
_____________________________________________________________________________________________________ 
 
*Corresponding author: E-mail: souzaoliveiravini@gmail.com; 

 
 

International Journal of Plant & Soil Science 
 
34(23): 916-929, 2022; Article no.IJPSS.92745 
ISSN: 2320-7035 

 
 

 

 

Microclimate under the Cup of Papaya Planted in the 
North-South and East-West Directions 

 
Evelyn Trevisan a, Moises Zucoloto b, Gustavo Pereira Valani a,  

Vinicius de Souza Oliveira b* and Fábio Luiz Partelli a 
 

a
 Federal University of Espírito Santo, São Mateus, ES, Brazil. 

b
 Federal University of Espírito Santo, Alegre, ES, Brazil. 

  
Authors’ contributions  

 
 This work was carried out in collaboration among all authors. All authors read and approved the final 

manuscript. 
 

Article Information 
 

DOI: 10.9734/IJPSS/2022/v34i232502 
 

Open Peer Review History: 
This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers,  

peer review comments, different versions of the manuscript, comments of the editors, etc are available here: 
https://www.sdiarticle5.com/review-history/92745 

 
 

Received 15 August 2022  
Accepted 21 October 2022 
Published 29 October 2022 

 
 

ABSTRACT 
 

The objective of this work was to evaluate the variations of environmental factors under the canopy 
of papaya planted in a north-south and east-west orientation. Two areas were studied, one oriented 
north-south and the other east-west, both planted with a spacing of 3.20 mx 2.40 m, planted in April 
2015. The distances from the papaya line (levels of shading) and a place in full sun, where it was 
evaluated, in the North-South direction: in the papaya planting line, at 40 cm west side, 40 cm east 
side and in full sun; in the East-West direction: In the papaya planting line, at 40 cm on the north 
side, 40 cm on the south side and in the planting line in full sun. The following atmospheric 
variables were determined: temperature, irradiance and relative humidity. Tukey's test was used to 
compare means at a confidence level of 95%. Papaya planted in the east-west direction, under the 
conditions studied, provided lower incident irradiation, reduced temperature and higher values of 
relative humidity under its canopy, compared to papaya planted in the north-south direction. It is 
possible to intercrop papaya planted in the east-west direction with other agricultural crops, 
including conilon coffee. 
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1. INTRODUCTION  
 
Papaya (Carica papaya L.) is widely cultivated in 
tropical regions. In Brazil, climatic conditions are 
favorable for its economic exploitation and high 
productivity, making the country stand out as the 
third largest producer of papaya in the world, with 
about 1,161,808 tons produced in 2019, 
corresponding to approximately 8.5% of world 
production of this fruit [1]. The State of Espírito 
Santo stands out with a production of 403,278 
tons in 2019, corresponding to more than a third 
of the national production [2]. 
 
Regarding the microclimate in papaya crops, 
most studies focus on the influence of planting 
spacing [3], mainly to achieve an optimal 
condition between number of plants and light 
absorption by plants [4,5], resulting in high yields. 
When cultivated in consortium with another 
agricultural crop, the crops have a more efficient 
use of solar energy, in addition to benefits such 
as weed control and increased productivity [6]. 
Several cultures are used in intercropping with 
papaya [7,8], including conilon coffee [9]. 
 
Despite being widely cultivated in full sun, 
conilon coffee is a species originally adapted to 
partially shaded environments [10]. According to 
Damatta and Ramalho [11], adequate shading 
can allow the coffee plantation to receive 
sufficient and adequate solar radiation, improve 
microclimatic conditions by reducing temperature 
extremes, create conditions for soil moisture 
conservation, reduce evapotranspiration and 
possible damage by the winds. 
 
Studies have shown that attenuation of climatic 
variables occurs in coffee trees in wooded crops 
[12,13,14], in addition to providing greater 
sustainability to the systems [15]. In consortium 
with papaya, coffee is planted when the papaya 
trees are between eight and twelve months old. 
This period is due to the fact that the coffee tree 
can etiolate when planted simultaneously. Thus, 
the intercropping system of these two crops 
appears as a promising alternative and an option 
for producers in the face of constant fluctuations 
in the price of products on the market. 
 
An important factor that influences the 
microclimate of a crop is the orientation of the 
crop, normally being in the east-west alignment 
[16] or north-south [17]. To reduce 
photorespiration and possible burns on the 
leaves, in addition to the shading caused by the 
consortium, variations in the solar zenith angle 

throughout the day must be observed. This 
occurs because the different conditions of 
climatic variables, such as radiation, temperature 
and relative humidity, between the North-South 
and East-West sides of the canopy of the plants, 
will certainly determine a different microclimatic 
response between both sides. The knowledge of 
the microclimatic behavior segmented under the 
papaya tree canopy may provide information for 
a better management of the cultures that are in 
consortium, through the attenuation of climatic 
variables. 
 
Thus, the objective of this work was to evaluate 
the variations of environmental factors under the 
papaya tree canopy, planted in the North-South 
and East-West orientation, in the four seasons of 
the year. 
 

2. MATERIALS AND METHODS  
 
The study was conducted on a private property 
located in the municipality of Sooretama, Espírito 
Santo State, Brazil (19º11'S, 40º05'W), at an 
altitude of 59 m and flat relief. The region has a 
tropical climate with dry winter, classified as Aw 
according to the Koppen-Geiger classification 
[18]. The average annual temperature is 23 ºC, 
and the average annual precipitation is 1250 
mm. 
 
Two papaya areas were used, one planted in the 
North-South orientation and the other in the East-
West orientation, with approximately 1 year of 
age, implanted at a spacing of 3.20 x 2.40 m, 
both planted in April 2015, if one next to the 
other. 
 
Four points were evaluated, being three 
distances (locations) of shading with papaya, and 
a place in full sun, where it was evaluated, in the 
North-South direction: T1: located in the papaya 
planting line; T2 O: located 40 cm from the 
planting line on the west side; T3 L: located 40 
cm from the planting line on the east side; T4 
Sun: located in the full planting line. East-West: 
T1: located in the papaya planting line; T2 N: 
located 40 cm from the planting line on the north 
side; T3 S: located 40 cm from the planting line 
on the south side; T4 Sun: located in the full sun 
planting row. The experimental plot consisted of 
three replications. 
 

The microclimatic characterization was carried 
out by obtaining the irradiance, temperature              
and relative humidity of the air. Measurements 
were carried out with HOBO U12 
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Temp/RH/Light/External Data Logger devices, 
fixed to 1 m high wooden slats and placed in the 
field below the papaya tree canopy, which were 
previously programmed to perform readings at 
intervals of 10 minutes throughout the day. Three 
HOBOS equipment were placed at each 
distance, featuring three replications per 
treatment. The microclimatic data were collected 
on 02/03/2016 (Summer), 04/21/2016 (Autumn), 
08/08/2016 (Winter) and 12/15 (Spring), starting 
measurements before sunrise. sun and 
remaining until sunset, on days with few clouds. 
In this period, the solar declination was -16.47° in 
summer, 12.26° in autumn, 15.8° in winter and -
23. 
 
The microclimatic data were subjected to 
analysis of variance and the means were 
compared by the Tukey test at 5% error 
probability, using the Assistet program [19]. 
 

3. RESULTS AND DISCUSSION 
 
The results observed in the present study 
showed that papaya planted in the East-West 
direction provided lower incident irradiation under 
its canopy, in relation to papaya planted in the 
North-South direction (Fig. 1 and Fig. 2). The 
average irradiance in papaya planted in the 
North-South direction showed higher values than 
in the papaya planted in the East-West direction, 
in the evaluated periods, with variations being 
observed as a function of the distance from the 
planting line, of the North/South and East/ West 
of the line and time of day (Fig. 3 and Fig. 4). 
 
In summer (Fig. 1A), a lower incidence of 
irradiance was observed in the papaya line (T1), 
with an average interception of 60% of the 
incident irradiance in the area under full sun (T4 
Sun). The other treatments (T2 O and T3 L) 
showed interception of 16 and 30%, respectively. 
Observing the daily behavior of the irradiance in 
summer (Fig. 3A), note lower values throughout 
the day for the treatment located in the papaya 
line (T1). It is observed that the highest 
irradiance value was obtained in the full sun 
treatment (T4 Sun) at 13:30 h, presenting a value 
of 2499 µmol m

-2
s

-1
 and an irradiance of 846.8 

µmol m
-2

s
-1

 was recorded at the same time in the 
treatment located on the papaya line (T1), thus 
presenting an attenuation of 42%. 
 
The distance located at 40 cm on the east side 
(T3 L) showed higher irradiance values during 
the morning, and after noon, the irradiance value 

decreased. On the other hand, the treatment 
located at 40 cm West (T2 O), had an opposite 
behavior to that presented in T3 L, with lower 
irradiance value in the morning, with an increase 
after noon, until the end of the day. This variation 
in behavior observed throughout the day at 
different distances and east and west 
orientations is due to the diurnal movement of 
the sun, which is from east to west, the point on 
the east horizon where the sun rises and the 
point on the horizon west in which it sets. On the 
other hand, in papaya planting in the east-west 
direction (Fig. 2A), in summer, the lowest 
irradiance was observed in treatments in the 
papaya line and at 40 cm north and south (T1, 
T2 N and T3 S). 
 
Observing the daily behavior of irradiance in 
summer (Fig. 4A), note similar irradiance values 
for treatments T1, T2 N and T3 S, and higher 
values for the treatment in full sun, throughout 
the day. It is observed that the highest irradiance 
value was obtained in the full sun treatment (T4 
Sun) at 13:30 h, presenting a value of 2498.9 
µmol m

-2
s

-1
 and an irradiance of 1167 µmol m

-2
s

-1
 

was recorded at the same time in the treatment 
located on the papaya line (T1), thus presenting 
an attenuation of 61%. 
 
In autumn (Fig. 1B), in papaya planted north-
south, lower irradiance values were observed in 
the treatment located in the papaya line (T1) and 
in the treatments located at 40 cm east (T3 L), 
with an average interception of 20 % and 17%, 
respectively, of incident irradiance in full sun 
treatment (T4 Sun). 
 
Observing the daily behavior (Fig. 3B), note 
higher values of irradiance in the treatment at 40 
cm east (T3 L) in the morning and lower values 
from noon to the end of the day. The treatment at 
40 cm west, on the other hand, had lower values 
in the morning and higher values in the 
afternoon, until the end of the day. In the 
treatment located on the papaya line (T1), note 
higher values of irradiance in the morning, a 
reduction in the hottest times of the day, again an 
increase in the early afternoon and, in the late 
afternoon, a reduction in the values. It is 
observed that the highest irradiance value was 
obtained in the full sun treatment (T4 Sun) at 
12:00 h, presenting a value of 2498.9 µmol m

-2
s

-1
 

and an irradiance of 1527 µmol m
-2

s
-1

 was 
recorded at the same time in the treatment 
located on the papaya line (T1), thus presenting 
an attenuation of 38%. 
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In the papaya tree planted in the East-West 
direction (Fig. 2B), in autumn, the lowest 
irradiance was observed in the treatments in the 
papaya line and at 40 cm north and south (T1, 
T2 N and T3 S), it presented an average 
interception of 51, 34 and 47%, respectively. 
Observing the daily behavior (Fig. 4B), note 
lower irradiance values in the treatments located 
in the papaya row, 40 cm north south (T1, T2 N 
and T3 S). It is observed that the highest 
irradiance value was obtained in the full sun 
treatment (T4 Sun) at 12:30 h, presenting a value 
of 2498.9 µmol m

-2
s

-1
 and an irradiance of 1141 

µmol m
-2

s
-1

 was recorded at the same time in the 
treatment located on the papaya line (T1), thus 
presenting an attenuation of 54%. 
 
In winter and spring, in papaya planted in the 
North-South direction (Fig. 1C and 1D), it was 
observed that in all treatments, the irradiance 
values were similar, not differing statistically from 
each other. Observing the daily behavior of 
irradiance (Fig. 3C and Fig. 3D), note that at the 
hottest time of day, 12 h, all treatments obtained 
similar behaviors. In papaya planted in the East-
West direction (Fig. 2C), lower irradiance values 
can be observed in the treatment located in the 
papaya line and at 40 cm south side (T1 and T3 
S), with attenuation of 26 and 16%, respectively, 
in relation to the treatment in full sun (T4 Sun). 

 
In spring, in papaya planted in the East-West 
direction (Fig. 2D), a lower irradiance value is 
observed in the treatment located in the papaya 
line (T1), with attenuation of irradiance of 11%, in 
relation to the treatment in full sun. Observing the 
daily behavior (Fig. 4D), note that the highest 
irradiance value was obtained in the full sun 
treatment (T4 Sun) at 11:50 h, presenting a value 
of 2498.9 µmol m

-2
s

-1
 and an irradiance of 

2176.5 µmol m
-2

s
-1

 was recorded at the same 
time in the treatment located in the papaya line 
(T1), thus presenting an attenuation of 12.8%. 

 
It was observed in the seasons of the year, 
Summer, Autumn, Winter and Spring, average 
interception of 35.7, 16.6, 5, and 2.7% of the 
incident irradiance in the North-South direction, 
and 54.47, 44 .33, 17 and 10%, in the East-West 
planting direction, respectively, with average 
interception of 15.1 and 31.45% in the four 
evaluated times, in the North-South and East-
West directions, respectively. Analyzing the 
treatment located in the papaya line (T1), note 
that the interception was 60.5, 20, 7.7 and 3.9% 
in the North-South planting direction and 68.75, 
34.13, 26 .3 and 11.1%, in the East-West 

planting direction, in Summer, Autumn, Winter 
and Spring, respectively. 
 

The attenuation of the irradiance promoted by 
the different planting orientations of papaya can 
favor the microclimate for the planting of other 
species in your planting line. In studies of coffee 
trees with rubber trees, Araújo et al. [20] found a 
lower amount of radiation received in coffee trees 
in trees, compared to planting in full sun, with 
interception of 88.04% in winter and 72.49% in 
summer, which promoted greater etiolation of the 
branches and greater leaf expansion in the year. 
shaded coffee. However, in studies with 40 to 
50% irradiance interception, coffee plant growth, 
coffee bean maturation, grain yield and size were 
not altered [21]. 
 

Papaya planted in the North-South and East-
West direction provided a reduction in the 
average daily temperature under its canopy at all 
evaluated times (Fig. 5 and Fig. 6). Variations 
can be observed depending on the distance from 
the planting line, the North-South and East-West 
positions of the line and the time of day (Fig. 7 
and Fig. 8). 
 

In summer and spring, in papaya planted in the 
north-south direction (Fig. 5A and Fig. 5D), it was 
observed that in all treatments, the temperature 
values were similar, not differing statistically from 
each other. Observing the daily behavior of 
temperature (Fig. 7 A), note that the highest 
value was obtained in the full sun treatment (T4 
Sun) at 1:30 pm, with a value of 42.60°C and a 
temperature of 37. 42°C was recorded at the 
same time in the treatment located in the papaya 
line (T1), thus presenting an attenuation of 
5.18°C. In spring (Fig. 7 D), the highest 
temperature value was recorded in the full sun 
treatment, at 12:20 h, with a value of 40.23°C 
and, at the same time, a temperature of 38.93°C 
was recorded in the treatment located in the 
papaya line, thus having an attenuation of 1.3°C. 
 

In the papaya tree planted in the East-West 
direction (Fig. 6 A), the lowest temperature was 
observed in the treatments in the papaya line 
and at 40 cm north (T1 and T2 N), it presented 
an average attenuation of 1.7 and 1.3°C, 
respectively. Observing the daily behavior (Fig. 8 
A), it is noted that the highest temperature value 
was obtained in the full sun treatment (T4Sun) at 
1:30 pm, presenting a value of 41.40°C and a 
temperature of 36.15°C was recorded at the 
same time in the treatment located in the papaya 
line (T1), presenting an attenuation, therefore, of 
5.35°C. 
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In autumn, in papaya planted in the North-South 
direction (Fig. 5 B), lower temperature values 
were observed in the treatments in the papaya 
line and at 40 cm East, with mean attenuation of 
0.60 and 0.40°C. Observing the daily behavior of 
temperature (Fig. 7 B), note that the treatment 
located at 40 cm East obtained the highest 
temperature values in the morning, in the 
afternoon, the treatment located at 40 cm to the 
West and the treatment at full sun, showed the 
highest temperature values. In papaya planted in 
the East-West direction (Fig. 6 B), the highest 
temperature was observed in the full sun 
treatment (T4 Sun), the other treatments did not 
differ statistically from each other. Observing the 
daily behavior (Fig. 7 B), note that the highest 
temperature value was obtained in the full sun 
treatment (T4 Sun) at 13:40 h, presenting a value 
of 36.9°C and a temperature of 35°C was 
recorded at the same time in the treatment 
located in the papaya line (T1), thus presenting 
an attenuation of 1.9°C. The variations in 
behavior throughout the day are due to the 
diurnal movement of the sun, which is from east 
to west, the point on the east horizon where the 
sun rises and the point on the west horizon 
where it sets. 
 
In winter, papaya planted in the North-South 
direction (Fig. 5 C) showed a higher temperature 
value in the treatment located in full sun, the 
other treatments did not differ statistically from 
each other. Observing the daily behavior of 
temperature (Fig. 7 C), note that the highest 
temperature value was obtained in the full sun 
treatment (T4 Sun) at 11:30 h, presenting a value 
of 36.4°C and a temperature of 34.7°C was 
registered at the same time in the treatment 
located in the papaya line (T1), presenting an 
attenuation, therefore, of 1.7°C. In the papaya 
tree planted in the East-West direction (Fig. 6 C), 
the lowest temperature was observed in the 
treatment located in the papaya line and at 40 
cm East (T1 and T3 L), with an attenuation of 1.6 
and 1°C, respectively. Observing the daily 
behavior (Fig. 8 C). 
 
In spring, in papaya trees planted in the East-
West direction (Fig. 6 D), lower temperature 
values are observed in treatments located in the 
papaya line and at 40 cm north (T1 and T2 N), 
presenting an attenuation of 1 and 0, 8°C, 
respectively. Observing the daily behavior (Fig. 8 
D), it is noted that the treatment at 40 cm south 
(T3 S) has the highest temperature values in the 
morning, after midday until late afternoon, the 
highest values of temperature are observed. 

temperature in full sun treatment. Note also that 
the highest temperature value was obtained in 
the full sun treatment (T4 Sun) at 12:20 h, 
presenting a value of 40.4°C and a temperature 
of 35.5°C was recorded at the same time in the 
treatment located on the papaya line (T1), thus 
presenting an attenuation of 4.9°C. 
 
It is known that high temperature combined with 
high irradiation can result in leaf damage, by 
hindering several leaf metabolic processes and 
increasing the yield of highly reactive chlorophyll 
and oxygen molecules [22,11]. In this way, 
temperature attenuation, especially in the hottest 
months of the year, becomes an important 
technique for mitigating climatic variables for 
some crops, especially coffee, which coincides 
with its fruiting season and, with higher rates of 
vegetative growth [23,24]. 
 
Papaya planted in the North-South and East-
West direction promoted an increase in the 
Relative Humidity of the air in some of the 
evaluated times, with the coffee treatment in full 
sun (T6 Sun) showing lower values (Fig. 9 and 
Fig. 10). Variations can be observed depending 
on the distance from the papaya line, the north or 
south position of the line, the time of day and the 
time of year. Observing the daily values of 
relative humidity (Fig. 11 and Fig. 12), note a 
trend of behavior inversely proportional to 
temperature, with higher values in the early 
morning, decreasing throughout the day with 
increasing temperature, and increasing again at 
the end of the day pm. 
 
In summer, autumn and spring, in papaya 
planted in the North-South direction (Fig. 9 A, 
Fig. 9 B and Fig. 9 D), it was observed that in all 
treatments, the Relative Humidity values were 
similar, not differing statistically from each other, 
this result may be related to temperature and 
irradiance, which were also statistically similar in 
some evaluated times. In winter (Fig. 9 C) the 
lowest value of relative humidity was registered 
in the full sun treatment (T4 Sun), since the other 
treatments did not differ statistically from each 
other. 
 

Observing the daily behavior of relative humidity 
in summer (Fig. 11 A), it is noted that in the 
morning the lowest value is observed in the 
treatment at 40 cm east (T3 L), and increases in 
the afternoon until the end of the day. On the 
other hand, the treatment located at 40 cm west 
(T2 O) has a higher relative humidity value in the 
morning and after midday until late afternoon, the 
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values decrease, this behavior is a function of 
the diurnal movement of the sun., where it rises 
in the east and moves and sets in the west. Note 
that the lowest value of relative humidity was 
recorded in the full sun treatment, at 12:10 h, 

presenting 29.48%, already at the same time, in 
the treatment located in the papaya line, it 
presents a value of 41.27%, there being, 
therefore, an increase of 11.79% of relative 
humidity. 

  

 
 

Fig. 1. Spring (D), in Papaya planted in the North-South direction 
where: T1: located in the papaya planting line; T2 O: located 40cm from the planting line on the west side; T3 L: 

located 40cm from the planting line on the east side; T4 Sun: located in the full planting line. CV%= Summer: 
11.74; Autumn: 7.7; Winter: 6.72 and Spring: 4.13 

 

 
 

Fig. 2. Average daily values of Irradiance in Summer (A), Autumn (B), Winter (C) and Spring 
(D), in Papaya planted in the East-West direction 

where: T1: located in the papaya planting line; T2 N: located 40 cm from the planting line on the north side; T3 S: 
located 40 cm from the planting line on the south side; T4 Sun: located in the full sun planting row. CV%= 

Summer:19.5; Autumn: 18.81; Winter: 5.84 and Spring: 4.37 
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Fig. 3. Daily values of Irradiance in Summer (A), Autumn (B), Winter (C) and Spring (D), in 
Papaya planted in the North-South direction 

where: T1: located in the papaya planting line; T2 O: located 40cm from the planting line on the west side; T3 L: 
located 40 cm from the planting line on the east side; T4 Sun:  located in the full sun planting row 

 

 
 

Fig. 4. Daily values of Irradiance in Summer (A), Autumn (B), Winter (C) and Spring (D), in 
Papaya planted in the East-West direction 

 where: T1: located in the papaya planting line; T2 N: located 40 cm from the planting line on the north side; T3 
S: located 40 cm from the planting line on the south side; T4 Sun: located in the full sun planting row 

 
In Autumn, Winter and Spring (Fig. 11 B, Fig. 11 
C and Fig. 11 D), the lowest values of relative 
humidity were also recorded in the full sun 
treatment, at 12:40, 11:20 and 11:50 h, 
presenting 41.68, 33 and 33.42% relative 
humidity, and in the treatment located in the 

papaya line (T1), at the same times, they 
presented 47.2, 37.63 and 39.93% of relative 
humidity, thus having an increase in humidity of 
2.52, 4.63 and 6.51%, in autumn, winter and 
spring, respectively. 
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Fig. 5. Average daily temperature values in Summer (A), Autumn (B), Winter (C) and Spring (D), 
in Papaya planted in the North-South direction 

 where: T1: located in the papaya planting line; T2 O: located 40 cm from the planting line on the west side; T3 L: 
located 40 cm from the planting line on the east side; T4 Sun: located in the full sun planting row. CV%= 

Summer: 1.21; Autumn: 0.58; Winter: 0.50 and Spring: 1.61. 
 

 
 

Fig. 6. Average daily temperature values in Summer (A), Autumn (B), Winter (C) and Spring (D), 
in Papaya planted in the East-West direction 

 where: T1: located in the papaya planting line; T2 N: located 40 cm from the planting line on the north side; T3 S: 
located 40 cm from the planting line on the south side; T4 Sun: located in the full sun planting row. CV%= 

Summer: 0.70; Autumn: 0.67; Winter: 0.83 and Spring: 0.47. 

 



 
 
 
 

Trevisan et al.; IJPSS, 34(23): 916-929, 2022; Article no.IJPSS.92745 
 

 

 
924 

 

 
 

Fig. 7. Daily Temperature values in Summer (A), Autumn (B), Winter (C) and Spring (D), in 
Papaya planted in the North-South direction 

where: T1: located in the papaya planting line; T2 O: located 40 cm from the planting line on the west side; T3 L: 
located 40 cm from the planting line on the east side; T4 Sun: located in the full sun planting row. 

 

 
 

Fig. 8. Daily Temperature values in Summer (A), Autumn (B), Winter (C) and Spring (D), in 
Papaya planted in the East-West direction 

 where: T1: located in the papaya planting line; T2 N: located 40 cm from the planting line on the north side; T3 
S: located 40 cm from the planting line on the south side; T4 Sun: located in the full sun planting row 
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Fig. 9. Average daily values of Relative Humidity in Summer (A), Autumn (B), Winter (C) and 
Spring (D), in Papaya planted in the North-South direction 

 where: T1: located in the papaya planting line; T2 O: located 40 cm from the planting line on the west side; T3 L: 
located 40 cm from the planting line on the east side; T4 Sun: located in the full sun planting row. CV%= 

Summer: 1.64; Autumn: 1.13; Winter: 0.59 and Spring: 1.89 
 

 
 

Fig. 10. Average daily values of Relative Humidity in Summer (A), Autumn (B), Winter (C) and 
Spring (D), in Papaya planted in the East-West direction 

 where: T1: located in the papaya planting line; T2 N: located 40 cm from the planting line on the north side; T3 
S: located 40 cm from the planting line on the south side; T4 Sun: located in the full sun planting row. CV%= 

Summer:  1.09; Autumn: 1.70; Winter: 1.0 and Spring: 0.83 
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Fig. 11. Daily values of Relative Humidity in Summer (A), Autumn (B), Winter (C) and Spring 
(D), in Papaya planted in the North-South direction 

 where: T1: located in the papaya planting line; T2 O: located 40 cm from the planting line on the west side; T3 L: 
located 40 cm from the planting line on the east side; T4 Sun: located in the full sun planting row 

 

 
 

Fig. 12. Daily values of Relative Humidity in Summer (A), Autumn (B), Winter (C) and Spring 
(D), in Papaya planted in the East-West direction 

 where: T1: located in the papaya planting line; T2 N: located 40 cm from the planting line on the north side; T3 S: 
located 40 cm from the planting line on the south side; T4 Sun: located in the full sun planting row 
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In papaya planted in the East-West direction 
(Fig. 10), it was observed that in all the evaluated 
times (Fig. 10 A, Fig. 10 B, Fig 10 C and Fig 10 
D), the highest value of relative humidity was 
registered in the treatment located in the papaya 
line (Fig. 10). T1), and the lowest value, in the full 
sun treatment (T4 Sun). Observing the daily 
behavior of relative humidity in the summer (Fig. 
12 A), note that the lowest value of relative 
humidity was recorded in the full sun treatment, 
at 12:10 h, presenting 28.25%, already at the 
same time, in the treatment located in the line of 
papaya, presents a value of 43.30%, with, 
therefore, an increase of 15% of relative 
humidity. In winter and spring (Fig. 11 C and Fig. 
11 D), the lowest values of relative humidity were 
also recorded in the full sun treatment, at 11:20h 
and 11:10h, with 37.56 and 42.81% relative 
humidity. 
 

The maintenance of high atmospheric humidity 
on hot days, combined with the maintenance of 
higher rates of relative humidity and low wind 
speed, reduces the deficit of water vapor 
between the leaves and the atmosphere, 
reducing the loss of water from the plant by 
transpiration [25]. To this benefit obtained in 
shaded systems, there are also lower levels of 
irradiance at the leaf level, reducing the 
probability of over-excitation and photoinhibition 
of the components of the photosynthetic system. 
These occur mainly in the hottest and most 
radiant hours of the day, when plants are 
exposed to full sun, either considering shorter 
periods, of hours [26], or longer periods, of days 
[27]. 
 

4. CONCLUSION 
 

Papaya planted in the East-West direction under 
the conditions studied provided a decrease in 
incident irradiation and temperature, and higher 
values of relative humidity under its canopy, in 
relation to papaya planted in the North-South 
direction. 
 

It is possible to combine the papaya tree planted 
in both directions, as the shading provided was 
mild, promoting attenuation of climatic variables. 
 

Of the times of the year evaluated, in the 
summer the greatest attenuation of the climatic 
variables was obtained. 
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