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ABSTRACT

The objective of this research was to evaluate leaf temperature, and watermelon yield components under wetted arca
percentages (PW) in irrigation located in the Agreste region of Northeastern Brazil. Two experiments were carried out
in 2018 and 2019. The adopted statistical design was randomized blocks, with six replications and four treatments, in
2018: P1 = 13%, P2 = 14%, P3 = 19%, and P4 = 22%, in 2019: P5 = 12%, P6 = 15%, P7 = 16%, and P8 = 21% of PW.
The meteorological variables analyzed were: air temperature (Ta) and rain. The experimental evaluations consisted of
measuring the temperature of the plant’s vegetative canopy, tensiometry, mass, and BRIX. Air temperature was not a
limiting factor for watermelon growth and development. The average was 195.88 mm, and the average leaf temperature
of watermelon is 29.5 °C, a value lower than Ta. There was no statistically significant difference for fruit mass and BRIX,
where the overall mean was 10.82 and 10.46 kg, respectively. Therefore, it is feasible to irrigate watermelon with wetted

area percentages ranging from 12 to 22%, in localized irrigation systems, without generating physiological damage and

reducing agricultural productivity and fruit quality.
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INTRODUCTION

The watermelon (Citrullus lanatus) is one of the main
vegetables in tropical countries and is considered important
in human and animal nutrition. Due to its relatively simple
handling, it is an agricultural crop explored by small, medi-
um, and large producers, which highlights its socioeconomic
importance for generating income in the countryside (Erdem
& Yuksel, 2003).

In the 2021 harvest, world agricultural production of wa-
termelon was 101.63 million tons, in an area of 3.03 million
hectares, which resulted in an average yield of 33.54 t ha-1
(FAO, 2023). Brazil produced 2.14 million tons in the same
season, with a yield of 23.30 t ha-1. The Northeast region is
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the largest watermelon producer in the country, responsible
for 37% of national production. Among the Brazilian states,
Rio Grande do Norte is the largest national producer, with
production and yield of 341 thousand tons and 23.17 t ha-1,
respectively. Alagoas is the 19th largest producer, with a
production of 29.33 thousand tons and average productivity
0f 20.22 t ha'! (IBGE, 2021). In Alagoas, watermelon is tra-
ditionally cultivated by small producers under a low techno-
logical index. Therefore, crops have been carried out under
rainfed conditions or with empirical irrigation management,
which generates wastage of water, which is generally scarce,
and the low agricultural productivity observed in the region.

!'Universidade Federal de Alagoas, Campus Arapiraca, Arapiraca, AL, Brazil. allan.cunha.barros@gmail.com; ricardo.barros@arapiraca.ufal.br; lucrecio@arapiraca.ufal.br;

maria.dayse@arapiraca.ufal.br

*Universidade Federal do Reconcavo da Bahia, Cruz das almas, BA, Brazil. vellame@gmail.com
3Universidade Federal de Sergipe, Sdo Cristovao, SE, Brazil. antenor.ufs@gmail.com

* Corresponding author: allan.cunha.barros@gmail.com

Rev. Ceres, Vigosa, v. 71, €71002, 2024


https://orcid.org/0000-0003-4873-1761
https://orcid.org/0000-0002-0127-8325
https://orcid.org/0000-0003-1540-0202
https://orcid.org/0000-0001-7649-5773

2 Allan Cunha Barros et al.

In this context, increasing efficiency in irrigation
management becomes important, as it reduces water waste
and tends to increase agricultural productivity, conse-
quently, the income of producers. One way to increase the
efficiency of water use in watermelon crops is to obtain
the ideal percentage of wetted soil area (PW) in localized
irrigation for the development and growth of the plant,
which favors the achievement of its potential productivity
when combined with fertilization and proper phytosanitary
management and makes crops more sustainable. The
percentage of wetted area is the ratio between the area of
the soil moistened by the emitter and the area occupied by
the plant (Keller & Karmelli, 1975), in which the wetted
area is really necessary to supply the water demand of the
plant. Keller & Karmelli (1975) proposed that the ideal PW
value, in crops from regions with a dry climate, is at least
33% to obtain the potential productivity of agricultural
crops. This value is recommended by several researchers
in irrigation projects (Bernardo et al., 2006; Frizzone et al.,
2012; Mantovani et al., 2007).

Other researchers (Nair et al., 2013; Abdulhadi &
Alwan, 2020) claim that the PW in localized irrigation of
agricultural crops, such as watermelon cultivation, may
vary depending on the edaphic conditions of each region
and that the adoption of values less than 33% can generate
water savings and maintain high agricultural yields of
plants. However, if greatly reduced, water deficit may
occur in crops and affect production components and phys-
iological aspects (leaf temperature, transpiration, stomatal
conductance, and photosynthetic rate) of plants.

In view of the above, despite the existence of studies
on watermelon cultivation in response to irrigation levels
(Hong et al., 2021; Nisha et al., 2020), there is no infor-
mation on productive and physiological responses of wa-
termelon irrigated under different percentages of wetlands
in the Agreste of Northeast Brazil. For this reason, the
objective of this study was objective to evaluate leaf tem-
perature and watermelon yield components under wetted
area percentages (PW) in irrigation located in the Agreste

region of Northeastern Brazil.

MATERIAL AND METHODS

The research was carried out in Arapiraca (9°46°07”’S;
36°33°41”W; 324 m), state of Alagoas, Agreste of North-
east Brazil, planting was done on October 5Th, 2018, and
November 18th, 2019 (two cultivation cycles). According
to the Koppen climate classification, the local climate is

AS, tropical, with a rainy period from April to August and a
dry period from September to March. Average annual rain-
fall and temperature are 800 mm and 25 °C, respectively
(Barros et al., 2012).

The soil in the experimental area is classified as
Red-Yellow Argisol (Embrapa, 2018). The physico-hydric
and chemical properties of the soil, from the layers of 0 —
0.20, 0.20 — 0.40, and 0.40 — 0.60 m, are shown in Table 1.

Soil preparation was carried out five days before plant-
ing. The no-tillage spacing was 2.0 x 2.0 m. The watermelon
cultivar used was Olimpia, characterized by an early cycle,
intense red fruits, and high productivity. Fruit thinning was
carried out in order to eliminate deformed, damaged, and
small fruits, in the end, two fruits were left per plant. The
foundation and cover fertilization was carried out accord-
ing to Ribeiro ef al. (1999). In the foundation fertilization,
160 kg ha'! of P205, 40 kg ha! of K20, and 40 kg ha' of
nitrogen were applied. In the topdressing fertilization, 50
kg ha' of K20 and 80 kg ha' of N were applied in two
applications, at 20 and 40 days after germination (DAG).

The adopted statistical design was in randomized
blocks, with six replications and four treatments, which
totaled 24 experimental plots. Each plot was composed of
three plants, the central plant constituted the useful area of
the plot. The treatments studied were wetted area percent-
ages (PW) of the area occupied by the plant (4.0 m?), in
2018: P1 = 13%, P2 = 14%, P3 = 19%, and P4 = 22%, in
2019: P5 = 12%, P6 = 15%, P7 = 16% and P8 = 21% PW
(Figure 1)

The irrigation system adopted was drip irrigation. The
emitters used to form the different PW were spaced 0.2 m
apart in 2018, with flows of 1.39 and 1.92 L h''. In 2019,
emitters were spaced 0.3 m apart, with flows of 3.75 and
8.0 L h''. The number of emitters ranged from three to
twenty units per plant, in which plants with higher flow
emitters had a smaller number of emitters. The PW, of the
treatments studied, were measured on the soil surface, after
irrigation, with the aid of a tape measure, obtaining the
wet width and length, consequently, its areca was obtained.
Subsequently, the PW was determined by the ratio between
the wet area measured in the soil and the area occupied by
the plant.

Treatments P2, P4, and P6 used double drip lines to
obtain higher PW values. P1, P2, P3, P4, and P5 formed
a wetted trip. In 2018 there was a difference between the
volumes of water applied per plant and in 2019 the volume

of water applied was similar.
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Table 1: Chemical and physical-hydric properties of the soil in the research area

Physical-Hydric Unit Soil Layers (m)
Properties 0-0.2 0.2-0.4 0.4-0.6
Sand gkg-1 70.35 62.30 58.24
Silt g kg-1 11.71 26.80 30.85
Clay g kg-1 17.94 10.90 10.91
Soil Density (g cm®) gem? 1.29 1.43 1.31
Particle Density (g/cm?) gem? 2.68 2.68 2.71
Porosity (%) % 51.86 46.64 51.66
0S m3 m-? 0.518 0.466 0.516
OR m3 m-? 0.077 0.070 0.083
a - 0.371 0.313 0.271
n - 1,542 1,523 1.627
m
Soil Layers (cm)

Chemical properties Unit

0-20 20-40
pH - 6.05 5.74
Calcium + Magnesium cmolc dm? 2.70 2.11
Calcium cmolc dm? 1.94 1.54
Aluminum cmolc dm? <0.08 <0.08
Sodium mg dm? 47.9 73.0
Potassium mg dm? 80.0 116.0
Phosphor mg dm? 29.4 28.9
SB cmol dm? 3.12 2.73
CTC cmol dm? 4.36 4.16
\4 % 71.60 65.60

Irrigation management was carried out as a function
of crop evapotranspiration (ETc), which was estimated by
Equation 1. The ETo was estimated diary by the method
of Hargreaves & Samani (1985), Equation 2. ETo data
were collected at each irrigation to estimate ETc. With the
station, data on meteorological variables (rainfall and air

temperature) were obtained.

ETC:ETO'KC'KR @)

ETo=a><ZRZSx(Tma’x—Tmz’n)bx(Tméd+c) )

>

Where ETc is crop evapotranspiration (mm day-1);

ETo is the reference evapotranspiration estimated by the

Rev. Ceres, Vigosa, v. 71, €71002, 2024

Hargreaves & Samani method (mm day-1); Tmax — maxi-
mum air temperature (°C); Tmin — minimum air temperature
(°C) and Tmed — average air temperature (°C); Ra —extrater-
restrial solar irradiance (MJ m-2 s-1); a, b and ¢ coefficients
were 0,004344, 0,532201 and -6,056 (Barros et al., 2019).

R,=37,6(d/D)? [(ﬂ' /180°) hnsen®send + cos(Dcosé‘senhn] 3)

(d/D)?=1+0,033cos(NDA360/365) @)

Where ® — local latitude (degrees); 6 — solar declination
(degrees); hn — the hour angle at sunrise (degrees); d/D —
Earth-Sun relative distance and NDA — day number of the
year or Julian day.
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Year - 2018

T1-10 drippers - flow 1.39/h

T3 - 10 drippers- flag\;v 1.92L/h
9

Year - 2019

T7 - 5 drippers- flow 3.75L/h

T8 - 2 drippers- flow 8L/h and
i 5L/h

Figure 1: Details of treatments and drippers distribution.

According to the phenological stages of the crop, the
KC and Kr proposed by Ferreira et al. (2015) were adopted,
as shown in Table 2.

The watermelon harvest in 2018 and 2019 was carried
out at 65 and 62 days after sowing (DAS), respectively. The
experimental evaluations consisted of measuring the tem-
perature of the plant’s vegetative canopy (Tc), tensiometry,
mass, and BRIX of fruits. To obtain the plant canopy tem-
perature (Tc) a Minipa thermometer (MT - 320) was used
two batteries of tensiometers were installed, per treatment,
at depths 0of 0.2, 0.4, and 0.6 m, and the readings were taken
with a digital tensiometer, obtaining the matrix potential of
the soil. The matrix potential was related to the soil water
retention curve, which determined the percentage of soil
moisture. The tensiometry and thermometry readings were
performed daily, before irrigating, at 12:00 am. Fruit mass
was obtained by weighing on a precision scale equivalent
to 0.001 kg (Todelo, Prix 3 Plus, Sdo Bernardo do Campo,
Brazil). The soluble solids content was determined in a
refractometer (Vodex, VX0-90).

Data were submitted to analysis of variance (p < 0.05)
and, when significant, to regression analysis, according to
Ferreira (2018). The SAS (2002) was used for the analyzes.

RESULTS AND DISCUSSION

The general average air temperature, during the ex-
perimental period in 2018 and 2019, was 27.7 (+1.1) °C.
Hamad et al. (2022) state that regions with average air
temperatures between 18 and 30 °C are ideal for the growth
and development of cucurbits, such as watermelon. There-
fore, it is confirmed that the Agreste region of Alagoas has
adequate thermal availability for watermelon cultivation.
Total rainfall during cultivation was only 29 and 19 mm
in 2018 and 2019, respectively, which makes clear the
need for irrigation incrops in the region from September
to January.

The total reference evapotranspiration (ETo), during
the experimental period in 2018 and 2019, was 301 and
347 mm, with a daily average of 4.7 (£1.4) and 5.5 (£1.1)
mm day”', respectively. Therefore, the overall mean ETo
in the region during the experiment was 5.1 (+1.2) mm
day'. Total crop evapotranspiration (ETc) in 2018 was
177.35 mm, with a daily average of 2.86 (£0.9) mm day',
while in 2019 it was 214.41 mm, with a daily average of
3.01 (£1.0) mm day"'. Figure 2 shows the average daily
air temperature, total rainfall, and daily reference and crop

evapotranspiration during the experimental period.
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Table 2: Crop coefficient (KC) and coefficient of wetted area reduction (Kr) for the watermelon crop

Stadiums Intervals (days) KC kr
Emergence and growth 0-20 0.39 0.39
Flowering 21-35 0.80 0.53
Fructification 36-56 1.14 0.69
Fruit ripening 56-70 0.59 0.89

The analysis of water and thermal relations can be done
in Figure 3 and 4. The overall mean canopy temperature
(Tc) of watermelon was 28.4 (+0.6) °C under the different
percentages of the wetted area and remained below the air
temperature (Ta) average which was 30.8 (= 0.6) °C.

The lowest temperatures of the Canopy, Tc, in year 1
(Figure 1), occurred in the drippers with the highest flow
(P1=23°C,P2=22.9°C;P3=21.55°Cand P4=21.2 °C)
and the highest in treatments with the lower flow (P1 =36.2
°C, P2 = 36.55 °C; P3 = 34.8 °C and P4 =34 .5 °C), this
result is corroborated by year 2 (Figure 3), when the same
volume of water was applied per plant, resulting in almost
similar minimum temperatures (Tc-minimum of P5=27.15
°C, P6 = 27.1 °C; P7 = 26.95 °C and P8 = 27.00 °C and
Te-maximum of P5=42.5°C,P6=41.75°C; P7=41.5°C

Ferda 1 (o

Rl ll (num)

I # infall

Air Temperatune ETd

and P8 =44, 5 °C), demonstrating that the Tc-minimum is
more related to the volume of water applied as a function of
time than its fraction of the wetted area. In the second year
of planting, the highest temperature founded was due to
P8, probably due to the higher percolated volume, leaving
fewer ecological entrails.

During almost the entire cycle of the crop, situation of
Tar < Tc occurs, indicating that there was no indication of
stress in the crop. The reduction in the amplitude between
Tc and Tar, for year 1, occurs from DAS45, where the
end of the fruiting phase occurs (DAS36 to DASS50), this
movement is accompanied by the reduction of the applied
water layer, visually more felt in the P1 treatments and P3
in the 3 depths (0.20 — 0.40 — 0.60 m). Another factor that

could indicate this increase in Tc could be the increase

AL

Figure 2: Rainfall (mm) and mean air temperature (°C) (a e c) and reference and crop evapotranspiration (ETo, ETc — mm day-1)

(b e d), during watermelon cultivation in Arapiraca, Alagoas, in 2018 and 2019, and ideal thermal range for watermelon growth and

development.
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Figure 3: Air temperature (Ta) and canopy (Tc) (°C) of watermelon and soil moisture (0%) under wet area percentages in the Arapiraca

region, Alagoas, Brazil, in 2018.

in nutrient extraction in the soil and accumulation in the
plant, the macronutrients nitrogen, phosphorus, potassium,
calcium, and magnesium, have this peak in the watermelon
crop between days 45 and 55 after planting according to
Aguiar Neto ef al. (2016).

Analyzing the humidity in the first year of planting, it is
observed that the humidity in the 0.20 m layer was lower in
all treatments and throughout the cycle, with some points
with higher humidity compared to the deeper layers. Mois-
ture at 0.20 shows a slight reduction between the beginning
and end of the planting cycle. When double drip lines are
used (P2, P4 and P5), it is observed that the difference in
moisture in the 0.40 and 0.60 layers is lower than in the
P1 and P3 treatments, which may have occurred due to the
greater search for water in the root system of the watermel-
on in treatments with less surface water availability.

The average moisture content in 0,22m was very close
between treatments (17.9; 18.7; 17.65 and 18.81% in
treatments, P1, P2, P3 AND P4, respectively), with slightly
higher values (+- 1%) in treatments with a greater number
of laterals. The same occurred at a depth of 0.60m, in which
the average moisture values were similar between P2, P3,
and P4 and lower in P1, in a proportion of 19; 15 and 22%,
once again confirming the search for moisture in greater

depth when there is a reduction in the wetted area.

Sharma et al. (2018) studied the pattern of water ab-
sorption in different watermelon cultivars (Mission, Da
Vinci, and Super Necta) and observed that greater water
consumption occurs at depths of 0.15 and 0.30 m and that
when there is water stress, the crop consumes water at a
greater depth (0.60 m), in addition, it is possible to notice
different consumption patterns depending on the cultivars.

In the second year of planting (Figure 3), the moisture
lines at depths of 0.20, 0.40 and 0.60 m, with less variation
in moisture between them in treatments P6, P7 and P8. At
times, it is possible to verify moisture contours at a depth
of 0.40 m, which may have been caused by the Bt textural
horizon, classified as an abrupt textural change, in which
the clay is translocated from the upper horizon to the lower
one, therefore, reduces the hydraulic conductivity of the
soil, causing a temporary increase in moisture at these
points.

The percentages of the wetted area did not generate
significant differences (p < 0.05) in the variables fruit mass
and BRIX content. The analysis of variance is shown in
Table 3.

Table 4 shows the mass and BRIX content of watermel-
on fruits under percentages of the wetted area from 12 to
22%, with localized irrigation, in the region of Arapiraca,

Alagoas.
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Figure 4: Air temperature (Ta) and canopy (Tc) (°C) of watermelon and soil moisture (6%) under wetted area percentages in the Ara-

piraca’s region, Alagoas, Brazil, in 2019.

The lowest fruit mass value (10.20 kg) was observed
under the lowest PW (P1 — 13%, P2 — 14%, and P5 — 12%)).
The highest value (11.20 kg) was obtained in areas with
the highest PW (P4— 22%), which represents an increase
of only 9.8% in the value of fruit mass. Keller & Karmelli
(1975) stated that the ideal PW value, in tropical climate

regions, such as Arapiraca, should be at least 33% to reach
the potential productivity of agricultural crops, such as
watermelon. This value is still recommended by several
researchers (Mantovani ef al., 2007; Frizzone et al., 2012)
as a standard for sizing irrigation projects. Camoglu ef al.
(2010) and Hama-Aziz et al. (2023) obtained productivity

Table 3: Analysis of variance of fruit mass (MF) and BRIX content of watermelon cultivated under different percentages of wetted area

Arapiraca’s region, Alagoas, Brazil

MEAN SQUARE

CAUSE OF VARIATION GL

MF BRIX
Wet area percentagesl 3 2,225N8 0.197~8
Block 5 2,387 0.466N
Reg. Linear 1 2,079Ns 0.085%¢
Reg. quadratic 1 3,982MN8 0.024~s
Residue 15 2049 0.627
Ccv 13.28 6.94
Overall Average 10.47 kg 11.42%
Wet area percentages2 3 0.657Ns 0.939%
Block 5 0.195MNs 0.153%s
Reg. Linear 1 1,204N8 0.337N
Reg. quadratic 1 0.121M 1,272
Residue 15 0.083 0.413
Ccv 2.76 6.30
Overall Average 10.45 kg 10.22%

CV is coefficient of variation; 1 referring to 2018; 2 referring to 2019; * is significant at 5% and NS is not significant by the F test (p < 0.05).
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Table 4: Average values of mass and BRIX content of fruits observed under percentages of wetted area (PW), during the watermelon
production cycle, in the region of Arapiraca, Alagoas, Brazil, in 2018 and 2019

PW-2018 Fruit Mass BRIX
% kg %
P1-13 10.20 11.20
P2-14 10.20 11.60
P3-19 10.30 11.50
P4-22 11.20 11.40
PW -2019 Fruit Mass BRIX
% kg %
P5-12 10.20 10.50
P6-15 10.50 9.70
P7-16 10.60 10.70
P8 -21 10.40 10.00

of watermelon fruits of 60 and 62 t ha-1, respectively, under
full irrigation, this value is, on average, only 16% higher
than the general mean value obtained in this research, 52.3
t ha-1, which confirms that under PW values lower than
33%, such as the P5 treatment (12%), the watermelon crop
is able to maintain its high productive potential and make
the crop more sustainable, since there are water savings to
reach the smaller wetland area.

Studies show that the greater the volume of water
applied per plant, the greater the crop response, as in the
work of Nisha ef al. (2020) with a reduction of Eto by
40 and 20%, demonstrating greater productivity in the
smallest reduction. However, when there is sufficient soil
moisture for plant development, this water effect becomes
non-significant, as occurred with Li ef al. (2018) evaluat-
ing water effects on watermelon (Nongkeda no. 11), the
authors observed that the two largest depths, under two
types of mulching, did not cause a significant effect on the
variables: individual fruit weight, productivity, amount of
soluble sugars.

Thus, the Pw variations submitted in this experiment
only provided a greater evaporative area, since the water
demand was contemplated in all situations. In addition,
some crops can also adapt to a smaller wet area, as oc-
curred with Vellame ef al. (2015) who, studying the effect
of different Pw on the orange crop, observed that when the
treatment was applied (Pw of 12.5 and 100%) there was a
reduction in transpiration in plants with lower Pw, but this
effect was reversed over time and there was no variation in
vegetative development.

It was observed that the watermelon cultivated under

percentages of wetted areas smaller than 33% is able to
maintain its high productive potential and fruit quality. This
highlights that watermelon can be cultivated in regions with
poor rainfall distribution, such as the northeast of Brazil
since the reduction in the area to be watered in localized
irrigation tends to reduce the need for water in crops and
watermelon is able to maintain its high yield under such
conditions.

Air temperature is not a limiting factor for watermelon
growth and development in Arapiraca, Agreste in Northeast
Brazil. And, crop evapotranspiration (ETc) average total,
during the period of the experiment, in the region was 324

mim.

CONCLUSIONS

The canopy temperature was more related to the vol-
ume of water applied as a function of time than its fraction
of the wetted area.

To irrigate watermelon with percentages of wetted area
ranging from 12 to 22% is feasible, in localized irrigation
systems, without generating physiological damage and
reducing agricultural productivity.

The lowest BRIX value (9.7%) was obtained in fruits
of plants cultivated with P6 (15%), this value is only 16%
lower than the highest value (11.6%) verified in areas
irrigated with P2 (14%).
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