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ABSTRACT

The Brazilian savannah, locally called “cerrado”, is a forest and shrub type ecosystem that
occupied vast areas of very flat relief, mainly distributed in the central part of the country. In the
mid 1970ies, this region was recognized as unfertile with little possibility of agricultural use. From
there on, a large part of this biome was occupied by extensive agricultural production, due to the
advances in technology. The coffee crop is very important for the Brazilian agribusiness, and in
recent years, part of its cultivation has been shifted from the traditional growing areas (e.g. Sdo
Paulo and southern of Minas Gerais) to some savannah areas (e.g. northwestern of Minas Gerais
and western of Bahia). The Brazilian savannah has quite different edaphoclimatic conditions than
the traditional coffee regions, and therefore crop management should be re-evaluated, including
those concerning the nitrogen. This paper aims to review some studies already carried out on

nitrogen fertilization in savannah coffee plantations.
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PRODUGAO DE CAFE NO CERRADO: CONSIDERAGOES SOBRE NUTRICAO
NITROGENADA

RESUMO

A savana brasileira, chamada localmente de “cerrado”, ¢ um ecossistema do tipo florestal
e arbustivo, que ocupava vastas areas de relevo muito plano na parte central do pais. Em meados
da década de 1970, essa regido era reconhecida como infértil, com pouca possibilidade de uso
agricola. A partir de entdo, grande parte desse bioma foi ocupado pela producéo agricola extensiva,
gracas aos avangos da tecnologia. A cafeicultura € muito importante para o agronegdcio brasileiro
e, nos ultimos anos, parte do cultivo foi deslocado das areas tradicionais (e.g. Sao Paulo e sul de
Minas Gerais) para certas areas de cerrado (e.g. noroeste de Minas Gerais e oeste da Bahia). O

cerrado possui condicbes edafoclimaticas muito diferentes das regides cafeeiras tradicionais e,
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portanto, 0 manejo das culturas deve ser reavaliado, inclusive o referente ao nitrogénio. Este
trabalho objetiva revisar alguns estudos ja realizados sobre a adubagdo nitrogenada em cafezais de

cerrado.

Palavras-chave: Cerrado, perda de nitrogénio, Coffea arabica

“CERRADO”: THE BRAZILIAN SAVANNAH

The main vegetation patterns of Brazil are the tropical rain forests (“Amazonia” and
“Mata Atlantica”), subtropical grassland (“Pampa ™), tropical wetland (‘“Pantanal ”), semi-arid
prairie (“Caatinga”) and the savannah (“Cerrado”). The savannah is the second largest
Brazilian biome, distributed mainly in the center of the country (Figure 1), occupying over 200
million hectares (24% of country’s total area) (IBGE, 2004a). This savannah type vegetation
consists of grassland, shrub and tree, belonging to a very characteristic soil-plant ecosystem that
is similar to other types of tropical savannahs found around the globe. This ecosystem occupies
mostly vast areas of plateau, and it is classified by the Brazilian Environmental Ministry into
three categories: i. “Campestre ” (with essentially herbaceous species and some shrubs not taller
than 3 m); ii “Savanico” (with some tall trees and shrubs spread on grassland); and iii.
“Florestal ” (with large trees and continuous or discontinuous canopy) (BRASIL, 2007).

The fundamental factors considered to determine a “Cerrado” biome are: climate, soil
and incidence of fire. The fire is common and regular in savannah, and the natural vegetation is
adapted to it, as well as to a dry season. These areas present strong seasonality, with a rainy
season from October to March and with a dry period from April to September. The rainfall
ranges from 600 to 2200 mm, and the temperature from 22 to 27°C. Most of the soils are
profound, range from sandy to sandy loams, with very low pH (4.0 to 5.0), high concentration
of exchangeable aluminum, high phosphorus fixation capacities, poor in macronutrients, and
presents very low cation exchange capacity and low available water for plants (IBGE, 2004b).
The detailed climatic characterization of the “Cerrado” biome can be found in Silva et al.
(2008).
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Brazilian states acronyms: AC = Acre, AL = Alagoas, AP = Amapa, AM = Amazonas, BA = Bahia, CE
= Cear, ES = Espirito Santo, GO = Goias, MA = Maranhdo, MT = Mato Grosso, MS = Mato Grosso do
Sul, MG = Minas Gerais, PA = Para, PB = Paraiba, PR = Parana, PE = Pernambuco, PI = Piaui, RJ =
Rio de Janeiro, RN = Rio Grande do Norte, RS = Rio Grande do Sul, RO = Ronddnia, RR = Roraima,
SC = Santa Catarina, SP = S&o Paulo, SE = Sergipe, TO = Tocantins and DF = Distrito Federal.

Figure 1. A schematic view of the Brazilian “Cerrado” biome (darker area in the center of the
country). Source: Adapted from http://mapasinterativos.ibge.gov.br/sigibge/

AGRICULTURE IN THE “CERRADO”

The savannah extends from north to south of Brazil and constitutes the current
agricultural frontier. Therefore, the landscape is quickly changing due to increasing farming
activities, established since 1970ies (SANO et al., 2010). Between 2002 and 2013, the savannah
natural vegetation was replaced by agricultural activities (perennial crops, annual crops, pastures
and forestry) at a rate of 0.41% per year, i.e. 772 thousand hectares per year. In 2013 around
54% of the original savannah area remained intact, while the agricultural activity occupied 43%,
which corresponds to 88.5 million hectares (BRASIL, 2015; SANO et al., 2019).

In the mid of 1970ies the savannah ecosystems were recognized as unfertile with very
little possibility of use for farming. From there on, more than half of this area has been used as
pastureland and extensive production of maize, soybean, cotton, sugarcane and coffee. In 1975
the savannah land use had its turning point due to territory occupation policies with the ‘Il
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National Development Plan’. This plan was intended to promote Some economy sectors in the
different regions of the country. In this context, the “Cerrados Development Program” was
created, with the Brazilian Government offering credit and infrastructure, focusing the
agriculture and livestock. In 1979, the “Programa de Cooperacdo Nipo-brasileira para
Desenvolvimento dos Cerrados — PRODECER ” was created, a program with partnership among
the private initiative, the Brazilian and the Japanese governments. The main objective of
PRODECER was the production of export commodities, especially soybeans. Thus, in just over
40 years both the savannah landscape and the way of practicing agriculture in Brazil underwent
profound changes (BRASIL, 2015).

Many authors emphasize that the major problems of carrying out agriculture in the
savannah areas are related to water and nutrient availability (e.g. HARIDASAN, 2008; HUNKE
et al., 2015). The soil water availability is a problem because these areas are located in high
temperature zones, leading to great evapotranspiration rates and water losses mostly in the dry
season. As previously mentioned, the savannah rainfall presents strong seasonality in the
temporal distribution, including “veranicos”, which are drought periods within the rainy season.
This characteristic makes the irrigation an essential practice for agricultural production. Since
savannah has a very good water supply, this resource has been explored extensively to ensure
high crop yield, but sometimes this resource is not properly used. This biome is positioned over
plateaus, and it performs an important role in the water distribution to eight hydrographic
regions. The water originated in savannah areas flows to several watersheds, mainly to the
Araguaia, Sdo Francisco, Parnaiba and Paraguay rivers, making the water resources from this
ecosystem very important to other biomes (LIMA, 2011). In Brazil, irrigation uses up to 67%
of the available water, in an area of 6.95 million ha, of which around 1 million is within the
“Cerrado” biome (ANA, 2017; LIMA, 2011). The irrigation is concentrated in some zones of
the savannah, and this fact added to water use inefficiency is causing conflicts on water use
policies and environmental damages (LIMA, 2011).

The second problem of agriculture in savannah areas is the poor soil fertility. Since crop
roots cannot reach great depths due to high soil acidity, exchangeable aluminum and low
calcium, the explored layer by roots is limited, being short in water and essential nutrients.
Therefore, some agricultural practices are essential for increasing the productivity in this region,

such as liming to increase the pH and gypsum application to improve the calcium/magnesium
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content and to reduce aluminum toxicity in the sub-surface layers. Build up soil fertility is
important as well, and is achieved by phosphate, potash and micronutrient fertilizations, and
through organic matter management. Nitrogen (N) is also an important limiting factor for
savannah agricultural production (BUOL, 2009; HARIDASAN, 2000, 2008). A review about
the savannah soil fertility, since before agricultural exploitation until nowadays can be can be
found in Lopes and Guilherme (2016).

Despite the significant and increasing agricultural and livestock production in the
savannah region, several authors point out that exploitation can lead to water, soil and nutrient
depletion (GOMES et al., 2019; HUNKE et al., 2015). Therefore, to maintain not only the
“Cerrado ” biome sustainability but also the agriculture, it is essential to adopt appropriate crop
management alternatives in order to minimize negative impacts on the entire agroecosystem. A
deep discussion about the advance of the agricultural frontier in the brazilian savannah, and its

consequences, can be found in Silva (2018).

THE BRAZILIAN COFFEE

Coffee has always been an important commodity for the Brazilian agribusiness,
producing beans from both commercial species: Coffea arabica L., known as ‘Arabica coffee’
and Coffea canephora, known as ‘Robusta’ or ‘Conilon’ coffee. According to the latest
statistical survey of ‘Food and Agriculture Organization of the United Nations’, the Brazil is the
largest coffee producer and was responsible for 29% of the 9.2 million Mg of green coffee
produced around the world in 2017 (FAOSTAT, 2017). In 2019, the country produced more
than 2.9 million Mg of green coffee, collecting around US$ 5 billion just from exports of 2.4
million Mg. The state of Minas Gerais is the largest coffee producer and alone was responsible
for almost half of the Brazilian coffee produced in 2019 (CONAB, 2019; CECAFE, 2020).

The geographic distribution of coffee production has been changing over time.
Historically very important coffee growing regions, such as those of S&o Paulo and Parana,
have been losing relevance, and the cultivation was gradually gaining prominence in different
regions like Minas Gerais and Bahia regarding Arabica coffee production, and Rond6nia and
Espirito Santo concerning Robusta (VOLSI et al., 2019).

In the savannah coffee growing there is a strong tendency towards corporate farms,

which are more competitive and with professional management (VOLSI et al., 2019).
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Currently, about 70% of coffee bean produced in Brazil is from the Arabica species,
which occupies 81% of the 2 million hectares of the total country's coffee plantation area. The
largest Arabic green coffee producers are the States of Minas Gerais (1.46 million Mg), Sao
Paulo (258 thousand Mg), Espirito Santo (180 thousand Mg) and Bahia (72 thousand Mg)
(CONAB, 2019). The localization of all these coffee producing states can be observed in Figure
1.

Regarding Arabic coffee production in the savannah, Minas Gerais northwest and
Bahia’s west stand out. The savannah of the State of Minas Gerais currently has a total area of
more than 225 thousand ha, while Bahia has 11.5 thousand ha (CONAB, 2020). In 2019, a year
of negative biennial cycle at arabica species, the coffee farms in Minas Gerais and Bahia
savannah produced respectively 276 thousand Mg and 18 thousand Mg of green coffee
(CONAB, 2019). For 2020, which is a year of positive biennial cycle, coffee production in the
savannah of Minas Gerais is estimated as 360 thousand Mg, while in the Bahia savannah it will
be 28.2 thousand Mg (CONAB, 2020).

The coffee productivity in the savannah is also a highligh because, while the national
average in 2019 was 1.38 Mg per hectare of Arabica green coffee, in the Minas and Bahia
savannah it was 1.5 and 1.98 Mg per hectare, respectively (CONAB, 2019). These data illustrate
the great potential of the coffee crop in the “Cerrado” biome, which has been explored by
farmers applying high technology.

More details about the plant coffee management in savannah (e.g. varieties, breaking
dormancy of flower buds, irrigation and mechanized harvesting) can be found in the Fernandes

et al. (2012) review paper.

COFFEE PRODUCTION IN “CERRADO”

Approximately 57% of the area in Minas Gerais state corresponds to the “Cerrado”
biome, and half of this area is occupied by agricultural activities and 48% has natural coverage
(BRASIL, 2015; SANO et al., 2019). This region corresponds to the microregions of “Triangulo
Mineiro”, “Alto Paranaiba” and northwest (ORTEGA, 2008).

The climatic conditions favored the coffee production with average temperature from 18
to 23 °C, altitude from 800 to 1300 m and rainfall index of 1600 mm per year (ORTEGA, 2008).
The state of Minas Gerais has more than 1 million hectares equipped for irrigation (ANA, 2017);
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in 2020 the ‘Cerrado Coffee Growers Federation’ estimates that 85 thousand ha of coffee
plantations in the savannah have irrigation equipment for drought periods (FCC, 2020).

After the severe frosts of the 1970s that devastated plantations in Parana and west of Séo
Paulo, the savannah from Minas Gerais intensified coffee production, with the implementation
of the ‘Coffee Renovation and Invigoration Plan’ by the government. Until this date coffee was
produced only for own consumption, and from then on there was an intense development of this
activity for commercialization. This development was based on incentives for migration of
farmers from the south and southeast of Brazil, financing land for new producers, and placing
better agricultural credit policies (ORTEGA, 2008). The result is that today the coffee produced
in these areas is basically for exportation, having been the first demarcated coffee producing
region in the country, the so called ‘Denomination of Origin’ (FCC, 2020; ORTEGA,; JESUS,
2011).

The savannah of Minas Gerais is specialized to produce ‘natural coffee’, which means
that the beans are dried with intact fruit skin, just with the sun heat. This methodology is applied
in few places around the world, generally places with dry winter and mild temperature during
harvest time (ORTEGA, 2008). Better information about the characterization and rural
territorial productive arrangement of coffee production in this region can be found in Ortega and
Jesus (2011).

In Bahia, the savannah occupies just over a quarter of the entire state territory, and is
located mainly in the western portion of the state. Agriculture covers 31% of the savannah area
and the natural landscape 67% (BRASIL, 2015; SANO et al., 2019). Farmers have explored this
area mainly through technologies such as irrigation, fertigation and mechanization. The
savannah of the State of Bahia is one the most important food and feed producer of the region
known as MATOPIBA, which includes the Maranh&o, Tocantins, Piaui and Bahia states, and is
considered the great national agricultural frontier today (ANA, 2017; SANO et al., 2019).

In the west of Bahia, the annual rainfall is approximately 1200 mm, with a defined dry
season from May to September and the average temperature of 24 °C (SEI, 2009). Irrigation
extends the cropping season and is essential for perennial crops like the coffee plant. According
to the latest survey on Brazilian irrigated agriculture, Brazil is among the ten largest irrigators
in the world, with almost 7 million hectares equipped for irrigation, and may reach up to 10
million hectares by 2030 (ANA, 2017). However, according to the last haverst yearbook for
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western Bahia in this region there is a predominance in non-irrigated production, with only 6.5%
of irrigated area (around 160 thousand hectares). In the irrigated area prevails the use of the
central pivot system (90%) which makes Bahia the third state with the largest installed central
pivot area (Figure 2) (ANA, 2017; AIBA, 2019). Since the savannah of the State of Bahia is
located on very flat land (Figure 3) with good fresh water availability, this kind of irrigation

system has, up to now, been proved to be quite suitable.

.

Figure 2. View of a central pivot system equipped with Low Energy Precision Application (LEPA)
sprinklers, in a commercial coffee plantation. Barreiras, Bahia State, Brazil.
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Figure 3. View of the extensive coffecop plantation in the “cerrado” region. Barreiras, Bahia
State, Brazil.

Fertigation is widely used by local coffee growers, as it allows simultaneous applications
of water and nutrients. Fertigation is traditionally performed using Low Energy Precision
Application (LEPA) sprinklers (Figure 4) that concentrate water application over the plant,

avoiding the interrow.

Figure 4. View of the Low Energy Precision Application (LEPA) sprinklers in operation.
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NITROGEN FERTILIZATION IN “CERRADO” COFFEE PLANTATIONS

The N nutrition is quite critical for any plantation established on “cerrado ” soil, because
N is the nutrient with the highest demand, affecting plant growth and development. Urea is the
most consumed N fertilizer worldwide, accounting for 48% of total N fertilization (IFA, 2020).
Urea is widely used in fertigation projects especially because of the high solubility in water,
high N content (45%), and lowest price in relation to other N sources (ESPIRITO-SANTO,
2004). After applied, the urea [CO(NH>).] is hydrolyzed by the urease enzyme and is
transformed into carbon dioxide (CO2) and ammonia (NHzs). This last one can be lost to the
atmosphere or be converted into nitrite (NO2") and immediately to nitrate (NOgz’), with the
possible release of nitrous oxide (N.O) (MOREIRA; SIQUEIRA, 2006). The anion nitrate is
highly mobile in the soil, and under sandy soil conditions with excessive rainfall or irrigation
can easily be leached out of the root zone and reach the water table (BORTOLOTTO et al.,
2012; BORTOLOTTO et al., 2013; CAMERON et al., 2013; PADILLA et al., 2018). Water
excess also favors the nitrate denitrification, transforming it into the gaseous forms N2 and N.O
due to the anaerobic environment of microsites, even in well-drained soils (CAMERON et al.,
2013). Some of the main N losses in crop production happen through emission of nitrous oxides
and by nitrate leaching down to the water table. The N losses consequences are reduction in
ecosystem biodiversity, soil and water body eutrophication, and production of gases, which
contribute to the greenhouse effect and reduction of the ozone layer (BATTYE et al., 2017;
SHIBATA et al., 2017).

The savannah region of the Bahia State has unique conditions of soil and climate, highly
different from the traditional coffee producer regions in Brazilian southeast. This new coffee
growing region requires specific management practices, especially regarding N fertilization.

In recent years, farmers strive to make more efficient the use of the fertilizers, shifting
the focus from increasing yield at any cost to the development of more sustainable agricultural
practices. In any farming activity, management practices affect severely the N uptake by plants,
and consequently its losses, determining crop productivity and economic profit. In tropical
agroecosystems, between 7-58% of the N applied to crops is absorbed in the first growing
season, and in average 50% of N fertilizer is lost, unaccounted for, in the soil or crop
(DOURADO-NETO et al., 2010). On the other hand, a study that focused on the N use
efficiency in the savannah agriculture, presented results that suggest that N exports by products
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surpass their replacement in a regional scale, which can lead to soil degradation (TOSTO et al.,
2019). These results show how diverse and challenging agriculture in the tropics is, in particular
regarding the N management.

For woody perennial crops like coffee plants, the N dynamics are even more intricate,
and scientific information is still scarce. For this plant, the challenge of finding the appropriate
rate and major N demand stages is even greater. This is due to the significant variation in the N
need in different phenological stages of the plant, and occurs differently during each crop cycle,
year after year (BRUNO et al., 2011). In such a scenario, to achieve maximum productivity with
reduced N fertilizer inputs is a huge challenge, despite being a possible goal to be achieved.

The nitrogen fertilization recommendations for coffee plants at full production stage, in
the State of Minas Gerais (RIBEIRO et al., 1999), range from 200 to 450 kg ha* N, varying
according to the expected yield, respectively from 1.2 to 3.6 Mg ha*. This recommendation, in
addition to being two decades old, does not take into account the particularities of the savannah
environment, nor the technologies adopted by farmers in these areas. This situation shows the
urgent need for research regarding the N behavior in coffee plantations of the savannah region
of the Minas Gerais State.

Several particularities about the area and the management techniques must be taken into
account for the efficient N coffee plant nutrition. Plant species previously grown in the area, as
well as the kind of management adopted for coffee plantations, are essential to be known for N
soil maintenance, as shown in a study carried out in Minas Gerais by Cerri et al. (2017). These
authors noted that the cultivation of coffee without pruning, in areas that were previously
pastures, significantly reduced the N soil stock. In the 0-10 cm soil layer, the N stock fell from
3.17 Mg hat N present in the pasture to 1.82 Mg ha* N found in the coffee plantation. Under
the same conditions, in the layer of 0-30 cm of soil, the drop was from 7 to 3.72 Mg ha* N. The
pruning of the coffee trees allowed the maintenance of the N stock of the soil previously
cultivated under pasture in the 0-10 cm layer, which presented 3.08 Mg ha* N. However, in the
0-30 cm layer, even with pruning there was a decrease in the N stock from the initial 7 Mg ha'
N to 4.61 Mg ha® N in the coffee plantation.

In the Minas Gerais savannah the coffee productivity was higher when the entire N rate
was applied during the winter, reaching 3.5 Mg of beans per ha. Probably this occurs because
the temperature drop paralyzes the aerial part growth, but not the root system. Thus, the roots
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accumulate N compounds that will be transferred to the aerial part in the next summer,
contributing to the coffee bean production (DIAS et al., 2011).

Lima et al. (2016) tested the use of different N fertilizer rates (201 and 300 kg ha™ of
N), sources (urea, polymerized urea and ammonium nitrate), and methods of application
(conventional and fertigation) in coffee trees in the savannah of Minas Gerais. The yield ranged
from 3 to 6 Mg ha™* green coffee, but it did not differ statistically in relation to the rates, sources,
or method of application observing the mean values of four consecutive harvests. However, the
authors observed that the use of 300 kg ha* of urea applied thorough fertigation improved fruit
ripening homogeneity.

The fact that the crop is irrigated or rainfed influences the N use efficiency, reflecting in
its yield and economic performance. The fertigated coffee plantations in the savannah of Minas
Gerais had the highest productivity (2.6 Mg ha) when 178% of the recommended fertilization
for rainfed coffee trees was used (around 600 kg ha* N). However, the greatest economic return
occurred when 141% of the recommended rate (around 485 kg ha™* N) was used, resulting in a
yield of 2.5 Mg ha® (ASSIS et al., 2018).

In the late 2000s Bahia coffee farmers have been applying N rates of the order of 600—
800 kg N ha! year. These rates are far above those recommended in the traditional region of
coffee plantations (BRUNO et al., 2011). As commented before, most of farmers in the savannah
of Bahia State use fertigation systems. It is interesting because this kind of management opens
the possibility of splitting the nutrient rates. All N in the soil, either in the organic or mineral
form, becomes quickly nitrate, which is liable to leaching. So, the N leaching minimization can
be achieved by splitting the N rate, which possibly increases its availability to the plants.
However, the use of huge quantities of this nutrient and the disregard about the moments of
great N demand by the coffee plant may become this management inefficient.

The N behavior in the savannah of the Bahia State coffee plants was observed in detail
in a large study using °N-labeled urea applied via fertigation, presented in different papers by
Bortolotto et al. (2012; 2013), Bruno et al. (2011; 2015) and Pinto et al. (2017a,b). Rates of 0,
200, 400, 600 and 800 kg N hatyear* were applied in full production coffee plants, during the
2008/2009 harvest season. Each rate was divided equally into 26 portions, distributed every 14
days, over the cropping cycle. At the beginning of the experiment, the coffee plants were 7 years
old, and had until then received a dose of 600 kg N hayear™. Regarding N leaching as nitrate

167



Brazilian Journal of Agriculture v.95, n.2, p. 156 — 173, 2020
DOI: 10.37856/bja.v95i2.4243

(N-NO3), only coffee plants that received 400 and 800 kg N ha were evaluated, while the N
leaching in 200 and 600 kg N ha™ rates were estimated.

About the absorption changes in plant compartments over time, Bruno et al. (2011)
concluded that fruit filling is the period of greatest N consumption by leaf and fruit. Therefore,
the fertilizer use could be more efficient if it is applied only up to the beginning of fruit
maturation. Moreover, the data indicated that it is possible to decrease the usual rate of 600 to
200 kg N ha without decreasing coffee bean production, at least in those conditions.

Evaluating the °N-urea balance and efficiency, Bruno et al. (2015) observed that the
most efficient rate was 200 kg N ha year? that produced 13 kg of green coffee per kg of N
applied as fertilizer. The less effective rate was 800 kg N ha* year?, which produced only 4 kg
of green coffee per kg of N applied. The percentage of N derived from fertilizer recovered in
the entire coffee plant was around 61, 37, 41 and 27%, respectively for 200, 400, 600 and 800
kg haIN. Therefore, adult plants that received a high N fertilizer rate during previous years do
not increase the coffee production with the N fertilizer rates increasing. Around 2.5, 15, 46 and
104 kg ha* of N-NOs™ leached was derived from fertilizer, respectively from the rates of 200,
400, 600 and 800 kg ha* of N.

Bortolotto et al. (2012) applied a sequential monthly water balance using three scenarios:
i) rainfall + irrigation the full year, ii) rainfall only; and iii) rainfall + irrigation only in the dry
season. The result was that association of high N rates and high rainfall plus irrigation, presented
in the ‘scenario i’, was the main cause for leaching. It is important to state that ‘scenario i’ was
the most applied scenario by coffee producers the late 2000s, because this scenario makes it
possible to fertigate equaly over the whole cropping cycle, facilitating daily management.

Using the climatologic water balance to evaluate the N-NOs™ leaching, Bortolotto et al.
(2013) found the monthly average of 5.4 and 25 mg L™* N-NOj™ for fertilizations of 400 and 800
kg ha! of N. During that entire coffee production cycle, 24 (400 kg ha* of N) and 153 kg ha'
(800 kg ha' of N) were leached as N-NOs. The authors highlighted the possibility of
groundwater pollution and a cost/benefit problem for applications higher than 400 kg ha* of N.

Approaching the environmental impacts of N loss in the same study place, Pinto et al.
(2017 a) used modeling techniques to simulate N from nitrate leaching and plant N uptake, in
different scenarios. The most efficient N recovery was associated with N rates between 200 and
400 kg N ha y!, split during the crop cycle into at least seven applications. For the rates

168



COFFEE PRODUCTION IN THE BRAZILIAN SAVANNAH: CONSIDERATIONS ABOUT NITROGEN
NUTRITION

between 200 and 300 kg N ha! y, the N recovery was efficient with or without split application.
Finally, the most environmental friendly N management strategy occurred when the application
of 200 to 300 kg N ha* y* was made, using at least seven splits.

In addition to the environmental problem, the economic harm linked to N losses should
also be considered. Since N fertilizers are derived from petroleum, their prices are established
based on this commodity, which fluctuates considerably during the last years
(MACROTRENDS, 2020). The financial harm generated by N fertilizer losses should be a
matter of more concern, since a reduction in the surplus for the potential balance (supply minus
total demand) of N fertilizers from 2020 to 2022 in the world is foreseen. In Latin America the
potential balance of N in 2022 is predicted to be negative in almost 5,000 thousand tonnes (FAQ,
2019). In this context, Pinto et al. (2017b) studied the monetary expenditure related to N losses
in the same coffee plantation in the savannah of the Bahia State mentioned above. These authors
observed that, from the lowest to the highest application rate, the average annual monetary losses
due to N leaching by pivot management ranged from around 45 to 140 thousand US-dollar, and
due to volatilization plus denitrification varied between 22 to 50 thousand US-dollar, (May 5,
2020 quotation, Commercial Dollar = 5.5933). The prospect is not merely an eminent
environmental crisis, but also a possible crisis in the N fertilizers supply, indicating the urgent
need of a more rational use of this resource. So, the adequacy of N applications in agricultural
enterprises has to be based on scientific information that indicate the best management practices
to be adopted, having in mind the maximum efficiency.

It should be noted, however, that all the information presented by Bruno et al. (2011;
2015), Bortolotto et al. (2012; 2013) and Pinto et al. (2017a,b) refers to full production coffee
plants (7-8 years old), and coffee trees at the beginning of their growing cycle probably have

different behavior in N use and losses.

FINAL REMARKS
The “cerrado” has soil and climatic characteristics very different from other biomes,
and in recent decades has been explored by man through agriculture. However, the rational
management of its natural resources and the inputs used are essential for a sustainable
agriculture establishment. Some studies about N fertilization in the Brazilian savannah coffee
plantation show that high N input is not necessary to maintain the coffee production, at least in
adult trees. The N leaching dynamic is relevant in the savannah area, and it is the main route of
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loss. The N fertilizer management in coffee plants of savannah areas must be deeply studied to
base the efficient use of this nutrient, preventing negative environmental impact and economic

losses.
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