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Abstract

The state of Goias, Brazil offers a territorial division with well-defined areas in terms of water capacity. The
water found in these dividers is used in various agriculture segments. There were identified in the Hydrographic
Basins in the State, areas irrigated by central pivots used in irrigated agriculture that is developing very fast and
this can become a problem if a control is not done. This study aimed to collect data, identify and quantify the
distribution of irrigation systems of the central pivot type licensed and operating in a spatial format in the
Hydrographic Basins in the State of Goias. It raised digital data and physical media in order to understand how
these were able to characterize the research area. It analyzed the maps, existing in the database of the State
through digital (SIEG-State System of Statistics and Geographic Information of Goias). With the use of
AutoCAD programs, version 2018, there was utilized the geographic information plataform QGIS 2.14.19 with
GRASS 7.2.1 has organized thematic maps of hydrographs and pivots. This material provided the possibility of
compiling the fundamental data to structure the information that supports the descriptive dynamics of the number
of pivots even in separate basins. This information analyzed and compared to other publications about pivots in
Goias contributed to the formation and elaboration of a data model for the year 2017. In the State of Goias,
Brazil, there is a total of 3,223 central pivot type equipment in operation irrigating an area corresponding to
234,226.12 hectares.
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1. Introduction

The global concern about the conservation of natural resources can be seen as a precursor to environmental
awareness. In this context, water, unlike other natural resources of the earth, which is primarily an environmental
good, can become an economic good. Throughout the Brazilian territory, water resources are managed by
hydrographic basins, either in water bodies owned by the Union or by the states (M. F. Porto & R. L. L. Porto,
2008).

In Brazil accounts for only 18% of all cultivated areas, corresponding to about 42% of food production in
agriculture (Christofidis, 2005). The regions with the largest extensions in hectares of irrigated area of the
country are: Southeast (2,709,342), South (1,696,233), Central-west (1,183,974), Northeast (1,171,159), and
North (194,002), according to a survey conducted by the National Water Agency (ANA, 2017). In the
central-west region the central pivot is one of the most used irrigation systems, mainly for the cultivation of
crops such as corn, soybean, industrial tomatoes and other crops in the Cerrado region (Landau et al., 2013).
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The climate of the central-west region is characterized by a dry period in months of winter (April-May to
September-October), which causes the reservoirs to reach low levels (Caetano & Casaroli, 2017). In recent years,
the central pivot irrigation system has considerably expanded in the state of Goias, which has an area of 340,166
km2, where about 1.2 million hectares have potential for irrigation (Sandri & Cortez, 2009).

The central pivot irrigation system has provided a significant advance in irrigated agriculture. One of the factors
that has contributed to such an expansion of the use of irrigation through the central pivot in the central-west
region is the operational ease, related to the high adaptability to topography and the low demand for labor and
different soil conditions and irrigation practice (Medeiros, 2005), operational facilities, and control of this
system’s irrigation blade, obtaining high efficiency of application and distribution of water that has competitive
costs due to the lower use of labor, besides the possibility are also associated for such growth (Sandri & Cortez,
2009).

Considering the increasing use of the centralized pivot irrigation system, the objective of this study was to
collect data, identify and quantify the distribution of irrigation systems of central and linear pivot irrigation
systems, licensed and in operation, in a spatial format in the Hydrographic Basins in the State of Goias in the
Central-West region of Brazil.

2. Method

The study area corresponds to the State of Goias, which has an area of 340,111,783 km? The programs
AutoCAD 2018 and QGIS 2.14.19 with GRASS 7.2.1 (previously known as “Quantum GIS”) were used for the
georeferencing system (GIS), providing visualization, editing and analysis of data in the Geographic Information
System of open source and licensed under the GNU General Public License.

This work was done by searching for information provided by the State System of Statistics and Geographical
Information (SIEG), in the form of Esri Shapefile that has a file format containing geospatial information in
vector of ESRI (Environmental Systems Research Institute) producer of ArcGIS software. ESRI also developed
and regulated as an open specification for data interoperability the information that referred to the irrigation
systems of the state of Goias that underwent the administrative process of environmental licensing with the
aforementioned agency.

Geographic information, municipalities and hydrographic networks of the main basins were inserted based on
the coordinates obtained in the spreadsheets and sequence introduced in the ArcGIS program. Subsequently, the
visual classification of the irrigated areas by central pivot of the State of Goias was carried out in the following
basins: Rio Sdo Francisco, Rio Javaés (Rio minor branch of Araguaia), Parana River, Rio Tocantins upstream of
Foz Araguaia River, Araguaia River upstream of Foz Rio das Mortes.

In the database, it was made the quantification of irrigated area of each basin and the count of the number of
pivots in each municipality. A new map was then used, using the boundary vector of the sub-basin, resulting in
the identification and quantification of the central pivots in the sub-basins of the state, accompanied by the
respective database.

Maps with corresponding scales were generated, the polygons being digitalized to each area occupied by central
pivot in the State and in each hydrographic basin. After the generation of the Portable Document Format (PDF)
file, the area occupied by each central pivot was calculated through the Excel spreadsheet program in the
elaboration of these maps for the following river basins: Araguaia River 1:3,000,000 km; Rio Tocantins
1:3,000,000 km; Parana River 1:4,000,000 km; Rio Javaés 1:1,000,000 km and Rio Sdo Francisco 1:600.00 km.

3. Results

Table 1. Total area irrigated by pivot irrigation systems with their total in each river basin of the state of Goias,
Brazil

| . Areas irrigated by
Watersheds Pivots by Basin

Equipment (ha)
Sao Francisco River (Rio Sao Francisco) 135 10,406.65
River Javaés (minor arm river of Araguaia) (Rio Javaés) 0 0
Parana River (Rio Parand) 2,320 162,192.74
River Tocantins upstream of mouth River Araguaia (Rio Tocantins a montante da Foz Rio Araguaia) 502 33,917.67
_River Araguaia upstream from mouth River of Deaths (Rio Araguaia a montante da Foz Rio das Mortes) 266 2774906
Total 3,223 234,266.12

Source: SIEG (2017).
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Figure 1. Geographical representation of the pivots in the watersheds in the State of Goias, Brazil
Source: SIEG (2017), modified by the authors.
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Figure 2. Map of the Sdo Francisco river basin with its central pivot irrigation systems
Source: SIEG (2017), modified by the authors.
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Figure 3. Map of the river basin of the Javaes river with its central pivot irrigation systems
Source: SIEG (2017), modified by the authors.
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Figure 4. Map of the Parana river basin with its central pivot irrigation systems
Source: SIEG (2017), modified by the authors.



jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 11; 2019

50°1S'0°W 49°450°W 49°150°W 48°450°W 48°150'W 47°450°W 47°150°W 46°450°W 46°150'W 45°450°W 52°00'W  50°00"W  48°0'0"W  46°00"W
L f L f L f L f
4 N »
- X Watershed of Tocantins River 84 . @.
T \ E and spatial distribution of central pivots e
J is g
(2]
S
4 S
o

I 1
17'9'0“8

1

1

19'({'0'5

1:10.000.000

1

Legend
C'\’) Watershed of Javaes River
@8 Watershed of Parana River
@8 Watershed of Tocantins River upstream of Mouth Araguaia River
(CQ Watershed of Sao Francisco River
(@8 Watershed of Araguaia River
~—— Drainage Network
@ Cental Pivots

I

1

Geographic Coordinate System
Datum: SIRGAS 2000

1

0 30 60 120 180
1km

16°45'0"S 16°15'0"S 15°45'0"S 15°15'0"S 14°45'0"S 14°15'0"S 13°45'0"S 13°15'0"S 12°45'0"S 12°15'0"S

1:3.000.000

Figure 5. Map of the Tocantins river basin with its locations of central pivot irrigation systems
Source: SIEG (2017), modified by the authors.
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Figure 6. Map of the Araguaia river basin with its central pivot irrigation systems
Source: SIEG (2017), modified by the author

4. Discussion

The identification and description of the areas irrigated by the central pivot systems located in each river basin in
the State of Goids, quantifying and measuring the equipment and areas irrigated is presented in the Table 1.
These areas are irrigated by a total of 3,223 units of equipment that are distributed in the areas of each basin,
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covering a total of 234,266.12 irrigated hectares. The geographic representation of the pivots in the watersheds in
the State of Goids is showed in Figure 1.

It is observed that the State of Goias presented a growth in the areas irrigated by these equipments (Table 1),
when compared to the results observed by Landau et al. (2010), which estimated a total of 187,037.00 ha
irrigated by central pivot equipment in the State of Goias in 2010.

It is verified, through a comparative analysis between the results presented in this study in 2017, and those
obtained by Landau et al. (2010), that the number of irrigated areas by central pivot type systems, in the state of
Goias, showed an increase of 20.16% in irrigated areas during the last seven years. The number of equipment
presented in Table 1 showed an increase of 24.38%, which shows the increasing use of these equipments in the
state, possibly associated with the financing programs that enable farmers to acquire them.

It is verified that the data published by Landau et al. (2010) show that in the 21st century there was a 98.9%
increase in irrigated areas in the State of Goias, and that as a consequence, the State became a major Brazilian
agribusiness, and has been maintaining since then among the first places in production and productivity.

In the comparison of the results of both studies, it can be observed that in the short period of time, the total
number of irrigated areas in the State of Goias in the year 2015 was 211,000 ha (Landau et al., 2010) of seven
years, there was an increase of approximately 47,229.12 ha irrigated by central pivot in the State of Goias,
considering only the equipment raised with the SGEI One of the factors that has contributed to this expansion is
the adoption of strategies that aim to encourage the protection of permanent preservation areas (PPAs), and the
maintenance of springs, helping to increase and improve the quality of the available water, and the use of this
equipment in irrigation brings benefits to the agricultural production of the country. , as well as the conscious use
of resources, which will contribute to the improvement in the amount of water available, reflecting the
permission of future expansion of irrigated areas in Brazil.

Figures 2, 3, 4 and 5 show the distribution of the central pivot equipment along the hydrographic basins of the
Sao Francisco, Javaes, Parana, Tocantins and Araguaia rivers, respectively.

It was also verified that there was a high concentration of central pivots in the Sdo Francisco River Basin (Figure
2) 135 central pivots equivalent to 4.44% of the total pivot equipment number, yet in the Javaés Basin (Figure 3)
Araguaia), there were zero pivot units not quantifying irrigated area in the Parana River Basin (Figure 4) (2320
central pivots equivalent to 69.23%), in the Tocantins Basin upstream of Foz Rio Araguaia (Figure 5) (502
central pivots equivalent to 14.48%) and in the Araguaia Basin upstream of the Rio das Mortes mouth (Figure 6).
These equipments occupy a total area of 234,266.12 ha.

The most representative river basins were Parana River with irrigated area of 162,192.74 ha), Tocantins River
upstream of Foz River Araguaia irrigated area with 33,917.67 ha and Rio Javaés Basin Araguaia) because it did
not contain pivot equipment, thus not quantifying irrigated area. It can be related to the fact that the number of
equipments and areas irrigated by basin had a significant increase, but attention must be paid to growth in a
sustainable and politically correct way, in which the number of grants must also be growing and following the
law of waters Law No. 9,433, of January 8, 1997 (Brasil, 1997) and Law n° 13,501 of October 30, 2017 (Brasil,
2017).

The number of equipment installed in the state is likely to continue to increase. The correct management of water
use in watersheds in Goias should be constantly updated, noting that, over the years, pivot irrigation technology
will be easier to acquire and this will increase the number of rural users.

In Cristalina there was an increase of more than 8,000 hectares when compared to the studies of Landau et al.
(2010), with those made by Barbalho and Miyashita (2017). Because it is the largest in irrigated area and
consequently in number of pivots, going from 49,139 to 57,307 irrigated hectares and this area produces more
than another 259,200 hectares not irrigated. Thus, it is possible to highlight the great potential of irrigation to
increase productivity in plant production.

It can be emphasized and supported the considered increase in recent years, revitalize government programs for
rural finance, and it is also observed that for the agricultural economy being one of the bases of the State of
Goias and of utmost importance that the government and the teaching and research entities seek the extension
and dissemination of this data to encourage one of the driving wheels of our country.

In the State of Goias, Brazil there is a total of 3,223 central pivot type equipment in operation irrigating an area
corresponding to 234,226.12 hectares. Irrigation via central pivots has a higher concentration in the Parana River
basin.
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Half of the State of Goias, in the north and west, have few central pivotal type equipment, due to the
characteristic of the region that has the lowest agricultural proportion, but a large proportion in agriculture.
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