,
Y.; CHEN, D.; FANG, J. Temperature and
substrate availability regulate soil
respiration in the tropical mountain
rainforests, Hainan Island, China. Journal
of Plant Ecology , Oxford, vol. 6, no. 5, p.
325-334,2013.

Irriga, Edition — Central-West, Botucatu, v. 27, n. 2, p. 221-241, April-June, 2022



