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Abstract

In semi-arid regions, inadequate management of irrigation in watermelon crops greatly increases
yield losses. As a result, we sought to regionalize irrigation slides necessary for watermelon cultivation
in the State of Piaui, considering different sowing times and soils with different water retention
capacities. Irrigation slides were determined by the crop water balance, considering a historical series
of fifteen years, originating from daily pluviometric precipitation records in 165 sites of this region.
The reference evapotranspiration (ETO) and the respective crude irrigation slides were estimated
on a daily scale for each site. Then, the crude irrigation slides were spatialized to the entire target
region through a routine performed in Excel and later using the SPRING software, depending on the
available water capacity in the soil and the date of sowing. Seeding dates with the need for minor
irrigation slides for watermelon cultivation in Piaui were January 1st, February 1st and March 1st
and in relation to sowing dates, the largest irrigation slides were verified on August 1st, September
1st and October 1st. Regionalized irrigation sheets varied according to the available water capacity
in the soil and date of planting.

Keywords: Citrullus lanatus. Water balance. Simulation. Planning.

Introduction

The production of watermelon Citrulus lanatus in Brazil is approximately 2.3 million tons of
the fruit and an average yield of 22 ton ha!, prominently in the northeast region of the country, with
a production of around 663.458 tons and an average yield of 18 ton ha. The Brazilian State of
Piaui occupies the fifth place in terms of production in relation to the other states of the region, with
57.187 tons and average yield of around 24.5 ton ha', especially, in the municipalities of Barras,
Jatoba do Piaui, Parnaiba and Campo Maior, which together produced approximately 20 thousand
tons of the fruit (IBGE, 2018).

Watermelon yield depends on several factors, especially cultivation, fertilization, climatic factors
and the proper application of irrigation depths during the crop cycle (FILGUEIRA, 2008). According to
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this author, water requirements differ along the watermelon crop cycle, being greater at the beginning
of branching and intensifying from the fruiting stage until the beginning of fruit ripening.

According to Oliveira (2014), the use of irrigation blades is not yet a practice of the Piaui
producers, what is done necessary to ensure the fulfillment of the water requirement of the watermelon
at different stages of plant development. Saraiva et al. (2013) corroborated this fact in their study
on irrigated watermelon crops in the State of Ceara, Brazil, and found that during the crop cycle the
sprinklers at times spray excessive water while at other times the water supply is deficient.

The existing studies that determine spatialization of irrigation depths for watermelon crops in
Piaui State, Brazil, are still not satisfactory, since the work developed so far has been carried out only
in the municipalities of Teresina and Parnaiba (ANDRADE JUNIOR, 2000). Studies like those are
crucial if one considers the economic importance of the watermelon crop in this State.

According to Mousinho et al. (2003) and Azevedo et al. (2005), irrigation levels significantly
influence watermelon crop yields. Ferreira (2012) reinforced that in a field study carried out in Teresina,
Piaui State, where maximum yields were obtained by applying irrigation depths of 223.9 and 212.4
mm, respectively, for cultivars Crimson Sweet (34,642.97 kg ha?) and Shadow (25,453.55 kg ha).

In a study carried out in the micro-region of Teresina and along the coast of Piaui State,
Andrade Junior (2000) estimated, by simulation, gross depths demanded for watermelon crops. In
the municipality of Teresina, he found depths oscillating between 24.3 mm, in the month of March,
and 357.9 mm in August; and, in the municipality of Parnaiba, the depth intervals oscillated between
82.6 mm, in March, and 464,8 mm in September.

It is worth stressing that there has been a lack of technical and scientific data on irrigation
depth determination and management practices for watermelon crop to meet the demands of irrigated
areas in different regions, and under various soil conditions in semiarid Brazilian regions. Hence, in
this paper we regionalize the gross irrigation depths needed for watermelon crop in Piaui State, Brazil,
by taking into account several sowing dates and soils with different available water capacities.

Material and methods

According to the Koppen classification, the State of Piaui, Brazil, has three climatic types: Aw,
Aw’ and BSh. The Aw type occurs in the south-central and south-west Piaui, with hot and humid
characteristics and summer rains, with the rainy season occurring from November to March, at which
the months of December, January and February are the ones with the highest rainfall levels, and June,
July and August are the driest months. In that region, the average annual rainfall ranges from 1,000
to 1,400 mm. The type ‘Aw’, hot and humid with summer and autumn rains, occurs in the north of
the State, with the rainy season in the region occurring from January to May, and February, March
and April are the months with the highest rainfall levels, and August, September and October are the
driest ones. The average annual rainfall ranges from 1,000 to 1,800 mm.

The BSh type, semi-arid, occurs in the southeast of the State, characterized by a short rainy
season in the summer between the months of December and April. In this region, the average annual
rainfall varies from 400 to 800 mm, with January, February and March being the driest quarter, and
July, August and September being the driest and hottest months of the year (MEDEIRQOS, 1996).

According to climatological data of the region, available by Atmospheric Sciences Center of
Universidade Federal de Campina Grande, the average annual air humidity varies from 85.0%, in
the north-central part of the Piaui State, to 55.0% in the most southeast region, a semi-arid one.
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Sunshine duration exceeds 3,200 hours per year in some places, and the annual average temperature
varies from 24.1 °C to 27.8 °C.

The Piauf State has a great variability of soil types, mainly Latosols, Neosols, Argisols, Nitosols
and Luvisols (EMBRAPA, 2006). These types of soils show characteristics of medium to low natural
fertility and great variability of water holding capacity, inherent to their different granulometric
compositions. However, these soils have a great agricultural potential given its physico-chemical and
topographic characteristics.

The data used in the present study came from daily rainfall records obtained from pluviometric
stations of Sudene (Superintendency for the Development of the Northeast, Brazil) and INMET
(Brazilian National Institute of Meteorology), installed in 165 sites. Of those, 145 are located in Piaui
State, and the others are in the neighboring States (FIGURE 1).

Figure 1 — Geographic location of the pluviometric stations from where daily rainfall data were obtained, with
emphasis on the limits of the Piaui State, Brazil.
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Source: Elaborated by the authors (2014).

Reference evapotranspiration (ET ) was estimated on a daily basis for all sites, using the method
of Thornthwaite (1948). Since no data on annual average air temperature were available for all sites,
they were estimated using the equations proposed by Lima and Ribeiro (1998), who suggested
estimating the monthly average air temperature for the Piaui State by basing the equations on the
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latitude, longitude and altitude of the site. Using these equations, the average air temperatures by site
were obtained for each month of the year, thus estimating the monthly values of ET . The daily values
for each site were obtained by dividing the monthly ET  values by the number of days of the respective
month. Because there were no significant alterations in the daily values of ET, from one year to the
next, and for the purposes of performing daily water balances, their values were considered equal for
all years of the rainfall recorded history.

The reference evapotranspiration (ETO) and the respective gross irrigation depths were estimated
on a daily scale for each location. Then, the raw irrigation depths were spatialized for the entire target
region through a routine performed in Excel and later using the software SPRING 5.1.2 (SANTOS et
al., 2010), according to the available water capacity in the soil and the date of sowing.

The water balances were performed based on the cycle equal to 65 days for all the sowing
times considered. This period of 65 days goes from seedling emergence to fruit physiological maturity
(ANDRADE JUNIOR et al., 2007) for the edaphoclimatic conditions of the State, depending on the
variety. However, considering that seedling emergence occurs 5 days after sowing, regardless of the
time of the year, the complete cycle of watermelon was considered to be 70 days, from the sowing
date until the physiological maturation of the fruits for all the sites of the State and the sowing
times simulated (MOUSINHO et al., 2008). Twelve different sowing dates were used as the basis
of calculation, with the first day of each month adopted as the standard date, and considering as
cultivation areas only those under irrigation.

The crop coefficient (Kc) values in their different stages of development, used to estimate the
maximum evapotranspiration (ETm), were based on research carried out under similar soil and climatic
conditions (BEZERRA; OLIVEIRA, 1999), using as a basis the values recommended by Doorenbos
and Pruitt (1997), Doorenbos and Kassam (2000) and Ferreira (2012). The developmental stages
of the crop were defined according to recommendations by Doorenbos and Kassam (2000), and they
were based on local research, as follows: |- establishment (from emergence until 10.0% of soil cover);
Il - vegetative development (from 10.0% of soil cover until the beginning of flowering); Ill - flowering
and fruiting (from the beginning of flowering until the beginning of maturation); and IV - maturation
(from the beginning of ripening to harvest). The Kc values for each developmental stage of the crop
and the duration thereof are shown in Table 1.

Table 1 - Duration intervals of the developmental stages and crop coefficients (Kc) for each watermelon
developmental stage.

Stage Days after sowing Kc
I 0-20 0.55
I 21 -45 0.80
1l 46 - 60 1.05
v 61 — 70 0.75

Source: Elaborated by the authors (2014).

Water balances were performed for situations that were representative of the holding capacity
of most soils in the region, given the great variability of soil types in the Piaui State, especially about
the great difference in the water available capacity (AWC).
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The AWC of the soil is defined as the maximum amount of water the soil can store along its
profile, and the following expression was used as the basis of calculation:

"AWC"= (0., - 0,,,,,) Z (1)

at which:

AWC - available water capacity of the sail, L;

0. - soil moisture in field capacity, L* L3;

0., - SOl moisture at the permanent wilting point, L3 L3;
Z - effective depth of the root system, L.

Even though there was AWC variation throughout the crop cycle due to the growth of the root
system until reaching the effective depth, and to the physical characteristics of the soil in the different
depths, in the present study, the AWC values were assumed constant throughout the crop cycle; that
is, equal to 0.3 m (CARVALHO, 1999). Three AWC values were used for the water balances: 20, 40
and 60 mm (EMBRAPA, 2003). This values did represent, respectively, soils with lower, medium and
high water holding capacity.

The crop water balances (CWB) were determined on a daily basis during the watermelon cycle
taking into consideration irrigated crops, using the method proposed by Thornthwaite and Mather
(1955) and described by Pereira et al. (2002). The CWB values were performed for each year of the
rainfall recorded history and for each of the 165 sites under study, on each of the twelve sowing dates
and for the three AWC values used. For this procedure, a computational routine was developed in the
programming language Visual Basic 6.0 (macros) linked to the spreadsheet software Excel, added to
the possibility of performing simulations using the Monte Carlo method.

As not all rainfall at a given site becomes available to the plants, for the purposes of determining
the CWB values, effective daily rainfall was estimated through a fixed percentage of the total daily
rainfall. The fixed percentage method is defined as the effective rainfall with a respective exceedance
probability to the applied percentage, as described by Sampaio et al. (2000). In this way, the
percentage of 75.0% was used according to recommendations by Doorenbos and Pruitt (1997), using
AWC as the effective rainfall limit value, as proposed by Embrapa (2003):

ER=TR if TR =<AWC 2)

ER=0,75TR if TR > AWC (3)

at which:
ER, - effective rainfall occurred on day i, L;
TR, - total precipitation occurred on day i, L.

To determine the water balances, a variable irrigation was considered, using an irrigation depth
to raise the water storage level in the soil according to the field capacity, always irrigating the plants
before they reached the wilting point. As mentioned by Pereira et al. (2002), this point represents a
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percentage of the AWC called “readily available water” (RAW), that is, the percentage of water that
can be extracted from the soil, when at its maximum storage and without causing a water deficit to
the crop, expressed as follows:

RAW = f AWC (4)

at which:
RAW - readily available water, L;
f - fraction of water depletion in the soil, dimensionless.

Thus, in determining the crop water balance, irrigation was performed when the RAW had been
consumed. Fraction f varies with the type of crop and its water requirements at each developmental
stage and, therefore, it is variable during the crop cycle. However, for practical purposes, fixed values
were adopted. In the present study, the f value was set as 0.5, according to recommendations by
Doorenbos e Kassam (2000).

As for the irrigated crops, and in order to estimate gross irrigation depths, for the simulations
it was decided that irrigation would take place by conventional spraying, with the system efficiency
being fixed at 75%. This efficiency value was used because it is a value that, in the scope of farms,
can be easily obtained with the proper management of the system.

Crop water balances (CWB) were then performed for each site, combining the twelve sowing
dates and the three soil available water capacities (AWC), regarding the irrigated crops. As a result of
the daily water balance throughout the watermelon cycle at each site, the maximum evapotranspiration
(ME) and the actual evapotranspiration (AE) of the crops were obtained for the different sowing dates
and AWC data. In addition, the values of gross irrigation depth required were obtained for the irrigated
crops, in which, because there was no water deficit in the soil, the actual value was equal to the
maximum evapotranspiration (MOUSINHO et al., 2008).

Before the depth simulations, the adherence Kolmogorov-Smirvov test was performed at 5%
significance level, for the series of gross depths obtained in the different crop water balances. After
confirming the probability distribution fitting to the series of data, the parameters of this distribution,
mean and standard deviation, were used to carry out one thousand simulations using the Monte Carlo
method, thus obtaining one thousand depth values for the combinations of sowing dates and AWC
values for irrigated watermelon crops (MOUSINHO et al., 2008).

Results and discussion

Thematic maps of simulated irrigation depths for watermelon crops in the State of Piaui, Brazil,
for the different adopted AWC values and sowing dates are displayed in Figures 2 to 5. The gross
irrigation depths for the watermelon cycle showed great variation in relation to the sowing dates. On
the sowing dates of January 1%, February 1t and March 1%, regardless of the AWC, the classes of
predominant depths in the State were the intervals 75-150 mm and 150-225 mm (FIGURE 2).
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Figure 2 - Gross irrigation depths (mm) for watermelon crops in the Piaui State, Brazil, with sowing taking place
from January 1%t to March 1%t and with different soil available water capacities.
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Source: Elaborated by the authors (2014).

Andrade Junior (2000), working with data simulation to obtain irrigation depths for watermelon
crops in the micro-regions of Teresina and Parnaiba, observed for the first sites depths that oscillated
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around 24.3 mm, with sowing taking place in March; in other sites the depths for the same sowing
date oscillated around 82.6 mm. Both results are depth intervals similar to those observed in the
present study for the sowing date of March 1%t for all adopted AWC values (20, 40 and 60 mm).

The situations of lower water supply requirements for watermelon cropping corresponded to
the sowing dates from January 1st to March 1st, due to higher rainfall levels in those months in the
Piaui State. That is, it is the highest rainfall season mainly affecting in the northern region of the State
(MEDEIRQOS, 1996).

From the sowing date of April 1%, the demand for irrigation increased with the appearance of the
class intervals of gross irrigation depths that oscillated between 225 and 300 mm, mainly from the
south center to the south of the State. With the sowing delayed to May 1st, there is a predominance
of depth intervals between 225 and 300 mm for all values of AWC. This class interval increased the
coverage area in the State when sowing was delayed to June 1st (FIGURE 3). According to Oliveira
and Silva (2009), the thematic maps (water supply and demand) generated serve as a guide to set
the best sowing dates for crops.

Figure 3 - Gross irrigation depths (mm) for watermelon crops in the Piaui State, Brazil, with sowing taking place
from April 1%t to June 1%t and with different soil available water capacities.

Legenda w0-75 m75-150 = 150-225 »225-300 - 300-375 w375-450 ®>450

Source: Elaborated by the authors (2014).
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When sowing took place on July 1st, the classes of depths between 300 and 375 mm increased
their area of coverage from the center to the north of the State, and there were small areas with
irrigation demand higher than 375 mm in the south (FIGURE 4).

Figure 4 - Gross irrigation depths (mm) for watermelon crops in the Piaui State, Brazil, with sowing taking place
from July 1st to September 1st and with different soil available water capacities.
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The classes of depths between 150 and 225 mm practically disappeared when the sowing
date was August 1. The classes of depths between 375 and 450 mm increased its area of coverage,
mainly in the northern center of the State. Andrade Junior (2000) obtained a similar result for the
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month of August, with values around 357.9 mm in the micro-region of Teresina, and 464.8 mm in
the micro-region of Parnaiba, in the same Piaui State.

When sowing took place on September 1%, the classes of depths between 375 and 450
mm occurred in the north center and increased its area of coverage in the north of the State. This
corroborates the result obtained by Rossato (2001), in which, for the same sowing dates (August 1st
to September 1st), the soils showed the lowest amounts of accumulated water, thus increasing the
amount of water to be applied to the soil for watermelon crops.

When sowing took place on October 1%, the classes of depths between 375 and 450mm
decreased in occurrence, occurring only in the north and northeast of the State. This is in accordance
with the values recommended by Doorenbos and Kassam (2000), who suggest depths ranging from
400 to 600 mm for a complete cycle of watermelon crops (FIGURE 5).

Figure 5 - Gross irrigation depths (mm) for watermelon crops in the Piaui State, Brazil, with sowing taking place
from October 1%t to December 1%t and with different soil available water capacities.
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When sowing was delayed to November 1%, the depths between 75 and 150 mm covered the
southern region of the Piaui State, decreasing in occurrence those between 300 and 375 mm that
were restricted to the north. In addition, the depths between 375 and 450 mm were encompassed
practically the northern end with small coverage area.

When the sowing date was December 1%, the classes of depths between 75 and 150 mm
occurred from the south to the north center of the State. The area of coverage of depths between 150
and 225 mm ranged from the center north to the north of the State. In turn, small coverage areas
were associated with depths in the interval between 225 and 300 mm, that occurred only in the
northern region of Piaui State.

Conclusions

The sowing dates with the need for smaller irrigation sheets for the cultivation of watermelon
throughout the State of Piaui and in all CAD situations are January 1st, February 1st and March 1st,
and the sowing dates in need of Major irrigation sheets are August 1st, September 1st and October 1st.

The regionalized irrigation blanks varied according to the capacity of water available in the soil
- CAD and date of planting.

Mapas tematicos para irrigacao da cultura de
melancia no estado do Piaui

Resumo

Em regides semiariadas, o manejo inadequado da irrigacéo na cultura da melancia aumenta
consideravelmente as perdas de produtividade. Em razao disso buscou-se regionalizar laminas de
irrigacao necessarias para o cultivo da melancia no Estado do Piaui, considerando diversas épocas
de semeadura e solos com diferentes capacidades de retencao de agua. As laminas de irrigacao
foram determinadas pelo balanco hidrico de cultivo, considerando uma série histérica de quinze
anos, proveniente de registros diarios de precipitagdo pluviométrica em 165 locais dessa regiao. A
evapotranspiracao de referéncia (ET,) e as respectivas laminas brutas de irrigacao foram estimadas
em escala diaria, para cada local. Em seguida, as laminas brutas de irrigagao foram espacializadas
para toda regiao alvo por meio de uma rotina realizada no Excel e posteriormente utilizando o software
SPRING 5.1.2, em fungdo da capacidade de agua disponivel no solo e da data de semeadura. As
datas de semeadura com a necessidade de laminas de irrigacdo menores para o cultivo de melancia
no Piaui foram 1° de janeiro, 1° de fevereiro e 1° de marco e, em relagdo as datas de semeadura, as
maiores laminas de irrigacao foram verificadas em 1° de agosto, 1° de setembro e 1° de outubro. Os
lencois de irrigacao regionalizados variaram de acordo com a capacidade de &gua disponivel no solo
e a data de plantio.

Palavras-chave: Citrullus lanatus. Balango hidrico. Simulacdo. Planejamento.
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