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ABSTRACT  
Coffee irrigation has increased in the main Brazilian coffee regions. However, in recent 

years, with climate change, years with water deficits greater than 150 mm have been observed, 

affecting the vegetative and productive development of the crop and also the replenishment of 

surface and underground springs. One practice that increases soil water retention capacity is 

organic fertilization. This work evaluated different combinations of irrigation and organic 

fertilization on the yield and quality of coffee produced in the Minas Gerais cerrado region. The 

treatments were: T1: total irrigation; T2: no irrigation; T3: total irrigation + organic fertilization 

(chicken manure, 10 ton ha-1); T4: no irrigation + organic fertilization (chicken manure, 10 ton 

ha-1); T5: 50% irrigation + organic fertilization (chicken manure, 10 ton ha-1). After 7 harvests, 

it was concluded that the treatment that combined organic fertilization with application of half 

of the necessary irrigation presented the best yield, superior to the treatment with total irrigation 

and exclusively mineral nutrition. 

Keywords: Coffea arabica, irrigation, poultry manure. 

Associação da adubação orgânica com a irrigação na produção de café 

no cerrado Mineiro 

RESUMO 
A irrigação do cafeeiro já é realidade na maior parte das regiões produtoras do Brasil, já 

atingindo 300.000 ha. Na região do cerrado mineiro, grande parte das lavouras de café é 

irrigada. Porém, nos últimos anos, com alterações climáticas, têm sido observados anos com 

déficits superiores a 150 mm, afetando o desenvolvimento vegetativo e produtivo da cultura e 

também o reabastecimento dos mananciais superficiais e subterrâneos. Uma prática que permite 
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aumentar a capacidade de retenção de água no solo é a adubação orgânica. Dentro deste 

contexto, propôs-se o presente trabalho que teve como objetivo avaliar diferentes combinações 

de irrigação e adubação orgânica na produtividade e qualidade do café produzido no cerrado 

mineiro. Os tratamentos foram: T1: Irrigação total; T2: Sem irrigação; T3: Irrigação Total + 

Adubação Orgânica (esterco de galinha, 10 ton. Ha-1); T4: Sem irrigação + adubação orgânica 

(esterco de galinha, 10 ton. ha-1); T5: Irrigação 50% + adubação orgânica (esterco de galinha, 

10 ton. ha-1). Após 7 safras, concluiu-se que o tratamento que combinou a adubação orgânica a 

aplicação de metade da irrigação necessária apresentou o melhor resultado em produtividade, 

superior ao tratamento com irrigação total e nutrição exclusivamente mineral.   

Palavras-chave: Coffea arabica, esterco de aves, irrigação. 

1. INTRODUCTION  

Coffee is one of the most consumed drinks in the world (Loftfield et al., 2018). As reported 

by Tverdal et al. (2020), globally coffee is the most frequently used stimulant drink and 

probably the safest one. Arabica coffee production provides a livelihood for millions of people 

worldwide (Verhage et al., 2017). 

Specifically in Brazil, coffee farming is one of the most important chains in agribusiness. 

According to Volsi et al. (2019), there is evidence that both geographic distribution and the 

varieties of coffee have changed in all coffee growing regions over time. These structural 

changes seem to be the result of reductions in government intervention and establishing a new 

dynamic of coffee production and marketing in the country. Brazilian coffee farming plays an 

important role in generating jobs, resources and foreign currency and is quite diversified, with 

regional particularities (Vicente et al., 2017).  

The Brazilian cerrado covers more than 200 million hectares (ha), being located in the 

States of Minas Gerais, Goiás, Mato Grosso, Mato Grosso do Sul, Tocantins, Bahia, Piauí, 

Maranhão and the Federal District, and has stood out with production exceeding 5 million sacks 

per hectare, mainly of Coffea arabica () L. Coffee growing in this region is characterized by 

productivity above the national average and by using agricultural inputs, irrigation, appropriate 

genotypes and mechanization, among other practices, more efficiently. The most used irrigation 

systems are conventional sprinkler, in mesh and central pivot) and localized (drip and 

modified). The climate is favorable to coffee quality because at the time of the harvest, 

conditions of low relative humidity occur, with the rains being concentrated in the summer. 

There is also, in the Cerrado, a greater amount of sunlight, especially in the autumn and winter 

months, which is also favorable to productivity and quality. The most planted varieties are from 

the Catuaí and Mundo Novo groups, and other promising materials have also been introduced 

with regard to productivity and resistance to drought and disease (Fernandes et al., 2012). 

Coffee irrigation has increased considerably in the last 20 years due to several factors, such 

as the expansion of coffee production to new frontiers; the evolution of the irrigation technique; 

the reduction of irrigation system cost and the mentality of the coffee grower in the coffee 

production system, prioritizing the efficiency and quality of production (Mantovani and Soares, 

2003; Santinato et al., 2008; Santinato and Fernandes, 2012, Garcia et al., 2019, Liu et al., 

2018; Ho et al., 2018; Fernandes et al., 2019; Lima et al., 2019, Vicente et al., 2018). Especially 

in regions considered marginal with regard to water deficit, the use of irrigation has become 

increasingly frequent for coffee cultivation. However, the irrigation does not always follow 

correct sizing and management standards (Santinato and Fernandes, 2012). According to 

(Perdoná and Soratto, 2020), coffee can provide the farmer with a net result of 2,600.00 USD 

year-1, a value similar to that found by (Fernandes et al., 2016), and which seems to be very 

satisfactory. 

Brazil already has 300,000 ha of irrigated coffee distributed in several states, 
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predominantly in Minas Gerais, Espírito Santo and Bahia; it’s around 15% of total area of coffee 

It is necessary to study the various coffee irrigation systems in detail and comparatively in order 

to make practical recommendations to coffee growers, both in the recovery of current 

plantations, and in the expansion of the Triângulo Mineiro’s irrigated coffee cultivation 

(Santinato et al., 2008). 

The creation and adaptation of coffee production technologies under total and 

supplementary irrigation are essential in order to allow high continuous and economic 

productivity without environmental damage (Costa et al., 2020). Most of the experimental work 

on coffee irrigation shows increases of 20 to 30 bags produced per hectare, regardless of the 

systems used and depending on the region under study (Santinato and Fernandes, 2012). 

However, in recent years, with climate change, there have been years with deficits greater than 

150 mm, affecting the vegetative and productive development of crops and promoting the 

depletion of aquifers, thus making coffee irrigation difficult. 

A practice that may allow for improved water retention in the soil is organic fertilization. 

It constitutes a source of organic matter for the soil, with levels of nitrogen (N), phosphorus 

(P), potassium (K) and sulfur (S), in addition to providing micronutrients that promote 

beneficial effects on the soil. Siqueira et al. (2011) reported that the growth of organic coffee 

cultivation is considered more environmentally sustainable than the conventional way, as a new 

market opportunity. Friberg and Sanctuary (2018) observe that market shares for organic 

products are still modest, despite widespread consumer interest in purchasing organic products. 

One of the most-used types of organic matter in coffee growing is poultry manure. It can 

be added with the use of poultry litter, which consists of peanut hay, rice straw, coffee husk and 

other by-products. Several other organic compounds may also be present (Matiello et al., 2010). 

Organic matter improves the physico-chemical and biological properties of the soil, which will 

directly or indirectly influence soil fertility (Malavolta, 2006). Organic matter improves 

aeration, permeability, soil moisture retention, availability of nutrients to plants and it increases 

cation exchange capacity (CEC). Within this context, this work evaluated the effects of different 

combinations of irrigation and organic fertilization (manure) on the productivity and quality of 

coffee produced in the Cerrado region of Minas Gerais. 

2. MATERIAL AND METHODS 

The experiment was set up in an experimental field of a coffee plantation belonging to the 

ACA (Associação dos Cafeicultores de Araguari), located on FAZENDA CHAPARRAL 

(CHAPARRAL FARM), on the edge of the Rodovia do Café, Km 09, municipality of Araguari 

(MG), latitude 18º38’, altitude 820 m. The climate is classified by the Köppen Method, as Aw, 

tropical, hot and humid, with cold and dry winters. The annual precipitation was 1606.0 mm 

and the average annual temperature was 21.9ºC. The drip irrigation system has self-

compensating emitters and a flow-rate of 2.3 l h-1 spaced every 0.70 m. The coffee used was of 

the Catuaí IAC 62 yellow variety, aged 11 years, in a spacing of 3.70 between lines and 0.70 m 

between plants.  

The meteorological data during the experiment was obtained from an automatic 

agrometeorological station (Davis, model Vantage Pro 2), and was installed next to the 

experimental plots. Through the measurements obtained by the sensors (temperature, relative 

humidity, wind speed and solar radiation), the evapotranspiration from the crop was estimated 

by the Penman Monteith Method. This method is an adaptation of the original Penman model, 

introducing the concepts of canopy resistance (rc) and aerodynamic resistance (ra) and is 

recommended by the FAO, according to Smith (1991). 

In order to determine the irrigation time, the following was considered: the flow-rate of the 

emitters, the spacing between emitters, the spacing between lateral lines and an adjustment 

factor related to the reduction of the wet area, as it is localized irrigation. 
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The Crop Evapotranspiration (ETc) was estimated by Equation 1: 

𝐸𝑇𝑐 = 𝐸𝑇0 .  𝐾𝑐 .  𝐾𝑚              (1) 

In which: 

ET0 - Reference Crop Evapotranspiration, estimated by the Penman Monteith Equation, 

with data from the automatic weather station, mm.dia-1; 

Kc - crop coefficient, decimal (Table 1) 

Km - evapotranspiration adjustment factor for micro-irrigation, decimal, calculated by 

Equation 2. 

𝐾𝑚 = √𝐴𝑆               (2) 

in which: 

As - fraction of the area shaded by the crop at noon, decimal. 

The treatments were: T1: irrigation of 100% of the coffee water requirement; T2: non 

irrigated; T3: irrigation of 100% of the coffee water requirement + organic fertilization (poultry  

manure, 10 ton ha-1); T4: non irrigated + organic fertilization (poultry  manure, 10 ton ha-1); 

T5: irrigation of 50% of the coffee water requirement + organic fertilization (poultry manure, 

10 ton ha-1). The design was completely randomized, with 5 treatments and 4 repetitions, 

totaling 20 experimental plots. Each plot contained 20 plants, with the 10 central plants being 

considered useful. 

In regards to fertilization, 4 annual topdressing applications were carried out for all 

treatments following the recommendations of MAPA/ Procafé for the region (Matiello et al., 

2010). The control and combat of the main pests and diseases were carried out according to 

recommendations proposed by Matiello et al. (2010), with Triazole fungicides paired with 

Strobilurin fungicides for the control of Rust (Hemileia vastatrix) and Cercosporiosis 

(Cercospora coffeella). For the Phoma and Ascochyta complex (Phoma spp. and Aschochyta 

spp), Boscalide was used. Rynaxypyr was used to control the infestation of Bicho mineiro 

(Leucoptera cofeeella). All cultivation, nutritional and phytosanitary treatments were similar in 

the evaluated treatments. 

In Table 1, there is water replacement data for treatment with total irrigation, replacing the 

water deficit according to the climatological water balance. In the 7-year experiment period, 

treatments were applied with total irrigation replacement and 50% replacement, 1406 and 703 

mm, respectively. The year with the greatest need for irrigation was 2013/2014 (Year 7), with 

a replacement of 274 mm in the total irrigation treatment, and the year with the least need for 

irrigation was 2014/2015 (Year 6), with a replacement of 132 mm.  

The experiment was carried out for nine years: two years designated for the formation of 

the crop, period of development of the plants until they became productive, and seven 

consecutive harvests from thereafter. The evaluations consisted of productivity and distribution 

measurements by sieves in each treatment. These evaluations consisted of seven harvests, 

harvesting only the fruit from the ten central plants of each plot when they presented a 

maximum of 15% green fruit. The harvested coffees had their volumes measured through a 

graduated container and were placed to dry until ready for processing. With the weight of the 

processed coffee, it was transformed into 60.0 kg ha-1 processed bags per plot. For processing, 

samples of 1.0 Kg dried coffee fruit were taken from each treatment and passed through a 

vibrating electric machine. Afterwards, classification of the sieves was done manually (mesh 

and with diameters of 19, 18, 17, 16, 15, 14, <14).  
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Table 1. Application depths applied in treatments with 50 * and 100% ** Water Replacement (WR), according to the climatological water balance. 

Meses  Year 1  Year 2  Year 3  Year 4  Year 5  Year 6  Year 7 

 50% 

WR 

100% 

WR 

50% 

WR 

100% 

WR 

50% 

WR 

100% 

WR 

50% 

WR 

100% 

WR 

50% 

WR 

100% 

WR 

50% 

WR 

100% 

WR 

50% 

WR 

100% 

WR 

january 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

february 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

march 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

april 3 5 0 0 3 5 0 0 0 0 0 0 14 28 

may 5 9 10 20 3 5 0 0 3 5 0 0 14 27 

june 7 13 6 12 3 5 10 19 14 27 3 5 6 12 

july 18 35 23 45 15 29 20 39 11 21 13 25 26 52 

august 28 56 34 67 24 48 25 50 30 60 26 52 30 59 

september 27 53 4 7 18 35 26 51 19 38 11 21 48 96 

october 15 29 0 0 26 52 0 0 46 91 15 29 0 0 

november 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

dezember 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total 100 200 75,5 151 89,5 179 79,5 159 121 242 66 132 137 274 

 

Only the results from the largest sieves (17 or above) were presented, which obtain the best-accepted product on the market. Throughout the 

experiment, the nutrient content in leaves and soil was monitored annually. Data on pH, phosphorus, potassium, organic matter, aluminum and 

base saturation were evaluated for all 7 years of the experiment. The collection of soils was done by plot and chemical analyses were made by 

joining the plots, by treatment. 

In order to evaluate the normality and homoscedasticity of the data on productivity, the Kolmogorov-Smirnov and Bartlett tests were used, 

respectively. After verifying the normality and homoscedasticity of the data, ANOVA was used. After verifying the significance of ANOVA, the 

Tukey test was used for multiple comparisons between treatment averages, using the SISVAR® software (Ferreira, 2011). 
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3. RESULTS AND DISCUSSION  

In Figure 1, the monthly results of monitored meteorological variables are presented. 

 

 
Figure 1. Box-plot graphs for mean air temperature (A), relative air 

humidity (B), rain (C) and reference evapotranspiration (D) for the years 

of the experiment. 

Among the climatic parameters, temperature is a very important factor, as it has a direct 

impact on the development of the crop and also acts on the duration of the crop reproductive 
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cycle (Pezzopane et al., 2003). The ideal annual mean temperatures for coffee development are 

in the range of 17°C to 23°C (Assad et al., 2001), but minimum, maximum temperature and the 

water deficit will increase significantly from 1980–2010 to 2040–2070 in the Arabica 

production regions of Brazil (Verhage et al., 2017). 

The highest mean monthly temperatures were observed in October, which had a mean 

temperature of 23.7°C. This month, the beginning of the spring season is characterized by an 

increase in the balance of radiation available in the environment and, because there is still no 

water vapor available in the atmosphere, much of this energy is partitioned in sensitive heat, 

that is, an increase in air temperature. For the data on minimum temperature, mean values of 

18.7°C were observed in June and July. In the Brazilian Arabica coffee producing regions, the 

mean temperature after flowering is projected to increase by 1.3°C, while the annual water 

deficit is projected to increase by 54 mm (Vergage et al., 2017). As a result, yield losses due to 

high air temperatures and water deficit are projected to increase. 

In the summer months and early autumn, the highest relative humidity (RH) was observed, 

always above 80%; between August and September, the lowest RH values occurred, between 

56 and 58%.  

The months of December and January were the rainiest, but with considerable variability 

between the years monitored due to the occurrence of periods of unusually dry weather in 

otherwise rainy months. The months of July and August had the lowest rainfall. 

In Figure 2, the water balance is shown for the irrigated coffee during the experiment, with 

total replacement of the coffee tree’s needs. Considering the irrigation performed in the 

treatment with total irrigation, the monthly storage (MS) did not exceed the threshold of 40% 

of the available water capacity (AWC), indicating good water conditions for the plants. 

 

Figure 2. Account of the sequential climatological water balance for drip irrigated 

coffee. AWC = 100 mm. 

In Table 2, productivity results are shown per year for the different treatments. Assigning 

the value of 100% for the treatment with total irrigation (Treatment 1), in seven harvests, it was 

observed that the control without irrigation produced 56% less (19.4 processed bags ha-1), 

corroborating what was reported by DaMatta and Ramalho (2006), who described the 

relationship between water and the coffee tree studied by several researchers in recent decades. 

Coffee plant productivity is strongly influenced by an adequate supply of water (Sakai et al., 

2015). The reduction in coffee productivity caused by water deficit is reported in the literature 

by many other authors, such as Silva et al. (2008), Fernandes et al. (2016), Gomes et al. (2007), 
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Chemura (2014), among others. Irrigation has a significant effect on coffee crop water deficit 

(Verhage et al., 2017). 

Table 2. Productivity for different treatments, 7 harvests, Izidoro Bronzi Experimental Field, Araguari 

- MG. 1 bags produced – 60 kg of green coffee. 

Treatments 

Production and Average Seven Harvests - Bags produced/ha. 

2009/2010 2010/2011 2011/2012 2012/2013 2013/2014 2014/2015 2015/2016 Mean 

T1: Total 

irrigation 
21.8a 53.8c 46.7b 36.2b 58.6a 36.8ab 58.5a 44.6b 

T2: No irrigation 15.7d 37.2e 18.3d 5.2c 29.9c 9.2c 20.2d 19.4d 

T3: Total 

irrigation + 

Organic fertilizer 

(chicken manure, 

10 ton ha-1) 

19.6c 62.5a 55.0a 54.6a 53.2ab 49.7a 57.5a 50.3a 

T4: No irrigation 

+ organic 

fertilizer 

20.5bc 42.1d 35.5c 25.6b 35.3c 29.4b 32.9c 31.6c 

T5: Irrigation 

50% + organic 

fertilizer 

20.8ab 59.7b 58.6a 51.0a 49.2b 43.7ab 54.3b 48.2a 

C.V.% 18.3 9.5 12.8 15.0 6.8 15.11 12.51 12.22 

When adding 10 ton ha-1 of chicken manure (Treatment 4), the reduction was smaller, only 

29% compared to total irrigation without organic matter. According to Chemura (2014), organic 

matter in the soil plays an important role in moisture retention and, therefore, the use of organic 

fertilizers is considered a strategy for adapting to climate change. 

By adding organic fertilizer to the treatment with total irrigation (Treatment 3), it was 

possible to obtain the highest productivity over 7 years, 50.3 bags produced per hectare, 13% 

above the treatment with total irrigation without organic fertilizer. Due to the higher 

concentration of organic matter, nutrients and soil moisture levels, the superficial layers (0-10 

and 10-20 cm) tend to have a higher root concentration, optimizing water and nutrient 

absorption (Vicente et al., 2017). 

Another extremely satisfactory result was obtained by using only half of the necessary 

irrigation, 50% (Treatment 5), with organic fertilizer, which allowed an average of 48.2 

processed bags per hectare in 7 harvests, results justified by Chemura (2014), who mentioned 

that the interaction between nutrient sources and irrigation levels is very important, especially 

in the context of reducing production costs and adapting to climate change.  When adding 10 

ton ha-1 of organic fertilizer was added, productivity was 8% higher than when compared to the 

treatment with only total irrigation; however, there was no statistical difference between the 

two treatments, using half of the necessary water. The effect of organic matter on coffee 

productivity was confirmed by Fernandes et al. (2013), who concluded that the use of chicken 

manure as a source of N, P, K and S is feasible in reducing these nutrients in the exclusive 

mineral fertilization of coffee. The contribution of organic residues, such as the chicken manure 

used in this test, associated with the humification process, promotes an improvement in soil 

attributes and guarantees the farmer the maintenance of the productive system (Coelho et al., 

2013). 

Analyzing the classification by sieves and considering sieves 17 or above, which are 

related to the larger seeds and generally associated with a better final product price, the best 

results were obtained with irrigated treatments (100% of the coffee water requirement + organic 

matter) and irrigation of 50% of the coffee water requirement + organic matter, with 



 

 

9 Use of organic fertilization with irrigation in … 

Rev. Ambient. Água vol. 15 n. 5, e2578 - Taubaté 2020 

 

percentages of 32.2 and 32.0%, respectively, with larger results in 11 and 10%, respectively, 

when the treatment is considered standard (total irrigation, without organic matter - Treatment 

1). The treatment without irrigation and without organic matter (T2) had 42% less fruit with the 

largest sieves (17 or above), with a total of 16.8%. The use of irrigation increases coffee fruit 

size. The finding of increased coffee grain size was also reported by Fernandes et al. (2019), 

Rezende et al. (2006), Soares et al. (2005), Teodoro et al. (2005) and Miranda et al. (2020). 

Regarding pH, the highest values were obtained in treatments with organic matter, 

Treatments 3 to 5, with values of 5.8; 5.4 and 5.7, respectively, which are within the range 

considered standard for coffee cultivation by Santinato et al. (2008). The same happened with 

the phosphorus values, with the highest values occurring with the use of organic fertilizer, with 

values 63, 75 and 81 mg dm-3.  For potassium, the highest mean values were observed in 

Treatments 3 and 5, with 176 and 149 mg dm-3 of potassium, respectively. As expected, the 

highest values of organic matter in the soil were obtained with treatments that used organic 

sources, with averages over 7 years of 3.9; 3.7 and 3.9 dag Kg-1, compared to treatments without 

organic matter (1 and 2), with values of 3.1 dag Kg-1
. The lowest aluminum values in the soil 

were observed in treatments with organic matter (Treatments 3, 4 and 5), with values of 0.2. 

0.1 and 0.0 cmolc dm-3, compared to treatments without organic matter (1 and 2), with values 

of 0.5 and 0.4, respectively. Finally, base saturation was also higher in treatments using chicken 

manure, with values of 51, 52 and 51, respectively, for Treatments 3, 4 and 5. This was higher 

than Treatments 1 and 2, without organic matter, with values of 42 and 40% (Figure 3). 

 
Figure 3. pH Values (a), Phosphorus - P, in Melich (b), Potassium - K (c), Organic matter (d), 

Aluminum - Al (e) and base saturation – V% (e) averages per treatment after seven harvests, Izidoro 

Bronzi Experimental Field, Araguari - MG. 
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4. CONCLUSIONS 

After 7 harvests, it can be concluded that: 

● The use of organic matter allows the reduction in the irrigation depth applied to the 

coffee crop, which may allow the coffee grower to irrigate twice the area with the same 

availability of water but with about a 4% reduction in grain size. 

● Adding organic matter to the irrigated treatments allowed for the harvest of fruit from 

larger sieves. 

● The use of poultry manure, associated with or without irrigation, allowed for the best 

soil chemical results. 
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