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Abstract: Coffee Arabica is an important crop in the national economy of Ethiopia. 

Coffee berry disease (CBD), coffee wilt disease (CLD) and coffee leaf rust (CLR) are the 

most important coffee diseases in the country. Development of coffee cultivars for 

different localities having a character of diseases resistant, high yielding and quality 

coffee is important. Previous research works have little effort to provide varieties that are 

suitable for Gurage zone southern parts of Ethiopia. Hence, this study was carried out to 

evaluate Gurage coffee accessions against CBD. Evaluations of Gurage coffee accessions 

were conducted under field by Attach Berry Test and laboratory by Detach Berry Test 

methods in Randomized Complete Block Design and Completely Randomized Design, 

respectively in 2018. The study result indicated that Gurage coffee accessions Gu-18, Gu-

1 and Gu-4 had lower CBD infection level in both field and laboratory experiment, which 

was 5.4, 8.29 and 11.37 and 32.5, 45.0 and 25.8 %, respectively. Those coffee accessions 

that showed low level of infection are an opportunity for further breading research work 

and could be the best alternatives to CBD management particularly for the study area. 

Future research should focus on evaluating the promising Gurage coffee accessions in 

seedling inoculation test and in multi-location field trials for several years. 
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1. INTRODUCTION 
Coffee is a perennial crop which belongs to the 

genus Coffea in the Rubiacea family, and is mostly 

grown in the tropical and subtropical regions (Berthaud 

and Charrier, 1988). More than 125 million peoples were 

earning their income directly or indirectly from Coffee 

products in worldwide (Lashermes et al., 2012) and is the 

second most exported commodity after oil (Davis et al., 

2012). Major coffee producing sub-Saharan African 

countries; that they depend for their foreign exchange 

earnings were; Ethiopia, Uganda, Kenya, Rwanda and 

Burundi (Phiri et al., 2010). Ethiopia is one of the leading 

Arabica coffee producers in Africa with a production of 

7.65million bags (ICO, 2018). In Ethiopia 15-16 million 

people’s income depends on coffee farming, 10 percent 

of agricultural production, and about 34 percent of total 

export earnings over the past decade, and the country is 

center of origin and genetic diversity of Arabica coffee 

(Tefera, 2015; Tadesse et al., 2015; ICO, 2018). 

However, despite the vast area of cultivation, high 

genetic diversity and importance to the national 

economy, the productivity of coffee is very low (about 

669.6 Kg/ha) in the country (CSA, 2017). These is due 

to use of unimproved coffee landraces, poor agronomic 

practices and widespread and prevalence of pests and 

diseases (Girma et al., 2009). 

 

Coffee berry disease (Colletotrichum 

kahawae), coffee wilt disease (Gibberella xylarioides) 

and coffee leaf rust (Hemileia vastatrix) economically 

important coffee diseases in Ethiopia. Coffee berry 

disease (CBD) is the most devastating disease in Africa 

at high altitude. It attacks all stages of the crop from 

flower to ripe fruits and sometimes leaves, but the 

highest yield loss occurs when the green berries are 

infected (Batista et al., 2017). About 24% to 30% yield 

loss is incurred by CBD it may reach up to 100% in high 

rainfall, high humidity and high altitude areas (Eshetu 

and Waller, 2003; Garedew et al., 2017). 

 

Arabica varieties used in crop production and 

accessions held in germplasm collections were far below 

the genetic diversity of wild Arabica populations 

(Labouisse et al., 2008). The wild populations also have 

high functional diversity in terms of pest and drought 

tolerance (Girma et al, 2005; Taye, 2006). Development 

of new coffee cultivars for different localities having a 
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character of diseases resistant, high yielding and possess 

unique quality profile plays important role for improving 

coffee productivity and foreign exchange earnings of 

Ethiopia (Girma et al., 2009). Testing of selecting 

materials for resistance to CBD in the laboratory and in 

different locations is very vital (Eshetu, 2000). In 

Ethiopia CBD resistant cultivars have been identified 

and commercialized for immediate use, and currently 

different works have been carried out on the genetic 

improvement of Arabica coffee. However, this research 

direction has little effort to provide varieties that are 

suitable for Gurage zone southern parts of Ethiopia. 

Currently, Jimma Agricultural Research Center has 

collected 21 coffee landraces from major coffee 

producing districts of Gurage zones to evaluate their 

yield, diseases resistance and quality. Therefore, the 

present study was carried out on evaluating those Gurage 

coffee collection for their resistance to Coffee berry 

disease. 

 

2. MATERIALS AND METHODS 
2.1 Description of the Study Area 

The attached berry test was conducted in Gera 

Agricultural Research Sub-center (GARSC) at field 

condition. The sub center is found in Oromia Regional 

State in Jimma zone, Ethiopia, located around 7o7'N 

latitude and 36o0'E longitude and at an altitude of 1900 

m a s l. It receive an annual rainfall of 1877.8mm, with 

mean minimum and maximum temperatures of 10.4oC 

and 24.0oC, respectively (Anteneh and Taye, 2015). The 

growth room studies were conducted at Jimma 

Agricultural Research Center (JARC). The center is 

found at Oromia Regional State in Jimma zone, Ethiopia, 

located around 07°46'N latitude and 36°47'E longitude 

coordinate and at an elevation of 1753 m a s l. It receive 

annual rainfall of 1572mm, with mean minimum and 

maximum temperatures of 11.6oC and 26.3oC, 

respectively (JARC, 2004). 

 

2.2 Treatments and Experimental Design 

Attached berry test was conducted on 17 

Gurage coffee accessions in August 2018, which were 

previously established at GARSC, those score 0-20% 

CBD visual assessment data in three consecutive years. 

The established experiment contains 21 Gurage coffee 

accessions and one field resistant check (74110) were 

planted with two replications in RCBD design. The ABT 

was conducted following the methods described by Van 

der Graaff (1981). Three trees per accessions were 

selected and divide the selected trees in three strata of 

branches (top, middle, and bottom) take one middle 

braches from each stratum for inoculation. Then, record 

a number of berries in selected branch after removing 

diseased, wounded, matured and pinhead berries. 

 

In order to obtain the inoculums source, CBD 

infected green berries with active black lesions were 

collected from the GARS center. Then, diseased berries 

were wetted slightly with distilled sterilized water and 

incubated in a closed plastic box for 24-48 hours which 

was sufficient time to produce a reasonable sporulation. 

Then, a conidia suspension was prepared by rinsing the 

berries in sterilized distilled water and the conidia 

density was determined by haemocytometer after 

repeated purifying of suspension through double layers 

of cheese clothes. The berries in each selected stratum 

branches were inoculated with a suspension of 2x 106 

conidia/ml using hand sprayer in late afternoon to avoid 

excessive heat (Arega 2006; Kamau, 2015). Then, each 

branch was kept moist and warm over night for 12 hours 

covered in a plastic ‘sleeve’. The plastic sleeve was 

insulated with paper bag to avoid high temperature. After 

21 days of inoculation the numbers of healthy and 

diseased berries were recorded. 

 

The second method of evaluating Gurage coffee 

accessions was Detach berry test in green house. 

Seventeen Gurage coffee accessions (those score 0-20 % 

CBD in visual assessment) plus 3 cheeks i.e., 

741(resistant), 74110 (field resistant and lab moderately 

resistant) and 370 (susceptible) varieties were used for 

this test. The experiment was laid out in CRD design in 

three replications containing 20 berries per replication in 

plastic boxes that contain misted filter paper. Fifteen 

weeks old from date of flowering of the expanding coffee 

berries from those Gurage coffee accessions and the 

cheeks were collected (Pinard et al., 2012). The berries 

were picked randomly from bottom, middle and top of 

the coffee tree in order to have a representative sample. 

Berries were surfaced sterilized with 5% sodium 

hypochlorite solution for 2 minutes and rinsed three 

times with sterile distilled water for 2 minutes each and 

dried using sterile cotton cloth. The wounded stalk end 

of the berries was removed with a sterile scalpel to avoid 

contamination with saprophytic fungi. 

 

Ten days old mycelia colonies culture of EZD 

isolate, which was more aggressiveness isolate (Amare 

et al., 2021), was washed by flooding with 10 ml 

sterilized distilled water, rubbed with sterilized scalpel 

and then transferred to 50 ml sterilized beaker to harvest 

conidia. The suspension was stirred with magnetic stirrer 

for 15 minutes and filtered through double layers of 

cheese clothes. After repeating the procedure the spore 

concentration was adjusted to 2 x 106conidia/ml and 20µl 

of conidia suspension was deposited on the berries using 

a pipette while shaking time to time when drawing the 

inoculums (Kilambo, 2008; Kamau, 2015). As a control 

(check) 20µl distilled sterilized water was poured on the 

berries. Boxes were sealed to provide saturated humid 

conditions necessary for disease development. Regular 

opening after every three days was done for 10 minute to 

allow for aeration of the berries. 

 

The data on infection collected every three days 

starting from 3rd days post inoculation when CBD 

symptoms were visible. After 14 days, data on disease 

intensity (PSI), expressed as pathogenicity level of each 

isolates were recorded using a scales of 0 to 6 (modified 

Van der Vossen et al., 1976 adopted from Abdi and 
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Abdu, 2015) (Table 1). After scoring each coffee berry 

individually, average infection percentage (AIP) on each 

isolates across the replicates was calculated as follows: 

AIP =∑ [Ir1 + Ir2 + Ir3+ ⋯Irn]/N 
 

Where, I is the sum of disease score; n is the 

number of replication; Irn is the sum of disease score in 

replication n; N is the total number of berries scored in 

the replications (Kamau, 2015). 

Table 1: Assessment key for evaluation of coffee berry disease severity in Coffea arabica 

Disease index  Descriptions 

0 Healthy green berries without symptoms 

1  Black sunken lesions cover < 2% of the green berries surface 

2  Black sunken lesions cover 2-5% of the berries surface; approximately 3mm in diameter  

3 Black sunken lesions cover 6-10% of the berries surface shows black lesions approximately 5 mm in diameter 

4  Black sunken lesions cover 11-50% the berries surface; approximately 7mm in diameter 

5  Black sunken lesions cover 51-99% of the berries surface; approximately15 mm in diameter 

6 >99% or the whole surface of berries covered with black sunken lesions; mummified berries 

Source: Modified Van der Vossen et al. 1976 
 

2.3 Data Analysis 

All laboratory and field data were summarized, 

tested for normal distribution using the normality test and 

subjected to analyses of variance (ANOVA) using SAS 

program version 9.3 software (SAS, 2011). Before 

analysis of variance, the field evaluation data (ABT) was 

transformed with Arcsine transformation. 
 

3. RESULT AND DISCUSSION 
The analysis of variance (ANOVA) for attached 

berry test showed significant difference among the 

accessions at p<0.005 level (Fig. 1). The high CBD 

severity infection was recorded on accessions Gu-15 

(30.07%) which showed highly significant difference for 

most of Gurage coffee accessions but, there was no 

significant difference as compare to Gu-19, Gu-10, Gu-

6 and Gu-13 accessions. The lowest CBD severity 

infection was recorded on accession Gu-18 (13.21%) 

which did not statistically significant different between 

Gu-7, Gu-12, Gu-1, Gu- 8, Gu-20, Gu-9, Gu-4 and check 

(74110), but it has significant difference compare to the 

other accessions (Fig.1). The result of this study clearly 

indicates that certain Gurage coffee accessions that have 

been better or comparable CBD resistant to the reference 

accessions/varieties. Similarly, Tefestewold et al., 

(1995); Bayetta (2001) and Arega (2006) also reported 

significant differences in seedling percent infection in 

reaction to CBD for different coffee accessions. 
 

The variation among coffee accessions for the 

pathogen response can be associated with the genetic 

makeup of the accessions. The resistance nature of CBD 

in coffee has horizontal nature (Van Graff 1981; Bayetta, 

2001). The host resistance appears to be largely based on 

the rapid formation of a cork barrier in the pericarp of the 

developing fruit distal (point of attachment) from the 

initial infection site that effectively prevents the 

pathogen from further invading of healthy tissue which 

totally absent or incomplete in susceptible host plants 

(Bayetta, 2001; Silva, 2006). CBD resistance of 

Lyamungu coffee hybrids is partly being contributed by 

wax surface on green coffee berries (Kilimbo et al., 

2013). Chen et al., (2004) showed the green coffee 

berries possess inherent antifungal compounds that 

counteract the infection of coffee by C. kahawae strains. 

In the resistant coffee genotypes, restrict the fungal 

growth associated with a series of hypersensitive 

reaction (HR) responses. HR indicates the rapid and 

efficient plant resistance mechanism that leads to a 

localized plant cell death in response to invasion by a 

pathogen and is characterized by a rapid loss of 

membrane integrity in the infected host cells (Hoglund et 

al., 2005; Singh and Upadhyay, 2013). 
 

 
Figure 1: Percent CBD infection of Gurage coffee accessions in attach berry test 

Means followed with the same letters are not significantly different at LSD (0.05) 
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The detach berry test study revealed that there 

was highly significant difference (p<0.001) among 

Gurage coffee accessions for reaction of CBD resistant 

(Fig. 2). Coffee accessions Gu- 4 and Gu-18 showed 

lower CBD severity infection (25.83 and 32.50%) and 

statistically highly significant difference as compare to 

resistant check (741) and other Gurage coffee accessions. 

The highest CBD severity infections was recorded on 

coffee accession Gu-7 (88.33%), which was moderately 

resistant in the field experiment (ABT) and now 

susceptible in this experiment. The coffee cultivar 74110 

was one of the released field CBD resistant cultivars and 

had moderately susceptible reaction in laboratory 

(Tefestewold et al., 1995; Bayetta et al., 2001; 

Kumlachew et al., 2018). Those four Gurage coffee 

accessions (Gu-7, Gu-19, Gu-16 and Gu-13) showed 

higher infection percentage more than the well-known 

susceptible variety (370). The susceptible coffee 

accessions had their berry surfaces entirely covered by 

black sunken lesions. On the other hand, those resistance 

Gurage coffee accessions formed restricted black scab 

lesions that hindered further penetration of the pathogen 

into the intercellular parts of the berry (Kamau, 2015) 

(Fig. 3). Gichuru (1997) findings indicated that scab 

lesions were the common macroscopic expression of 

resistance of coffee to CBD. This resistance to CBD is 

preformed and induced, and it operates at distinct stages 

of pathogenesis. 

 

In Gurage coffee accessions, the resistant 

accessions should restricted growth of the pathogen 

(scab formation). Presence of scab CBD lesions formed 

in resistant or moderately resistant coffee genotypes 

suggests the mechanism by which further invasion of the 

CBD pathogen is blocked (Masaba and van der Vossen, 

1982; Chen et al., 2004). On the other hand, scab 

formation on the green coffee berry surface is due to cork 

barrier formation and limits fungal hyphal growth inside 

the plant tissue (Masaba and van der Vossen 1982). 

 

 
Figure 2: Response of Gurage coffee accessions to C. kahawae infection in detached berry test. 

Means followed with the same letters are not significantly different at LSD (0.05). 

 

In the resistant variety the restricted hyphal 

growth was associated with the hypersensitive-like host 

cell death (HR), and early accumulation of phenolic 

compounds both in cell walls and in the cytoplasmic 

contents. These responses were also observed in the 

susceptible variety, but in a significantly lower 

percentage of infection sites and did not prevent the 

fungal growth, as indicated by the appearance of typical 

anthracnose symptoms and the presence of acervuli 

(Silva, 2006; Loureiro et al., 2012). Variations in Gurage 

coffee accessions could be an opportunity for the next 

better resistant varietal development through breeding. 

As resistance in perennial crops like coffee is observed 

and screened during the late stage of development (Van 

der Vossen et al., 2015), multi-location repeated 

evaluation of these accessions over time could be the 

future line of work for pathologists and breeders. 
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Figure 3: Presence of restricted scab lesions on resistant coffee accessions inoculated with conidia of C. kahawae after 21 days 

 

4. SUMMARY AND CONCLUSION 
The present study was conducted on evaluation 

of Gurage coffee accessions resistance to coffee berry 

disease. Resistance evaluation test under field (ABT) and 

laboratory (DBT) showed significant variations among 

of Gurage coffee accessions. The mean percent of berry 

infection ranged from 13.21% (Gu-18) to 30.07% (Gu-

15) in field ABT and 25.83% (Gu-4) to 88.33% (Gu-7) 

in the laboratory DBT. Gurage coffee accessions Gu-18, 

Gu-1 and Gu-4 were showed low CBD infection 

percentage under both ABT and DBT experiments. 

Results of these experiments confirmed that the 

variations were mainly due to the existence of difference 

in genetic makeup of the selected accessions in reaction 

to CBD. Those coffee accessions that showed low level 

of infection in CBD resistance evaluation test under field 

and laboratory conditions are an opportunity for further 

breading research work and could be the best alternatives 

to CBD management particularly for the study area. 

However, these accessions should be evaluated in 

seedling hypocotyl test and also evaluated under field in 

multi-location and over years. 
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