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ABSTRACT 
 

In Ethiopia, coffee wilt disease (CWD) is increasingly important in all production systems. The current management 
methods, eradication of diseased trees, mulching, and protection by stem painting as preventive measures are not 
efficient. While searching for host resistance is most practical and effective approach for tracheomycosis control. To 
this end, 102 Arabica coffee germplasm collections conserved at Jimma, southwest Ethiopia, were tested for their 
reactions to CWD under greenhouse conditions. The screening trials were laid out in two sets in a RCBD with three 
replications. CWD resistant and susceptible checks were included for comparison. Stem nicking inoculation was 
employed with 2.1 × 106 conidia of Gibberella xylarioides isolate at cotyledon stage. Seedlings of 19 coffee 
accessions 279/71, 226/71, 259/71, 244/71, 120/71, 3/70, 16/70, 245/71, and 30/70 (batch I); and 27/77, 12/74, 26/77, 
B3/06, B2/06, 44/83, 48/83, B1/06, 11/77 and 13/74 (batch II) showed low death rate. These accessions expressed 
moderate to high levels of resistance to the disease compared to the standard check Catimor J-19, although most 
accessions were as susceptible as Geisha and SN-5. This large-scale testing trial indicate that there is great potential to 
develop CWD resistant cultivars in Ethiopian Arabica coffee germplasm, and through screening and testing activities 
should be carried out in order to select accessions with best performances.  
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INTRODUCTION 

 
Coffee has for centuries played an important role in 

the Ethiopian economy and represents the main cash crop 
cultivated by small-scale farmers for social, economic, 
political and ecological sustainability. The estimated 
coffee production area in Ethiopia is 561,761 ha (CSA, 
2015). In Ethiopia, coffee berry disease (CBD), coffee 
wilt disease and coffee leaf rust (CLR) are foremost 
factors in reducing the quantity and quality of coffee in 
the country.  

The production of coffee is today severely affected by 
tracheomycosis caused by Gibberella xylarioides Heim & 
Saccas (Fusarium xylarioides Steyaert) in Ethiopia, and it 
is more prevalent in plantation and garden coffee systems 
(Adugna et al., 2005, Adugna et al., 2009a). The national 
incidence and severity of the disease were 29.9 and 3 
percent, respectively, and in monetary terms it caused loss 
of more than 3.7 million USD (Adugna et al., 2009b). 
Unlike coffee berry disease, coffee trees infected by 

coffee wilt pathogen cannot be saved anymore and this 
makes CWD management more difficult. Successful 
control of the disease should be based on the principles 
and practices of disease prevention and phytosanitation. 
The most reliable and sustainable approach is through 
deployment of resistant host. Accordingly, Jefuka et al. 
(2013) reported that coffee varieties designated as 
‘Fayate’ (971) and ‘Odicha’ (974) possess moderate to 
high levels of resistances to CWD infections (<11%) and 
were recommended to the disease hotspot areas of Sidama 
and Yirgachefe in southern regions of Ethiopia.   

Coffee collection and ex-situ conservation in Ethiopia 
has started since the 1960s and many of these genetic 
resources are conserved at Jimma Agricultural Research 
Centre (JARC), its subcenters and Chochie coffee gene 
bank centre of Institute of Biodiversity Conservation. So 
far, over 5,800 Arabica coffee accessions have been 
collected from diverse coffee growing areas and are being 
maintained at JARC (Tefera et al., 2008; Labouisse et al., 
2008). 
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The presence of remarkable genetic diversity in 

Ethiopian coffee gene pool provides enormous sources of 

traits needed to cope with biotic and abiotic calamities 

including emerging diseases and insect pests as well as 

adverse climate change to ensure long-term survival and 

productivity of the crop and the coffee industry. This 

emphasizes the importance of systematic evaluation of the 

coffee germplasm collections and utilization programmes 

(Labouisse et al., 2008). Thus, the objective of this study 

was to evaluate a large number of coffee accessions in 
conservation blocks for their reaction to coffee wilt 

disease (tracheomycosis) under greenhouse conditions. 

 

MATERIALS AND METHODS 

 

Description of the study area  

The study was conducted in a greenhouse at Jimma 

Agricultural Research Centre (JARC). The centre is found 

in Jimma zone, Oromia Regional State of Ethiopia, 

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

1750 meter above sea level. It represents the medium 
agroecological coffee belts which receives total annual 

rainfall of 1572 mm, with mean minimum and maximum 

temperatures of 11.6ºC and 26.3ºC, respectively. The 

major soil type of the area is Eutric Nitosol and Cambisol 

(reddish brown) on upland and Fluvisol at bottom land 

with pH around 5.2.  

 

Experimental materials 

The experimental materials consisted of 102 coffee 

accessions including Catimor J-19 as CWD resistant, 

Geisha and SN-5 as susceptible checks, divided into two 

batches. These materials were, earlier, collected from 
different coffee growing regions of Ethiopia, namely 

Southern Nations Nationalities and Peoples (SNNP), 

Oromia and Amhara between the period 1966 and 2006. 

The coffee accessions were conserved in a germplasm 

block by planting each in a single row of 10 to 12 trees 

per plot. All were properly maintained with uniform 

application of management practices (weeding, fertilizing 

and pruning) at JARC. The coffee accessions were timely 

assessed for their reaction to diseases like CBD, CWD 

and leaf rust under field conditions.  

 
Raising coffee seedlings 

Ripened cherries were picked from homogeneous 

mother tress of each germplasm, and then dried under 

shade after carefully removing the skin and the pulp 

manually. The seed lots of each accession was first soaked 

in distilled sterile water for about 48 hours and then sown 

(40 seeds/pot) into heat sterilized and moistened sandy 

soil in disinfected plastic pots. Sterile water was regularly 

applied every two days to maintain adequate moisture for 

seed germination, emergence and growth of the plants 

throughout the experimental period (Adugna, 2004). 

 
Fugal isolate and inoculation of coffee seedlings 

A standard Gibberella xylarioides isolate was first 

grown on synthetic low nutrient agar (SNA) in Petri 

dishes and further multiplied on the same medium for 

about two weeks. At the same time, fresh branches were 

collected from healthy coffee trees and cut into small 

pieces of 15 cm long and the barks were slightly scratched 

off to expose the wound. The branches were placed in a 

larger Petri dishes having small roll of well moistened 

cotton underneath and then sterilized in autoclave. Each 

twig was inoculated with 2-3 ml of conidia suspension 

and incubated for 10 days under standard conditions 

(Adugna, 2004). The conidia used for inoculation were 

obtained by thoroughly rinsing of the branches with good 

colony growth with sterile water. The coffee seedlings 

were inoculated with a viable conidial suspension of 

2.2×106 conidia/ ml of the isolate by stem nicking 
procedures (Pieters and van der Graaff, 1981; Adugna et 

al., 2009a; Getachew et al., 2012).  

 

Experimental design, data collection and analysis 

The inoculation experiments were laid out in 

completely randomized design (CRD) with three 

replications 30 seedlings per pot. The number of seedlings 

showing external wilting symptom and dead was recorded 

fortnightly for 6 months. The dates for incubation period 

on which symptoms first appeared and types of induced 

wilting were periodically noted. Area under disease 

progress curve (AUDPC) was computed from severity 

data using the formula suggested by Campbell and 

Madden (1990) as follows. 

 

AUDPC = ∑0.5(𝑥1 + 𝑥2)(𝑡2 − 𝑡1)

𝑛−1

𝑖=1

 

 

Where x1 and x2 represent the severity at time 1 and 

time 2, t2  t1 is time interval between two observation 

dates. The analysis of variance (ANOVA), mean 

separation using Tukey’s test, correlation and cluster 

analysis were performed with SAS version 9.2 (SAS 

institute, 2008). 

 

RESULTS AND DISCUSSION 

 

Disease progression on coffee seedlings 

Coffee seedlings inoculated with a representative 

Gibberella xylarioides isolate showed two types of 

external wilting symptoms in the greenhouse. The first 

symptom was loss of turgidity in green leaves (Fig. 1A) 

followed by complete wilt turning brown or dark brown 

and finally defoliation of leaves (Fig. 1B and 1C). The 

other type of symptom involves leaf defoliation proceeded 

by chlorosis (Fig. 1C). In both cases the disease symptoms 

started partially on one side of the stem that progressed 

sequentially. Seedlings of coffee accessions 1/70, Geisha 

and 18/84 manifested the second form of symptom 

chlorotic-defoliation. 

 

Coffee wilt severity on different coffee accessions in 

the greenhouse 

Inoculated coffee accessions showed highly 

significant (P<0.001) differences both in percent wilt and 

death of seedlings and incubation period after inoculated 

with Gibberella xylarioides in the greenhouse (Table 1 

and 2). Disease severity and incubation periods varied 

between 0.0 to 86.3 percent and 0.0 to 182.7 days for 

batch I, and 7.1 to 86.4 percent, 51.7 to 155 days for batch 

II, respectively. There was no wilting symptom on seedlings 
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Fig. 1: Partial wilting symptoms of coffee wilt disease (A), complete wilt without defoliation (B) and chlorosis followed by defoliation 

of seedlings (C) inoculated with Gibberella xylarioides. 

 

 
 
Fig. 2: Comparison of a resistant coffee accession 279/71(A) with susceptible SN-5 (B) and Catimor J-19 resistant check (C) 
inoculated with Gibberella xylarioides. 
 

of accession 279/71 even after termination of the 

experiment (Fig 2A). Coffee accessions 3/70, 16/70, 

30/70, 120/71, 226/71, 244/71, 245/71, and 259/71 

showed significantly lower death rates (<30%) with 

longer incubation period 97 to 182.7 days (Table 1). 

Similarly, significantly low percentage of seedling death 

ranging from 7.1 to 20.8 with longer incubation period (97 

– 155 days) was recorded on coffee accession B2/06, 

B3/06, 12/74, 13/74, 11/77, 26/77, 27/77, and 44/83 
(Table 2). Catimor J-19, the resistant check showed 41.2% 

seedling death with 67 days incubation period. 

In contrast, coffee accessions 1/70, 18/84, 5/84, 5/72, 

F-31, 54/70, 250/71, 4/84, and 13/79 found to be 

susceptible to Gibberella xylarioides with higher CWD 

severity levels of 81.3 percent and significantly low 

incubation period (Table 1). Also, seedlings of accessions 

9/78, 26/84, 20/84, 24/84, 22/84 from batch II showed 

highly susceptible reaction with seedling death of 86.4, 

83, 82.5 ,81.5, 80.7 with incubation period of 74, 63.7, 

51.7, 59, and 92 days, respectively (Table 1). Adugna and 

Jefuka (2008) and Adugna et al. (2009b) reported Geisha, 

one of coffee varieties released to lowland areas, became 

susceptible to CWD with seedling death of 84.4 % within 

short incubation period (60.7 days). 

 

Comparisons of CWD resistance in artificial 

inoculation and the field  

As opposed to results in the greenhouse (Table 1 and 

2), there was no coffee wilt symptoms observed on mature 
plants of most accessions under field conditions. The 

correlation analysis between tree mortality and seedlings 

death after artificial inoculation was not significant 

although incubation period and AUDPC showed 

significant relationship (Table 3). This could be for a 

number of reasons, among others; there might be limited 

inoculum source to cause infection in the soil. Negative 

correlation was estimated between seedlings death and 

incubation period giving some evidence for the presence 

of resistance (Pieters and van der Graaff, 1980; Adugna et 

al. 2008). 

A 
B C 

A 
B C 
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Table 1: Reactions of some Arabica coffee accessions (batch I) 

to wilt disease under greenhouse conditions at Jimma 
Agricultural Research Centre, Ethiopia. 

Coffee  
Disease  

severity (%) 
Incubation  

period3 AUDPC 

Accession Actual Transformed (days)  

1/70 98.7 86.3a 52.7gf 160.8ac 

3/70 15.1 22.8hj 141.7ac 21.2gh 
16/70 23.6 29 gh 108.7bf 41.2fh 
30/70 33.8 34.5ei 97.0bf 47.6eh 
54/70 96.2 83.4 ab 57.0ef 170.8ab 
F-2 73.1 58.9 af 78.5cf 127.3ad 
F-31 97.8 85.0a 66.0df 185.3a 
120/71 11.0 19.1hj 134.0ad 12.0h 
199/71 96.5 81.3 ab 98.3bf 185.2a 
200/71 67.2 55.6 bg 98. bf 93.7cf 

226/71 3.4 6.2 ij 182.7a 3.4h 
236/71A 46.4 42.9ch 75.0 cf 64.3 dh 
244/71 8.1 16 hj 158.7ab 6.9 h 
245/71 28.0 30.7fh 123.3ae 49.1 eh 
250/71 96.6 81.5ab 67.0df 181. 8a 
259/71 5.2 10.5ij 92.0 bf 5.2h 
276/71 68.0 55.6bg 87.0cf 115.7 ae 
279/71 0.0 0.0 j 0.0g 0.0 h 

5/72 97.8 85.1a 76.0ef 167.3 ac 
13/79 96.6 81.4ab 63.5 ef 179.1 a 
4/84 96.6 81.4ab 67.0df 186.3 a 
5/84 97.9 85.2a 57.5 ef 158.6 ac 
18/84 98.8 86.3a 56.0 ef 180.1 a 
Catimor J-191 43.5 41.2dh 67.6 ef 62.7dh 
Geisha2 97.2 84.4ab 60.7 ef 182.3a 
SN-52  87.3 69.2ad 84.0 cf 160.5ac 

Mean   64.05 84.2 133.9 
CV (%)   13.5 24.7 16.4 

1,2Resistant and susceptible coffee varieties, respectively. 
3Incubation periods indicate the number of days between 
inoculation and the first date of symptom appearance. Zero (0) 
values indicate no incubation period, i.e.; there was no CWD 
infection symptom until termination of the experiment. Means 

followed with the same letter(s) in the same column are not 
different according to Tukey test. AUDPC refers to area under 
disease progress curve. 

 

Cluster Analysis 

The clustering patterns of 55 and 51 coffee accessions 

(Table 4 and 5) were generated from means of three CWD 
parameters disease severity, incubation period and 

AUDPC. The cluster analysis grouped the coffee 

accessions broadly grouped into three cluster classes. 

Cluster and cluster I comprised of 80 percent of the 

population (44 coffee accessions) appeared to be CWD 

susceptible while cluster II contained 20 percent which 

expressed moderately resistant to resistant reaction (Table 

4 and Table 5).  

 

Reaction of accession to coffee berry disease and leaf 

rust in the field 

The results of visual estimation indicated that coffee 
berry disease varied between 0-95.6 for promising 

accessions of CWD. Coffee berry disease was not 

observed on six coffee accession (12/74, B3/06, 48/83, 

B1/06, B1/06, 13/74). On the other hand high CBD 

severity value 95.6, 75, 69.3, and 66.7 % was recorded on 

coffee  accessions  279/71, 44/83, 120/71, 3/70. The mean 

rust severity varied from 0-14 %. This study shows that 

CWD resistant accession like 279/71 and 3/70 are not 

resistant  to   coffee   berry   disease   on   the   other  hand 

Table 2: Reactions of some Arabica coffee accessions (batch II) 
to wilt disease at seedling stage in the greenhouse at Jimma 
Agricultural Research Centre, Ethiopia. 

Coffee  
accession  

Disease severity 
Incubation  

period AUDPC 

Actual  
value Transformed (days)  

5/77 69.7 56.6 af 94.0 eg 134.7 cg 
11/77 27.2 30.9 dg 96.3 cg 34.4 hi 
12/74 3.4 8.5h 129.7ad 3.3d 
13/74 36.6 37.2ch 96.7bg 62.1bd 
26/77 7.1 9.2 h 155.0 a 10.7 i 
27/77 2.3 7.1 h 150.7 a 2.3 i 
9/78 98.8 86.4 a 74.0 fg 165.1ad 
12/79 74.4 60.7ae 97.7bg 145.5ag 
44/83 14.5 20.8fh 148.3ac 15.7d 
48/83 13.4 21.1fh 82.3eg 13.4d 
20/84 97.5 82.5 a 51.7 g 172.3 ad 
22/84 92.7 80.7 a 92.0 eg 156.6 ag 
24/84 96.6 81.5 a 59.0 fg 181.1 ab 
26/84 95.7 83.0 a 63.7 fg 156.8 ag 
39/84 62.4 52.3 af 78.0 eg 114.9 g 
49/84 65.8 54.9 af 81.3 eg 117.1 fg 
86/84 75.6 60.6 ad 76.3 ef 130.6 dg 
B1/06 20.8 25.8eh 85.0dg 22.3d 
B2/06 9.60 17.8gh 93.0dg 12.0d 
B3/06 5.6 11.2h 137.7ad 10.2d 
Catimor J-19* 43.5 41.2bh 67.6fg 62.7h 
Geisha** 97.2 84.4a 60.7fg 182.3a 
SN-5** 87.3 69.2ac 84.0dg 160.5ad 

Mean  60.6 85.8 124.6 
CV (%)  17.7 26.9 20.9 

1,2Resistant and susceptible coffee varieties, respectively. 
3Incubation periods indicate the number of days between 
inoculation and the first date of symptom appearance. Zero (0) 
values indicate no incubation period, i.e.; there was no CWD 
infection symptom until termination of the experiment. Means 
followed with the same letter(s) in the same column are not 
different according to Tukey test. AUDPC refers to area under 
disease progress curve. 
 
Table 3: Correlation between percent seedling death in the 
greenhouse and tree mortality of some  coffee accessions under 
field condition at Jimma Agricultural Research Center, Ethiopia. 

Parameters  Incubation  
period 
(days) 

Area under 
disease  
progress curve 

Field  
mortality 

Seedling death (%) -0.5*  0.97* 0.21 

* Significant (P < 0.05 = 0.24). 
 

moderately CWD resistant accessions such as 12/74, 
13/74, B1/06, B2/06 and B3 06 were found field resistant 

for CBD evidencing multiple disease resistance.  
In conclusion, it is possible to test many coffee 

germplasm against CWD at seedling stage in order to get 
promising coffee accessions that can be further proved 

with repeated inoculation and/or field observations in wilt 
disease infested hotspot areas like Gera and Yirgachefe. 

The present findings, similar to previous research reports, 
most of the coffee accessions (80 percent) were found to 

be highly susceptible to Gibberella xylarioides infection.  
Among 106 accessions that sampled to represent the huge 

Arabica coffee collection at JARC, only seven accessions 
namely 279/71, 259/71, 226/71, 244/71, 120/71, 3/70 and 

245/71 from batch I; and five accessions like 26/77, 
27/77, 12/74, 44/83 and B3/06 from set II testing 

experiment showed the best performance with high levels 
of resistance to coffee wilt disease (tracheomycosis) at 
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Table 4: Cluster distribution of coffee accessions in reaction to CWD in the greenhouse at Jimma Agricultural Research Center, 

Ethiopia (Batch I). 

Cluster 
group  

Number of 
accessions (n) 

Reaction class Coffee Accessions 

I 44 (80)3 Susceptible  1/70, 5/84, 54/70, 247/71, 5/70, 1/71, 8/70, 246/71, 4/70, F-13, 258/71, F-39, 
59/70, 4/84, F-31, 250/71, 13/79, 18/84, Geisha1, 6/70, 243/71, 74/70, 43/70, F-
24, F-25, 2/71, 5/72, 56/70, SN-51, 213/71, 195/71, 197/71, 201/71, 199/71, 
25/70, 200/71, 28/70, F-15, F-2, F-37, 203/71, 7932, 276/71, 32/70 

II 10 (18.2) Moderately 
resistant  

3/70, 120/71, 244/71, 226/71, 16/70, 30/70, 245/71, 236/71A, Catimor J-192, 
259/71 

III 1 (1.8) Resistant  279/71 
1,2 Susceptible and resistant checks, respectively, and 3 Percent distribution of the sample population. 
 
Table 5: Cluster distribution of coffee accessions in reaction to CWD in the greenhouse at Jimma Agricultural Research Centre, 
Ethiopia (Batch II) 

Cluster 
group 

Number of 
accessions (n) 

Percent distribution  Coffee accessions 

I 40 (78.1) 3 Susceptible  19/84, 88/84. 89/84, 98/84, 26/84, 8/78, 22/84, 29/84, 79/84, 11/81, SN-51, 
75/84, 27/84, 86/84, 3/77, 4/72, 13/72, 85/84, 92/84, 100/84, 36/84, 30/84, 
10/77, 25/77, 46/77, 33/84, 12/79, 5/77, 20/84, 24/84, Geisha1, 87/84, 5/78, 
6/78, 19/77, 11/79, 4/78, 9/78, 39/84, 49/84  

II 5 (9.8) Moderately resistant 11/77, 48/83, B106, B2/06, 13/74, Catimor J-192 
III 6 (11.8)  Resistant  26/77, 27/77, 44/83, 12/74, B3/06  

1,2 Susceptible and resistant checks, respectively, and 3 Percent distribution of the sample population. 

 

seedling stage. These promising coffee accessions are by 

far superior to the resistant check variety Catimor J-19; 
however, they should demonstrated similar performance 

under field conditions. It is also advisable to evaluate 

them against major fruit and leaf diseases and adaptability 

in wider coffee ecology.   
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