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Conilon Coffee Disease Management
José Aires Ventura, Hélcio Costa and Inorbert de Melo Lima

1 INTRODUCTION
The conilon coffee crop (Coffea canephora Pierre ex Froehner) imposes constant challenges 

on rural producers to make the productive process possible with a sustainable agricultural 
development and quality product to meet the increasingly demanding consumer markets.

Espírito Santo ranks first in Brazil in relation to the conilon coffee production, in addition to 
being in second place in the national ranking, accounting for 28% of the coffee produced. In 
the 2015 harvest, according to IBGE data, the state produced approximately 7.8 million bags of 
processed conilon coffee in an area of approximately 290.135 ha, with an average yield of 25.9 
bags/ha (GALEANO et al., 2016).

Diseases are limiting factors for coffee production and productivity, both for small family 
farmers and for large scale coffee producers, and can cause losses that make it impossible 
to exploit the crop. Thus, disease management strategies are one of the main reasons for 
establishing breeding programs. The conilon coffee diseases are those of biotic origin (fungi, 
bacteria, nematode and virus) or abiotic (which do not involve pathogens and are associated 
with plant intrinsic problems or environmental factors such as drought, nutritional deficiencies, 
uncontrolled irrigation and the crop implantation place, as well as the inadequate crops 
management, especially in the growing seedlings) cause significant problems in the crop and 
can affect all parts of the plants.  

In order to ensure the sustainability of conilon coffee production systems, disease 
management and control strategies take into account host genetic, pathogen evolutionary and 
epidemiological factors, but these strategies should be applied on a temporal and spatial scale 
based on experiments of scientific research. 

Currently, the coffee consumer seeks not only quality but is increasingly concerned with 
acquiring products that, in their productive process, promote the least possible impact on the 
environment, respect the quality of life of the rural worker and be socially correct. Integrated 
Production prioritizes the ecologically safer production methods that allow to increase the 
protection of the environment and the health of rural workers and consumers, representing 
a change of concepts that requires the multidisciplinary involvement of different areas of 
knowledge throughout the production chain so that there is a guarantee of sustainability with 
high quality standards and coffee business competitiveness.  
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2 LEAF AND FRUIT DISEASES

2.1 COFFEE LEAF RUST

Hemileia vastatrix Berk. & Br. 

Being the main coffee disease, the literature has recorded coffee leaf rust since 1861, but it 
was in 1868, in Ceylon, currently Sri Lanka, where the devastating effects of this disease were 
observed, which decimated coffee culture on that island. A little more than a century after its 
discovery, the pathogen spread throughout the coffee producing regions of Africa, Asia and 
Oceania. In Brazil, it was found in 1970, in Bahia, and in less than a decade, it reached all of 
Latin America. The disease is caused by a biotrophic fungus (surviving only in living tissues), 
which occurs in a generalized way in all states where conilon coffee is planted (Espírito Santo, 
Bahia, Minas Gerais, Rondônia and São Paulo), with greater or lesser severity, depending on 
the climatic conditions, pending plant load, unbalanced fertilization, spacing and resistance 
or susceptibility of the cultivars and clones used. Rust damage is devastating in susceptible 
cultivars, mainly causing early defoliation and the drought of next year’s productive branches, 
causing significant production losses that can reach 45% in years of high load on conilon 
coffee susceptible to disease (ZAMBOLIM, 2015), also affecting coffee quality, increased use of 
fungicides, higher production costs and, often, significant environmental impacts. In the State 
of Espírito Santo, at the Experimental Farm of the Instituto Capixaba de Pesquisa, Assistência 
Técnica e Extensão Rural - Incaper (Capixaba Institute of Research, Technical Assistance and 
Rural Extension) in Maryland, there were losses of 40 to 50% in the production of clone 12V 
range clonal ‘Victory’ in favorable conditions to the disease (CAPUCHO et al., 2012, 2013).

The conilon coffee cultivation, traditionally, is developed with seedlings that may originate 
from seeds or clonal seedlings, which may present resistance to the disease. Thus, the producer 
should be aware that, in the choice of varieties, the plants that make up these varieties have 
resistance to the main races of rust, minimizing losses and avoiding chemical control with 
fungicides. 

Symptoms
The disease symptoms are quite distinct and easy to identify. They manifest mainly on the 

underside of the leaves, where there are translucent yellowish spots of 1 to 2 mm in diameter. 
These spots evolve rapidly, and in a few days gradually increase in size (5 to 10 mm), forming 
yellow, orange, powdery circular pustules, covered by the uredospores of the fungus, giving 
the appearance of a “yellowish powder” (Figure 1A). There may be coalescence of several spots 
covering a large part of the leaf blade, which is covered by the spore mass. In some conilon 
clones, early leaf fall and drought of the plant branches may occur (Figure 1B). The appearance 
of rust spots can vary from clone to clone according to their susceptibility, thus influencing the 
lesions size, the percentage of affected leaf area and fungus sporulation (BECKER-RATERINK, 
1991). Often, especially in shady places, it is observed that the rust pustules are colonized by 
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the hyperparasite fungus Verticillium hemileae Bour. and, with this, they present the center 
white (Figure 2A). The fungus-plant interaction can be expressed by the total absence of 
symptoms (immunity) until the formation of large pustules with abundant fungus sporulation 
(susceptibility).

Frequently, the expression of resistance is observed by the presence of chlorotic flecks 
or even yellowish spots without sporulation. Chlorotic spots with little sporulation or small 
pustules correspond to the expression of intermediate resistance. The upper face of infected 
leaves over the pustules area often becomes necrotic with time, in the area that corresponds 
to the boundaries of urediniospores, on the underside due to a decrease in sporulation (Figure 
2B). 

The appearance of initial symptoms varies according to temperature, plant susceptibility 
and leaf age, occurring, on average, between 7 and 15 days after fungus penetration and leaf 
tissue infection. The sporulation onset on the underside of the leaves usually occurs a week 

Figure 1. Symptoms of rust on conilon coffee leaves, which can be observed through the pustules 
formed by the fungus spores (A); susceptible plants defoliation (B).  

A B

Figure 2. Rust pustules with the presence of the hyperparasite fungus Verticillium hemileae, with the 
center white (A); and rust pustule on the leaf underside(B).   

A B
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later, depending on the genetic resistance of the clones. In already fully developed, older 
leaves, colonization is hampered by the tissues characteristics in the leaf blade (CHAVES et al., 
1970). When leaves have a small number of lesions, they can remain in the plant, but when 
the severity is high, it leads to their precocious fall. In coffee plants susceptible to rust, a single 
lesion may be enough to cause leaf fall. However, in conilon plants with quantitative resistance, 
even with high severity, some clones maintain the leaves in the plants. Although the infection 
of fruits, petioles and new shoots are reported in the literature, these symptoms are not usually 
observed in the field(BECKER-RATERINK, 1991).  

In the crops, the most characteristic symptom is the plant defoliation (abscission), which can 
delay the development and deplete the plants, thus compromising the production, especially 
of the following year. Defoliation that happened before the flowering interferes with the 
development of flower buds and fruiting, and if defoliation occurs during fruit development, 
abnormal and defective grains may form (ZAMBOLIM et al., 2002), besides favoring the 
occurrence of “scorched” fruits, which facilitates the beans contamination by mycotoxin 
producing fungi.

Etiology 
The causal agent of rust is the biotrophic fungus (obligate parasite) H. vastatrix, 

Basidiomycotina, Order Uredinales and Family Pucciniaceae, which presents its incomplete life 
cycle. In the coffee tree, two species have been described within the genus Hemileia, that is, H. 
vastatrix and H. coffeicola. The most economically important species is H. vastatrix, which in the 
coffee tree, until the present moment, whose stages of pícnio and écio are unknown, is called 
autoica, occurring in the coffee tree the uredial, telia and basidium stages (ZAMBOLIM et al., 
1997; ZAMBOLIM, L.; VALE; ZAMBOLIM, E. M., 2003).

The characteristics that distinguish the genus Hemileia from the others that have unicellular 
teliospore belonging to the same family are: sporulation through stomata, pedicellate spores 
and gathered in bundles and reniform urediniospores, dorsally equals and ventrally smooth 
(Figure 3). Breeds I, II, III, XIII and XXIII, with a predominance of breed II, were already detected 
in the conilon coffee among the dozens of breeds already identified in H. vastatrix.

The urediniospores constitute the asexual phase of this rust and are responsible for the 
coffee tree leaves infection. They are produced in abundance in the pustules, in the inferior 
part of the leaves, through the stomata and that they spread with the wind, to the neighboring 
plants and even to more distant plantations. The urediniospores are unicellular, of orange-
yellow color, with the membrane presenting from one to five germinal pores. They have varying 
shapes and sizes ranging from 25 to 35 μm x 12 x 28 μm, depending on the position in which 
they are formed, the central ones being generally pyramidal, with the convex apex, and the 
periphery ones, reniform or convex in a face and planes in the other (Figure 3). The lateral faces, 
in contact with the neighboring spores, remain smooth and flat while the free external ones are 
convex and have small projections (spines), from 3 to 4 μm in length. On the external side of the 
sorus, the spores are rough with small protuberances, while in the inner side they are smooth 
(CHAVES et al., 1970).
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Teliospores are produced occasionally, not being reported very frequently in the literature 
and were also not observed in the coffee plantations of Espírito Santo. Under favorable 
environmental conditions, they were reported to occur at the center of the older lesions, usually 
seven to ten weeks after the urediniospores were formed. In dry and cold weather conditions, 
they are irregularly shaped and are covered by a smooth, non-spiked membrane with an 
average diameter of 20 to 25 μm. The of the fungus cryptosexuality was demonstrated by flow 
cytometric imaging, occurring within the H. vastatrix urediniospores and which may explain 
the frequency and appearance of new physiological types emergence in the field (CARVALHO 
et al., 2011). In addition to cryptosexuality, new H. vastatrix types may also appear in the field 
by other mechanisms, such as mutations and heterokaryon (VARZEA; MARQUES, 2005). The 
disease cycle begins with the fungus uredospores (Figure 4), which are dikaryotic (n + n) and 
which, when they fall on the abaxial face of the leaves, in the presence of water, germinate, 
penetrate and infect, producing urea with the urediniospores, which can infect other leaves of 
the same plant or of others. Therefore, they are of great epidemiological importance and are 
responsible for the secondary cycles of the disease in the field (ZAMBOLIM, 2015).

Epidemiology
Knowledge of the coffee rust epidemiology is important, since it makes it possible to 

establish the conditions that favor the disease, its incidence and severity. The factors that 
influence the development of coffee rust are one of the most important aspects for its control, 
since climatic factors involved condition the disease distribution, as well as its incidence and 
severity.

The biology of H. vastatrix first studies in Brazil date back to the 1970s, when the influence 
of environmental conditions on germination, on the infectivity of urediniospores in coffee 
leaves and on the epidemiology of the disease were investigated (KUSHALAPPA; CHAVES, 1980; 
AKUTSU, 1981; KUSHALAPPA; ESKES, 1989). It was observed that the spores formed during the 
wet season germinated completely in a period of 12 to 24 hours, whereas those formed at 
the beginning of the dry season needed several days. Germination can occur simultaneously 

Figure 3. Fungus Hemileia vastatrix urediniospores, causal agent of coffee rust.    
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in one or more germ pores of the spore, and infection occurs through the stomata. The germ 
tubes branch off forming the appressorium or near a stoma, penetrating the substomatal cavity 
initiating infection and colonization of cells (Figure 4). The generation period varies between 10 
and 16 days, depending on the genotype, climatic conditions and physiological fungus type, 
being 14 days the most frequent interval. It was also found that the disease development was 
highest at the end of the rainy season and that, to occur infection, the leaves should remain wet 
for at least 48 hours (AKUTSU, 1981). 

Inferior side of the leaf Cell colonization

Urediniospores 
germination Haustoria

Uredospores

Pustules on the 
inferior side of 
the leaf

Reinfection

Teliospores

Leaves 
fall

Teliospores 
germination

Basidiospores

(?)

Defoliated co�ee tree

Figure 4. Hemileia vastatrix highlighting the different infection processes and infection tissues 
colonization.

Source: Adapted from Becker-Raterink (1991).    
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Climatic conditions with average temperatures between 21.6 oC and 23.6 oC with leaf 
wetting associated with high air humidity (> 80%) and low precipitation (<50 mm) are favorable 
for infection and rust progress in conilon coffee (CAPUCHO et al., 2013; ZAMBOLIM, 2015).

The temperature exerts a significant effect on the initial infection and on the disease 
development. The influence of temperature and light on the germination of urediniospores 
in the generation period and fungus infectivity degree was studied in the laboratory and in 
greenhouse using Catuaí cultivars. After inoculation, the seedlings were incubated for 24 
hours in growth chambers, with controlled light and temperature. The optimum germination 
temperature of the urediniospores on the conilon coffee seedlings was estimated at 23.2 
oC., respectively for the types I and II, with a maximum point for the average of the isolated 
evaluated at 23.6 oC (ZAMBOLIM, 2015). The germination and maximum infectivity of the 
isolated of the I and II types obtained in the north of Espírito Santo occurred between 21.05 
oC and 22.8 oC, where the average of the isolates maximum point was 21.6 oC (CAPUCHO et al., 
2012; ZAMBOLIM, 2015). The incubation period in conilon coffee under controlled conditions 
varies from 20 to 24 days. The generation period ranged from 33 to 50 days and was related 
to the degree of infectivity. The temperature also exerts a marked effect on the latent period, 
changing it from 19 to 60 days, depending on the prevalence of high temperatures in the 
summer months or low temperatures in the winter months, respectively (ZAMBOLIM, L.; VALE; 
ZAMBOLIM, E. M., 2003). It is known that shading modifies the microclimate in which the coffee 
tree is found and, depending on the intensity and duration, causes physiological, anatomical 
and reproductive changes in the plants, affecting the production. Studies about the influence of 
shading on coffee rust still generate contradictory data. The disease is more severe under semi-
shaded conditions and in sprinkler irrigated crops, but temperatures below 10 ° C and above 35 
oC limit the development of pustules and the disease progress in the field (ZAMBOLIM, 2015). 
In the State of Espírito Santo, results with clonal conilon varieties comparing shade conditions 
and full sun did not statistically differ in relation to the incidence and severity of rust (BELAN et 
al., 2015).

Zambolim et al. (1999a) observed that 24 hours of free water and a temperature close to 24 
oC were required to obtain maximum infectivity. In coffee regions with an average temperature 
of less than 18 oC and above 28 oC, the disease may not cause economic damage to production, 
although symptoms may still be visible in some plant leaves. These results were confirmed in 
laboratory experiments in which leaf discs inoculated and incubated at 30 oC did not develop 
lesions.

The urediniospores require a water line on the leaf surface, and a temperature between 15 
oC and 28 oC (great at 22 oC), with high relative humidity of the air and absence of direct light 
to emit about three germ tubes, but only one of them develops completely. After the emission 
of the germ tube, there is formation of the appressorium and then of the penetration peg 
that passes through the opening of the stoma, reaching the substomatal cavity. The fungus 
mycelium grows in the mesophyll and accumulates under the epidermis, where the formation 
of serum that breaks through the stomata originates. The spores spread occurs through wind, 
insects, rain, animals and contaminated seedlings, being the man an important spreader of the 
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inoculum at long distance. Inside the plant, rain sprinkles, sprinkler irrigation water droplets 
(often seen in center pivot irrigation systems or cannon), as well as the draining of the droplets 
from the top to the bottom of the leaves, dragging the inoculum, are very important in spreading 
the fungus from one leaf to another or between plants on the same line.

The seasonal frequency of rust differs significantly from one region to another, mainly due 
to the climatic conditions and the way of propagation of the plants, and the clonal varieties, 
especially those with few clones that have greater genetic homogeneity, favor the epidemics 
in comparison with the plants propagated by seeds (ZAMBOLIM, 2015). In places where 
temperature is not limiting, disease progression is determined by the distribution and intensity 
of rainfall, the quantity of coffee leaves and amount of initial inoculum present at the end of the 
dry season. In general, the epidemiological curves of rust vary with the beginning of the rainy 
season when the temperature and relative humidity are favorable, combining the cultivar or 
clone resistance and the fruiting season, whether early or late (Figure 5). In Brazil, there are still 
few studies that aim to correlate the severity of coffee rust with altitude (ZAMBOLIM, L.; VALE; 
ZAMBOLIM, E. M., 2003; ZAMBOLIM, 2015). However, there is a positive correlation between 
the incidence and severity of rust in coffee plants and production, which is probably due to 
the stress caused by the plant pending charge, weakening it and reducing its resistance to the 
pathogen development. Therefore, it is appropriate for susceptible varieties that the higher 
the production, the greater the rust incidence and severity (ZAMBOLIM, L.; VALE; ZAMBOLIM, 
E. M., 2003). For reasons that are not fully understood, the highest severity of rust occurs in the 
years of high fruit loading (high yield) in the plants. However, in years of low production, the 
severity of the disease is much lower. It is accepted that the drainage of photosynthesized from 
the leaves to the fruits is one of the causes (ZAMBOLIM et al., 1997). The correlation between 
the incidence of rust and the production of conilon coffee plants is not well known and should 
be investigated, especially considering the high production of some clones belonging to the 
clonal varieties launched by Incaper (FERRÃO et al., 2004).  

The study on the pathogen behavior, regarding to these conditions, can help in the 
understanding of the epidemics occurrence, in the evaluation of the inoculum potential and, 
consequently, allow the application of the most appropriate measures of disease management.

In Espírito Santo, the epidemiological curves of conilon coffee rust have been shown the 
outbreak start in the months of October/November, with an average severity of less than 13% 
up to April, progressively increasing achieving the top of severity (> 60%) in the months from 
June to September (Figure 5). Conditions, such as well distributed rains and temperatures close 
to the ideal for the fungus (20-24 oC) favor infection of the plant by the pathogen (ZAMBOLIM, 
2015). Thus, the higher incidence of the disease in the north of Espírito Santo vary from year to 
year, and may occur more severely in the month of January and later in July (CAPUCHO et al., 
2012).

Disease management
Several control strategies can be adopted for the integrated management of coffee rust, 

such as:
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Resistance
The cultivation of clones and resistant varieties is the most effective and economical 

method to control the disease, as well as minimizing impacts on the environment through the 
reduction of chemical products used to control the disease.

The first studies on resistance to rust were started in India in 1925 at the Coffee Research 
Station in Balehonnur, based on hybrid plants obtained from the natural breeding between 
Coffea arabica and Coffea liberica species. In the 1940s, resistant of cv. Typical were found in 
Timor (now East Timor) and taken to Portugal. These plants, called the Timor Hybrid (HDT), 
were the result of natural breeding between C. arabica and C. canephora, which presented low 
productivity but resistance to rust, and were studied in different research centers around the 
world, highlighting the Center for Investigations of Coffee Rust (CIFC), in Portugal, founded in 
1955 by the phytopathologist Branquinho D’Oliveira. 

In Brazil, further research has highlighted the importance of C. canephora in breeding works 
aiming at resistance to rust, especially the work developed at the Instituto Agronômico de 
Campinas - IAC (Agronomic Institute of Campinas) and later at the Federal University of Viçosa 
(UFV) of Empresa de Pesquisa Agropecuária de Minas Gerais - Epamig (Agricultural Research 
Company of Minas Gerais), Instituto Agronômico do Paraná - Iapar (Agronomic Institute of 
Paraná) and Incaper.

The resistance in coffee to the physiological races of H. vastatrix is conditioned by major 
dominant genes identified by the symbol SH, which represents the “susceptibility to Hemileia“, 
and were initially designated as SH1, SH2, SH3 and SH4 and, presently, at least nine dominant 
genes have been recognized (SH1 to SH9), of which SH6, SH7, SH8 and SH9 are probably derived 
from C. canephora. Based on the gene-to-gene theory of Flower valid for this pathosystem, the 
coffee genotypes are classified into resistance groups according to the interaction with the 
physiological races of the pathogen, and the virulence factors of the pathogen of a recessive 
nature were designated for v1 , v2, v3 and v4 , corresponding to the genetic factors SH1, SH2, 
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Figure 5. Progress curves of Conilon rust incidence in the municipality of Fundão/ES for the years 1995 
and 1996, highlighting the early harvest periods in the early (PR), intermediate (IN) and late 
(TA) clones. 
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SH3 and SH4, of the host (VOSSEN, 2005). Two additional virulence factors (v5 and v6) and their 
respective genes in the hosts are attributed, assigning SH1, SH2, SH4 and SH5 to C. arabica, SH3 
to C. liberica and SH6 for C. canephora. Pyramiding of genes such as SH1 to SH9 in the same 
genotype may result in durable plant resistance, which is desirable.

Várzea, Silva and Rodrigues Junior (2002) reported the occurrence of 40 physiological 
races in 17 differential hosts of the Coffea genus, in which partial resistance was detected in C. 
canephora germplasm. The great variability of the pathogen has “broken” the effectiveness of 
the varieties resistance by the appearance of new physiological fungus races, of which up to 45 
races of the pathogen are known up to now. 

The genetic resistance to rust has been frequently observed in the diploid species of C. 
canephora, C. congensis, C. dewevrei and C. liberica, which are important sources of genes for 
genetic improvement, where the C. canephora species with vertical and horizontal resistance, 
mainly in cv. Conilon (Kouillou) plants. The first interspecific breeding of C. canephora x C. 
arabica were carried out in 1886 and continued in different research centers around the world, 
generating thousands of hybrids. In Brazil, the Timor hybrid (natural hybrid of C. canephora x 
C. arabica) breeding is highlighted, originating the launching of new arabica cultivars by IAC, 
UFV, Epamig and Iapar.  The cultivars of C. canephora (cv. Robusta) and C. arabica (cv. Bourbom 
Vermelho and cv. New World), which resulted in extensive germplasm (Icatu) with resistance to 
rust, developed in IAC also deserve to be highlighted (FAZUOLI et al., 2005).

Plant defense responses are divided into structural and chemical barriers and may be the 
result of the activation of defense genes or increased activity of certain enzymes. 

In the leaves, the H. vastatrix urediniospores usually germinate and form the haustoria 
on the leaf stomata, equally in the resistant and susceptible plants, evidencing that the 
resistance occurs predominantly after the formation of haustorium, which is associated with 
a hypersensitivity response (HR) and cell death. In this case, there appears to be accumulation 
of phenolic compounds and lignification of cell walls, which impairs tissue colonization and 
infection progression (SILVA et al., 2002). Future works should identify the rust resistance factors 
in the different conilon clones in order to identify resistance genes and proteins related to this 
resistance. Rust resistant plants belonging to resistance group A (immunity), that is, those that 
are not infected by the known H. vastatrix races and commonly found in robusta populations.

According to Zambolim et al. (1999b), the species C. canephora, besides the resistance to 
rust, presents higher productivity and vigor than C. arabica, hence its name: robusta. 

The results of the research development of the Incaper conilon coffee breeding program 
in the last 19 years, allowed the collection and the recommendation of nine improved varieties 
for the State of Espírito Santo: ‘Emcapa 8111’ (constituted by the grouping of nine clones 
compatible with each other, of early and uniform maturation), with variability of susceptibility 
to races I (10%), race II (50,5%), race III (100%) and race XIII (22.5%); the clonal variety 
‘Emcapa 8121’ (consisting of 14 clones compatible with each other, of uniform intermediate 
maturation, with harvest in June), susceptible to races I (30.7%), races II and III (76.9%) and 
race XIII (61.5%), ‘Emcapa 8131’ (constituted by the grouping of nine compatible clones, of late 
maturation, with harvest between July and August), with susceptibility to races I (54.5%), races 
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II (63.6%), III (81.8%) and race XIII (10%). Other clonal varieties are ‘Emcapa 8141 - Robustão 
Capixaba’ (consisting of the group of ten clones, compatible with each other and whose main 
characteristic is drought tolerance), ‘Emcaper 8151 - Robusta Tropical’ (consisting of random 
field recombination isolated from pollinating the 53 elite clones) and ‘Vitória - Incaper 8142’ 
(constituted by the grouping of 13 clones), the last one launched in May 2004. These improved 
varieties of conilon coffee were the first to be officially created, recommended and registered 
in the country (FERRÃO et al., 2001, 2004, 2007). The clone variety Vitória has among its 13 
clones 47% resistance to fungus race II, standing out clones 3V and 5V also with resistance 
or tolerance to race XXXIII, whereas clones 6V, 7V, 8V, 11V, 12V and 13V are susceptible to the 
pathogen race II (CAPUCHO et al., 2013; ZAMBOLIM, 2015). In 2013, new conilon coffee cultivars 
were launched by Incaper: ‘Diamante ES8122’, with early maturation, ‘ES8122’ - Jequitibá with 
intermediate maturation, and ‘Centenária ES8132’, with late maturation, each consisting of nine 
clones. That same year, Embrapa launched cv. BRS Ouro Preto, consisting of 15 clones and with 
intermediate maturation.   

Hybrids with vertical resistance to races II and XXXIII, possibly having the resistance factor 
SH6, with virulence factors V5, V7 and V9 (VARZEA; MARQUES, 2005), should be used in breeding 
programs to obtain of quantitative and qualitative resistance to rust. In the design of the Incaper 
conilon coffee breeding program, the genetic variability of the C. canephora species, the form 
of reproduction, the possibility of asexual multiplication of the superior genotypes, and the 
need to obtain cultivars adapted to different environments and production stability. For this, 
methods of genetic improvement were used simultaneously, considering the obtaining of 
superior materials to be propagated through cloning and seeds.

The grouping of the clones that are part of each clonal variety of the Incaper was carried 
out based primarily on some agronomic criteria considered more relevant, such as productivity, 
plant vigor, incidence and severity of diseases, fruit maturation uniformity and maturation 
concentration at different times, production stability, beans size, cherry fruit weight ratio and 
grain yield, as well as genetic compatibility studies through controlled breeding between 
clones (FERRÃO et al., 2007).

Some clones present resistance to rust breeds prevailing in Espírito Santo, however, recent 
research has shown a great variability in resistance between these clones, of which the most 
productive clones are also susceptible to the disease that occurs with high severity in some 
regions and in certain times of the year (TATAGIBA et al., 2001; ANDRADE et al., 2003). Rust 
severity evaluation in the Incaper Experimental Farm conditions in Marilândia showed that 
96.4% of the clones selected in the genetic breeding program of this institute were resistant 
to the disease and in 61.82% of them, the symptoms were not observed (Figure 6). At the 
Sooretama Experimental Farm, under irrigated conditions, 70.9% of the clones were resistant 
to rust and 5.5% showed no symptoms of the disease, while in non-irrigated conditions, 43.6% 
of the clones showed no symptoms (TATAGIBA et al., 2001). 

In the case of these clonal varieties, it was found that there is a wide variability in relation 
to rust (Figure 7), determined by its latent period (time in days between inoculation and 
the appearance of the first visible symptoms) and incubation period (time in days between 
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inoculation and sporulation of any rust pustule).

These results demonstrate the efficiency of the preliminary selection process that included, 
besides desirable agronomic and commercial traits, resistance to the main diseases of the coffee 
tree. It is important for producers not to exclude from cloned varieties the clones they deem 
inferior, thus modifying the characteristics of clonal variety, since the program is focused not only 
on the isolated manifestation of a particular characteristic but on the simultaneous behavior of 
several of them, reason by which the clones are grouped according to the characteristics they 
have in common, with production goals and bean quality.

Figure 7. Latent (LP) and incubation (IP) periods length in different conilon coffee clones of Incaper 
breeding program inoculated with the race II of Hemileia vastatrix.

Source: Elaborated by the authors.

Figure 6. Conilon coffee clones of Incaper’s breeding program, on the Experimental Farm of Marilândia, 
showing resistance (A) and susceptibility (B) to rust.

A B
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Capucho et al. (2012) compared the characteristics of rust lesions on leaves of C. arabica 
and C. canephora, and the results indicated that they were similar. Thus, for the two species, 
the same scale can be used to evaluate the severity of rust, as well as fungicide screening and 
resistance evaluation of genotypes to the pathogen for disease monitoring (Figure 8).

Some factors affect the plants resistance, especially:
a) Leaf age - new leaves are more susceptible than mature and older ones. In C. canephora, 

the old leaves present a lower density of lesions than the younger ones; 
b) Light intensity - leaves exposed to light are generally more susceptible to rust, which 

may explain the lower severity of this disease in robusta coffee crops  planted under forest, or 
even on one side of the plant and not on the other, depending on the plant exposure to the 
sun;

c) Production - rust epidemics are always more severe in years of high plants production.
In the conilon coffee, it is frequent to observe the infected leaves retention in the plant. 

However, clones with high susceptibility may totally lose the leaves at the beginning of the 
epidemic (Figures 4 and 6B). These observations suggest the existence of “specific-race” 
resistance genes, incomplete in these clones. On the other hand, retention of leaves with 
sporulated lesions on the plants serves as an initial inoculum, important for the epidemics 
beginning, when climatic conditions or plants predisposition are favorable, as well as source 
of constant inoculum, making epidemics more severe, which has been frequently observed in 
crops in northern Espírito Santo and southern Bahia, especially when irrigation is carried out 
by sprinkling.

With the knowledge acquired so far, it is possible to propose some alternatives to obtain 
durable resistance in the coffee conilon, highlighting the multilines, the composite varieties 
(similar to multilines) by the seed mixture and the planting of clones with different resistance 
degrees. 

Figure 8. Diagrammatic representation of the standard area of coffee rust (Hemileia vastatrix) on coffee 
leaves (Coffea spp.).

Source: Capucho (2011).

Note: The data are expressed as the percentage (%) of the leaf area exhibiting the disease symptoms.

2,5% 5% 10% 20% 40% 80%
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The resistance known as type A, obtained in cultivars derived by introgressive breeding 
with C. canephora, has given total protection. Genotypes of the Robusta and Congolense 
groups of C. canephora present total resistance to the known H. vastatrix races, suggesting the 
real possibility of obtaining durable resistance (VOSSEN, 2005).

The first works of physiological races of coffee rust were initiated by Mayne, India, in the 
early 1930s, demonstrating the genetic variability in this fungus. Later, thanks to the pioneering 
work of Branquinho D’Oliveira, who founded the CIFC in Oeiras, Portugal, it was possible to 
characterize the 45 known breeds, of which five are still under study (VÁRZEA; MARQUES, 2005). 

In Brazil, research has shown that race II is the most frequent in the samples studied in 
both C. arabica and C. canephora, attributing this predominance to the genetic uniformity 
of the commercial cultivars susceptible to this race (ZAMBOLIM et al., 2005). Studies on the 
identification of H. vastatrix races in Brazil from 1972 to 2002, including samples of the State 
of Espírito Santo, showed that the first race identified in conilon coffee leaves by CIFC in 1972 
was the XV, obtained from plants from the Linhares region, which had reddish-yellow pustules, 
different from those observed in Catuaí Vermelho and Mundo Novo cultivars (CHIACCHIO, 1973; 
ZAMBOLIM et al., 2005). Later, it was not possible to find again the XV race in conilon plants, 
unlike race II, whose presence was constant in all collections carried out in Espírito Santo (Table 
1), which raises the question about the first identification of that race in the State, since adequate 
identification depends on appropriate methodological factors and environmental conditions 
(ZAMBOLIM et al., 2005). In C. arabica, in Espírito Santo, race III has also been identified, whose 
virulence factor is V1 (SILVA et al., 2000). Recently, the molecular characterization of rust races 
showed that the use of primers OPA-07, OPK-09 and OPK-20 made it possible to differentiate 
race II, presenting reproducibility and polymorphism among the rust races researched (MAIA 
et al., 2006).

Table 1. Hemileia vastatrix races identified in conilon coffee plants in the State of Espírito Santo

Number of Cultures Examined Race Identified Virulence Facto

19 II V5

96 II V5

- III V1

- XIII V5 V9

- XV V4 V5

- XXXIII V5 V7V9

Source: Chiacchio (1973) and Zambolim et al. (2005).

Genetic breeding programs developed at Incaper and in many other countries have resulted 
in new varieties, many of which are resistant to rust. 

Chemical Control
The use of chemicals (fungicides) to control rust should only be recommended when the 

severity of the disease reaches the level of control, which must be preceded by a sampling in the 
field to determine the incidence of rust and to verify the real need of fungicides. Chemical control 



Conilon Coffee Disease Management 549

in both spraying on leaves and soil application is often used in crops with high productivity. 
Monitoring should be performed on samples of leaves collected monthly, after flowering, until 
the fruits are harvested. Sampling must be performed on the third or fourth leaf pairs, in the 
branches with fruits, at the four cardinal points of the plants and should only be checked when 
the incidence of leaves collected is greater than 5%. At harvesting time, the incidence should not 
exceed 15%. It is important to monitor the disease in the crops to avoid unnecessary application 
of fungicides, with consequent reduction of environmental impacts, emergence of resistance 
in the pathogen and reduction of production costs. Fixed application schedules of fungicides 
should not be recommended because of the wide variation in rust epidemics.

For conilon rust management, reduction of the initial inoculum should be taken into account, 
given the characteristics of some clones in not retaining infected leaves from one year to the 
next, which is often enough to control at one suitable economic level for the disease, thus not 
justifying the use of a fixed schedule of fungicide application. 

The fungicides most used in the control of coffee rust are the systemic ones of the triazoles 
group, in emulsifiable concentrate formulations, wettable powder and granulates. The best 
efficiency has been obtained with triazoles formulated with strobilurin and sprayed (ZAMBOLIM, 
2015). However, even with the increasing use of these products, both leaf and soil application, 
the use of cupric fungicides as protectors is still a control alternative (ZAMBOLIM et al., 2002; 
ZAMBOLIM et al., 2015).

In the search for an alternative to the coffee rust control, Cruz Filho e Chaves (1985) developed 
the Viçosa Mixture, a colloidal suspension of nutrients that simultaneously acts as a fungicide 
and as a source of micronutrients for plants. According to Zambolim et al. (1997), the advantage 
of this blend is that, in addition to controlling rust, it may also reduce other diseases such as the 
cercosporiosis and the bacterial-halo-blight. 

For the use of cupric fungicides in the control of coffee rust, it is necessary to observe the 
time of application, being the greater efficiency obtained in the sprays carried out before the 
beginning and during the rainy season (CHAVES et al., 1970; ZAMBOLIM et al., 2002). Copper 
fungicides are effective at doses of 1 to 2 kg of copper (p.a.) per hectare. The applications should 
be started based on the monitoring of the disease, usually occurring in December or early 
January and going through March-April, with applications ranging from 30-40 days (ZAMBOLIM 
et al., 1997; ZAMBOLIM et al., 2002). These fungicides are also important in plant nutrition by 
providing the copper micronutrients, as well as by assisting in fungus anti-resistance strategies 
to systemic fungicides.

Systemic fungicides have some advantages over the protectors, such as the possibility of 
eradicating the pathogen in areas not affected by spraying, as well as its therapeutic (healing) 
effect. For coffee rust, these characteristics are highly desirable, since the pathogen  penetration 
occurs by the stomata found on the abaxial side of the leaf. When choosing to use systemic 
fungicides in spraying, it is always recommended to apply them alternately with the contact 
fungicides (preferably the copper base), in order to reduce the selection pressure exerted on the 
pathogen population (ZAMBOLIM et al., 1997).

The work that used the systemic fungicide triadimenol applied in the soil, in the granulated 
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formulation, should also follow the strategy of not being used alone and when in association with 
insecticides, however, there is in this case a greater risk of environmental impact (ZAMBOLIM et 
al., 2015).

More recent research with the coapplication of epoxiconazole, azoxystrobin or pyraclostrobin, 
sprayed twice resulted in efficient rust control, increasing coffee productivity. The treatments 
with cyproconazole applied to soil in November, followed by cyproconazole + azoxystrobin 
sprayed on leaves in December and February, epoxiconazole + pyraclostrobin, in December 
and March; cyproconazole + azoxystrobin in December, February and April made possible a 
productivity of more than 39 bags of processed coffee per hectare.

An additional tool in chemical control is the use of disease prediction models, due to the 
need for rational use of agrochemicals and a better cost-benefit ratio. Several researchers have 
developed models for predicting coffee rust using climatic variables, the presence of liquid water 
on leaves and average temperature during the watering period, associated with plant physiology 
and disease intensity to determine the most important moment propitious to perform the sprays 
with systemic fungicide (GARÇON et al., 2006). The efficiency of the use of a forecast model was 
compared with the use of a fixed application schedule and the application recommendation 
according to the incidence of diseased leaves, and it was shown to be as efficient as the fixed 
calendar for the rust control, with a lower number of sprays (ZAMBOLIM et al., 2002).

Table 2 shows the valuesof the initial rust incidence (during the period when the amount 
of leaves increase) and at the end of the agricultural year (harvesting), in plots not treated with 
fungicides, and the products that stood out in different places and times, in the conilon coffee 
rust control in the northern State of Espírito Santo. The results presented only contemplate 
products that were tested and presented at research congresses, from the 70’s to the 2001 
(ZAMBOLIM et al., 2002).  

The incidence of rust at the beginning of December in the northern region of Espírito Santo 
was around 1.0 to 3.0%, reaching up to 15% in February, in conilon coffee in a municipality in the 
northern State of Espírito Santo (Table 2).

Concerning the maximum incidence of leaves with rust, it was observed that the highest 
value was recorded in August, in most of the regions, and in the last years, it increased from 70%, 
a percentage considered very high. Until the mid-1990s, the incidence of rust registered in the 
experiments, in the control treatments (without application of fungicides) rarely exceeded 35%; 
however, from that decade, the planting of clonal conilon coffee varieties was intensified, which 
contributed to increase the occurrence of this disease in some susceptible clones. 

The clonal varieties are composed of a mixture of clones that have desirable agronomic 
characteristics, such as high yield, uniform size and maturity, but each clone presents a different 
degree of resistance/susceptibility to rust. In addition, the clonal varieties began to be cultivated 
on a large scale by the producers, which had not previously occurred with the planting from 
seeds. On the other hand, the rainfall regime, the irrigation system and the temperature during 
the winter have been favorable for the occurrence of rust in the north of Espírito Santo. 

Hence the incidence of rust has increased in recent years. Based on these results, it was 
also observed that, initially, the fungicides used to control rust were almost exclusively based 
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on copper. However, in the mid-1990s, granulated formulations of triadimenol + disulfoton, 
cyproconazole + disulfoton and triadimenol were used in the northern region of the State of 
Espírito Santo, aiming at the control of rust and leaf miner. 

The results show that the products mentioned on Table 2 were the most efficient in the rust 
control, and that the rust incidence was below 10% in the harvest.

Table 2. Initial and final incidence of coffee rust in the Conilon cultivar and more efficient chemical 
treatment in the period from 1970 to 2001, in the disease control, in several municipalities in 
the north of the State of Espírito Santo

Years
Coffee rust

Most efficient fungicide
Municipality

Initial incidence Final Incidence
Month (%) Month (%)

1970-1976 1 Dec to Feb 7.2 a 15.0 Aug 16.5 cupric
1977-1980 2 Jan to Feb 1.0 a 3.0 May 35.0 cupric

1990-1995 3 Jan 1.6 August 22.7 to 70.0

cupric, triadimenol 
+ 

disulfoton 
(soil)

1996-2001 Dec to Jan 1.0 a 2.0 June to 
August 60.0 to 77.0

cupric cyproconazole 
+ 

disulfoton 
(soil)

triadimenol 
(soil)

triadimenol 
+ 

disulfoton 
(soil)

Source: Coffee Research Congresses (1970-2001); Zambolim et al. (2002).

To obtain such results, the crop should be divided into uniform plots and collected from 
five to ten leaves per plant in the third or fourth pair of leaves on the branches located in the 
middle third of the plant (Figure 9), counting the number of leaves with rust to evaluate the 
disease incidence in the area. Samplings should be started from November/December, with 
evaluations done, at, least once a month. If the percentage of diseased leaves is between 3 and 
5%, protective contact fungicides are recommended, preferably cupric and Viçosa Mixture. If 
the percentage of rust is equal to or greater than 6%, use systemic fungicides and in alternation 
with those of contact. Studies on the Severity Value of Rust (SVR), carried out in Minas Gerais, at 
C. arabica plants, showed the efficiency of the method, when compared to the calendar system, 
saving at least one application of fungicide in crops with average fruit load (GARÇON et al., 
2006).     

The use of fungicides via soil should be done with great care to avoid their use without 
necessity, and with that, increase the production cost, besides representing environmental 
contamination risk. Disease control can be done using the nutrients mixture, such as Viçosa 
Mixture (Table 3), which was developed at the Phytopathology Department of UFV, in Viçosa/
MG.
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Table 3. Composition of Viçosa Mixture, developed and extensively tested at the Phytopathology 
Department of the Federal University of Viçosa (UFV), used for the coffee diseases control

Mixture products Quantity (g)1

Copper sulphate pentahydrate 750

Zinc sulfate 300

Magnesium sulphate 400

Boric acid 100

Potassium chloride 400

Calcium oxide or calcium hydroxide 300 - 5002

Source: Adapted from Chaves et al. (1970) and Zambolim et al. (1999a).
1Amount to 100 L of water. The final broth pH should be between 6.0 - 6.5. The salts should be dissolved separately from the 
calcium oxide and later they are placed on the milk of lime.
2The amount of calcium hydroxide varies with the quality of the product.

In the preparation of Viçosa Mixture, some cares should be taken, of which the most 
important are the following steps:

1. Dissolve the salts and lime thoroughly before mixing;
2. Mix the salts with lime only after complete dissolution;
3. Use good quality water (free of pathogens, pH less than 7.0 and clean);
4. Preferably use asbestos boxes or plastic drums to dissolve the salts and lime;
5. Determine the broth pH after preparation, which should be between 6.0 and 6.5;
6. Check that the mixture suspension is whitish, which is a sign that there is excess lime and 

the pH is also generally high. If the mixture is greenish, there is an excess of copper sulphate and 
the pH is generally low;

Third or fourth 
pair of leaves.

Middle third of the 
co�ee plant canopy.

Figure 9. Schematic representation of rust monitoring in coffee plants and sampling on the third or 
fourth pair of leaves, on branches in the middle third of the plant canopy.
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7. Be careful of the salts purity and the neutralized power of the lime used in the mixture if 
the syrup preparation is carried out on the farmer’s property;

8. Filter the mixture (syrup) before pouring it in the spray tank;
9. Apply the Viçosa Mixture on the same day it is prepared;
10. Do not mix the Viçosa Mixture with fungicides and insecticides.
According to the rust monitoring, up to three or four applications of Viçosa Mixture can be 

recommended from December on, depending on the conduction and sanitary study of the crop.
Regarding rust control in conilon coffee, it should be checked which clone was planted 

and the harvesting times (early, intermediate or late), since the disease often occurs after 
harvesting, which does not justify the application of fungicides, since pruning will be done, 
which considerably reduces the fungus initial inoculum. Thus, unnecessary applications should 
be avoided at an inappropriate time.

Fungicides, especially pyraclostrobin, epoxiconazole, cyproconazole, triadimenol, strobilurin 
and azoxystrobin, have shown healing effect for rust in several studies.

The emergence of fungicide resistance is considered one of the most serious threats to food 
safety. Since the 1970s, the emergence of resistance to some of the most important classes of 
modern site-specific selective fungicides has compromised the management of plant diseases, 
making fungicide options limited or even unavailable. Alternative products have been studied, 
as well as biological control with certain isolates of Bacillus subtilis, but not yet widely applied in 
commercial crops.

2.2  BROWN EYESPOT

Cercospora coffeicola Berkeley & Cooke

It is a disease that occurs in both arabica and conilon coffee, with economic importance in 
Brazil, mainly in nursery conditions and in the initial phase of transplanting in the field, when 
the crops are located in soils with low fertility, causing intense defoliation. In conilon coffee, its 
intensity is very variable, depending on the clone and climatic conditions, being more important 
in the nursery stage, in which the plants often do not develop. In case of high intensity, high 
losses can occur in the seedlings, as it causes defoliation and “delays” its exit to the field (Figure 
10A). 

The disease severity is directly related to plant nutrition, especially with nitrogen deficiency 
(VENTURA, 1995). In crops with adult plants, the disease occurrence is due to the high fruit load 
and the plants nutritional imbalance. Water deficiency (water stress), soils with inadequate 
texture for coffee crop and plants with the compromised root system favor the disease incidence 
and severity.

Symptoms
Symptoms on leaves are circular typical u brown eyespots, a diagnostic syptom of varying 

diameter, which are light brown or dark brown and generally have a grayish-white center, with 
or without the presence of a yellowish halo. With the aid of a magnifying glass, it is possible to 
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observe small dark spots, which are the fruiting structures of the fungus (Figure 10B). Circular 
lesions have the appearance of a bird’s eye, which is why the disease is also known in some 
regions in Brazil as “dove-eye”. The infected leaves fall, causing the defoliation of seedlings and 
plants in the field. 

The infected fruits present necrotic, low, dark brown berry blotch. Normally, diseased fruit 
ripens and falls prematurely, with the bark adhering to the parchment, making it difficult to pulp 
into the post-harvest processing, as well as wilted beans that affect the beverage quality.

Etiology
The etiological agent of the disease is the fungus Cercospora coffeicola Berk. & Cooke, of the 

order Moniliales and family Dematiaceae, that produces septate conidia and grouped in the 
lesions of both faces of the leaf being easily disseminated to the other leaves or neighboring 
plants. The fungus germ tube penetrates the leaves through the natural openings, mainly in the 
upper face of the leaves or directly by the cuticle. In the fruits, when the infection occurs, the 
fungus colonizes the tissues and can reach the seeds. The fungus produces the toxin cercosporin, 
which is activated in the presence of light and functions as a factor of pathogen aggressiveness.

Favorable conditions
The disease develops more rapidly when the temperature is between 20 and 25 oC, associated 

with high relative humidity of the air, but can have a favorable temperature range that goes from 
10 oC to 25 oC. The fungus is spread by wind and splashes of rainwater or sprinkler irrigation. The 
disease occurs with high intensity in seedlings grown in poor substrate and/or with nutrients 
imbalance, mainly in nitrogen (Table 4). In adult plants with water stress and mainly nutritional 
deficiencies, the disease can be very severe. Crops located in sandy soils, with low organic matter 
content and exposed to a lot of insolation, can also present great intensity of the disease.

Figure 10. Brown eyespots symptoms caused by the fungus Cercospora coffeicola in seedlings (A); and 
adult plants (B) of conilon coffee, in the north of Espírito Santo. 

A B
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Table 4. Factors that predispose the coffee to the main leaf and branches diseases

Disease Predisposing Factors

Coffee Leaf Rust (Hemileia vastatrix)

Temperature between 21 oC and 23 oC

Continuous leaf wetting

Relative air humidity > 90%

High fruit load on plants

Low leaf/fruit ratio

Brown Eyespot (Cercospora coffeicola)

Nutritional deficiencies

Nutrient imbalances

Water stress

Poor and sandy soils

Water Deficiency

Branches Dry

Nutritional deficiencies

Water Deficiency

High fruit load

Strong and cold winds

Occurrence of diseases and pests

Problems in the root system

Source: Elaborated by the authors.

The inoculum survival in coffee leaves, naturally infected by C. coffeicola, was higher when 
the leaves were above the soil, with the conidia viability maintained after 260 days in 33%, 
whereas in the leaves maintained at the surface of the soil or buried at 10 cm depth, there was 
no survival (TEIXEIRA; MAFFIA; MIZUBUTI, 2006).  

Disease management
 For the disease management, it is recommended to choose the appropriate place to install 

the nursery, avoiding humid and poor drainage lowlands. The luminosity in the nursery should 
be controlled, since in the seedlings exposed to the sun, the severity is greater. The choice of 
substrate for bag filling, irrigation and shading should follow the technical recommendations 
for seedling growth. The plants balanced fertilization, based on soil and leaf analysis, is very 
important for the correct application of the macro and micronutrients necessary to the plant 
(ZAMBOLIM; VENTURA, 1993). It has been observed that conilon seedlings planted in the field, 
where nutrient imbalance occurs (mainly potassium), present high disease severity, including 
leaf fall. If necessary, liming should be performed, also always based on the soil chemical 
analysis. In cases of high severity of the disease, fungicides can be used, especially cupric, 
always emphasizing the following handling:

 a) Nursery:
• Use substrate with proper nutrient levels;
• Avoid places with high relative humidity;
• Use cupric fungicides and/or Viçosa Mixture;
• Take special care in the acclimatization phase of the seedlings when produced in a covered 
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nursery. However, in very shaded nurseries, or with high exposure to the sun and with excessive 
irrigation, it has been observed damages in the seedlings that usually begin in small ‘reboleiras’.

b) Field: 
• Perform a balanced fertilization (based on soil analysis);
• Avoid sandy and compacted soils;
• Perform spraying more frequently with micronutrients (eg Viçosa Mixture associated to 

cupric fungicides), in years of high load;
• Avoid installing crops in places exposed to high sunshine mainly in the afternoon;
• Initiate chemical control, in case of need, during the fruiting phase, when higher nutritional 

stress of the plants occurs. 
In the case of conilon coffee, there are clones developed by the Incaper breeding program 

that are resistant to disease in both nursery and field conditions.

2.3 ANTHRACNOSE

Colletotrichum spp.

It is a disease that occurs sporadically in the State of Espírito Santo in conilon coffee in 
certain varieties and clones and can cause death of plants over time. Currently, the disease 
occurs with low frequency due to the selection of resistant clones. The first report of the disease 
in conilon coffee in Brazil was in 1977, in the State of Espírito Santo (MANSK; MATIELLO, 1977).

Different species of fungi of the genus Colletotrichum have been observed colonizing the 
tissues of the coffee trees in Brazil, being present in almost all the producing regions of both 
conilon and arabica coffee, especially for the species Colletotrichum gloeosporioides. However, 
among the Colletotrichum populations surveyed in South and Central America, the causal agent 
of CBD was not observed.

The Colletotrichum species found in coffee trees in Brazil are considered as endophytes and 
saprophytes, which inhabit the coffee tree bark, affecting the branches when injury occurs, 
especially in favorable conditions with a high humidity period. Although fungus can be observed 
in its saprophytic form, in poorly managed crops, it is common to find plants with different 
degrees of severity, even in young and well managed crops (MONTOYA, 1979; PARADELA 
FILHO; PARADELA, 2001). The Colletotrichum species of the coffee tree are facultative parasites 
with a parasitic and a saprophytic stage. The saprophytic stage can be an important source of 
inoculum for its dissemination. The plants inoculation and the pathogen transmission by seeds 
was confirmed in Central America (VARGAS; GONZALES, 1972; MONTOYA, 1979). However, 
studies developed by other researchers have not confirmed these results, which requires the 
research continuity.

Symptoms
The typical symptom is observed in the leaves, where there are small oily-looking spots 

(Figure 11), with well defined edges, usually 1 to 3 mm in diameter, that can coalesce and kill 
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the leaf blade tissues. In the branches, the necrotic symptoms can evolve in the descending 
direction, occurring lesions on the nodes. The fruits, when infected, present depressed lesions, 
which can lead to their premature fall. At an advanced stage of the disease, the drought of the 
branches occurs and, consequently, the death of sick plants. 

Other symptoms are reported in the coffee tree, such as darkening and death of the 
stipules of the branches nodes, irregular necrotic spots near the leaf edges and their fall. It is 
also observed the manifestation of brown spots on the green stem that can lead, in some cases, 
to the death of the plant. In the buds and floral buds, necrotic lesions can appear that can also 
reach the fruits in the pellet phases, causing their premature fall (PARADELA FILHO et al., 2001).

The disease is associated with the fungus C. gloeosporioides and, frequently, in the samples 
with the disease symptoms the fungi C. gloeosporioides are isolated and, in some cases, 
Colletotrichum acutatum, which represent a large population present in the tissues of the coffee 
plants, with or without disease symptoms, being a constant presence in the tissues, in the apical 
region of the branches with brownish coloration. The species C. acutatum is cosmopolitan and 
currently comprises the fungi that cause anthracnose, which previously were included in the 
group-species C. gloeosporioides (Penz.) Penz. & Sacc., considered to be quite heterogeneous, 
being separated using molecular markers including the nucleotide sequences of the ribosomal 
RNA ITS region, part of the b-tubulin 2, histone 4, glutamine synthase and glyceraldehyde-3-
phosphate dehydrogenase genes (SREENIVASAPRASAD; TALHINHAS, 2005; TALHINHAS et al., 
2005).

Figure 11. Anthracnose symptoms on conilon coffee leaves in the North of Espírito Santo. Lower (A) and 
upper (B) side of the leaf.

A B
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In Brazil, Colletotrichum species are present in almost all coffee plantations, being isolated 
from fruits, leaves and branches, symptomatic or asymptomatic, and it is believed that fungi 
colonize the tissues after mechanical injuries, water and nutritional stress, or even due to 
excess humidity and wind (ZAMBOLIM, L.; VALE; ZAMBOLIM, E. M., 2003). Under favorable 
environmental conditions, the conidia germinate and emit the germ tubes, at the end of 
which the appressoria are formed, with subsequent penetration into the host, passing 
through a hemibiotrophic phase, during which the plant cells are not necrotic. The difficulty 
in completing the pathogenicity tests in the coffee tree and its participation in the disease are 
still quite discussed. Research in the Phytopathology Department of the UFV indicates that C. 
gloeosporioides fungus has endophytic origin in plant tissues (ZAMBOLIM, L .; VALE; ZAMBOLIM, 
E. M., 2003). 

Favorable conditions
The disease occurs throughout the year, with greater intensity, generally, when there is a 

water deficit in the crops and nutritional imbalances in the plants. In high humidity conditions, 
there is the formation of a pink mass lesions on the surface, which corresponds to the presence of 
acervulus with conidia of the fungus, which are easily dispersed by rainfall (VARGAS; GONZALES, 
1972; MASABA; WALLER, 1992; VENTURA, 1995). Continuous periods of high humidity (7-10 
days of rainfall) and temperatures between 22 oC and 25 oC favor the fungus development, 
which passes from the saprophytic phase to the parasitic stage (PARADELA FILHO et al., 2001).

According to Sera et al. (2005), the occurrence of Colletotrichum in different coffee 
genotypes was positively correlated with fruit maturation. Early coffee trees had a higher fungus 
incidence. In addition, a positive correlation was observed between the size of the plants and 
the occurrence of Colletotrichum, which may be associated with greater susceptibility to the 
wind, which causes injuries in larger plants and facilitate their infection (PARADELA FILHO; 
PARADELA, 2001; SERA et al., 2005). The cuticle may be a barrier to the entry of Colletotrichum , 
since this fungus incidence was higher in larger plants, in which the cuticle absence was verified 
in the parts where the injuries occurred (JULIATTI; SILVA, 2001). In addition, larger plants have 
lower vegetative vigor as observed by the estimated negative genotypic correlation between 
these variables, with consequent increase of the disease. The formation of C. gloeosporioides 
appressorium is influenced by plant nutrition (JULIATTI; SILVA, 2001).

Disease management
For the disease management in conilon coffee, it is recommended only to plant “clones” 

that are disease resistant. Never use seeds or cuttings of sick plants, which must be removed 
from the crop when they present the disease characteristic symptoms.

2.4 COFFEE LEAF SCORCH

Xylella fastidiosa

The first finding of the disease, which is also known in some Brazilian regions as coffee 
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tree atrophy, occurred in arabica coffee, in the Macaubal/SP, in 1992, and later the association 
of the bacteria in all the Brazilian coffee producing regions including practically all cultivars 
of C. arabica as well as C. canephora, C. dewvrei, C. eugenioides, C. kapataka, C. racemosa and C. 
stenophyla and also in interspecific hybrids (YORINORI et al., 2000; LEITE JÚNIOR; NUNES, 2003).

Etiology
Xylella fastidiosa is a fastidiosa, Gram-negative bacterium with rod cells and wrinkled cell 

wall, being limited to the xylem vessels of plants. It is difficult to cultivate in vitro, requiring 
specific culture measures such as BCYE, PD3 and PW, where it has very slow growth (WELLS et 
al., 1987; LEITE JÚNIOR; NUNES, 2003). 

Genetic diversity among X. fastidiosa isolates has been extensively studied and the results 
show the existence of different strains associated with the plants in Brazil. The coffee and citrus 
fruits ones presented genetic similarity superior to 85%. However, studies with coffee strains 
have also shown their variability and even among isolates of the same plant (LEITE JÚNIOR; 
NUNES, 2003).  

Symptoms
In coffee, the symptoms have been associated with the generalized depletion of plants. The 

most common ones usually include the leaves rolling and scorch. The sick plants have reduced 
size, leaf malformation, leaves rolling, internode shortening and chlorosis in leaves. Often, 
in advanced stages of the disease, plants may show dry branches. These symptoms suggest 
that the mechanism involved is related to the dysfunction of the plant’s water and nutrient 
transport system. In coffee, the bacterium was found in the xylem vessels of different organs, 
such as roots, stems, leaves, branches. In the xylem vessels of sick plants, there are usually 
tyloses, bacterial cells and gum blocking these vessels, in addition to hormonal imbalance 
(LEITE JÚNIOR; NUNES, 2003).

Epidemiology
The bacterium has a range of hosts that includes more than 28 botanical families both 

mono and dicotyledon, as well as cultivated or spontaneous species. The disease distribution in 
crops usually occurs randomly. Detection analyzes by DAS-ELISA serology tests demonstrated 
the presence of the bacterium in seeds and coffee seedlings. However, in seedlings from 
naturally infected plant seeds, the presence of the bacteria was not detected, which questions 
the disease transmission by the seeds, but evidences that some insects will be able to carry 
the bacteria and inoculate the seedlings in the nurseries, since the first stages of development 
(LEITE JÚNIOR; NUNES, 2003).  

The bacterium is disseminated mainly by infected propagated material and by insect 
vectors, from which cicadas stand out, from the Cicadellidae family, in which more than 11 
vector species have been identified (MENEGUIM et al., 2000). 

The presence of the bacterium in all Brazilian coffee producing regions and the great 
genetic variability of the strains suggest that X. fastidiosa has been in association with coffee 
for a long time, but the manifestation of symptoms occurs when the plants are under stress 
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conditions or with nutritional imbalances.

Disease control and management
The recommended control measures are to maintain plants with good vegetative vigor 

through appropriate and recommended management for coffee tree, with emphasis on the 
production of seedlings in protected nurseries. Stress factors and any other disturbs that 
predispose the plants to diseases and pests should be prevented. The use of organic matter and 
balanced fertilization, as well as the water deficit control, are measures that have contributed to 
the disease management. In some situations, plant pruning and recepa re also recommended, 
especially when crops have many weaker plants.

2.5 OTHER LEAF AND FRUIT DISEASES

2.5.1 Target Leaf Spot
Target Leaf Spot is caused by the fungus Corynespora cassiicola (Bert. & Curt.) Wei., with a 

wide range of hosts and geographic distribution. In the conilon coffee cultivation, in the state 
of Espírito Santo, it infects leaves, flowers and fruits of some clonal varieties, causing intense 
defoliation in adult plants of clone V-03, of the clonal variety ‘Vitória Incaper 8142’ (SOUZA et 
al., 2009).

The symptoms are brown spots on the leaves, usually surrounded by a yellow halo, (Figures 
12A and B) with a strong leaf fall in infected plants. Brownish spots are also observed on the 
branches, petioles and leaf veins. In fruits, the symptoms are small dark spots that increase in 
size, which can coalesce and cause cracks (Figure 12C).  

The disease is favored by long rainy periods and in other pathosystems the fungus is 
favored by temperatures between 20 and 30 oC and long periods of relative humidity. The 
conidia germination can occur between 7 oC and 39 oC, and the presence of light favors fungus 
growth and sporulation. In the field, the fungus dissemination in conilon coffee plantations is 
mainly associated with wind and rainfall (ZAMBOLIM, 2015).

Favorable conditions for the disease in Espírito Santo, plantations with susceptible clonal 
varieties and the absence of registered fungicides make this disease a threat to the conilon 
coffee productivity in the State and should be constantly monitored in the main production 
areas.

2.5.2 Coffee Thread Blight 
The disease is caused by a fungus of the genus Ceratobasidium (Sin.: Pellicularia koleroga) 

and is usually found in several host plants, usually located in places surrounded by dense 
forests, such as in the Amazon Region and Atlantic Forest. Although these fungi are common 
in Brazil, there is still a lack of information about their morphological, cultural and molecular 
characteristics.
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In the field, the disease is easily recognized by the symptoms in the leaves and branches, 
which are covered by the fungus mycelium, whitish in color, which gives the appearance of a 
spider’s web. The infected leaves become completely covered by a whitish film that darkens 
over time. They then dry, fall, causing the plants defoliation. In some cases, the leaves are hung 
on the branches by strands (fungus mycelium). 

The favorable conditions for the development of the disease are high relative humidity, 
high rainfall, temperature between 18 oC and 23 oC and shaded plants with low aeration. 

To control the disease, it is recommended to manage the plants by eliminating sick parts by 
removing all material from the area and, when necessary, by performing chemical control with 
cupric fungicides (ZAMBOLIM, 2015).

2.5.3 Coffee Ringspot Virus
The first report of Coffee ringspot virus on coffee leaves was made by Bitancourt in the 

1930s in the State of São Paulo and he mentioned that in the future this disease could be an 
unfavorable factor to coffee production. 

The Coffee ringspot virus has not presented economic problems, but in 1986 the disease 
occurred in Minas Gerais’ arabica coffee, being associated with intense defoliation due to a 
winter with low rainfall, a very favorable condition to the mite infestation (CHAGAS et al., 2003).

The disease is associated with the flat mite, Brevipalpus phoenicis (GEIJSKES, 1939) (Acari: 
Tenuipalpidae), which is considered a polyphagous species occurring in more than 100 species 

Figure 12. Characteristic symptoms of Target Leaf Spot in leaves (A and B) and fruits (C) of conilon coffee 
in Espírito Santo.  

A

B C
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of plants, among them the coffee tree, in which it was associated with the coffee ringspot, 
caused by a virus of the Rhabdovirus group (CHAGAS et al., 2003; KITAJIMA et al., 2003). Plants 
of the family Chenopodiaceae (Chenopodium ambrosioides, L. - wormseed) and of the family 
Amaranthaceae (Amaranthus viridis L. - slender amaranth) are susceptible, being considered 
alternative hosts for the Coffee ringspot virus - CoRSV (CHILDERS et al. , 2003). In Brazil, the coffee 
ringspot mite is found in several states in both C. arabica and C. canephora. In 1987, the disease 
was registered in Espírito Santo, but with different symptoms from those reported in the 
literature, with small lesions passing from yellow to necrotic along the veins (MATIELLO, 1987). 

Symptoms
The characteristic symptoms are chlorotic spots on the leaves, usually in the form of 

concentric rings that spread along the veins, gradually yellowing and causing the premature 
fall of the leaves and, consequently, the gradual plants defoliation (MINEIRO, 2004). Defoliation, 
also called by the growers as “hollow plant”, usually occurs from the stem to the external part 
of the plant. In the fruits, the symptoms of the coffee ringspot is characterized by depressed 
circular lesions, which cause the pericarp deformation. The fruits lose their beverage quality 
and the beans are predisposed to the infection of other pathogens, such as the fungus C. 
gloeosporioides, which is found under saprophytic conditions in coffee (REIS; CHAGAS, 2001).

Disease management
For the disease management, it is important to control the mite with the adoption of 

strategies that include several methods to aid in vector reduction, such as biological, culture, 
genetic and chemical control. In the latter case, the use of insecticides/acaricides should be 
rationalized.

Of the strategies mentioned, cultural control is emphasized, consisting of preventive 
measures aiming at eliminating or reducing the conditions that facilitate the mites development, 
as well as the balanced fertilization of plants, although this practice by itself does not prevent 
the mites proliferation, and the plants can better resist to the leaves fall (MINEIRO, 2004). 

It is also important to rationalize the use of mechanical blowers and grids, which can cause 
a great amount of dust in the plants and facilitate the mite proliferation, since the females use 
the sand grains to shelter the lay. However, they can deplete predatory mites due to abrasion. 
The maintenance of green cover between the planting lines as a way to provide better 
conditions for ecological stability allows the presence and multiplication of natural enemies 
that can help in the biological balance of mites, besides the use of pesticides rationalization, 
mainly pyrethroid insecticides and cupric fungicides cupric (MINEIRO, 2004).

There are still no practical results that can guide producers regarding plant sampling and 
control level of B. phoenicis in coffee trees. It is recommended to adapt the strategies used 
to control the same species of mites in the citrus crop (MINEIRO, 2004). Thus, it is suggested 
that the coffee producers in the regions where the mite is present start conducting periodic 
sampling in the crops (eg, weekly), mainly from March to November. 

The mite samplings for control purposes are more representative when carried out on 
branches and fruits of the lower third and more internal leaves in this same position of the 
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plants (REIS et al., 2000). The decision for mite chemical control should be restricted only to 
plots where the population level reaches 2%, allowing the maintenance of the population at 
low levels and the rationalization of insecticides/acaricides use. In association with B. phoenicis, 
there are other mites that are predators, belonging mainly to the family Phytoseiidae, that must 
be preserved with the use of selective products, when using chemical control.

Little is known about variety resistance to disease or mite infestation. More recent research 
concerning the host preference of B. phoenicis in different Coffea spp. cultivars showed that 
this mite has preference for certain genotypes and cultivars, highlighting the high incidence 
in C. canephora cv. Robusta, where about 90% of all pest mites were found, while in C. arabica 
cultivars, such as Catuaí Amarelo, Icatu Vermelho, Icatu Amarelo and Mundo Novo, were around 
10% (MINEIRO, 2004).

2.5.4 Phoma Leaf Spot
The disease was first observed in 1975, in the state of Espírito Santo, in crops of Conceição do 

Castelo and Domingos Martins regions. Usually, until today, the pathogen occurs in most crops, 
but with very variable intensity, as it is highly dependent on the climatic conditions and the 
crops altitude. The disease is also present and can cause defoliation and death of the seedlings, 
especially in nurseries. Several fungus species have been isolated, and Phoma costaricensis is 
reported as the main species occurring in the State. However, there is still the need to perform 
the identification of the fungus isolates that occur in Espírito Santo using the new molecular 
techniques.

The etiological agent has long been reported as being of the genus Ascochyta, but 
taxonomic studies of the pathogen have led to the transfer to the genus Phoma and a new 
combination has now been accepted based on phylogenetic analyzes that included it in the 
genus Boeremia (AVESKAMP et al., 2010).

Boeremia exigua var. coffeae (Henn.) Aveskamp, Gruyter & Verkley, stat. et comb. nov. 
Boeremia exigua var. coffeae was originally described on arabica coffee (C. arabica, Stewart 
1957) leaves as species Ascochyta coffeae and A. tarda. The phylogenetic results obtained show 
genetic similarity between the Phoma species and the B. exigua complex. Some Phoma species, 
mainly found in association with C. arabica, such as Ph. Coffeae-arabicae, Ph. Coffeicola, Ph. 
Coffeiphila, Ph. Costarricensis, Ph. Excelsa, and Ph. Pereupyrena, are not yet completely related to 
the B. Exigua complex.

Symptoms
The infected leaves have dark-colored patches usually zoned, which usually start at the leaf 

edges (Figure 13). Under high humidity conditions, small black spots (pycnidia) on the lesions 
are observed. The attacked branches present a dark, depressed aspect lesion. The fruits can also 
be attacked and become dark.

Favorable conditions
The disease occurs with greater severity under conditions of temperature between 16 
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and 20 oC, associated with cold winds and frequent and fine rains. Dissemination occurs by 
splashing water. In the case of nurseries, the excess irrigation is very favorable to the disease.

Disease management
Avoid, to the maximum, to implement the crops in areas where there are strong and cold 

winds that favor the disease. In these areas, the use of windbreaks is essential. The use of 
chemical protection itself is generally not satisfactory. In case of nurseries, avoid very shady 
places, as well as the excess of nitrogen fertilization.

2.5.5 Bacterial Halo Blight
Disease caused by the bacterium Pseudomonas syringae pv. garcae, occurs very sporadically 

in conilon coffee, in the State of Espírito Santo. It is more frequent in very shady and over 
irrigated nurseries, especially in those located in colder regions.

Symptoms
In the leaves, the formation of dark brown patches of soaked aspect takes place. Often, 

the symptoms are similar to those of other disease patches, especially those caused by Phoma, 
thus requiring a laboratory diagnosis for correct confirmation or of causal agent. It is common 
for technicians and producers to identify the disease incorrectly and to recommend or adopt 
inadequate control measures.

Favorable conditions
The presence of high relative humidity is essential for this disease development. 

Temperatures between 20 to 25 oC and constant winds are also important factors. The spreading 
occurs mainly by splashing rain or irrigation water. The presence of leaf lesions (winds, insects, 

Figure 13. Phoma Leaf Spot symptoms on coffee plants in the State of Espírito Santo.
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agricultural implements) favor the bacteria penetration.

Disease management 
Avoid high humidity in nursery conditions, as well as excessive nitrogen fertilization. The 

use of windbreaks in adult crops is recommended and, when necessary, sprays with cupric 
fungicides may be carried out alone or associated with dithiocarbamates.

2.5.6 Myrothecium Leaf Spot 
The disease caused by this fungus, although it has already been reported in C. arabica, was 

first described in 2013 and 2014 in conilon coffee seedlings, which showed leaves with leaf 
spots in a commercial nursery in Laranja da Terra, municipality of the State of Espírito Santo, 
Brazil. Morphological and molecular studies confirmed the etiology as Myrothecium roridum 
Tode (SILVA et al., 2014). The fungus had already been reported in Colombia in C. canephora.

The initial symptoms are circular lesions, brown to dark brown with yellowish edges 
occurring on both leaf surfaces. In conditions of high humidity, concentric rings are formed 
and the lesions expand rapidly, being able to reach up to 30 mm in diameter. Subsequently, 
the lesions become dark brown with a gray center. Black sporodochia with white mycelium, 
grouped in marginal tufts, with spores masses can be observed in the older lesions (SILVA et al., 
2014).

The initial symptoms that the coffee plant presents when infected by this disease can be 
confused with those of other diseases of the coffee tree, such as cercosporiosis, caused by the 
Cercospora coffeicola fungus or Phoma, caused by Boeremia exigua var. coffeae. The identification 
of the disease is made by the observation of some signs, such as white mycelial growth and the 
formation of black fruit (sessile sporodochia) at the center of the lesion on both sides of the 
leaf. In the microscopic observation, septate hyphae and cylindrical hyaline conidia, rounded 
at both ends, are grouped into black to green masses measuring 5 to 6 μm in length and 1 to 2 
μm in width (SILVA et al., 2014).

3 ROOT AND STEM DISEASES
Among the root and stem diseases, the most important are those caused by nematodes 

and fungi, notably the Rosellinia, Armillaria, Rhizoctonia and Fusarium species, which in some 
areas can cause serious problems. The diseased plants usually wilt, become chlorotic (yellow) 
and the branches dry. The roots present necrosis (rot), being observed the growth of the fungi 
mycelium in the affected tissues. 

The diagnosis of root pathogens is difficult to perform since the symptoms are expressed 
in other organs of the plant, such as leaves, branches or fruits. Often, farmers associate them 
with nutritional deficiencies (KIMANI; LITTLE; VOS, 2002). In the case of the nematodes it is not 
possible to detect their presence simply looking at the plant, because it becomes necessary to 
do the laboratory analysis of the roots and soil.
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3.1 BLACK ROOT ROT

Rosellinia spp.

The disease occurs in virtually all producing regions, especially in young plants, grown in 
recently cleared areas and where deforestation occurs. It appears in ‘reboleiras’, usually close to 
decaying tree trunks. 

The infected plants show symptoms of chlorosis (yellowing), wilt and leaf fall, with 
consequent drying of the branches. The fruits do not develop and become wilted. The sick 
plants roots, near the collar region, become darkened, and the bark disorganization occurs. 
Often, whitish(rhizomorphs of the fungus) (mycelium) filaments (mycelium) are observed, 
which progressively darken, observing the “nodes” on the branch. Under the bark, black streaks 
and dark rhizomorphs branches are formed and invade the wood of the plants and appear 
as dark scoring in transverse sections of the roots, being important forms of fungus survival 
(Figure 14).

The causal agent of the disease is associated with fungi of the genus Rosellinia, being 
reported to the coffee tree the species R. bunodes (Berk. & Br.) Sacc. and R. pepo Pat. 

Disease control measures should be preventive, since the infected plants, when identified 
by symptoms, do not survive. Exclusion measures are important and the removal of stumps, 
roots and trunks of trees after being felled must be performed (Table 5). In the ‘reboleiras’, it is 
recommended the plants isolation and the application of lime to accelerate the organic matter 
decomposition. This liming procedure should also be done in the ‘reboleiras’ when the rains 
begin. Sick plants should be eradicated and preferably burned on site. It is recommended to 
avoid, when possible, planting coffee in newly deforested areas, since there is a greater risk of 
pathogen presence.

3.2 NEMATODES

When evaluating the evolution of Brazilian coffee production, it is observed that 
phytonematodes are one of the main biotic factors limiting production due to its pathogenicity 
and control difficulties. The estimated losses for coffee cultivation as a function of the interaction 
with phytonematodes vary between 10 and 25% (BERTRAND et al., 1997; KOENNING et al., 1999; 
CAMPOS; VILLAIN, 2005), of which 75% are attributed to root-gall nematodes (Meloidogyne 
spp.) (LORDELLO, 1976). It should be noted, however, that these estimates mainly refer to the 
arabica coffee tree (C. arabica). The research on the occurrence and distribution of species that 
prevail in conilon coffee (C. canephora) culture is also inferior to those developed in C. arabica 
(OLIVEIRA; LIMA; BARROS, 2009).
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Table 5. Factors that predispose the coffee tree to the main root diseases  

Disease Predisposing Factors

Nematodes

Sandy soils

Low content of organic matter in the soil

Nutritional deficiencies

Susceptible clones

Black root rot

High level of untanned organic matter

Nutrient imbalances

Planting in places where forest clearing occurred

Rhizoctonia (in nurseries)

Excess moisture of seedlings substrate

Excessive shading

Substrate of forest soil or “capoeira”

Fusarium wilt 

Mechanic injuries

Improper pruning or “decote” of plants  

Frequent rain

Excessive shading

Source: Ventura et al. (2007).

Nematodes in Coffea canephora  

In Brazil, still in the early 1970s, in the municipality of Baixo Guandu, located in the state of 
Espírito Santo, Lordello and Hashizume (1971) detected M. incognita parasitizing C. canephora 

Figure 14. Coffee tree root infected by Rosellinia sp. evidencing the dark spots, typical of the pathogen, 
under the bark.
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Conilon cultivar. More than 30 years after the first detection and radical changes in the 
technological production matrix of the conilon in Espírito Santo, M. incognita was detected in 
clone 12V of the ‘Vitória Incaper 8142’ variety in Jaguaré, an important producing municipality 
(LIMA; CARNEIRO; MARTINS, 2007).

In a more detailed survey of the Espírito Santo conilon productive areas, the most 
aggressive nematode species, M. incognita and M. paranaensis, were detected in crops of the 
main producing municipalities (BARROS, et al., 2014) (Table 6). This information aggravating 
lies in the fact that complementary studies demonstrate the susceptibility of several conilon 
clones, commercial or not, to the three main species of the root-gall nematodes that parasitize 
the coffee tree (Table 7), among which some of them are included in the ‘Vitória Incaper 8142 
‘variety (LIMA et al., 2015).

Table 6. Percentage of properties (samples) infested with Meloidogyne spp. in conilon coffee (Coffea 
canephora) in the State of Espírito Santo

Municipalities
Number of 
properties 

(samples) analyzed

% of positive properties (samples)

Esterase Phenotypes

I1 I2 P1

Afonso Cláudio 12 (37) 8.3 (5.4) 25.0 (16.2) -

Alegre 2 (2) 50.0 (50.0) - -

Castelo 4 (9) 25.0 (11.1) - -

Colatina 3 (4) - - -

Govenador  
Linderberg 5 (5) - - -

Jaguaré 15 (22) 26.7 (22.7) 13.3 (9.1) 6.7 (9.1)

João Neiva 5 (5) - - -

Laranja da Terra 5 (8) 40.0 (25.0) 20.0 (12.5) -

Linhares 8 (11) 37.5 (36.4) - 12.5 (9.1)

Marilândia 5 (5) 20.0 (20.0) - -

Muniz Freire 2 (2) - - -

Pinheiros 2 (2) - - -

São Gabriel da Palha 10 (12) 20.0 (25.0) - -

São Mateus 7 (10) 28.6 (30.0) - -

Sooretama 7 (36) 14.3 (8.3) 28.6 (41.7) 28.6 (38.9)

Vila Valério 18 (34) 33.3 (35.3) 11.1 (11.8) 11.1 (8.2)

Total 110 (204)

Source: Adapted from Barros et al. (2014).

It is observed that in the survey of Barros et al., (2014) M. exigua was not detected parasitizing 
conilon coffee roots, possibly due to resistance genes commonly presented by this coffee 
species. However, another fact to be considered is that the coffee grower generally prefers 
to grow plantations with two or three clones and not with a complete variety, which usually 
has more than nine clones and is recommended by the research. This choice of planting a few 
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clones predisposes the crop, therefore, with little variability, to a risk if the soil is infested or the 
seedling is infected with M. incognita or M. paranaensis.

Table 7. Reproduction factor of Meloidogyne paranaensis, M. incognita and M. exigua and coffee tree 
genotypes reaction to these species

Genotype
M. paranaensis M. incognita 

race 3
M. incognita 

race 1
Virulent 

M. exigua Avirolent

FR (R) FR (R) FR (R) FR (R) FR (R)

Catuaí IAC 81 29.33 (S) 111.8 (S) 30.83 (S) 78.92 (S) 53.4 (S)

Clone 1V* 15.45 (S) 34.0 (S) 13.8 (S) 0.84 (HR) 0.82 (HR)

Clone 2V* 0.25 (HR) 4.08 (S) 0.68 (HR) 0.02 (HR) 0.0 (I)

Clone 3V* 0.6 (HR) 6.35 (S) 0.78 (HR) 20.93 (S) 0.08 (HR)

Clone 4V* 7.96 (S) 10.01 (S) 11.18 (S) 0.02 (HR) 0.07 (HR)

Clone 5V* 8.23 (S) 6.31 (S) 2.38 (S) 0.02 (HR) 0.05 (HR)

Clone 6V* 0.20 (HR) 2.0 (MR) 0.01 (HR) 10.7 (S) 0.0 (I)

Clone 7V* 0.61 (HR) 10.61 (S) 1.01 (MR) 0.0 (HR) 0.0 (I)

Clone 8V* 2.3 (MR) 2.48 (MR) 0.28 (HR) 1.07 (MR) 0.03 (HR)

Clone 9V* 1.35 (MR) 5.76 (S) 2.35 (S) 0.02 (HR) 0.06 (HR)

Clone 10V* 8.41 (S) 9.95 (S) 4.88 (S) 7.05 (S) 3.82 (MR)

Clone 11V* 1.53 (MR) 7.73 (S) 5.1 (S) 0.05 (HR) 0.18 (HR)

Clone 12V* 7.38 (S) 16.28 (S) 1.53 (S) 0.84 (HR) 0.4 (HR)

Clone 13V* 0.35 (HR) 6.20 (S) 0.71 (HR) 2.45 (MR) 1.44 (MR)

Clone 14 0.51 (HR) 0.26 (HR) 0.04 (HR) 0.04 (HR) 0.0 (I)

Clone 22 15.06 (S) 5.10 (S) 12.05 (S) 7.9 (S) 0.08 (HR)

Clone 109 A 16.64 (S) 35.76 (S) 39.66 (S) 0.02 (HR) 0.01 (HR)

Clone 120 4.13 (S) 16.32 (S) 16.0 (S) 0.04 (HR) 0.01 (HR)

ES N2010 – 01 2.19 (MR) 21.35 (S) 9.81 (S) 0.02 (HR) 0.0 (HR)

ES N2010 – 02 1.91 (MR) 13.5 (S) 13.19 (S) 0.04 (HR) 0.01 (HR)

ES N2010 – 03 2.19 (MR) 37.16 (S) 4.60 (MR) 0.02 (HR) 0.0 (HR)

ES N2010 – 04 0.0 (HR) 2.29 (MR) 0.0 (HR) 0.02 (HR) 0.0 (HR)

ES N2010 – 05 2.32 (MR) 6.91 (S) 11.29 (S) 0.27 (HR) 0.0 (HR)

ES N2010 – 06 3.85 (S) 12.65 (S) 38.82 (S) 0.0 (HR) 0.03 (HR)

ES N2010 – 07 5.88 (S) 49.96 (S) 16.51 (S) 0.0 (HR) 0.01 (HR)

ES N2010 – 08 11.88 (S) 50.52 (S) 37.16 (S) 0.08 (HR) 0.03 (HR)

ES N2010 – 09 11.75 (S) 27.36 (S) 31.1 (S) 5.13 (MR) 23.73 (S)

ES N2010 – 10 8.47 (S) 10.84 (S) 47.83 (S) 0.26 (HR) 0.11 (HR)

ES N2010 – 11 2.04 (MR) 50.83 (S) 59.24 (S) 0.01 (HR) 0.03 (HR)

ES N2010 – 12 13.96 (S) 38.71 (S) 22.67 (S) 0.15 (HR) 0.01 (HR)

ES N2010 – 13 0.39 (HR) 17.38 (S) 4.84 (MR) 0.0 (HR) 0.0 (HR)

Source: Adapted from Lima et al. (2015).

(RF) = Reproduction factor (final population/10.000 Meloidogyne eggs); (R) = Resistance reactions: (HR) = Highly resistant; (MR) 
= Moderately resistant; and (S) = Susceptible. 

*Clones belonging to the ‘Vitória Incaper 8142’ variety

It must be considered that, according to Barros et al. 2014), M. incognita, with a predominance 
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of race 1, is the species with the highest prevalence in most of the municipalities of the state 
of Espírito Santo, and this species occurred both pure and in combination with M. paranaensis. 
The race 1 of M. incognita, according to Lima et al. (2015), has a lower reproductive factor in 
most of the evaluated genotypes when compared to race 3 of this species, which could explain 
the different levels of aggressiveness observed in the field. 

For example, field observations demonstrate that there is distinct behavior of the 12V clone 
in areas infested with M. paranaensis. Generally, the clone develops well until it reaches the 
productive stage, and the greatest damage to productivity and physiology is observed after the 
second harvest. Clone 13V (late maturation) shows development and productivity compatible 
with the expected average. However, clone 1V (early maturation) had 75% plant mortality in 
the experimental area, up to 550 days after planting (LIMA, 2016).

In addition to Meloidogyne, other phytonematodes genomes were detected in the 
conilon coffee rhizosphere in Espírito Santo, such as Rotylenchulus, Tylenchus, Helicotylenchus, 
Pratylenchus, Mesocriconema, Xiphinema and Aphelenchus, but no damage was associated with 
these species (BARROS et al., 2014).

Some of these genres were also detected in a survey conducted in state of Rondônia, another 
major national conilon coffee producer. Santiago, et al. (2005) detected the presence of the 
genera (Aphelenchus, Meloidogyne, Pratylenchus, Aphelenchoides, Xiphinema, Helicotylenchus 
and Tylenchus). The species Aphelenchoides, Aphelenchus, Meloidogyne and Pratylenchus had 
incidence rates of 69.2%, 53.8%, 53.8% and 46.1%, respectively, in the municipalities evaluated.  
Most recent survey in this state, carried out in 21 municipalities (Alta Floresta, Alto Alegre dos 
Parecis, Alto Paraíso, Buritis, Cacoal, Espigão do Oeste, Jí-Paraná, Machadinho D´Oeste, Ministro 
Andreazza, Nova Brasilândia, Novo Horizonte D´Oeste, Ouro Preto do Oeste, Parecis, Pimenta 
Bueno, Porto Velho, Primavera de Rondônia, Rolim de Moura, Santa Luzia, São Felipe D´Oeste e 
Vale do Paraíso) detected M. incognita, M. exigua, and in the soil sample M. javanica (MATOS et 
al., 2015).

In view of the information available, it can be observed that the present high productivity 
clones do not present resistance sources to M. incognita race 3 and more than 60% did not 
present resistance to M. paranaensis. Since C. canephora is a perennial species and considering 
that these clones tolerance is still unknown, any reproduction factor above one becomes a risk 
to the invested capital for culture implantation and conduction. In the implantation, it can occur, 
as already observed in the field, the death of clonal seedlings and the need for replanting. In the 
crop conduction, the investment increases, as the parasitism compromises the root system and 
brings with it indirect effects, such as reduction of efficiency in the absorption and conduction 
of nutrients and water, besides possible disturbances resulting from adverse environmental 
conditions - it must be considered that most conilon area planted in the State of Espírito Santos 
is in regions subject to water deficit.  

Under controlled conditions, it was possible to size this risk. Clone 12V (susceptible) and 
clone 14 (resistant) to M. paranaensis were used. In these materials, three concentrations were 
inoculated; 0, 5.000 and 50.000 eggs/pots of 14 L. The 12V susceptible clone showed a 60% 
reduction in aerial part dry matter (Figure 15A) and 40% in the dry matter of the root systems 
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(15-B and D). Clone 14, on the other hand, did not present significant differences between 
inoculum levels, confirming the resistance reported by Lima et al. (2015) (Figure 16).

Symptomatology
This part will focus on the genus Meloidogyne. Of the more than 17 species that parasitize 

coffee in the world, five occur in Brazilian coffee plantations: M. coffeicola, M. exigua, M. hapla, 
M. incognita and M. paranaensis. Among them, M. exigua stands out due to its occurrence in 
practically all arabica coffee producing regions, as well as M. incognita and M. paranaensis for 
causing the highest losses in both C. arabica and C. canephora (CAMPOS; VILLAIN, 2005). For 
this genus of nematodes, the symptoms can be classified by the interaction (nematode/plant) 
in reflex or indirect symptoms (observed in the aerial part) and direct or typical symptoms 
(observed in the root system).

Root system - In the interaction Meloidogyne spp. and in the genus Coffea, the root  internal 
structure is always modified at the feeding site of the parasite, with the formation of giant cells, 
which are highly specialized cellular adaptations induced and maintained by the nematode 
(BIRD, 1974). According to Endo (1971), one of the first responses of host plants to nematodes of 
the genus Meloidogyne is the formation of galls in their roots. However, not all species develop 
pronounced galls in the coffee tree. In the interaction of M. incognita and M. paranaensis with 
the conilon coffee, the same symptoms as those exhibited when these parasites interact with 

Figure 15. Aerial part development and root system of clone 12V (susceptible) 420 days after inoculation 
with Meloidogyne paranaensis. Aerial part development, from left to right PI = 0; 5,000; 50,000 
(A); root system without inoculation (B); root system with PI = 5,000 (C); and root system PI = 
50,000 eggs/pot (D).
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C. arabica are observed. For example, clone 12V of the ‘Vitória Incaper 8142’ cultivar, when 
parasitized by M. incognita or M. paranaensis, presents root deformations, such as thickening 
(Figures 17A and B), especially in older and lignified roots (Figures 17C to F), interspersing 
thickening with healthy parts (Figure 17G). Cracks, slots and scaling with the cortical tissues 
(descaling) detachment can also be observed (Figure 17C) in addition to reduction in the root 
system.

Symptoms in the aerial part
In field experiments installed in the municipality of Sooretama/ES in 2010, wilting is 

observed during the hottest hours of the day, in susceptible clones, in clay soil naturally infested 
with M. paranaensis. In the State of Espírito Santo, there are only findings of damages caused 
by M. incognita and M. paranaensis and both are similar in conilon coffee tree. These symptoms 
occur in ‘reboleiras’(Figure 18A), and plant decline and premature leaf fall and yield, as well as 
mineral deficiency aspects in plants (Figures 18C and D) are observed. The symptoms are most 
frequently observed with greater severity in the stage of filling and fruits maturation, that is, 
from the middle to the end of the productive cycle.

Due to the reduced amount of leaves on the productive and vegetative plagiotropic 
branches or their premature fall, there is early exposure of the fruits to the radiation causing 
scalds and the plant tends to reduce the productive cycle with the early maturation of the fruits 

Figure 16. Development of aerial part and root system of clone 14 (resistant) 420 days after inoculation 
with Meloidogyne paranaensis. Development of the aerial part, from left to right PI =  0; 5,000; 
50,000 (A), root system without inoculation (B); root system with PI = 5,000 (C); and root 
system PI = 50,000 eggs/pot (D).

A

B

C

D



Conilon Coffee Disease Management 573

(Figures 18B and D). These fruits, after processing, present a high quantity of beans classified as 
floating, black or dry (LIMA, 2016). These fruits, when adhered to the rosettes, tend to dry from 
the apex to the base of the plagiotropic branch (Figure 18B).

It is observed that susceptible clones that present, for two productive cycles, high amounts 
of second stage (J2) juveniles in the soil become weak, depleted and even died after harvesting 
or programmed pruning. Usually, after pruning, the shoots that will be the orthotropic branches 
are less vigorous than expected and tend to dry over time (Figure 18C). 

In Capixaba areas where plantations and/or fields are gradually uneconomical, the 
eradication of plants occurs, and they are usually replaced by other crops or other clones. 

Management and control
The fallow practice employs two principles of control, that is, nematode death by starvation 

(since nematodes are mandatory phytopathosis) and death by desiccation or heating (when 
the soil is plowed). Due to the agronomic characteristics of conilon coffee (small and medium 
farms) and because it is intensively practiced, the period of the area cleaning and disinfection 
as the main tactic to suppress the nematodes of the galls, is not very practiced. The lack of 
income in fallow areas is one of the main drawbacks, along with the frequent and necessary 
expenditure associated with the control of weeds that host phytonematodes.

Figure 17. Symptoms of the interaction Meloidogyne paranaensis and roots of conilon coffee tree, clone 
12V. Root system with roots deformations and coarsening of different thicknesses (A and B); 
cracks and slots on thicker and lignified roots (C); coffee tree root with 3.5 years of planting 
parasitized and with absence of adventitious roots (D); top view of soil infested with M. 
paranaensis showing absence of absorbent roots at the center, coffee tree stem pruned 450 
days after inoculation (E); top view of disinfected soil showing superficial absorbent roots (F); 
thickening in the more superficial coffee tree roots (G). 
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Like fallow, the crop rotation, which is a proven successful practice in annual crops, is 
possibly impractical when used in perennial crops. Thus, it is almost consensual that the control 
of phytonematodes, more specifically Meloidogyne spp., in a perennial crop system, such as 
conilon coffee, is more challenging and difficult than in annual cultivation. In arabica coffee, 
some success was observed with the use of rotation in the suppression of M. exigua and M. 
coffeicola populations, not observed in M. incognita or M. paranaensis, important species for 
conilon coffee (CARNEIRO, R. M. D. G., 1982; ALMEIDA; CAMPOS, 1991; CARNEIRO, R. G.; CAMPOS; 
VILLAIN, 2005).

The unrestricted use of nematicide as the main form of phytonematode control is also 
inadvisable, since it does not usually reflect a positive effect on the coffee tree. In addition, 
the nematicides available in the market are progressively with restricted use and do not fit 
the environmental sustainability standards anymore. However, since it is used correctly and 
not exclusively, this chemical tool, in some situations, is necessary. But there is a need to adapt 
to the application technology for the conilon coffee tree, since the culture is becoming more 
and more technical. For example, the production cycle, the need to use irrigation systems 
and culture practices (pruning) are completely different from arabica coffee, from where the 
application recommendation was imported. 

Undoubtedly, the use of resistant cultivars/clones is the best option for living with 
phytonematodes, being the cheaper and safer option as an alternative to the unrestricted use 
of nematicides. 

In some clones or populations of C. canephora, resistance genes are detected to various 
phytonematodes genera. The fact that mystifies it and, in a way, gives the erroneous impression 

Figure 18. Indirect symptoms of Meloidogyne paranaensis in parasitism conilon coffee, clone 12V, with 
42 months of planting. General view of the area with ‘reboleiras’ presenting dead or depleted 
and underdeveloped plants (A); premature fall of leaves and fruit exposure to solar radiation 
causing scald (B); pruned plant with emission of few orthotropic branches and its death (C); 
plant death in the fruit filling stage (D).
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that all the progenies originating from C. canephora are resistant to any phytonematode, which 
is not currently observed in the main commercial clones.

The C. canephora versatility in the national coffee culture, with a focus on nematode 
management, has been registered for decades in several successful  surveys in C. arabica areas 
using, for example, ‘Apoatã IAC 2258’ (FAZUOLI, 2004; GONÇALVES et al., 2004). For years, areas 
suitable for C. arabica cultivation were limited to planting due to the presence of M. exigua, 
M. incognita and M. paranaensis in the soil. However, the hypocotyl grafting of C. arabica 
on C. canephora (Figure 19A) mitigated this threat and was and still is the most economical 
production mean (CAMPOS; VILLAIN, 2005). The production costs associated with the use of 
the hypocotyl grafting are surely increased, but the economic results derived from the use of 
this technique are worth the investment.

Thus, ‘Apoatã IAC 2258’ is probably the most important C. canephora cultivar developed 
in Brazil aiming at resistance to phytonematodes, but in Latin America, the rootstocks variety 
Nemaya (developed with resistance to P. coffeae and Meloidogyne spp.) also shows good results 
and is recommended (ANZUETO; BERTRAND; SARAH, 2001).

In Brazil, in fields infested with M. incognita race 1, the ‘Mundo Novo’ arabica coffee tree 
grafted on a rootstock variety ‘Apoatã IAC 2258’ yielded 3.6 times more than ungrafted plants 
(COSTA; GONÇALVES; FAZUOLI, 1991). Although the use of this cultivar is recommended for 
areas infested with Meloidogyne , it is observed that in the altitudes and latitudes where Arabica 
coffee is cultivated, this rootstock may find growth problems related to low temperatures that 
are reflected in the yield reduction comparing with ungrafted plants (BERTRAND; ETIENE; 

Figure 19. Grafted seedlings for planting in an area infested with Meloidogyne. Hypocotyl grafting in 
arabica coffee tree, Catuaí 144 variety (upper arrow), grafted on Coffea canephora, Apoatã 
IAC 2258 variety (lower arrow) (A); clone 12V grafting (top arrow) onto clone 14 (bottom 
arrow), in conilon coffee tree (B).

Photo: 19A - Enivaldo Marinho Pereira.
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ESKES, 2001), and perhaps the most important fact is that this seminal material may present 
segregation for resistance to some species of Meloidogyne and susceptibility and intolerance 
to Pratylenchus brachyurus - test under controlled conditions (OLIVEIRA, 1996) e P. coffeae 
(OLIVEIRA et al., 1999; TOMAZINI, 2003).

In Brazil, unlike what was observed in Indonesia by (TORUAN-MATHIUS; PANCORO; 
SUDARMADJI, 1995), there is still no significant damage from Pratylenchus (root lesion nematode) 
in conilon. Resistance sources to this nematode have been detected in C. canephora germplasm 
since the 1960s (REYNA, 1968). In Guatemala, in a field trial using C. canephora free-pollinated 
rootstock, a 80% reduction in the Pratylenchus population was achieved in the grafted plants, 
which resulted in a three-fold increase in productivity (VILLAIN; MOLINA; SIERRA, 2000, VILLAIN 
et al., 2001). In Asia, the practice of grafting arabica coffee on C. canephora resistant to P. coffeae 
has also been used for decades, as well as in C. canephora plantation. 

In suitable areas for the conilon coffee planting  infested with Meloidogyne, one may choose 
to plant resistant clones or use resistant rootstock (Figure 19B). Initial tests indicate clone 14 
as a rootstock option, since this clone presents resistance to the major Meloidogyne species 
and tolerance to water deficit (LIMA et al., 2015). Because it is a clonal material, the risks of 
segregation are low and adaptability to environmental conditions are also not limiting factors. 

Experiment in fields naturally infested with M. paranaensis in the municipality of Sooretama/
ES, initiated in 2010, in which 13 clones of the ‘Vitória Incaper 8142’ variety were grafted on clone 
14, has demonstrated compatibility between clones and presenting excellent development 
and productivity rates (LIMA, 2016) (Figure 20).

With the expansion of conilon cultivation area, leveraged by the grain demand and the 
already aggressive nature of some nematode species, it is necessary to conduct targeted 
research and conilon breeding programs should also focus on the selection of clones or varieties 

Figure 20. Experiment on the use of clone 14 as a rootstock in conilon. Area with soil infested with M. 
paranaensis and clone 48 months of depleted planting due to the compromising of its root 
system (A); the same area planted with susceptible clones grafted on clone 14 (resistant to 
M. paranaensis) (B).
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that are resistant to phytonematodes, either for use as a rootstock or for composing resistant 
clonal varieties. Such an effort will ensure greater safety and sustainability of the conilon coffee 
production system.

3.3 OTHER ROOT DISEASES

Fusarium fungi have been reported associated with lesions in the root system and collar 
of coffee plants, especially in nurseries. Although fungi of the genus Fusarium are frequently 
isolated from fruit stalks and peduncles under field conditions, in arabica coffee, their presence 
with an economically important disease for conilon coffee in Espírito Santo has not been 
associated. In the fruits, mainly in “cherries”, or when they suffer mechanical damages, fungi of 
the genus Fusarium have been isolated, emphasizing F. equiseti, F. lateritium and F. oxysporum. 

Rhizoctonia solani Kuhn, in the sexually reproductive form (teleomorph) of Thanatephorus 
cucumeris, causes collar rot, damping off or wire stem in the seedlings in nurseries, especially in 
pre-emergent seedlings until the “matchstick” phase and “Ounce ear”, being directly associated 
to favorable conditions for the fungus. The infection of the fungus can “rotate” the seedling 
stem, causing the plants wilting and damping off. In sick tissues, the fungus mycelium is 
observed and sclerotia may occur. 

The fungus can cause lesions in the collar, in addition to infecting the plants up to 
approximately one year after transplanting, often occurring the strangulation in the upper limit 
of these lesions, with the formation of scar tissue due to the accumulation of the descending 
sap. Favorable climate conditions are rainfall or humidity> 90% and temperature between 18 
oC and 28 oC. Sprinkler irrigation favors the pathogen spread in nurseries. The infested soils 
are responsible for the fungus spread in the nurseries, which is why it is necessary to avoid 
as substrate the soil originated from forest or the ones very rich in untanned organic matters 
to the bags filling. The recommended substrate is the soil coming from the ravine B horizon, 
mixed with washed sand in the ratio of 3: 1 and with well-tanned compound, or acquisition of 
specific substrates for the seedlings production. When the disease occurs in the nurseries, it is 
recommended to remove the bags with the sick plants as a way to reduce the inoculum and 
the pathogen spread.

For the management of root diseases caused by fungi, the seedlings should be used in 
the formation of pathogen-free substrates and beds drainage, while in the field, planting 
should be avoided in areas of forest clearing and rich in decaying organic matter. Generally, it 
is recommended to apply limestone in the holes of the affected plants and leave the soil fallow 
(Figure 21).
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Figure 21. Representation of the main tactics of diseases management in conilon coffee which aim at 
the elimination of the initial inoculum and reduce the rate of disease progress in the field, 
given the integrated production of quality beans.

Source: Ventura et al. (2007). 
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4 ABIOTIC DISEASES
In the state of Espírito Santo, abiotic diseases are prominent, since a large number of 

samples sent to Incaper’s phytopathology laboratories do not have a pathogen as an etiological 
agent. Among these diseases, the most common symptoms in conilon coffee are the drought 
of branches, crooked and twisted roots, stem drowning and nutritional deficiencies, mainly 
micronutrients.

4.1 ROOTS DEATH AND BRANCHES DIEBACK

Root death and branches dieback in conilon coffee have been widely reported, especially at 
certain times of the year and in certain clones, affecting crop productivity and longevity. 

The causes associated with these symptoms may be several, but those that have received 
more attention are nutrient deficiency, drought, high temperatures, excessive soil moisture, 
cold winds and the presence of fungi Colletotrichum spp. and Phoma spp., also being related 
to hormonal imbalances and disorder in the demand and/or availability of nutrients for fruit 
production, mainly photoassimilates such as carbohydrates (RENA; CARVALHO, 2003). 

In the conilon coffee plant in Espírito Santo, whenever the dryness of young branches is 
observed, there is evidence of unfavorable climatic conditions and changes in the plants root 
system.      

One of the components for the plants depletion is the genetic predisposition that exists 
in some varieties and clones, which is accentuated by the interaction of the climate and soil 
associated to the energy depletion of high fruit load, and to the unavailability of leaf area in the 
plant, enough for nourishing the underdevelopment fruits. Research has shown that in order 
to maintain a fruit, the plant must have an amount of carbohydrate supplied in approximately 
20 cm2 of leaves and still maintain normal plant growth (RENA; CARVALHO, 2003). These 
carbohydrates highest demand in the plant occurs during the period of fruiting (filling), which 
usually also occurs in the months when the temperature is higher and there is a water deficit 
(summer), which leads to a reduction of photosynthesis. There is, however, the need for research 
with conilon coffee trees to know in detail the photoassimilates partition and the quantification 
of the leaf/fruit ratio necessary to the good development of the fruits, without compromising 
the plants growth and development, especially in early clones.

The photosynthetic characteristics of the coffee tree are of species adapted to shady 
environments, typical of the forests in its origin center. The coffee tree leaves that grow in 
the shade are photosynthetically more efficient than those that grow in conditions of full sun 
(RENA; CARVALHO, 2003).

Root death is a known problem since the 1930s when coffee trees with high fruit load may 
present new branches dryness and this fact is preceded by the death of the plants roots. After 
an outbreak of young branches dieback caused by fruit overload and the non-regeneration 
of the absorbent roots, mainly the deeper ones, the coffee tree loses its morphophysiological 
balance and its productive capacity (RENA; CARVALHO, 2003).   
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The C. canephora species is more resistant to edaphoclimatic conditions due to the greater 
extension and efficiency of their root system, mainly in relation to the absorption of water 
and nutrients, which is about three to five times higher than C. arabica’s (RENA; MATA, 2002). 
However, in some clones, the root system is quite superficial, concentrating the roots in the soil 
upper layer with profusion of feeding roots. These characteristics are peculiar to these species 
origin, which in Africa occurs in forests where, in the soil superficial layers, there is a large 
amount of organic deposits formed by the leaves and trunks of the trees. Studies carried out 
in Linhares/ES, with conilon, showed that these differences in the root system, as compared to 
arabica, could be related to the genetic variability of plants and to interactions with soil, climate 
and crop management (RENA; MATA, 2002). 

The relationships between the aerial part and the root system of the plants are very 
important because, in the aerial part, the metabolism of the organic compounds (carbohydrates, 
amino acids, hormones and vitamins) occurs, and in the roots the absorption and conduction 
of the mineral nutrients and the water, indispensable for the development of the plants, thus 
necessitating the balance between the aerial part and the root mass in the plants (Table 8). 
Several factors can affect this relationship, highlighting as the most important ones the genetic 
variability of the plants, which may be more accentuated by the process of seedling growth, fruit 
production and carbohydrate availability, related to the excessive loading, leading to the young 
branches dryness and descendant death of branches. Coffee trees with dry young branches 
usually have low carbohydrate reserves, which occur mainly during the fruiting stage. Root 
death precedes the symptoms of young branches dryness in the aerial part of the plants and, 
if root regeneration does not occur, the coffee loses its normal morphophysiological balance, 
becoming a plant of superficial nutrition, being affected by the climate variations mainly due 
to water deficiency and the absorption of nutrients (RENA; MATA, 2002).

Table 8. Coffee predisposing factors to the main abiotic diseases

Diseases Predisposing Factors

Branches Dieback and 
Roots death

Nutritional deficiencies

Water drought

High fruit load

Strong and cold winds

Occurrence of diseases and pests

Problems in the root system

Source: Ventura et al. (2007).

The seedlings growth and the transplanting can exert deep modifications in the structure 
and architecture of the coffee roots, occurring generally in the seedlings of asexual propagation 
the development of primary branched root, with greater number of secondary axial roots. If 
the growth occurs in very small containers and remain in them for a long time before being 
transplanted to the bags or to the field (past seedlings), important deformations have been 
observed, which will compromise the development of the plants and their production (Figures 
22A and B). In municipality of Sooretama/ES conilon coffee plantations with premature death 
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of plants demonstrated in diagnosis by Silveira et al. (1997), chlorinated (yellowish) plants, 
with young branches dryness and great unevenness in the root system, with strangulated 
roots, which certainly prevented the plant from absorbing water and nutrients (Figures 22B, 
D and E). This abnormal formation of the root system clearly demonstrates the problem in 
the process of producing seedlings using the tubes improperly, in which the roots have a 
convergent direction, movement that hinders the growth of the secondary ones (SILVEIRA et 
al., 1997). The reduction in water and nutrient absortion combined with mechanical damage 
in the roots leads the plants to death, especially in years of heavy fruit loading (RENA; MATA, 
2002). The use of some pesticides via soil can also have an effect in the coffee tree root system, 
inducing the formation of lateral (secondary) roots, which may later cause an imbalance 
between the root system and the aerial part of the plants and the effects described above 
affect the biotic soil system, beneficial to plants.

5 QUARANTINE DISEASES AND EXTERNAL THREATS

5.1 ANTHRACNOSE OR COFFEE BERRY DISEASE (CBD)

The green-fruit-coffe anthracnose is an important quarantine disease for Brazil, known 
as Coffee Berry Disease (CBD), caused by the fungus Colletotrichum kahawae J M Waller & P D 
Bridge, being responsible for significant losses in Africa (VÁRZEA et al., 2002).

The disease was first reported in 1922 in Kenya, and its occurrence was later confirmed 
in virtually all African arabica coffee producing countries, also affecting C. canephora in the 
Central African Republic. In the American continent, despite the favorable climatic conditions, 
the disease has not yet been confirmed, thus requiring quarantine care regarding the entry 
of coffee plant material from Africa, where epidemics are severe.

The etiological agent was initially described as C. coffeanum, which generated great 
controversy since in this species pathogenic and saprophytic isolates of the fungus could 
occur. These conditions have led to some reports of their occurrence, including in Brazil, 
but probably confused with C. gloeosporioides and C. acutatum species, which are common 
in tropical conditions. Several studies have been carried out in the last 70 years using 
morphological and physiological characteristics of fungi isolated from coffee until Waller 
et al. (1993), also using pathogenicity, proposed a change in the name of the fungus for C. 
kahawae, which has very significant characteristics (Table 9).
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Figure 22. Roots of conilon coffee plants, in the field, with unevenness in the root system due to mistakes 
in the production process in small tubes and late transplanted. Axial root convergence and 
mechanical effect (A); Root system strangulation (B and D); Plant with chlorosis and dryness 
of branches (C).

C D

A B
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Molecular biology studies using the RFLP and mtDNA technique with Colletotrichum spp 
isolates of coffee trees made it possible to separate the species of C. kahawae, C. gloeosporioides 
and C. acutatum, but it was not possible to verify the existence of subpopulations in C. 
kahawae, although this species is very close to C. gloeosporioides, which was evidenced by 
data from the ITS sequences of the fungus (WALLER; BRIDGE, 2000; VÁRZEA et al., 2002).

Table 9. Characteristics that make it possible to distinguish the Colletotrichum kahawae and Colletotrichum 
gloeosporioides isolates from coffee tree

Characteristic Colletotrichum kahawae Colletotrichum gloeosporioides

Growth in half malt extract at 25 oC 2-4 mm 3-6 mm

Average growth/day in half malt 
extract at 30 oC 2 mm 12 mm

Use of citrate or tartrate as sources of 
carbon Do not use use

Inoculation in green fruits of C. 
arabica cv. SL 28 Pathogenic Non-pathogenic

Inoculation in hypocotyls  of C. 
arabica plants Pathogenic Non-pathogenic

Source: Waller et al. (1993) and Várzea et al. (2002).

The CBD symptoms in green fruits are depressed black lesions, which can occur in any 
part of the fruit, coalesce it and cover it totally, on the surface of which, in conditions of high 
humidity, they develop pink masses of conidia. The sick fruits may fall prematurely or become 
mummified on the branches (VÁRZEA et al., 2002). In some cases, in green fruits, corticoid 
lesions (scab) might form, which may or may not exhibit fungus acervuli. Fruit susceptibility 
to CBD depends on the favorable climate conditions, that generally allow infection between 
the 8th and 12th week, which practically does not occur after the 25th week, when the fruits 
are reinfected in the pre-maturation and maturation stages (VÁRZEA et al., 2002).

5.2 TRACHEOMYCOSIS OR COFFEE WILT DISEASE

The tracheomycosis (Coffee Wilt Disease - CWD) was reported in 1927 in the Central African 
Republic in Coffea excelsa and later, between 1937 and 1939, the disease has spread in C. liberica 
and C. canephora, in the plantations of Cameroon, Guinea, Ivory Coast and the Democratic 
Republic of Congo, where more than 40% of the plantations were infected (FRASELLE, 1950; 
SACCAS, 1951; LEPOINT; MUNAUT; MARHTE, 2005). The severity of the disease reached 90% 
in Congo plantations and, more recently, in Uganda (1993) and in the Lake Victoria region, in 
Tanzania (LEPOINT; MUNAUT; MARHTE, 2005). 

The disease has as its etiological agent the fungus Gibberella xylarioides strictu sensu Heim 
& Saccas, with anamorphic stage in Fusarium xylarioides Steyaert (TSHILENGE-DJIM; KALONJI-
MBUYI; TSHILENGE-LUKANDA, 2011). However, it is recognized that there is a complex of 
biological and phylogenetic species in G. xylarioides , which has been demonstrated in studies 
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of fungus populations isolated from C. canephora and C. excelsa in different African countries 
where, at least, three groups were distinguished (LEPOINT; MUNAUT; MARHTE, 2005).
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