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Abstract

:

Sustainability in intensive animal production is directly linked to water management. The increasing pressure on water resources and the occurrence of increasingly frequent and severe droughts makes it harder to meet the demand for animal husbandry in rural properties and highlights the importance of rational water use and the search for alternative sources of water supply. In the midwest region of Santa Catarina state, south of Brazil, the use of cisterns to store rainwater collected from the roofs of houses that confine animals is an alternative already widely used and encouraged to minimize water scarcity. Studies that deal with the potential for rainwater use in livestock production are still scarce; however, available information provides a concrete basis for further technical and economic feasibility studies. The present study aimed to evaluate, based on local precipitation and available harvesting areas, the potential of the use of rainwater to supply the water demand (r, %) and the water-saving potential (R, m3/year) in swine and poultry Concentrated Animal Feeding Operations (CAFOs) in Jacutinga river basin and contiguous sub-basin municipalities, a region with great national importance in this activity. As a result, potential r values of 100% to supply water demand in the poultry sector and between 32.7% and 68.3% in the different production stages of the swine sector were obtained. The potential R value in the study area represented 5.2 million m3 per year. Such results reveal the high potential of rainwater harvesting systems not only for minimizing impacts of drought periods but also as an abundant source of water for supplying the husbandry water demand of rural farms, ensuring water security, and serving as a tool for managing local water resources.
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1. Introduction


Water is a vital element and is essential for almost all economic activities. Regarding Concentrated Animal Feeding Operations (CAFOs), water presents substantial value due to the daily demand, considering animals’ consumption of drinking water, the cleaning of housing buildings, and thermal comfort in nebulization [1].



In this sense, the water demand for CAFOs impacts water bills, even more so when those operations are located in regions with a high concentration of animals [2]. The high consumption of water associated with a lack of programs for its management have reduced its availability, making obvious and critical the need to use this resource in a rational way [3]. The adoption of measures to improve the efficiency of water use in agricultural activities—while guaranteeing access to water for vulnerable groups, such as small farmers—is inextricably linked to several of the Sustainable Development Goals (SDGs) listed in the 2030 Agenda of the United Nations. Among those which stand out are the following: SDG 2—zero hunger and sustainable agriculture; SDG 6—drinking water and sanitation; SDG 12—responsible consumption and production; and SDG 13—action against global climate change [2].



In Brazil, it was estimated that animal consumption corresponds to 11.6% of the total 34 billion m3 of water consumed per year in the country, more than the industry (9.5%) and urban supply (9.1%) [4]. CAFO farms are located mainly in the south of the country, with the states of Santa Catarina, Paraná, and Rio Grande do Sul being responsible for 64.4% of the 13,245 million tons of poultry meat produced and for 68.9% of the 3,983 million tons of pork produced. In addition, they were responsible for 83.7% and 94.2% of poultry meat and pork exports, respectively [5].



Even within the aforementioned states, animal farms are located in certain regions, generating significant pressure on local water resources. The Jacutinga river basin and contiguous basins (composed of 19 municipalities), located in the midwest of Santa Catarina state, are good examples of this. Regarding the animal density in the state, this river basin concentrates about 20% of all poultry and pork production, corresponding to an area of 4% of Santa Catarina’s territory [6].



The greatest difficulty in supplying water to CAFO farms is found in the spatialization of the production units, where farms are very dispersed in rural/remote areas, and the water supply networks (public water systems), in most cases, have no reach. In this sense, and to solve that scarcity, CAFO producers provide alternative water supply sources such as springs and deep wells. The significant increase in the drilling of wells in the municipalities of the Jacutinga river basin and contiguous basins has, in some cases, led to the over-exploitation of the local aquifer, causing the depletion of available water and causing groundwater pollution (Comassetto et al., 2014) [7]. In addition, there is increasing water demand in specific locations from CAFOs, making demand more local, and consequently, requiring bigger water sources with higher supply potential, which are more difficult to obtain [8].



In Brazil, specifically in Santa Catarina, an option that has appeared in recent years as a way to ensure water security for CAFOs is the installation of rooftop rainwater harvesting systems (RWHSs). In 2017, 193 RWHSs were identified by the Jacutinga River Basin and Contiguous Basins Management Committee in the municipalities within its scope, with over 70% of cisterns being installed using government subsidies and financing [8].



In order to increase and encourage the implementation of RWHSs, Santa Catarina state, through Decree-Law No. 14.675/2009 (Art. 118), started to require the installation of these systems as a prerequisite to obtain the environmental license for activities that use water resources, as is the case for CAFOs [9]. Additionally, the tendency to decrease the volume available and the quality of water resources and an increase in the cyclical periods of drought in the south of Brazil were important factors that motivated the dissemination of RWHSs in CAFOs. It was noticed that, in critical periods of drought, producers who do not have good sources and who have not adopted the use of cisterns remain dependent on municipal support by water trucks that, in general, provide low-quality water [8].



Historically, the midwest of Santa Catarina presents good average annual precipitation levels, well distributed throughout the year, which are crucial factors to the use of rainwater. One more detail is the extensive number of roofs in CAFOs, which are excellent harvesting areas to collect large volumes of water at a low cost [8,10]. CAFOs, in this context, can be considered by decision makers as a tool for water management, helping the preservation of surface and underground sources, and also being guaranteed reserves for periods of drought [3].



Since there is an information vacuum in the literature assessing the potential for RWHS use in CAFOs, studies like this can assist in the decision making of rural producers as to the installation of systems and the management of water. Furthermore, based on local results, it will be possible to subsidize the development of public policies and governmental programs to encourage accession to this technology. In this context, the present study aimed to determine the potential use of RWHSs in CAFOs (swine and poultry) as a source to supply water demand, in the municipalities located in the region of the Jacutinga River Basin and Contiguous Basins Management Committee, in the midwest of Santa Catarina. The potential of rooftop RWHSs was also assessed in terms of their ability to meet the demand for CAFO farms and the potential volume of water that could be saved from other sources at the municipal and basin level.




2. Methodology


2.1. Regionalization of Precipitation Index in Jacutinga River Basin and Contiguous Basins


The average precipitation levels for each municipality were obtained from the historical standardized series, over 42 years (1977–2018), considering the monthly precipitation of four pluviometric stations located in the study area. The study included the entire surface area of the 19 municipalities in the region of the Jacutinga River Basin and Contiguous Basins Management Committee. The historical data series was obtained from the Hidroweb—National Water Agency (ANA) platform—Brazil (Brasil, 2019b). To correct possible gaps and errors, the regional weighting method was used (Tucci, 2007) [11]. Table 1 shows the identification of the pluviometric stations used in the study, particularly with regard to the code, name, municipality, responsible entity, and their geographical coordinates.



In order to define the average annual precipitation for each municipality, the average rainfall obtained in each data series used was distributed throughout the study area. For this, the Thiessen Polygon method was used [11]. In the municipalities that are influenced by more than one pluviometric station, a weighted average calculation was carried out concerning the municipality’s area of influence in each station. Figure 1 exhibits the result of the Thiessen Polygon method application with the delimitation of the influence area of the four pluviometric stations used to obtain the average precipitation.




2.2. Determination of the Rainwater Volume Available for Harvesting (Va)


The rainwater volume available for harvesting (Va, m3) was determined for each municipality in the region of the Jacutinga River Basin and Contiguous Basins Management Committee, based on Equation (1):


Va = A × (P/1000) × (E1 × E2)



(1)




where A is the roof area available for harvesting (m2); P is the average annual precipitation (mm); E1 is the coefficient for the system collection efficiency; and E2 is the coefficient for the intermediate system efficiency (disposal of the first flows and filters). Currently, the most-used roof type in farms in the region of the Jacutinga River Basin and Contiguous Basins Management Committee is fiber cement. The coefficient for the system collection efficiency (E1) adopted was 0.90 [8,10]. Regarding the coefficient for the intermediate system efficiency (E2), the value of 0.90 was adopted, reaching a value near to 0.80 as a product of the two efficiency coefficients, as indicated in the literature [13].



As it was not possible to obtain data on the built-up area of the CAFOs, the roof area available for harvesting (A) was determined by multiplying the number of animals housed in the municipality for each productive category by their respective technical coefficient of density in animal housing. Table 2 shows the effective animal herd obtained from the annual municipal livestock production report [6].



It was assumed that all sows belong to the productive category: breeding sows. The rest of the swine herd was divided between the categories of piglets and growing–finishing pigs, proportionally to the period of the lots, considering that the entire cycle took place in the same municipality. The piglets (42 days per lot) and growing–finishing pigs (105 days per lot) ratio was 1:2.25. In the same framework, it was also assumed that the poultry herd was divided between the categories of layers and broilers, considering each municipality, for the rest of the flock. Table 3 presents the categories of CAFOs adopted and their respective technical coefficient of density in animal housing.



Thus, it was possible to calculate the rainwater volume available for harvesting (Va, m3) for each category of animal production in each municipality and the total volume available for harvesting in CAFOs in the study area, from the total of all Va.




2.3. Determination of the Water Demand in CAFOs—Swine and Poultry (Vd)


The water volume demand for each productive category was determined considering: (1) the daily values of animal water consumption; (2) the daily values for cleaning activities and the thermal comfort of the animal housed; (3) the cycle period per productive category; and (4) the number of cycles per year. Table 4 shows the data used for the determination of the water volume demand for each CAFO category.



The majority of the swine and poultry CAFOs operate in Santa Catarina state over a predetermined number of lots (cycles). The daily water volume demand for each productive category was determined by multiplying the number of the days that animals remained housed in farms (each cycle) by the daily water consumption associated with these animals (drinking, cleaning, and thermal comfort activities). Sanitary breaks between lots (cycles) were assumed to be 7 days for swine and 14 days for poultry.



The annual water volume required (Vd, m3/year) was determined for each productive category in CAFOs, based on Equation (2):


Vd = ((d1 + d2) × C1 × n × N)/1000



(2)




where d1 is the animal water consumption demand (L/animal/day); d2 is the water demand for cleaning and thermal comfort (L/animal/day); C1 is the cycle period (days/cycle); n is the number of cycles per year (cycles/year); and N is the number of animals per category.




2.4. Potential of Rooftop RWHSs at CAFOs


The potential of RWHSs to supply the water demand of CAFOs was determined for each animal production category—swine and poultry—considering the 19 municipalities located in the region of the Jacutinga River Basin and Contiguous Basins Management Committee. Overflows and evaporations were not considered; the reasons for this include the large capacity of the cistern utilized in the study area, an average of 500 m3 [10]; their complete closure; and the occurrence of well-distributed rainfall during the year in the region of the study area. The percentage of CAFO water demand that can be supplied by RWHSs was determined based on Equation (3).


r = (Va/Vd) × 100



(3)




where r is the potential of water demand that can be supplied by rainwater in CAFOs (%), Va is the volume of rainwater available for use (m3), and Vd is the water demand in the CAFO category (m3). The r value was obtained for each CAFO animal category in each municipality.



The water-saving potential—R—(m3/year) using the RWHS in a CAFO was obtained for swine and poultry categories in each municipality, based on Equation (4). The total potential of each municipality is given by the total of the R values of each animal category in the area (∑R).


R = r × Vd



(4)







The R value was also linked to the unit area, obtaining an estimation of the potential for the use of RWHSs in CAFOs per km2, from the ratio between R and the territory area of the municipalities. The urban area of Concórdia was subtracted from the total area in the determinations given that it is a municipality with an urban area greater than 5 km2. For the other municipalities, the total area was considered.





3. Results and Discussion


Considering the distribution performed using the Thiessen Polygon method, the annual average precipitation obtained for the 19 municipalities was 1963 mm, with a standard deviation of 41 mm. The lowest averages were determined in the municipalities with the strongest influence of the Concórdia pluviometric station: Alto Bela Vista, Ipira, Itá, Paial, and Peritiba, with an annual average of 1913 mm. The highest averages were found in the municipalities with the strongest influence of the Irani pluviometric station: Irani and Jaborá with an annual average of 2035 mm. These results obtained are in accordance with values referred to in the literature, since the annual rainfall averages in Brazil range from 1146 to 2182 mm [24], depending on the region of the country [25].



The annual rainfall distribution also showed similarity between the four stations with averages greater than 120 mm in all months (Figure 2), which are essential for the continuous use of rainwater throughout the year [8,10].



October showed the highest average rainfall, with around 220 mm. However, between March and August, the averages obtained were less than 160 mm, meaning it is important to be careful when managing collected rainfall during this period. In this respect, one option might be the use of cisterns with large storage capacities to balance the monthly rainfall variations over the year.



As previously stated, the rainwater volume available for harvesting (Va) was determined considering the average annual precipitation obtained for each municipality, and then according to Equation (3), compared with the water demand volume (Vd) to obtain the potential supply (r) of RWHSs of CAFOs per productive category. Table 5 summarizes the results for the potential supply of the CAFO demand by RWHSs.



For swine, the water volume demand (Vd) in CAFOs was greater than the water volume available to be captured on the roofs of the farms (Va). In addition, the potential of water demand that can be supplied (r) in this sector varied considerably according to the productive category, reaching an average of 65.9% in piglet units. As for the production of breeding sows, the potential identified was the lowest (33.5%), which is related to the higher water consumption of the animals in this productive phase, comprising adult sows and piglets not yet weaned, and the fact that this production phase is continuous. The standard deviation due to the variation of precipitation in the study area was only 1% in swine CAFOs.



In poultry CAFOs, the water volume available to be captured on the roofs of the farms (Va) proved to be able to supply 100% of the water volume demand (Vd) for CAFOs in both layer and broiler productive categories, indicating that the demand can be fully met by an RWHS (r = 100%). In accordance with the values obtained, a surplus of water from the total roof harvesting area can be generated with a chance to only use part of the farm roof. The results found for poultry CAFOs are consistent with those presented in the literature, in Medianeira-Paraná state, Brazil, with monthly rainfall averages between 90 and 275 mm [26]. The study showed that the water volume available to be captured on the roof of the farms should be sufficient to supply all the needs for animal production (water consumption and cleaning activities) over at least 15 days with a maximum consumption of 1000 m2 from the roof and 12,000 birds, also generating a surplus. The 15 days were related to the conventional period of drought in the region, mentioning the use of the cistern to increase water storage capacity and also to minimize problems related to a lack of water in these critical periods.



Figure 3 and Figure 4 exhibit the water-saving potential, in terms of annual average volume, for the swine and poultry CAFOs, respectively, for each of the 19 municipalities located in the region of study. Figure 5 shows the associated result for the potential of swine and poultry CAFOs.



The results showed that although the potential for water supply demand (r) was less than 100% in the swine farms, the use of RWHSs in the different productive categories in the study region resulted in a higher water economy when compared with the poultry CAFOs. This is due to the numerous swine herds and the high water demand necessary for production. In these cases, the RWHS should be used in conjunction with other water sources. Other nearby harvesting areas can be used to maximize rainwater utilization potential.



The contribution of each productive category to the potential of water from RWHSs used in each municipality varies according to the number of animals. The swine and poultry productive chains, in general, were responsible for 59.8% and 40.2% of the potential of total water volume use, respectively.



The sum of the water-saving potential of all CAFO categories in the entire study area was 5.2 million m3 per year, which represents a withdrawal flow of 0.166 m3/s. This value represents about 8% of the total withdrawn in Brazil: 2.048 m3/s [4]. In comparative terms, this volume would be enough to supply a municipality with around 123,400 inhabitants, considering the average Brazilian consumption of 116 L per inhabitant per day [27].



The municipality of Concórdia presented the greatest water-saving potential, in terms of annual volume, with a total amount of 934,300 m3. This result is a consequence of the number of animals produced in the municipality, having the largest number of pigs and poultry among the municipalities in the region of the study (Table 2). The contribution of swine farms represented 71.1% of Concórdia’s annual volume of water-saving potential (Figure 5), being the most representative productive category of the growing–finishing phase, with 52.3% of the total potential volume (488,200 m3). A similar result was observed in Seara and Xavantina municipalities, with the second and third largest potentials in total water volume, respectively. In Xavantina, the representativeness of swine farms corresponded to 85.8% of the annual potential water volume, due to the considerable increase associated with a large number of breeding sows, responsible for 26.6% of the potential determined. In the municipalities of Ipumirim, Arabutã, and Ouro, determined as the fourth, fifth, and sixth highest potentials in the annual potential water volume, respectively, the poultry CAFOs presented more representativeness for the potential of water use from the RWHSs. In Ouro, the broilers category was responsible for 75.0% of the annual potential water volume due to the number of animals housed in the region of study, the second highest after the Concórdia municipality.



The water fragility of the municipalities studied, due to the high concentration of CAFOs, was another item considered. For this, the water-saving potential per area was determined, resulting in an average of 1000 m3 per km2 per year. Figure 6 shows the evaluation performed in each municipality of the study area.



The municipality of Arabutã, in fifth position in the annual potential water volume ranking, showed the highest water-saving potential by area, with an average value of 2760 m3 per km2 per year. This result can be explained by the large concentration of CAFOs (swine and poultry) associated with a balanced production matrix in a small territory. This municipality presents, currently, the fourth largest number of animals between the 19 municipalities located in the region of the Management Committee of the Jacutinga River Basin and Contiguous Basins, and the representativeness of both productive categories was balanced in the potential of RWHSs to supply the water demand, with 48% and 52%, respectively, coming from swine and poultry CAFOs. In addition, Arabutã showed great potential for the use of RWHSs to supply the water demand in CAFOs among its territory, where the application of these systems can substantially reduce the pressure exerted by livestock over the local water resources.



The municipality of Concórdia obtained the largest annual volume of water-saving potential (m3/year) in the region of the study, but it was only determined as the tenth highest in relation to potential by area, with 1220 m3 per km2 per year. In this sense, the concentration of CAFOs was lowest in this municipality, far below that observed in Arabutã.



A greater potential per area was perceived in the municipalities of the western region of the study area, in general, which indicates a greater pressure on the region’s water resources by the CAFOs. The municipality of Água Doce, the highest in terms of area, although determined as the seventh in relation to the potential in the annual potential water volume, is in last position in the potential by area, indicating a lower concentration of CAFOs and a better-distributed water demand.




4. Conclusions and Recommendations


The average precipitation determined for each municipality, and the respective distribution over the year (1963 ± 41 mm per year), showed the RWHSs to be a promising alternative to achieve water security in both swine and poultry CAFO farms, considering the region of the Jacutinga River Basin and Contiguous Basins Management Committee. The historical standardized series of precipitation, over 42 years (1977–2018), showed that good management of the area available for collection, and the respective water collected, associated with the use of cisterns for storage, may allow the use of this resource not only as an emergency source in cases of droughts but also as a primary and constant source of water for the productive categories evaluated.



The potential of water demand that can be supplied by rainwater (r) in CAFOs was 100% for poultry production and between 32.7% and 68.3% for swine production. Even though rooftop RWHSs did not show the potential to fully meet the water demand from swine CAFOs, the water-saving potential in volume terms was higher than poultry CAFOs due to high water demand and the numerous swine herds. The collection of water from neighboring roofs and/or an option of joint RWHSs in both swine and poultry farms may allow an increase in the potential to attend to the demand. The total water-saving potential (∑R) for RWHS use in swine and poultry CAFOs in the study area was 5.2 million m3 per year.



A greater potential per area was perceived in the municipalities in the western region of the study area, in general, which indicates a greater pressure on the region’s water resources by the CAFOs. The inclusion of the RWHS uses for livestock production in public policies and as governmental management tools (state or federal) may be considered a decision/management tool for local resources, minimizing the pressure on underground and surface water sources and the economic impacts associated with droughts.
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Figure 1. Delimitation area of its influence in the study area of the four pluviometric stations used—Thiessen Polygon method. 
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Figure 2. Distribution of average annual precipitation of the four pluviometric stations used. 
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Figure 3. Water—saving potential (R) in swine CAFOs for RWHS use. 
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Figure 4. Water—saving potential (R) in poultry CAFOs for RWHS use. 
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Figure 5. Water—saving potential (R) in poultry and swine CAFOs for RWHS use. 
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Figure 6. Water—saving potential per area from RWHS use in the municipalities of the Jacutinga River Basin and Contiguous Basins Management Committee region. 
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Table 1. Identification of the pluviometric stations.






Table 1. Identification of the pluviometric stations.





	Code
	Municipality Station
	Responsible
	Latitude
	Longitude
	Height





	2651001
	Vargem Bonita
	ANA *
	−26°52′24″
	−51°47′47″
	1000 m



	2752005
	Concórdia
	ANA
	−27°18′52″
	−51°59′36″
	600 m



	2652001
	Ipumirim
	ANA
	−26°57′09″
	−52°10′57″
	600 m



	2751011
	Irani
	ANA
	−27°03′04″
	−51°54′44″
	1040 m







* National Water Agency—Brazil; Source: Brasil (2019b) [12].
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Table 2. Effective animal herd per municipality.






Table 2. Effective animal herd per municipality.





	
Municipality

	
Swine

	
Poultry




	
Total

	
Sows

	
Total

	
Layers






	
Água Doce

	
97,600

	
8900

	
1,946,500

	
4200




	
Alto Bela Vista

	
28,474

	
1400

	
374,916

	
3800




	
Arabutã

	
112,068

	
5030

	
2,465,227

	
90,800




	
Arvoredo

	
71,325

	
2247

	
710,378

	
4500




	
Catanduvas

	
7400

	
623

	
1,025,100

	
268,000




	
Concórdia

	
407,566

	
28,608

	
3,398,900

	
435,380




	
Ipira

	
18,407

	
1586

	
1,014,171

	
5500




	
Ipumirim

	
93,367

	
5135

	
3,142,893

	
5500




	
Irani

	
105,487

	
11,350

	
497,800

	
4700




	
Itá

	
106,262

	
7650

	
1,824,070

	
10,500




	
Jaborá

	
105,600

	
4055

	
1,152,100

	
42,300




	
Lindóia do Sul

	
111,934

	
3353

	
886,871

	
4200




	
Ouro

	
51,150

	
3508

	
3,320,400

	
11,300




	
Paial

	
21,440

	
95

	
410,140

	
3700




	
Peritiba

	
23,340

	
1981

	
228,989

	
4100




	
Presidente Castello Branco

	
51,229

	
1150

	
317,998

	
2400




	
Seara

	
257,222

	
31,400

	
2,377,990

	
30,000




	
Vargem Bonita

	
9817

	
645

	
1,297,450

	
5650




	
Xavantina

	
188,602

	
25,962

	
735,368

	
70,000




	
Total

	
1,868,290

	
144,678

	
27,127,261

	
1,006,530








Source: Brazil (2018) [6].
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Table 3. Technical coefficient of density in animal housing for each category of the concentrated animal feeding operation farms adopted.
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	Productive Category
	Animal Housing Density (m2/animal)





	Swine: breeding sows
	2.60 1



	Swine: piglets
	0.35 1



	Swine: growing–finishing
	1.15 1



	Poultry: layers
	0.12 2



	Poultry: broilers
	0.08 3







1 [14]; 2 [15]; 3 [16].
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Table 4. Data used to determine the water volume demand for each productive category.
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	Productive Category
	Animal Water Consumption (L/animal/day)
	Cleaning and Thermal Comfort Consumption

(L/animal/day)
	Cycle Period (days/cycle)
	Number of Cycles

(cycles/year)





	Swine: breeding sows
	27.8 1
	6.0 5
	+365
	1



	Swine: piglets
	2.5 1
	0.2 6
	42 1
	7.4



	Swine: growing–finishing
	8.3 1,2
	0.6 7
	105 1,2,7
	3.3



	Poultry: layers
	0.23 4
	0.04 3*
	+365
	1



	Poultry: broilers
	0.24 3
	0.04 3
	42 3
	6.5







1 [17]; 2 [18]; 3 [19]; 4 [20]; 5 [21]; 6 [22]; 7 [23]; * adopted as broilers data.
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Table 5. Potential CAFO supply by RWHSs.
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Productive Category

	
Va †

(103 m3/year)

	
Vd ‡

(103 m3/year)

	
r

* (%)

	
σ

(%)






	
Swine

	
Breeding sows

	
598.3

	
1784.9

	
33.5

	
1.0




	
Piglets

	
274.2

	
416.0

	
65.9

	
1.0




	
Growing–finishing pigs

	
2252.1

	
3749.4

	
60.4

	
1.0




	
Poultry

	
Layers

	
192.3

	
99.2

	
100

	
0.0




	
Broilers

	
3319.6

	
2002.2

	
100

	
0.0








† rainwater volume available for catchment; ‡ water volume demand; * potential of water demand that can be supplied by rainwater in CAFOs; σ—standard deviation.
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