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ABSTRACT

Changes in land use alter regional microclimate. This study compared the microclimate in
understories of a mango orchard and a degraded area in the municipality of Salindpolis, in the
northeast of the Brazilian State Pard, eastern Amazon. In both environments, the microclimate
was monitored through collecting data on the following variables: maximum, minimum and
average air temperature, air thermal amplitude and vapor pressure deficit. The microclimate
was monitored daily during four seasons: early rainy season, late rainy season, early dry season
and late dry season, between December 2015 and November 2016. Vegetation coverage was
the most important factor to soften maximum and average air temperature in the understories.
Lower values of meteorological variables were observed in the mango orchard understory,
especially during late rainy season and late dry season, except for minimum air temperature,
which was lower in the understory of the degraded area, especially during the late rainy season.
The microclimate in the understory differed between both environments, and mango orchards
may ameliorate the understory microclimate more efficiently than degraded areas; therefore,
the mango orchard can be used as an alternative for the rehabilitation of degraded areas.

Keywords: air relative humidity, air temperature, thermal comfort.

Microclima em sub-bosque de pomar de mangueiras e de vegetacao de
area degradada na Amazonia Oriental

RESUMO

ModificagGes no uso da terra alteram o microclima regional. Este estudo teve como
objetivo comparar o microclima em sub-bosque de um pomar de mangueiras e uma area
degradada, no municipio de Salindpolis, nordeste do Estado do Para, Amazdnia Oriental, Brasil.
O microclima no sub-bosque do pomar de mangueiras e no sub-bosque da area degradada foi
monitorado por meio da temperatura maxima do ar, temperatura minima do ar, temperatura
média do ar, amplitude térmica, e déficit de pressdao de vapor de agua na atmosfera. O
monitoramento do microclima no sub-bosque foi realizado diariamente durante quatro estagdes
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distintas, denominadas inicio da estagcdo chuvosa, estacdo chuvosa, estacdo de transi¢do e
estacdo menos chuvosa, no periodo de dezembro de 2015 a novembro de 2016. A cobertura
vegetal foi fator determinante na atenuacao das temperaturas maximas e médias do ar no sub-
bosque. Os menores valores das variaveis meteoroldgicas foram obtidos no sub-bosque do
pomar de mangueiras, principalmente, nas estagdes chuvosa e menos chuvosa, exceto a
temperatura minima do ar que foi menor no sub-bosque da area degradada, sobretudo, no inicio
da estacdo chuvosa. Os microclimas no sub-bosque diferem entre os dois ambientes, e 0 pomar
de mangueiras pode melhorar o microclima no sub-bosque quando comparado ao sub-bosque
da &rea degradada; portanto, o pomar de mangueiras pode ser utilizado como alternativa para
reabilitacdo de areas degradadas.

Palavras-chave: conforto térmico, temperatura do ar, umidade relativa do ar.
1. INTRODUCTION

The occupation process of the Amazon, from the 1960s and 1970s, occurred along the
highways where population growth occurred through intense migratory movement and the
expropriation of land in the region. This process brought as the main problem deforestation that
persists to the present day. As a consequence, the expansion of agriculture, livestock and
logging, especially related to the length of the roads, the number of settled families and the
indigenous lands (Becker, 2005).

The conversion of forested areas (greater roughness) into agricultural cultivation (e.g. grain
crops), pasture or bare land (less roughness), decreased the turbulent exchange of heat in the
boundary layer of this tropical region, and promoted reduction evapotranspiration, thereby
increasing surface temperature (Perugini et al., 2017). It is clear that changes in land use may
result in regional microclimate alterations.

The presence of trees reduces the average air temperature by 1.25°C (Pinheiro et al., 2013),
the maximum air temperature by 0.77°C (Pezzopane et al., 2015), the air thermal amplitude by
2.40°C, and the vapor pressure deficit of the understory by 0.34 kPa (Pezzopane et al., 2010).
Therefore, planting trees may ameliorate understory microclimate (Pezzopane et al., 2010;
2015; Pinheiro et al., 2013), especially in degraded areas with a history of land use changes.

Tree species with desirable functional characteristics for the recovery of degraded areas
(e.g. broad canopy and high tolerance to changes in soil moisture) may be obtained by using
non-native trees for forest restoration (Chazdon et al., 2016). In such a context, one species may
be used to restore at least one ecosystem function through understory microclimate
amelioration.

The use of mango orchards (Mangifera indica L.) is an alternative for restoration of
degraded areas. It is a tropical tree species, with a broad canopy and evergreen leaves, that can
tolerate long dry periods and low-nutrient soils, and also has efficient nutrient absorption
(Ganeshamurthy and Reddy, 2015). Additionally, mango trees produce fruit that is a source of
nutrients, vitamins and dietary fiber (Kumar et al., 2015). In this scenario, mango trees may be
used to provide ecosystem services for trapping (soil quality and food production), and
regulation (climatic regulation) (Ganeshamurthy and Reddy, 2015; Kumar et al., 2015). In
Brazil, the mango is the 7"" most-produced fruit, and in 2015 the country produced 976,815 t of
mango and harvested 64,305 ha, with yield of 15.19 t ha* (IBGE, 2015).

In this context, the hypothesis tested was that mango orchards are effective to ameliorate
the understory microclimate in comparison with the understory of degraded areas. To test this
hypothesis, this study compared understory microclimates in a mango orchard and a degraded
area in the eastern Amazon.
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2. MATERIALS AND METHODS

The study was conducted in the understories of two distinct environments: a mango
orchard (MO) and an regenerating forest area (DA) separated by a linear distance of 1.5 km,
where the vegetation of secondary forests predominates. Both areas are located in the
municipality of Salindpolis, northeast of the Para State, eastern Amazon, Brazil. The soil type
in the area is Dystrophic Yellow Latosol (EMBRAPA, 2013). According to Kdppen, local
climate is Am subtype, tropical rainy with a short dry season (Alvares et al., 2013). Average air
temperature and humidity are 27°C and 82.5% in the region, respectively; average wind speed
and insolation are 1.75 m st e 2,100 h, respectively; while mean annual precipitation is
2,750 mm (Ramos et al., 2009). Figure 1 shows rainfall and the average air temperature above
the canopy of mango trees and the climatological normal of Salindpolis according to Ramos et
al. (2009).
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Figure 1. Rain (bar) and the average air temperature (lines) above the canopy of mango trees
(October 2010 to November 2016) and the climatological normal (1961-1990) of Salinépolis,
Para. Highlight for the period of this study. R_MO: Rain in the mango orchard; R_CN: Rain in
the climatological normal; T_MO: Average air temperature in the mango orchard; T_CN: Average
air temperature in the climatological normal.

The Tommy Atkins mango variety (00°39°50.50” S, 47°17°04.10” W, height: 17 m) was
planted between 1991 and 1993 in partnership with a culture of soursop (Annona muricata L.).
Afterwards, the orchard was abandoned. From 2003, the cultural practices inherent to the
culture were carried out, as well as the cleaning of the area by the burning of vegetation residues.
This process extinguished the soursop plants. Currently, the orchard has a total area of 25 ha
cultivated in a non-irrigated system, spaced 10 x 10 m (100 plants ha*), and the average height
of the plants is 6.5 m. The average fruit yield in the orchard is 15.66 t ha® (Rodrigues et al.,
2013). Before the implantation of the mango orchard, the vegetation of secondary forest
predominated in the region.

The regenerating forest area (00°40°09.44” S, 47°17°47.58” W, height: 22 m) was used for
the cultivation of cashew trees (Anacardium occidentale L.). In 2012, after productivity
declined, the area was abandoned and a secondary forest was subsequently established in the
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initial stages of succession, called “capoeirinha”. Ecosystem services were lost in this area, with
a reduction of physicochemical soil quality in comparison to the surrounding open
ombrophylous forest with palms. The changes in land use through which this area passed have
caused its degradation; therefore, this area was denominated as degraded area. The degraded
area had high soil bulk density (1.82 g cm™®), low total porosity (29%); and a small quantity of
organic matter (10.21 g kg™?), while in the forest the values were 1.74 g cm™; 32%; and
21.52 g kgt, 10-20 cm deep in the soil. Before the implantation of the cashew trees, secondary
forest vegetation predominated in the region.

A 100 x 100 m plot was installed in each area, where data were collected on the understory
microclimate from December 2015 to November 2016. A meteorological station was installed
on the ground at the center of each plot. Thermohygrometers were installed 1.5 m above the
ground to collect daily data of maximum, minimum and average air temperature, and air
humidity. An HMP155A (Vaisala) thermohygrometer was used in the mango orchard, while in
the degraded area the thermohygrometer used was part of an integrated VVantage Pro2 (Davis)
meteorological station.

Rain data were collected daily with a TB4, Campbell Scientific pluviometer, installed at a
height of 10.5 m above the mango trees’ canopy. All sensors were connected to an automated
data collection system (datalogger), which collected information every ten seconds. Every ten
minutes, means were calculated and stored with total amount of data collected. In the mango
orchard, a Campbell Scientific CR1000 datalogger was used, while in the degraded area, the
datalogger was integrated into the meteorological station.

Using the data of air temperature and relative humidity, we obtained the air thermal
amplitude and vapor pressure deficit. Air thermal amplitude was calculated from the difference
between maximum air temperature and minimum air temperature. VVapor pressure deficit was
calculated from the difference between saturated vapor pressure (Equation 1) and the actual
vapor pressure, which was obtained from relative air humidity (Pereira et al., 2002). Vapor
pressure deficit data was always collected between 10h00 and 15h00, because this is the period
of the day with greatest atmospheric demand for water in the region.

7.5%T

es = 0.6108 * 102373+T (1)
where: es is the saturated vapor pressure (kPa) and T is the average air temperature (°C).

The microclimate was monitored between December 2015 and November 2016. This
period was divided into four seasons: early rainy season (ERS — December 2015 to February
2016); late rainy season (LRS — March to May 2016); early dry season (EDS — June to August
2016); and late dry season (LDS — September to November 2016), according to the
classification proposed by Moraes et al. (2015) for rainfall on Para coast.

Sampling design was entirely randomized and investigated two treatments (understory in
mango orchard and understory in degraded area) and four seasons (ERS, LRS, EDS e LDS).
The number of replications varied according to season, that is, 91 days for ERS and LDS, and
92 days for EDS and LRS. To test for differences between treatments, meteorological variables
were submitted to analysis of variance, and then the means were compared using a Student’s T
test, with 5% significance level. Statistical analyzes were performed using Systat software
(Systat, version 12.02).
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3. RESULTS AND DISCUSSION

Total rainfall between December 2015 and November 2016 was 1279.40 mm (Figure 2),
which was lower than the mean annual rainfall levels in the region, 2750 mm (Ramos et al.,
2009). Lower rainfall levels have been related to the occurrence of the El Nifio ocean-
atmosphere phenomenon (2015-2016).

The highest rainfall levels were registered during LRS (693.80 mm) and lowest levels were
registered during LDS (4.20 mm) (Figure 2). In both cases, rainfall levels were lower than mean
rainfall levels for each period of the year on the Para coast, which are between 1200 and 1500
mm (LRS) and between 400 and 600 mm (LDS) (Moraes et al., 2015). During the early rainy
season and early dry season, registered rainfall levels were 428.60 and 152.80 mm, respectively.
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Figure 2. Rain (bars) above the mango trees canopy and air temperature (lines)
in the understory of the studied environments, in four seasons, in Salindpolis,
Pard. T_MO: Average air temperature in the mango orchard; T_DA: Average
air temperature in the degraded area; Tx_MO: Maximum air temperature in the
mango orchard; Tx_DA: Maximum air temperature in the degraded area; ERS:
Early rainy season; LRS: Late rainy season; EDS: Early dry season; LDS: Late
dry season.

Maximum air temperature differed between the understories of the mango orchard and the
degraded area (p<0.001) (Table 1). The mango orchard reduced maximum temperature in the
understory by an average of 1.63°C in relation to the degraded area The greatest reduction in
maximum air temperature in the understories between the mango orchard and the degraded area
was observed during LDS (2.65°C).

Reduction of maximum air temperature in understories has been observed in other studies,
where the mean reduction was 0.77°C in forest understories, in Sdo Carlos, S&o Paulo State
(Pezzopane et al., 2015) and 2.20°C, in the understory of macadamia nut trees (Macadamia
integrifolia Maiden & Betche), in S&o Mateus, Espirito Santo State (Pezzopane et al., 2010), in
relation to other environments outside of the understory.

In the case of minimum air temperature in the understory, there was a difference between
the areas only during ERS (p=0.042) (Table 1). Minimum air temperature in the understory was
0.16°C lower in degraded area than in the mango orchard. Similar results were observed by
Pezzopane et al. (2015), in Sdo Carlos, Sao Paulo State, where minimum air temperature was
0.10°C lower in the forest understory with less vegetative cover than the other. In areas with
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less vegetation, minimum air temperature is usually lower, because having less vegetation
facilitates the passage of longwave radiation (coming from Earth), leading to atmospheric
cooling. This mainly occurs during the night, when the radiation balance is governed by
longwave balance (Pereira et al., 2002).

Mean air temperature in the understory differed between the mango orchard and the
degraded area only during LRS (p=0.041) and LDS (p<0.001) (Table 1). The mango orchard
reduced mean air temperature in the understory by 0.37°C in comparison to the degraded area.
Similar results were observed in Sdo Carlos, where average air temperature was reduced by
0.25°C in the forest understory with more vegetation coverage in comparison with the other
understory (Pezzopane et al., 2015). This was lower than the results found in Jussari, Bahia
State, where the reduction of the average air temperature was 1.25°C in the understory of the
forest areas and a shaded cacao crop (Theobroma cacao L.) (Pinheiro et al., 2013).

Table 1. Mean of the maximum, minimum and average temperatures, air temperature amplitude and
vapor pressure deficit (mean + standard deviation) in the understory of the studied environments, and
analysis of variance, degrees of freedom of the residue, F, significance, and t test in four seasons of the
year in Salinopolis, Paré.

Environment ANOVA
Season
MO DA DF F

Maximum air temperature (°C)
ERS 30.60 £ 0.67 A 31.73+1.168B 122 44,95%**
LRS 30.30+1.03A 31.89+045B 107 38.95%**
EDS 30.20+0.43 A 31.33+0.25B 107 110.98***
LDS 30.73+0.46 A 33.38+0.38B 101 366.30***

Minimum air temperature (°C)
ERS 25.62+1.36 A 25.08+1.17B 122 4.22*
LRS 2496+ 1.25A 25.01+1.16 A 107 0.03m
EDS 2449 +1.37 A 2428+ 1.03 A 107 0.38™
LDS 26.22 +0.54 A 26.28 £+ 0.58 A 101 0.09m

Average air temperature (°C)
ERS 27.72+0.89 A 2761+1.15A 122 0.29"
LRS 27.43+0.98 A 27.94+0.69B 107 4.29*
EDS 27.22+£0.67 A 27.45+0.28 A 107 1.89m
LDS 27.88+0.28 A 28.74+0.24B 101 103.47***

Air thermal amplitude (°C)
ERS 498 +1.00 A 6.65+0.79B 122 75.96%**
LRS 534+1.20 A 6.88+1.21B 107 23.48%**
EDS 571+1.47 A 7.05+1.18B 107 12.59**
LDS 451+055A 7.10+0.53B 101 236.32***
Vapor pressure deficit (kPa)

ERS 1.05+0.31 A 1.05+043 A 122 0.00m
LRS 0.86 +0.30 A 1.03+0.19B 107 4.92*
EDS 1.12+0.13 A 1.22+0.10B 107 8.76**
LDS 1.30+0.11 A 1.67+0.14B 101 120.06***

ANOVA: Analysis of variance; MO: Mango orchard; DA: Degraded area; DF: Degrees of freedom of the
residue; ERS: Early rainy season; LRS: Late rainy season; EDS: Early dry season; LDS: Late dry season.
The level of significance is indicated (*: p<0.05, **: p<0.01, ***: p<0.001, ns: not significant).

For air temperature in the understory, vegetation was the most important factor to soften
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maximum and average air temperature (Figure 2). The influence of vegetative cover was greater
during the diurnal period than during the nocturnal period, mainly in the late dry season, causing
greater alteration in the maximum temperature than in the minimum (Figure 3), corroborating
Pezzopane et al. (2010). Different intensities of tree cover systems influence the amelioration
of microclimate as observed in this study; agreeing with the results obtained by Pinheiro et al.
(2013) when the average air temperature in a forest understory area and a shaded cacao crop
were compared.

Air thermal amplitude in the understory differed between the mango orchard and the
degraded area (p<0.001) (Table 1). Smaller air thermal amplitude was observed in the
understory of the mango orchard in comparison with that of the degraded area; air thermal
amplitude was reduced on average by 1.78°C. However, a greater reduction has already been
observed during LDS (2.59°C). The values of air thermal amplitude in the understory observed
in our study (Table 1) were similar to those observed in other studies, varying on average
between 0.72°C and 2.40°C (Pezzopane et al., 2010; 2015). Areas with vegetative cover act as
thermal insulators, hampering the passage of heat brought by sunlight towards the ground, and
reducing the variation in air thermal amplitude (Pereira et al., 2002).

—A—LRS MO —~LRS DA —4A—LDS MO —@-L1DS DA
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Figure 3. Average hourly average air temperature (T) in understories during the late rainy and
the late dry season, in two environments, during daytime and night time, in Salindpolis, Para.
MO: Mango orchard; DA: Degraded area. LRS_MO: late rainy season in the mango orchard;
LRS_DA: late rainy season in the degraded area; LDS_MO: late dry season in the mango
orchard; LDS_DA.: late dry season in the degraded area.

Variations in air temperature in the understory relates to the energy balance in the
environment (Pereira et al., 2002). In the mango orchard, there is more vegetative cover than in
the degraded area, and for that reason, the vegetation in the degraded area is not able to hamper
the passage of solar radiation. Therefore, most of the radiation was probably converted into
sensible heat, responsible for air warming, providing higher maximum and mean air
temperatures, and higher thermal amplitude in the degraded area in comparison with the mango
orchard. In this way, the mango orchard acts as a thermal insulator, providing greater thermal
comfort in the understory, while in the degraded area, thermal insulation provided by the
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vegetation is not so efficient. Because of this, the thermal discomfort in this environment is
evident.

The vapor pressure deficit in the understory differed between both environments during
LRS (p=0.029), EDS (p=0.004) and LDS (p<0.001) (Table 1). The vapor pressure deficit
increased, on average, 0.16kPa in the understory of the degraded area compared to the
understory of the mango orchard. The vapor pressure deficit presented higher values during
LDS when compared to LRS in both environments (Figure 4), due to the higher demand of
water from the atmosphere during LDS.

Lower values of vapor pressure deficit in mango orchard understory showed that, due to
the greater aerodynamic resistance of the vegetation, the evaporating capacity of the air is
reduced. The distribution of mango trees in the orchard creates a wind barrier. When this barrier
is transposed, the wind enters the understory at a slower speed and with less power to affect the
vapor pressure gradient between the evaporating surface and the air. Such a condition reduces
the vapor pressure deficit in the understory of mango orchard, differing from what was observed
in degraded area.

——LRS MO —{+LRS DA —A—LDS MO ——LDS DA

24 -
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Figure 4. Demand average daily vapor pressure deficit (VPD) in the understory during the late rainy
and late dry season, in two environments, during daytime and night time, in Salinépolis, Pard. MO:
Mango orchard; DA: Degraded area. LRS_MO: late rainy season in the mango orchard; LRS_DA: late
rainy season in the degraded area; LDS_MO: late dry season in the mango orchard; LDS_DA: late dry
season in the degraded area.

Vapor pressure deficit in the understory observed in our study (Table 1) was in the range
observed in other studies (0.34-1.38kPa) (Pezzopane et al., 2010; 2015). Afforestation promotes
absorption of water vapor from the atmosphere in its understory, increasing air humidity, and
providing thermal comfort. However, the excess water vapor in the atmosphere of the
understory makes the environment uncomfortable.
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4. CONCLUSIONS

The microclimates of the mango orchard understory and the degraded area understory
differ, especially during the late dry season. The mango orchard ameliorates microclimate in
the understory in comparison with the vegetation of the degraded area, mainly, due a reduction
of maximum air temperature and air thermal amplitude, therefore providing the important
ecosystem service of climate regulation. Mango tree orchards grown as rustic fruit trees and to
soften the understory microclimate may be used as an alternative for the rehabilitation of
degraded areas, since they provide ecosystem services, such as food production and climate
control.
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