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ABSTRACT 
The melon culture is one of the Brazilian horticultural crops, due to its productive potential and socio-economic role. 

It is recommended for the State of Goiás and the Federal District for it is easy to plant and having need of zoning of 
climatic conditions and thus, being able to perform their sowing. The present work used the Sarazon program to perform 
the water balance of the melon crop, for the 2nd, 4th and 6th five-day sowing dates in August, September and October 
and in relation to the water reserves in the soil of 50 mm and 75 mm. The data were spatialized using the SPRING 4.3 
program. It was observed that the producers are performing in practice what can be demonstrated in theory that the period 
October 16–20 is the most indicated for sowing in soils of 50 mm of water reserve and October 6–10 the beginning of 
sowing in soil of 75 mm of water reserve for the cultivation of melon and have adequate profitability. 
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1. Introduction 
Melon is a vegetable (oleraceous) that occupies a place of evidence 

in the economic market, cultivated worldwide for adapting to different 
soils and climates and presents importance in the volume of fruits ex-
ported by Brazil[1,2]. Melon is a species of the curcubitaceae family, genus 
Cucumis species Cucumis melo L. It is native to the valleys of Iran and 
northwestern India[3,4]. Horticulture is considered a prominent activity in 
Brazilian agriculture, having as one of the favorable characteristics in its 
production the short cycle that allows several harvests in the same 
year[3,5]. 

Brazil, with the opening of the external market has been acquiring 
expressive importance[6], is among the ten melon producers in the 
world being considered the third producer of melon in South Amer-
ica, behind only Argentina and Chile. In 2012, the planted area was 
22,810 hectares, totaling a production of 575,386 tons[7]. 

In Brazil, the state of Rio Grande do Norte is the largest producer 
and exporter of melon, with the Agropolo Mossoró Vale do Açu standing 
out for planted area[8]. In Mato Grosso in 2010 an area of 62 hectares was 
planted, which produced 436 tons[9] and in 2012, 101 hectares were cul-
tivated, totaling a production of 1,193 tons[7]. 

According to Silva[10], the use of the water balance to define plant-
ing/sowing times can contribute to the reduction of climatic risks, avoid-
ing periods of water deficit in the critical phases of the crop. With the aid 
of computer programs, faster and more precise results can be obtained, 
allowing the evaluation of biomass production and grain yield. 

The rainfall regime of the State of Goiás and the Federal District is 
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distributed in two distinct phases: the dry and the 
rainy period[11–13]. The rainy period goes from Octo-
ber to March, corresponding to 80 to 90% of all rain-
fall[13]. The northern and northeastern regions of the 
state have an annual precipitation of 1,200 mm to 
1400 mm, increasing in gradient in the east-west di-
rection of the state, presenting a range of 2400 mm 
to 2,600 mm annually in the region of Piracanjuba[14]. 

Regarding the climatic requirements, the melon 
is a plant that requires high temperatures for its de-
velopment, both during the day and at night through-
out the cycle, being harmed when temperatures and 
relative humidity are low[3]. These climatic variables 
are important indicators for choosing the best time 
for planting[2] and areas for its production. The opti-
mal annual precipitation is between 1,400 and 2,300 
mm, although it tolerates much higher precipitation, 
as long as soil drainage is satisfactory. In regions 
where precipitation is less than 1,000 mm per year 
irrigation should be used[15]. 

The objective of the present work was to elabo-
rate the edaphoclimatic zoning for the melon crop, 
aiming to define potential cultivable areas, best 
planting season, relative productivity as a function of 
the Water Requirement Satisfaction Index ISNA. 
Nine simulations of water balance were performed 
on different planting dates: 2nd, 4th and 6th five-
month periods of August, September and October (6 
to 10, 16 to 20 and 26 to 30), the soil variable was 
considered because it is important for the realization 
of appropriate zoning. 

2. Methodology 
The edaphoclimatic zoning for the melon crop 

was performed using the Sarazon® water balance 
and Spring® 4.3 programs. According to the meth-
odology used by Andrade Júnior et al.[16]; Brunini et 
al.[17]; Cunha et al.[18]; Maluf et al.[19]; Maluf et al.[20]; 
Moraes and Oliveira[21]; Moraes et al.[22]; Moraes et 
al.[23]; Moraes et al.[24]; Moraes et al.[25]; Oliveira et 
al.[26]; Oliveira et al.[27]; Oliveira et al.[28]; Oliveira et 
al.[29]; Oliveira et al.[30]; Oliveira[31]; Sans et al.[32]; 
Silva and Assad[33] where the parameters evaluated 
were the ISNA and two soil water reserves for the 
water balance. This water balance, generator of the 
ISNA indices, of 80% probability of occurrence, 

allowed the generation of thematic maps of wa-
ter balance, which were georeferenced for the State 
of Goiás and the Federal District, as specified below. 

2.1 Water balance 
To perform the water balance, the daily rainfall 

data series from 161 rainfall stations with 15 years of 
observations, provided by the former National De-
partment of Waters and Electric Energy (NDAEE), 
were used. The stations used are from the State of 
Goiás and the Federal District. The water balance 
calculation will be done for pentadial periods, using 
the Sarazon® program. The nine planting simula-
tions were 2nd; 4th and 6th pentadials of the months 
of August, September and October. 

The actual evapotranspiration (ETr) is esti-
mated by the third degree equation, proposed by Ea-
gleman[34], which describes the evolution of actual 
evapotranspiration (ETr) as a function of potential 
crop evapotranspiration (ETpc) and soil moisture 
(UR). In water balance simulations, the soil variable 
has to be considered. The soil types considered are a 
function of water storage capacity and are as follows: 

Type 1: soils with medium water storage capac-
ity (50 mm); 

Type 2: soils with high water storage capacity 
(75 mm). 

2.2 Generation of thematic maps of agrocli-
matic risk 

In the execution of this work 18 databases were 
generated and these databases were the source for the 
generation of 18 thematic maps and among these 18 
thematic maps 06 thematic maps were defined 
which best qualify the choice of the best planting 
dates for the melon crop. 

Each planting date is a database (being three for 
the month of August, three for September and three 
for October) being two types of soil the information 
for each date is doubled, that is, nine possible dates 
for planting times two types of soil totals 18 data-
bases. However, at the end of this work we will have 
as fruit three dates that best represent the choice for 
each soil and we will end up with three maps for each 
soil. 

The ETr/ETp ratio expresses the amount of wa-
ter that the plant consumes (ETr) and that desirable 
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to ensure its maximum productivity (ETp). The 
ETr/ETpc ratio is known as ISNA (water require-
ment satisfaction index) which expresses the per-
centage of water available to plants. 

The ISNA values for melon were obtained, be-
ing generated from these data the database, using 
Sarazon® considering the different planting dates. 
Once the ETr/ETpc relations were determined for the 
melon, a frequency analysis was performed with a 
rainfall occurrence probability of 80%, as recom-
mended by Bernardo et al.[35] For the realization of 
edaphoclimatic zoning three classes of climatic apti-
tude were delimited as recommended by Silva[10]: 

• For ISNA ≥ 0.60, the crop is exposed to a 
low climate risk; 

• For values 0.60 > ISNA > 0.50, the crop is 
exposed to medium climate risk; 

• For ISNA ≤ 0.50, the crop is exposed to a 
high climate risk. 

With the ISNA values, a database was created 
with the respective geographic coordinates and 
ISNA values, with the use of the SPRING program 
(GIS), the thematic maps of climate risks were gen-
erated, finalizing the execution of the 2016/2018 pro-
ject: 

• Typing of ASCII files (ISNA); 
• Importing the ASCII file; 
• Generating the point grid; 
• Fractionation of climate risk classes; 
• Delimitation for Goiás and the Federal 

District; 
• Correlation with the soil maps; 
• Association of classes to polygons; 
• Vector editing; 
• Confection of the thematic maps; 
• Printing the maps. 
Three thematic maps of climate risk were made 

for each water storage capacity in the soil (50 and 75 
mm) for the melon crop after adjusting the interpola-
tion values, defining the climate suitability classes 
and choosing the ones that best represent the calcu-
lated data. 

3. Results achieved 
The melon culture can generate to the family 

farmers a considerable source of added income, 

when properly conducted and under favorable envi-
ronmental conditions, which are related to tempera-
ture, relative humidity and light, these being im-
portant indicators for the choice of the best planting 
season[2]. 

According to Pinto et al.[36], the period of great-
est water demand extends from the development of 
the branches until the beginning of fruiting, pointing 
out that during the maturation phase, excess water 
can harm the quality of the fruits. Several works, par-
ticularly in Brazil, propose varied methods and crite-
ria to evaluate the agricultural aptitude of various 
plants and relate climatic parameters with agricul-
tural productivity on a regional scale. 

According to Teramoto[37], every agricultural 
crop is influenced by a large number of environmen-
tal factors, some of which cannot be managed, such 
as climate, while others, such as soil and water avail-
ability, can be managed to allow the crop to per-
form better. In this sense, the search for high yields 
at low production costs implies knowing in detail the 
environment in which the crop is implemented, in or-
der to rationalize the relationships between the dif-
ferent production factors. 

In recent years, with the need to improve 
productivity, while maintaining the quality of crops, 
an extremely useful working tool has emerged, the 
edapho-climatic zoning, which allows the mapping 
of soil characteristics, relief, fertility, climate and 
rainfall. The melon culture adapts to different types 
of soils, with good porosity, that allow a better devel-
opment of the root system, better infiltration of water 
and easier drainage[38]. 

Thus, edaphoclimatic zoning constitutes an or-
ganizational tool for agricultural planning, based on 
a survey of the factors that define the agricultural ap-
titude based mainly on the attributes of the soils, to-
pography, slopes and climate found in different areas 
of the regions studied. When one has delimited the 
soil and climate conditions of a region, one can de-
fine climatically homogeneous regions and thus es-
tablish the crop to be planted in the researched area. 

The edaphoclimatic zoning is faster and easier 
when using Geographic Information Systems (GIS), 
which allow cross-referencing data that help to de-
fine and delimit areas suitable for cultivation, with 
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the use of simple procedures, such as water balance, 
slopes, soil types and others. Nine thematic maps 
were generated for each soil type and from these we 
chose six that best define the climatic suitability for 
melon cultivation. 

In areas of soil with a water storage capacity of 
50 mm, the whole month of August is unsuitable for 
melon planting in the State of Goias. From Septem-
ber 16th–20th, according to Figure 1, large areas are 
at high climate risk and the other areas of the state 
and the Federal District are at medium climate risk 
for melon planting. 

 
Figure 1. Climate risk for melon crop for planting between Sep-
tember 16–20 for a soil water reserve of 50 mm. 
Source: Authors, 2018. 

In the period October 16–20, according to Fig-
ure 2, a large part of the state presents medium cli-
mate risk, a good part presents low climate risk and 
in two areas the climate risk is high, thus allowing 
planting in almost the entire state. After the period of 
October 26–30, according to Figure 3, we can plant 
in the entire State of Goiás and in the Federal District. 

 
Figure 2. Climate risk for melon crop for planting between Oc-
tober 16–20 for a soil water reserve of 50 mm. 
Source: Authors, 2018. 

 
Figure 3. Climate risk for melon crop for planting between Oc-
tober 26–30 for a soil water reserve of 50 mm. 
Source: Authors, 2018. 

Figure 4 shows the planting for the melon crop 
from September 16–20. Thirteen areas are at high 
risk for melon planting and cannot be used; the other 
areas are medium and one is at low risk for melon 
planting. 

 
Figure 4. Climate hazard for melon crop for planting between 
September 16–20 for a soil water reserve of 75 mm 
Source: Authors, 2018. 

For the period October 6–10for the entire state 
of Goiás only two points have high climate risk to 
the planting of melon and most have medium climate 
risk and the rest with low climate risk for the planting 
of melon, as shown in Figure 5. As for the period 
from October 16–20 we have almost the entire state 
in low-risk climate to the implementation of the crop, 
as shown in Figure 6. 
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Figure 5. Climate risk for melon crop for planting between Oc-
tober 6–10 for 75 mm soil water reserve. 
Source: Authors, 2018. 

 
Figure 6. Climate hazard for melon crop for planting between 
October 16–20 for a soil water reserve of 75 mm. 
Source: Authors, 2018. 

4. Conclusion 
The use of the Geographic Information System 

with the calculation of the water balance were the 
necessary and fundamental tools to finalize the re-
ferred work, this way the financial gain is expressive 
and incalculable. The planting of the melon culture 
performed in soil with a water reserve of 50 mm is 
harmed in the months of August and September, be-
ing favored in the month of October. When the soil 
has a water reserve of 75 mm, planting is favored in 
the months of September and October. The climatic 
risk for planting low melon in the month of October 
decreases in function of the water reserve in the soil. 

Conflict of interest 
The authors declare that they have no conflict 

of interest. 

References 

1. Tavares SCC. Melão, fitossanidade: Aspectos 
técnicos (Portuguese) [Melon, plant health: 
Technical aspects]. Brasília: Embrapa Informação 
Tecnológica; 2002. p. 87. 

2. Costa ND. A cultura do melão (Portuguese) [The 
melon culture]. 2nd ed. Petrolina: Embrapa 
Semiárido; 2008. p. 191. 

3. Filgueira FAR. Novo manual de olericultura: 
Agrotecnologia moderna na produção e 
comercialização de hortaliças (Portuguese) [New 
horticulture manual: Modern agrotechnology in the 
production and marketing of vegetables]. 3rd ed. 
Viçosa/MG: UFV; 2008. p. 402. 

4. Araújo JP. Cultura do melão (Portuguese) [Melon 
culture]. Petrolina, PE: EMBRAPA Agropecuária 
para o Trópico 348 Semiárido; 1980. p. 40. 

5. Schenkel A. A olericultura como uma opção para o 
pequeno estabelecimento rural: a possibilidade de 
produção para o mercado Não-Me-Toquense 
(Portuguese) [Olericulture as an option for the small 
rural establishment: The possibility of production 
for the Não-Me-Toquense market]. Revista Teoria e 
Evidência Econômica 1995; 3(6): 57–73. 

6. Santos AA, Crisóstomo JR, Cardoso JW. Avaliação 
de híbridos de melão 476 quanto as principais 
doenças nos Estados do Ceará e Rio Grande do 
Norte (Portuguese) [Evaluation of melon hybrids 
476 regarding the main diseases in the States of 
Ceará and Rio Grande do Norte]. Fortaleza: 477 
EMBRAPA, Boletim de Pesquisa e Desenvolvi-
mento; 2004. p. 14. 

7. Instituto Brasileiro de Geografia e Estatística 
(IBGE). Cidades (Portuguese) [Cities] [Internet]. 
2012. Available from: 
http://www.cidades.ibge.gov.br/xtras/uf.php?lang=
&coduf=51&search=mato-grosso. 

8. Federacao da Agricultura e Pecuaria do Rio Grande 
do Norte (FAERN). Perfil do Agronegócio no Rio 
Grande do Norte (Portuguese) [Agribusiness profile 
in Rio Grande do Norte]. Natal; 2007. 

9. Instituto Brasileiro de Geografia e Estatística 
(IBGE). Censo Demográfico 2010 (Portuguese) 
[Demographic Census 2010] [Internet]. Available 
from: http://censo2010.ibge.gov.br/en/. 

10. Silva SC. Estudo e análise espaço-temporal do risco 
climático no arroz de sequeiro, em áreas constitui-
das de areia quartzoza e latossolo, no Estado de 
Goiás (Portuguese) [Study and spatio-temporal 
analysis of climate risk in upland rice, in areas 
made up of quartz sand and latosol, in the State of 
Goiás] [MSc thesis]. Viçosa: Universidade Federal 
de Viçosa; 1997. p. 78. 

11. Nimer E. Climatologia do Brasil (Portuguese) 
[Climatology in Brazil]. Rio de Janeiro: IBGE; 
1979. p. 422. 

12. Castro LHR, Moreira AM, Assad ED. Definição e 
regionalização dos padrões pluviométricos dos 
cerrados brasileiros (Portuguese) [Definition and 
regionalization of rainfall patterns in the Brazilian 
cerrados]. In: Assad ED (editor). Chuva nos 



 

43 

cerrados: Análise e espacialização. Brasília: 
Embrapa–CPAC, Embrapa–SPI; 1994. p. 13–23. 

13. Assad ED, Sano EE, Masutomo R, et al. Veranicos 
na região dos cerrados brasileiros: Frequência e 
probabilidade de ocorrência (Portuguese) [Summers 
in the Brazilian savannah region: Frequency and 
probability of occurrence]. In: Assad ED (editor). 
Chuva nos cerrados: Análise e espacialização. 
Brasília: Embrapa–CPAC, Embrapa–SPI; 1994. p. 
43–48. 

14. Lobato EJV, Sacramento GL, Andrade RS, et al. 
Atlas climatológico do Estado de Goiás 
(Portuguese) [Climatological Atlas of the State of 
Goiás]. Goiânia: Ed. da UFG; 2002. p. 99. 

15. Medina JC, Garcia JLM, Martin ZJ, et al. Coco: Da 
cultura ao processamento e comercialização (Portu-
guese) [Coconut: From cultivation to processing 
and marketing]. Campinas: ITAL; 1980. 

16. Andrade Júnior AS, Sentelhas PC, Lima MG, et al. 
Zoneamento agroclimático para as culturas de 
milho e de soja no estado do Piauí [Agroclimatic 
zoning for corn and soybean crops in the state of 
Piauí]. Revista Brasileira de Agrometeorologia 
2001; 9(3): 544–550. 

17. Brunini O, Zullo Júnior J, Pinto HS, et al. Riscos 
climáticos para a cultura de milho no estado de São 
Paulo (Portuguese) [Climatic risks for corn in the 
state of São Paulo]. Revista Brasileira de Agromete-
orologia 2001; 9(3): 519–526. 

18. Cunha GR, Barni NA, Haas JC, et al. Zoneamento 
agrícola e época de semeadura para soja no Rio 
Grande do Sul (Portuguese) [Agricultural zoning 
and sowing season for soybean in Rio Grande do 
Sul]. Revista Brasileira de Agrometeorologia 2001; 
9(3): 446–459. 

19. Maluf JRT, Cunha GR, Matzenauer R, et al. 
Zoneamento de riscos climáticos para a cultura de 
feijão no Rio Grande do Sul (Portuguese) [Zoning 
of climatic risks for the bean crop in Rio Grande do 
Sul]. Revista Brasileira de Agrometeorologia 2001; 
9(3): 468–476. 

20. Maluf JRT, Cunha GR, Matzenauer R, et al. 
Zoneamento de riscos climáticos para a cultura de 
milho no Rio Grande do Sul (Portuguese) [Zoning 
of climatic risks for corn in Rio Grande do Sul]. 
Revista Brasileira de Agrometeorologia 2001; 9(3): 
460–467. 

21. Moraes SRP, Oliveira ALR. Zoneamento climático 
para Suinocultura no Estado de Goiás (Portuguese) 
[Climatic zoning for swine farming in the State of 
Goiás]. Enciclopédia Biosfera 2011; 12: 1–11. 

22. Moraes SRP, Oliveira ALR, Gomes NR, et al. 
Zoneamento edafobioclimático do sorgo e da 
avicultura no Estado de Goiás (Portuguese) 
[Edaphobioclimatic zoning of sorghum and poultry 
in the State of Goiás]. Revista Mirante (UFG) 2016; 
9: 100–111. 

23. Moraes SRP, Oliveira ALR, Milhomem AV, et al. 
Zoneamento edafobioclimático do trigo e da suinoc-
ultura no Estado de Goiás (Portuguese) 

[Edaphobioclimatic zoning of wheat and swine in 
the State of Goiás]. Revista Mirante (UFG) 2015; 8: 
130–148. 

24. Moraes SRP, Oliveira ALR, Milhomem AV, et al. 
Zoneamento edafobioclimático do Milheto e da Su-
inocultura no Estado de Goiás (Portuguese) 
[Edaphobioclimatic zoning of millet and swine 
farming in the state of Goiás]. Enciclopédia Bi-
osfera 2012; 8: 1–11. 

25. Moraes SRP, Oliveira ALR, Silva CM, et al. 
Zoneamento zoning of th3e millet culture. En-
ciclopédia Biosfera 2010; 6(11). 

26. Oliveira ALR, Moraes SRP, Gomes NR, et al. 
Zoneamento edafobioclimático do milheto e da 
avicultura no Estado de Goiás (Portuguese) 
[Edaphobioclimatic zoning of millet and poultry in 
the State of Goiás]. Revista Mirante (UFG) 2016; 9: 
117–128. 

27. Oliveira ALR, Moraes SRP, Oliveira KP, et al. 
Zoneamento edafoclimático da cultura do Mamão 
(Portuguese) [Edaphoclimatic zoning of papaya 
crop]. Enciclopédia Biosfera 2012; 8: 1–9. 

28. Oliveira ALR, Moraes SRP, Curi TV, et al. Zoning 
agricultural climate of the wheat for the Goiás 
State. Enciclopédia Biosfera 2010; 6(9). 

29. Oliveira ALR, Moraes SRP, Gill Neto AG. 
Edaphoclimatic zoning of the watermelon culture. 
Enciclopédia Biosfera 2010; 6(11). 

30. Oliveira ALR, Moraes SRP, Gill Neto AG, et al. 
Zoneamento agroclimático do trigo para o Estado 
de Goiás (Portuguese) [Agroclimatic zoning of 
wheat for the State of Goiás]. Enciclopédia Biosfera 
2010; 6. 

31. Oliveira ALR. Risco climático e fator de resposta 
das culturas da cana-de-açúcar e do trigo para o Es-
tado de Goiás e do Distrito Federal (Portuguese) 
[Climatic risk and response factor of sugarcane and 
wheat crops for the State of Goiás and the Federal 
District] [PhD thesis]. Brazil: Universidade Federal 
de Goiás, Goiânia; 2006. p. 99. 

32. Sans LMA, Assad ED, Guimarães DP, et al. 
Zoneamento de riscos climáticos para a cultura de 
milho na Região Centro-Oeste do Brasil e para o 
estado de Minas Gerais (Portuguese) [Climatic risk 
zoning for corn in the Midwest Region of Brazil 
and for the state of Minas Gerais]. Revista 
Brasileira de Agrometeorologia 2001; 9(3): 527–
535. 

33. Silva FAM, Assad ED. Análise espaço-temporal do 
potencial hídrico climático do estado de Goiás (Por-
tuguese) [Space-time analysis of the climatic water 
potential of the state of Goiás]. In: Assad ED, Sano 
EE (editors). Sistema de informações geográficas: 
Aplicações na agricultura. Brasília: 
EMBRAPA/SPI; 1998. p. 273–309. 

34. Eagleman AM. An experimentally derived model 
for actual evapotranspiration. Agricultural Meteor-
ology 1971; 8(4/5): 385–409. 

35. Bernardo S, Soares AA, Mantovani EC. Manual de 
irrigação (Portuguese) [Irrigation manual]. Viçosa: 



 

44 

UFV; 2006. p. 625. 
36. Pinto JM, Soares JM, Pereira JR, et al. Sistema de 

cultivo de melão com aplicação de fertilizantes via 
água de irrigação (Portuguese) [Melon cultivation 
system with application of fertilizers via irrigation 
water]. Embrapa–CPATSA. Petrolina/PE: Embrapa-
CPATSA/Petrobrás; 1996. p. 24. 

37. Teramoto ER. Avaliação e aplicação de modelos de 
estimativa de produção de cana-de-açúcar 
(saccharum spp.) baseados em parâmetros do solo e 

do clima (Portuguese) [Evaluation and application 
of sugarcane (saccharum spp.) production 
estimation models based on soil and climate 
parameters] [PhD thesis]. Brazil: Universidade de 
São Paulo; 2003. p. 86. 

38. Costa ND. O Cultivo do Melão (Portuguese) 
[Melon cultivation] [Internet]. 2005/2007. Available 
from: http://www.hortibrasil.org.br/jnw/images/sto-
ries/Melao/m.69.pdf.

 


