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Introduction
This chapter discusses aspects related to the water-use efficiency in irrigated 
agriculture and animal production, as well as possibilities to use rainwater as a 
way to reduce the effects of regional climate irregularities, and alternatives to 
using brackish/saline water, constituting a strategy of utilization of available water 
resources. This information, expressed in the form of knowledge and technologies 
generated by Embrapa, has the potential to contribute to the achievement of 
target 6.4, which seeks, by 2030, to substantially increase water-use efficiency 
across all sectors and ensure sustainable withdrawals and supply of freshwater to 
address water scarcity, and substantially reduce the number of people suffering 
from water scarcity (Nações Unidas, 2017).

Water use efficiency in irrigated agriculture
Agricultural production depends fundamentally on the water availability, in 
which this activity corresponds to 72% of water consumption in Brazil (Agência 
Nacional de Águas, 2018). The high consumption demand, coupled with the 
increasing scarcity of water resources, requires commitment and responsibility of 
all to guarantee food production for the growing population, so that less water is 
used without reducing the maximum production potential of the crops. In Brazil, 
irrigation efficiency is approximately 60%. The impact of the improvement of only 
1% of this efficiency is observed when evaluating the effect of applying a water 
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slide of 4 mm day-1 in 1 ha, which will save about 1.3 thousand L ha-1 (Coelho; 
Silva, 2014). In the Northeast, the irrigated areas with fruits and vegetables have 
increased significantly, since the climate is highlighted by the high incidence of 
solar radiation and low and irregular precipitations. In practice, the efficient use 
of technologies generated by Embrapa and partners has provided productions 
at different times of the year. Aware of the water problem in the region and with 
due competence, Embrapa has provided adequate knowledge and technology to 
minimize water consumption in irrigated crops, but not reducing its productive 
capacity. Following there are some of the technological solutions generated 
and/or adapted by Embrapa and partners that can contribute to Brazil’s effective 
collaboration with target 6.4 of SDG 6.

Management of irrigation water by soil water balance

This practice consists of avoiding that the soil reaches a level of moisture between 
the irrigation systems, which compromises the maximum productivity of the 
crops, and it is ideal to keep it close to its maximum water retention capacity up to 
the effective depth of its root system. Embrapa has contributed with the following 
techniques of optimization and practicality of this management:

• Use of the Irrigas Sensor: (Marouelli et al., 2010). In this study, the effect of 
different irrigation systems was evaluated. It is a simple and inexpensive 
system, much more accessible than other equipment available in the 
market for soil moisture measurement.

• Recommendation of the number and positioning of soil water sensors 
for irrigation water management: a technological solution developed 
by Embrapa Cassava & Fruits has helped producers to define the ideal 
installation site and the number of soil moisture sensors for different 
crops, soil types and irrigation systems (Coelho; Coelho Filho, 2007; Silva 
et al., 2007; Sousa et al., 2011; Coelho et al., 2012; Coelho; Simões, 2015).

• Recommendation of the moment of irrigation by critical soil moisture: a 
technological solution to indicate the momentum and irrigation depth in 
banana and papaya under climatic conditions of Coastal Tablelands, from 
the critical moistures for different types of soil (Sousa et al., 2011; Coelho 
et al., 2012).
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• Description of the effective depth of the root system of the crops: 
technological solution to facilitate irrigation water management by the 
producers (Coelho; Simões, 2015; Coelho et al., 2008).

Management of irrigation by crop evapotranspiration

The knowledge of crop evapotranspiration is fundamental to irrigation 
management, resulting from the product between the reference evapotranspiration 
(ETo) and the crop coefficient (Kc). In ETo determination, climatic data provided 
by meteorological stations, as well as the evaporation obtained through the class 
A tank, are used. In practice, ETo data available for a given location can be used in 
areas up to 40 km away from the station (Moura, 2007). The Kc is directly related 
to the variety, the phenological stage, the height, the coloring of the leaves, the 
location of the property, among others. In order to improve water-use efficiency, 
Embrapa has conducted research to determine Kc for the main crops harvested in 
the country’s irrigated poles (Teixeira et al., 1999, 2008; Moreira et al., 2001).

Other irrigation management strategies aiming at greater efficiency of water 
use being tested by Embrapa researchers are the application of irrigation with 
controlled deficit, which reduces the amount of water applied in one of the phases 
of the crop; alternating lateral irrigation, with a deficit in parts of the irrigation 
system; and planting with soil cover, which minimizes evaporation, reducing the 
amount of water to be applied. In addition to the reduction of the amount of 
water applied, these strategies do not interfere with the production and quality 
of the final products (Stone et al., 2008; Santos et al., 2014).

Rainwater harvesting and efficient use
In the Brazilian semiarid region, precipitation is the only source of replenishment 
for water reservoirs used to meet the consumption demands of families, 
animals and agriculture. It occurs variably in quantity, intensity, space and 
time. The underground water potential is restricted and of low quality, due to 
the predominance of crystalline rocks, which have low flows and high salinity 
levels. Among the alternative solutions, the strategies for capturing rainwater 
for productive coexistence in the region are mentioned. These technologies 
are consolidated in public policies, through the Programa Cisternas (Cisterns 
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Program) (Brasil, 2017)1, with 1.3 million cisterns installed throughout the country, 
especially in the Brazilian semiarid region.

In situ capture

In situ uptake is made up of soil preparation techniques to induce runoff to the 
planting area, increasing the time of infiltration of water into the soil (Anjos et al., 
2007; Brito et al., 2008).

Cistern

The research carried out at Embrapa Semiarid Agriculture had the challenge of 
reducing construction costs, filling the insufficient coverage of rural facilities that 
could be used as a catchment area, and demonstrating its technical efficiency as a 
reservoir for the storage of rainwater in semiarid conditions. The most widespread 
models, which are being implemented throughout the Brazilian semiarid region 
by the Cistern Program are 16 m3 for human and animal consumption and 
52 m3 for food production (Figure 1). Embrapa Semiarid Agriculture has been 
developing researches on the efficiency of water applied in the production 
of fruits and vegetables for both types of cistern (Brito et al., 2012; Brito, 2016). 
The rural cistern, due to its importance in human and animal watering, as well 
as in food production, has been the main technology for water abstraction for 
rainfall dependent areas in the Brazilian semiarid region.

Underground dams

The research carried out by Embrapa Semiarid Agriculture since 1982 contributed 
to technological innovation, with the inclusion of drainage lines/waterways 
as one more favorable location option for construction; with a reduction in 
costs and construction time, of which excavation started to be done with a 
backhoe excavator, and as a layer of impediment the use of PVC plastic canvas 
or polyethylene of 200 microns thickness (Brito et al., 1989). Experiences shared 
by Embrapa Semiarid Agriculture and Embrapa Soils (UEP Recife) with family 
farmers confirm that the underground dam (Figure 2) reduces the risks of regional 
climate irregularity, thus favoring crop development and productivity, which has 

1 Message sent by e-mail, on November 16, 2017, by the coordinator of the Cistern Program.
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Figure 1. Tank for food production.

Figure 2. Opening of the dam of the underground dam (A); placing the plastic in the ditch by 
waterproofing the wall (B); ditch closing (C); underground dam ready, with wall, well, bleeding 
and planting area (D).
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contributed with the socioecological and economic resilience, consequently with 
the sustainability of the agroecosystems of the Brazilian semiarid region (Melo 
et al., 2013; Nascimento et al., 2015; Silva, 2017).

Water use efficiency in animal production
In the livestock context, the topic water must be worked in all points of the 
production chain of the different species and in several fronts of the production 
system. Water must be calculated for animal watering, food production, animal 
hygiene, among others, and free access to quality water is a basic condition 
essential to good production practices and animal welfare. In this sense, 
Embrapa has been working with guidelines to assist producers, technicians, 
extension workers and managers to manage natural resources and conserve the 
environment, through publications on the quantity to be offered for each animal 
category, adequate sizing of the drinkers according to the number and category of 
animals, adequate water flow to supply drinking fountains, adequate distribution 
of drinking fountains (Campos, 2000); practical solutions to reduce water and feed 
waste in pig farms (Lima et al., 2012); good water practices related to the activity 
of dairy cattle production (Palhares, 2016b); water quality in animal production 
(Palhares, 2014); rainwater harvesting and use in animal production (Brito et al., 
2007; Palhares, 2016b); water challenges for animal production (Palhares, 2016c); 
among others.

An important source of water that contributes to the reduction of its consumption 
by the animals is the food that has in their composition 40% to 90% of water. 
As an example, there are rich forages such as forage palm, mandacaru, grasses, 
vegetables and forage watermelon (Araújo et  al., 2010). Another important 
source is in fodder preserved in the form of silage, such as corn, sorghum and 
millet. Agroindustrial byproducts (brewer’s residues, sisal defibration and fruit 
processing) are also viable alternatives for the water supply to the semiarid herds, 
as they can contribute to the attendance of up to 80% of the water demand of the 
animals. The additional input of water contained in food is especially important 
for animals raised in regions and communities with little access to drinking water.

Multiple uses of saline water
It is estimated that, in the Northeast, there are more than 100 thousand deep 
wells, with average flows around 2 thousand L per hour. It is important to 
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emphasize that, in most cases, the waters of these wells present levels of salts 
higher than 1 g L-1, rendering them unfit for human consumption. However, 
these sources of water are essential for animals, especially goats, whose water 
demand for watering the entire herd in the region is about 40 million m³ per year. 
Embrapa Semiarid Agriculture, in partnership with other institutions, developed 
an integrated production system in which parameters were established for the 
use of brackish or saline waters, both for human and animal consumption, as well 
as for plant production and aquaculture (Porto et al., 2004).

Several studies on the subject were developed involving management of 
irrigation with brackish/saline water in the crops bean, beet, forage and grain 
sorghum, maize and salt grass (forage) (Nogueira Filho et al., 2003; Assis Júnior 
et  al., 2007; Carvalho Júnior et  al., 2010; Guimarães et  al., 2016; Simões et  al., 
2016), with information on water management techniques such as: ideal leaching 
factors (LF), the amount of water being greater than necessary, which is applied 
to provide reduction of the amount of salts of the root zone of the crop; and 
the varieties adapted to the saline environment, highlighting the choice of soil 
with good drainage to facilitate the leaching of salts in the rainy season, which 
facilitates new crop cycles.

Regarding animal intake, from the salinity point of view, waters with high salt 
content, as well as those containing toxic elements, represent a danger and can 
affect the quality of the meat and milk produced. The management of animal 
consumption in relation to water salinity is based on the classification of Runyan 
and Bader (1994). It is emphasized that the use or the ingestion of water by the 
animal can be directly related to different variables, besides the quality (Nutrient..., 
2007).

Another alternative is the use of brackish/salted waters for aquaculture. Species 
such as tilapia (Oreochromis niloticus) and Pacific white shrimp (Litopenaeus 
vannamei) are suitable for cultivation in brackish waters, since they are rustic 
and accessible in Brazil. Currently, there is the possibility of producing tilapia and 
shrimp intensively using water from salinized wells. In this system, rejects from 
fish farming are being indicated for the cultivation of salinity-tolerant crops that 
serve for human and animal feeding (Dias et  al., 2012). However, as described 
previously, this model of biossaline agriculture requires that the management be 
sustainable in a rational, economic and environmental way.
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Final considerations
The efficiency of water use is an indispensable tool for the sustainability of 
agroecosystems. In the case of biossaline agriculture, the choice of irrigation 
and crop management is fundamental for a socioeconomic and environmental 
sustainability. Rainwater harvesting technologies respond to the demands 
of the Brazilian semiarid rural environment, both in the context of family 
consumption, focusing on aspects of quality, quantity and regularity, attending 
to the consumption of animals, as well as reducing the risks of agricultural 
exploitation climate variability. Much needs to be done to provide families in this 
region with rainwater harvesting technologies capable of overcoming years of 
drought, similar to 2011/2012 to 2017, and enabling productive coexistence of 
the population with climatic adversity. The use of rainwater, accompanied by a 
set of technologies adapted to local conditions, combined with the training of 
families and extension agents, could contribute to the change of this scenario. 
In the socioeconomic context, most of these technologies are inserted in the 
concept of social technologies.
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