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P R E F A C E 

It is generally agreed that no attempts to classify research have so far been 
successful. The National Science Foundation of the United States1 tried to 
define 'basic research' as that 'motivated primarily or exclusively by intellectual 
curiosity and by an interest in the study of the laws of nature for their own sake 
without regard to the immediate applicability'. 'Applied research' was instead 
defined as that representing investigations directed to the discovery of new 
scientific knowledge and which have specific commercial objectives with respect 
to either products or processes. 

In the case of the research reported here it would appear difficult to apply 
either definition. This is because, as Robinson2 recently also recognized, the 
boundary of basic and applied, of pure and 'impure' science, has become so 
blurred that the distinction is no longer possible. This is just the case of the 
investigations conducted by N. A. Van der Graaff in Ethiopia on Coffee Berry 
Disease. If a definition of such research should be required, this could be that of 
'useful research'. This may become increasingly apparent by reading the pages 
that follow. Here it may be useful instead to make only a few considerations. 

When Coffee Berry Disease was first introduced into Ethiopia in 1971 and 
rapidly spread throughout the country, there was great concern about this new 
constraint to coffee production. In fact, the depressing effect on yield of CBD 
was already known from Kenya. Also it was known that the same methods of 
control used in that country were not applicable to Ethiopia. The problem was 
then to propose new scientific solutions amenable to the real Ethiopian situation 
in full recognition of local socio-economic constraints and of urgency. The 
Ethiopian authorities, in collaboration with FAO, initiated a nation-wide CBD 
research project in which N. A. Van der Graaff participated from its early 
inception. With courage, imagination, persistence and intelligence he was able to 
define the CBD problem, to activate and conduct a well-balanced research 
programme and to attain concrete results within a time framework that I con­
sider exceptional. 

Throughout the work described here the reader will find that a holistic patho-
system approach was followed to deal at once with the many and different aspects 
of the host, its origin and cultivation, the pathogen, and the disease epidemic 
pattern. From this emerges the need to identify genetic resistance that is at the 
same time stable and long-lasting. For this purpose new methodologies were 
developed for accurate quantification of observations and for evaluation of 
interactions. The research conducted by Van der Graaff touched all these areas 
and also demonstrated one more important point. That, given the existence of a 

1 National Science Foundation. Science and Engineering in American Industry. Washington DC , 
1959. 
2 Robinson, R. A. Plant Pathosystems. Springer-Verlag, Berlin, Heidelberg, New York, 1976. 



pressing plant disease problem, given the proper theoretical framework in which 
to confine the research effort and given the necessary good will and youthful 
enthusiasm, it should be possible to solve many other disease problems that still 
affect the economy of many countries and the well-being of many peoples. 

L. CHIARAPPA 

Senior Plant Pathologist 
FAO of the UN 
Rome, Italy 



FREE DESCRIPTORS 

/ Coffea arabica / Ethiopia / coffee research / habitus / origin / 
/ cultivation / horizontal resistance / vertical resistance / 
/ host-parasite interactions / Coffee Berry Disease / symptoms / 
/ epidemiology / geographic distribution / origin / control / resistance / 
/ selection for resistance / field observations / field inoculation tests / 
/ seedling inoculation tests / berry counts / detached berry tests / 
/ selection thresholds / nature of resistance / multilocation trials / 
/ Reaction of coffee types to / leaf rust / leaf blight / leaf miner / 
/ tracheomycosis / brown eye spot. / Yield / quality / selection thresholds / 



ABSTRACT 

Descriptive part. A review is given of: the importance of Coffea arabica to Ethiopia ; 
coffee research; habitus, origin and cultivation of C. arabica; theoretical aspects of 
resistance and its implications for the system C. araWca-parasites ; Coffee Berry Disease, 
symptoms, epidemiology, geographic distribution, origin, resistance to CBD, chemical 
control and control through resistance. 

Experimental part. Coffee trees (mother trees) were selected that showed a low level of 
CBD in areas with severe disease. The resistance of these trees was appraised through field 
observations, field inoculation tests, and seedling inoculation tests. Correlations were 
determined between field observations and tests. Selection thresholds were determined 
and their adequacy was assessed through longer term observation of the mother trees. 
Progenies of mother trees were planted in a heavy CBD area; the CBD resistance of the 
progenies was reassessed through disease estimates and berry counts in the field, and 
detached berry tests. The correlations between observations and tests were determined as 
well as selection tresholds for seed distribution to farmers. 

The nature of CBD resistance was discussed and additional experiments were made on : 
the rôle of the cuticle, variation in resistance within and between single-tree progenies, 
and interactions between host and pathogen. It was concluded that resistance was most 
likely horizontal. In multilocation trials, differences were found between coffee types with 
regard to leaf rust, leaf blight and blotch leaf miner. Disease and pest severity were related 
to provenance of the mother trees. Progenies were found to differ in resistance to 
tracheomycosis. Through field observations on differences in resistance it was possible to 
determine indirectly that all progenies possessed adequate resistance to brown eye spot. A 
final evaluation of the programme is presented. 
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1. C O F F E E IN ETHIOPIA 

1.1. IMPORTANCE OF COFFEE TO ETHIOPIA 

Coffee is one of the major products of Ethiopian agriculture, and coffee export 
is a major source of foreign currency (Fig. 1). Coffea arabica L. is, apart from 
some recently introduced robusta coffee, the only coffee species present in the 
country. The crop is grown in all provinces of the country but the major pro­
duction areas are located in the western and southwestern highlands. A separate 
cultivation zone exists in Harerge administrative region (Fig. 2). 

The coffee in Ethiopia is grown under four different systems (INSTITUTE OF 

AGRICULTURAL RESEARCH, JIMMA RESEARCH STATION, 1971): 
- Forest coffee (60%), which is sometimes referred to as 'wild' coffee, but 

exploited for many years : self sown seedlings have been transplanted to give 
an irregular, but dominant understorey in the forest, which itself is secondary ; 
the forest is sometimes thinned. 

- Small holder coffee (37 %) : Plots of varying sizes around dwellings. 
- Semi plantation coffee in the forest : Seedlings raised in nurseries and planted, 

more or less regularly, in thinned forest. 
- Plantation coffee : Plantations established on previously cleared land : seedl­

ings raised in nurseries and regularly planted; shade trees often planted. 
The authors cited in the following paragraphs used comparable, but unde­

fined, categories. 
A coffee survey project, aiming, among other objectives, at the determination 

of the area under coffee and the potential production, was carried out from 1972 
to 1977. Data were presented by BOEREE (1976). He stated that coffee in Ethiopia 
is a small holders' crop. Coffee farms are predominantly small with a national 
average of 1.5. ha of cultivated land per farm and 0.5 ha of coffee per farm. The 
number of coffee farmers was estimated at 650,000 in 1975. This picture will, 
however, have changed considerably following the land reform of 1975. Accord­
ing to BOEREE, large coffee plantations occur mostly in Kefa and Sidamo. Semi-

FIG. 1. Value of coffee exported by Ethiopia 
(solid line ; left ordinate) and value of coffee 
export as a percentage of total export of the 
country (broken line; right ordinate). Sour­
ces: STATISTICAL OFFICE, 1963-1977. 
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FIG. 2. Major coffee producing regions in Ethiopia. The Borna plateau, where C. arabica occurs., and 
the Imatong mountains (SE Sudan), where C. canephora and C. stenophylla are found, are also 
indicated. 

wild 'forest' coffee mainly occurs in Kefa and Ilubabor. Large plantations 
became state owned after the 1974 revolution. 

Estimates on area covered by coffee vary widely. The estimates presented in 
the yearly bulletins of the CENTRAL STATISTICS OFFICE (1963-1977) vary from 
433,300 ha in 1960/61 to 626,000 ha in 1971/72; the yearly bulletins miss es­
timates since 1971/72. Using production estimates, CHOKKANNA (1970) calcu­
lated the area covered by large farms at 16,667 ha, and the area covered by small 
farms at 763,158 ha. BOEREE (1976) estimated the number of small farmers at 
650,000, each with an average of 0.5 ha under coffee. This would indicate an area 
of + 325,000 ha of small holders' coffee. BOEREE states in his report : 'The total 
area under coffee in Ethiopia may be estimated at 400,000 ha. Of this about 90 
percent belongs to the household sector, 3 percent is made up of large plantations 
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FIG. 3. Coffee arrivals at Addis Ababa and 
coffee exports from Ethiopia. Arrivals exclude 
coffee from Harerge, which is exported 
through Dire Dawa. Note the drop in arrivals 
and exports after the discovery of CBD ( 1971 ). 
Sources: COFFEE AND TEA DEVELOPMENT 

AND MARKETING AUTHORITY, 1977; INTER­

NATIONAL COFFEE ORGANIZATION, 1979. 
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(especially located in Kefa and Sidamo), and the balance (about 50,000 ha) 
consists of wild coffee (especially located in Ilubalor and Kefa).' 

Production per hectare was reported to vary between 230 and 300 kg clean 
coffee in the period 1960-1972. (CENTRAL STATISTICS OFFICE, 1963-1977). BOE-

REE (1976), using data from the coffee survey project, mentions an average of 450 
kg ha~1 , varying from 250 kg. ha"1 in Ilubator to 650 kg. ha" * in Harerge. He 
assumes the yield of semi-wild forest coffee to be 100 kg. ha" 1 . Estimates of total 
production vary widely. Production estimates published in the yearly bulletins of 
the CENTRAL STATISTICS OFFICE ( 1963-1977) gradually increased from 130,000 to 
180,000 metric tons (MT) in the years 1961 through 1972. Further estimates 
were: 1972/73: 166,000; 1973/74: 137,000; 1974/75: not available; 1975/76: 
178,600 ; 1976/77:193,000 MT. According to a recalculation of BoEREE'sdata on 
area covered by coffee and on production level, the yield cannot have exceeded 
165,000 MT in 1976. The only reliable production statistics available are the 
export figures and the data on coffee arrivals at Addis Ababa. A considerable 
increase of exports occurred between 1954 and 1965; this can mainly be attri­
buted to an increase in transport facilities. For the period 1961/62 to 1977/78, 
exports and arrivals at Addis Ababa from the south and southwestern provinces 
are shown in Figure 3. The dramatic drop in arrivals after 1973 reflects the drought 
in 1972 and the yield reduction due to CBD afterwards. (Political changes might 
also have influenced the data). Data on yield reductions are further discussed in 
Section 1.3.2. 

1.2. COFFEE RESEARCH 

Some research efforts were made at the Jimma Agricultural and Technical 
School in the nineteen fifties and sixties. The Food and Agricultural Organi­
zation of the United Nations (FAO) provided a production expert from 1952 to 
1958. However, major research efforts began only when the Institute of Agricul-
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tural Research (IAR) established a research station at Jima (Kefa). 
The IAR was founded with the aid of a United Nations Development 

Programme/Special Fund (UNDP/SF) project which became operational in 
February 1966. The project has been executed by FAO in close cooperation with 
the Ethiopian Government. The project was extended in 1971, 1974 and 1979. 
The Institute has as its main purposes 'the formation of a national research 
policy conceived within the framework of overall national development plan­
ning and the implementation of such policy through applied research pro­
grammes' and the ultimate objective is 'to help service, through proper research 
under local conditions, Ethiopian programmes aiming at agricultural self-
sufficiency and an increased volume and variety of agricultural products.' 
(ANONYMOUS, 1975). 

The Jimma Research Station is one of the research stations of the IAR. The 
Station began its operations in 1968 but most of the land was only acquired in 
1970. Substations have been established in the major coffee growing areas of the 
country. The UNDP/SF arrangement provided for expatriate staff: a coffee 
processing officer from 1966 to 1971, a coffee agronomist/breeder from 1963 to 
date (December 1979), and part time services of an entomologist from one of the 
other IAR stations. The services of a plant pathologist were deemed necessary to 
solve the Coffee Berry Disease (CBD) problem. A plant pathologist is in post 
since January 1973. An associate expert was assigned to work with the plant 
pathologist during 1974 and from October 1975 to October 1978. The 
UNDP/SF also provides scholarships for counterpart staff; with respect to 
coffee research, a plant breeder, an agronomist and a pathologist have been 
trained abroad ; a further agronomist is under training, and two pathologists and 
an entomologist will receive scholarships soon. In addition, short training courses 
are granted .Part of the equipment and machinery have been supplied with UNDP 
funds. 

Funding for Ethiopian staff and operational costs are, in the case of coffee 
research, provided by the National Coffee Board of Ethiopia (The name changed 
later to Coffee and Tea Development and Marketing Authority and is at present 
Ministry of Coffee and Tea Development. The name CTDMA will be used 
throughout the study). Money is raised as part of the normal budget of the 
CTDMA through coffee levies and as special funding through foreign aid pro­
jects. The total budget for coffee research was probably close to 1,000,000 Birr 
per year (1 US $ « 2.05 Birr) in the late nineteen seventies. 

Coffee research priorities are always determined in close cooperation between 
CTDMA and IAR and research results are directly used by the extension service 
of the CTDMA. Coffee research originally aimed at the improvement of existing 
coffee and at the selection of new coffee types. Activities consisted of studies to 
define optimal management for both forest and plantation coffee, weed control, 
shade tree identification and observations, processing studies to improve the 
rather poor quality of Ethiopian coffees, and a limited amount of entomological 
and pathological studies. After the identification of CBD in 1971 and its sub­
sequent spread to all major coffee areas, the emphasis of the research gradually 
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shifted to the control of the disease. In particular, the development of resistant 
cultivars gained first priority. 

1.3. COFFEE BERRY DISEASE 

CBD is and anthracnose of green coffee berries caused by Colletotrichum 
coffeanum Noack sensu Hindorf (HINDORF, 1973). The disease has been exten­
sively studied in Kenya (See Chapter 3). 

1.3.1. First reports and subsequent spread in Ethiopia 
CBD was first observed in Ethiopia in 1971 (MULINGE, 1973). The disease had 

probably been present for some years before it was discovered. In 1971, the 
disease was found at Wondo Genet (Sidamo), Gore (Ilubabor), and near Agaro 
(Kefa). A separate outbreak occurred at Washi and Wush-Wush near Bonga 
(Kefa) in 1972. All of the south and southwestern coffee growing areas were 
probably infected about 1975, with the possible exclusion of some locations in 
Gamu-Gofa. In 1978, the disease was identified in the coffee growing region of 
Harerge. 

1.3.2. Yield reductions due to CBD 
With the spread of the disease came the recognition that it wrought disaster. 

Nearly total yield losses occurred in many locations. The CTDMA makes 
annual surveys of the reduction in yield since 1974, overall loss estimates vary 
between 17 and 19 % of the yield (COFFEE AND TEA DEVELOPMENT AND MARKET­

ING AUTHORITY, 1979). Arrivals at Addis Ababa have dropped dramatically 
since 1973 (Fig. 3). The low figure for 1973 might be due to the irregular and low 
rainfall in 1972. When the data of 1974 to 1978 are compared to the data of 1968 
to 1972, an average decline of 28% in the arrivals at Addis Ababa can be 
observed. The data for the individual administrative regions are : Ilubabor 37 % : 
Kefa 29 % ; Sidamo 16 % ; Welega 38 % ; Shewa 29 %. The small amount of coffee 
that arrived from Gamu-Gofa showed an increase of 7 % over the same period. 
The exports declined an averaged 22 % over the period mentioned. Alarmed by 
this decline, the Ethiopian authorities started an action programme in 1978 to 
limit the domestic use of coffee and thus to increase the proportion of the crop 
available for export. According to well informed sources, this programme was 
increased in 1979. 

1.3.3. Control of CBD 
Immediate actions were considered to reduce the impact of the high yield losses 
encountered in the coffee areas that were attacked by the disease and the further 
losses that were anticipated. Chemical control trials began in 1972. In the trials, 
control was satisfactory. However, the cultivation system of coffee in Ethiopia 
and the costs of chemical control limit the possibilities for implementation 
(INSTITUTE OF AGRICULTURAL RESEARCH, 1972, 1973, 1974, 1978). 
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More scope existed for the control of Coffee Berry Disease through the 
deployment of resistance. The Arabica coffee in Ethiopia is diverse and va­
riations in susceptibility were obvious from the first disease outbreaks. In 1973, a 
major research programme was formulated to exploit the observed resistance to 
CBD. The immediate objective of this programme was to produce, in the shortest 
time possible, C. arabica types (For the use of the term coffee type refer to Section 
2.5.2.3.), that possess an adequate level of resistance to CBD, sufficient re­
sistance to other diseases and pests, and a reasonable yield and quality potential ; 
the effectiveness of the respective resistances has to be durable. The long term 
objective was to produce a series of new coffee cultivars with known levels of 
disease and pest resistance, good adaptability and yield and quality potential, 
which could gradually replace the existing coffee population and thus permit 
modernization of coffee cultivation. 

1.4. SCOPE OF THIS PUBLICATION 

This publication describes the execution of the research programme to obtain 
coffee types which possess durable resistance to CBD, adequate resistance to 
other diseases and pests, and a reasonable yield and quality potential. The author 
joined this programme in early 1974 and was in charge of the phytopathology 
part from 1 January 1975 to 30 October 1978. As a consultant, he designed the 
research programme for 1979 and appraised its results. 

1.5. CONCLUSIONS 

- In recent years, coffee has been the principal source of foreign currency to 
Ethiopia. 

- The total area under coffee in Ethiopia is not well determined; the best 
estimate is probably 400,000 ha. 

- Production per unit area is low, and reliable data on total production are 
unavailable. 

- Coffee Berry Disease caused a major decline in coffee production in Ethiopia. 
Due to the character of Ethiopian coffee production, only a very limited scope 
existed for immediate remedial action. 
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2. C O F F E A ARABICA 

2.1 HABITUS 

Coffea arabica is a shrub or a small tree. If untended, it may reach a size of 4 to 
5 metres. The plant has a dimorphic habit of branching : orthotropic branches 
form plagiotropic branches, which bear the flowers and fruits in clusters. The 
leaves are persistent. Flower buds are initiated at the end of the rainy season and 
during the dry season. Flowering occurs in Ethiopia some 10 days after heavy 
showers in January, February or early March. The berries ripen during Septem­
ber to December. 

2.2. TAXONOMY 

C. arabica is part of the section Eucoffea Chev., sub-section Erythrocoffea 
Chev. (CHEVALIER, 1947). Other species in this section are: C. canephora, C. 
congensis, and probably C. eugenioides (CHEVALIER, 1947). 

C. canephora grows in tropical lowlands and, occasionally, up to 1,400 m. The 
species occurs from southern Sudan and Uganda in the north-east of Africa to 
Guinea in the west and to Angola in the south. C. congensis is a coffee species of 
tropical lowlands, occurring in the Nile and Congo basins, often in waterlogged 
areas. C. eugenioides occurs in East Africa from southern Sudan to Zambia. Its 
western limit is eastern Congo. The species occurs mainly between 1,600 and 
2,400 metres. 

Coffea arabica grows in Ethiopia at altitudes between 1,100 and 2,100 metres. 
It is also present on the Borna plateau in southern Sudan (THOMAS, 1942) and 
there is a report of its occurrence in the Azza forest, west of the Nile in southern 
Sudan (ANDREWS, undated). It is also reported to grow wild at Mount Marsabit 
in Northern Kenya (BERTHAUD et al., 1980). Coffea arabica is the only tetraploid 
species known in the genus Coffea, and is also the only representative of the 
genus which is self-fertile. C. arabica is geographically separated from its diploid 
relatives, a condition which is not unknown for tetraploids. The only area where 
overlap is reported is from Azza forest in southern Sudan, west of the Nile where 
C. canephora, C. eugenioides and C. arabica all occur (ANDREWS, undated, 
MEYERS cited in TOTHILL, 1954). This C. arabica would, however, be completely 
isolated from other populations ; its occurrence has to be confirmed and its 'wild' 
nature has to be ascertained. C. canephora further occurs in the Imatong moun­
tains (CHIPPS, 1929), some 250 km south-west of the Borna plateau (C. steno-
phylla also occurs at that location). 
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2.3. SPECULATIONS ON THE ORIGIN OF C. ARABICA 

There have been many speculations that Coffea arabica was an allo-tetraploid. 
DOUGHTY (undated) indicated that a cross between C. excelsa and C. eugenioides 
resembled C. arabica. MONACO and CARVALHO (1964, cited by MONACO, 1968) 

indicated that C. arabica may be the result of a cross between C. eugenioides and 
C. canephora. NARASHIMHASWAMY (1962, cited by MONACO, 1968) indicated that 
C. arabica might have resulted from a cross between C. liberica and C. eugenioides. 
ROBINSON (1976) speculated that C. arabica was formed through hybridization of 
C. eugenioides and C. canephora in historical times ( ± 600) in Uganda and that the 
hybrid was taken to Ethiopia. 

MONACO (1968) and CARVALHO et al. (1969) stated, however, that little evid­
ence exists on the nature of the polyploidy of C. arabica. NARASHIMHASWAMY 
(1968) quotes the hypothesis of HILLE R IS LAMBERS that C. arabica, C. congensis 
and C. eugenioides may have come from an original ancestor. 

Based on cytological studies, GRASSIAS and KAMMACHER (1975) concluded 
that C. arabica was a segmental allotetraploid. LOUARN (1976) reported on 
crosses between C. eugenioides and C. canephora. Based on fertility rates in the 
F j and F 2 , he concluded that C eugenioides and C. canephora were not differen­
tiated very much, the differentiation between both species being not more than 
between cultivated plants and their wild progenitors. He also indicated that 
observations on the level of differentiation between the genomes of C. 
eugenioides, C. canephora and the complex liberico-excelsioides contradicts the 
hypothesis of an allotetraploid origin of C. arabica as an association of the 
genomes of C. eugenioides with genomes of either C. canephora or liberico-
excelsioides. The base genome present in these three taxonomie units can also be 
found in C. arabica. 

The geographical distribution of the four species in the section Erythrocoffea 
might indicate a common ancestor from which a diversification occurred into a 
species adapted to tropical lowland and medium altitudes (C. canephora), a 
species adapted to very special ecological conditions (C. congensis), and two 
tropical mountain species, the tetraploid C. arabica in the north and the diploid 
C. eugenioides in the south. Geographical isolation between C. arabica and C. 
eugenioides, and between C. canephora and the two mountain species can easily 
explain species formation. The present existing overlap of species, as occurring in 
southern Sudan and Uganda (THOMAS, 1944), might be more recent. 

2.4. THE OCCURRENCE OF ARABICA COFFEE IN ETHIOPIA 

Coffea arabica is the only representative of the genus Coffea in Ethiopia apart 
from some recently introduced C. canephora near Mizan Teferi. Practically all 
coffee appears to be under some form of cultivation. 

Whether Arabica coffee forms a natural part of the rain forest in southwestern 
Ethiopia is difficult to decide. No forest exists which has not been interfered with 
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by man at one stage or another. The subject has been extensively discussed by 
C H E V A L I E R (1929) , V O N S T R E N G E (1956) , M E Y E R (1965 , 1 9 6 8 ) , N A R A S H I M H A -

S W A M Y (1968) , a n d S Y L V A I N ( 1955 , 1958). 

2.5. CULTIVATED COFFEE 

2.5.1. The origin of coffee cultivation in Ethiopia 
The origin of the coffee culture within Ethiopia might be in the old Kingdom 

of Kefa (CHEVALIER, 1929; SYLVAIN, 1955). However, little documentation exists 
and, unfortunately, in earlier centuries the area was closed to exploration. Coffee 
trees can be found in the present forests of the old Kingdom of Kefa together 
with remainders of the times when the area was much more densely populated, 
such as Euphorbia trees used for fencing, and grinding stones (SYLVAIN, 1955; 
VON STRENGE, 1956). The population dwindled considerably when the Kingdom 
was conquered by Emperor Menelik in 1896. The existence of this coffee in­
dicates that it was a traditional crop in Kefa. In other areas of Ethiopia coffee 
culture is often fairly recent or has expanded recently, as in Welega (GILKES, 

1975), Agaro (SYLVAIN, 1958), and probably Ilubabor. 

2.5.2. Present coffee cultivation 
2.5.2.1. Cu l t iva t ion zone. Arabica coffee grows in many areas of Ethiopia 
(Fig. 2). The main cultivation is limited to the southern and southwestern zones. 
A separate cultivation area exists in Harerge. The coffee production there is, 
however, declining. 

Arabica coffee grows at elevations as high as 2,100 metres and as low as 1,200 
metres on the western escarpment of the highlands (Tepi). The upper limit of 
distribution is determined by the occurrence of frost. 

Rainfall in the administrative regions of Kefa, Ilubabor, and Welega is well 
distributed, with a rainy season starting in March and extending to Sep­
tember/October. November, December, January, and February are dry months 
but not completely without rain. In Sidamo, the pattern differs with rainfall in 
October and November. In Harerge, rainfall follows the same pattern as in the 
south-west, but the amount of rain varies from 1291 mm/year in the west to 594 
mm/year in the town of Harer. Rainfall data are presented in Table 1. 

Average monthly temperatures in the cultivation zone are presented for a few 
selected areas in Table 2. Temperature fluctuates widely between day and night 
in the dry season and in the relatively higher coffee areas freezing temperatures 
sometimes occur in the early mornings. Temperature fluctuations are much less 
in the rainy season. For Jima, maximum and minimum temperatures per month 
are presented in Figure 4. The climates in which coffee grows vary from 
Thornthwaite's per-humid (Gore in Ilubabor) to humid (most locations) and 
sub-humid (Harerge, locations in Sidamo) (GAMACHU, 1977). 

Coffee is generally grown on deep reddish-brown clay soils, which are derived 
from volcanic outflows and are slightly acid with Ph values from 4.5 to 6. 
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TABLE 1. Average monthly rainfall in coffee growing regions of Ethiopia. Source of data : GAMACHU 
(1977); INSTITUTE OF AGRICULTURAL RESEARCH, JIMMA RESEARCH STATION (1978); GOVERNMENT 

OF ETHIOPIA, NATIONAL COFFEE BOARD (1975). 

Administrative 
region : 
Locations : 

Latitude N 
Longitude E 
Altitude in m 
Observation period 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Total 

Agaro 

7.5 
36.4 
1600 
n.a. 

39 
31 
90 

103 
159 
224 
234 
274 
209 
123 
33 
32 

1551 

Kefa 

Jima 

7.4 
36.5 
1730 

68-77 

36 
60 

103 
101 
179 
205 
234 
230 
193 
110 
55 
24 

1528 

Bonga 

7.2 
36.2 
1730 
n.a. 

57 
67 

148 
174 
244 
198 
176 
182 
189 
143 
56 
47 

1690 

Gera 

7.7 
36.2 
1900 

76-77 

45 
104 
145 
105 
301 
297 
253 
282 
206 
136 
77 
43 

2007 

Ilubabor 

Metu 

8.2 
35.4 
1550 

76-77 

9 
45 

135 
26 

226 
472 
330 
109 
269 
176 
39 
62 

1899 

Gore 

8.1 
33.2 
2002 
n.a. 

40 
47 

111 
137 
260 
417 
334 
333 
227 
192 
97 
75 

2369 

Sidamo 

Dila 

6.3 
38.2 
1635 
n.a. 

81 
12 

132 
150 
134 
137 
92 

145 
184 
207 
45 
34 

1353 

Harerge 

Harer 

9.3 
42.1 
1856 
n.a. 

8 
12 
33 

106 
49 
52 
75 

157 
79 
20 
4 
1 

594 

Gelemso 

8.5 
4.4 
1842 
n.a. 

28 
29 
77 

199 
108 
129 
234 
164 
184 
69 
51 
19 

1291 

TABLE 2. Average monthly temperatures of some locations in coffee growing regions. Source: 
GAMACHU (1977). 

Administrative 
region ; 
Location : 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Agaro 

20.2 
21.3 
21.7 
22.2 
22.3 
22.1 
19.8 
19.5 
20.4 
19.3 
19.0 
18.5 

Kefa 

Jima 

18.2 
19.4 
20.2 
20.0 
19.5 
18.7 
17.4 
17.5 
18.1 
18.0 
16.9 
17.2 

Bonga 

20.3 
21.9 
21.7 
21.5 
20.8 
20.0 
19.3 
17.6 
20.5 
20.6 
20.8 
20.2 

Ilubabor 

Gore 

19.1 
20.0 
20.1 
19.2 
18.3 
17.0 
16.3 
16.6 
17.0 
17.7 
18.4 
18.5 

Sidamo 

Dila 

21.3 
20.9 
21.5 
20.7 
18.6 
17.9 
17.8 
17.3 
17.9 
17.4 
17.4 
18.3 

Harerge 

Harer 

18.5 
19.8 
20.5 
20.0 
20.2 
18.9 
18.2 
18.0 
18.4 
18.6 
18.6 
18.1 
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F I G . 4. Monthly maximum (solid line) and Temperature in °C JIMA 

monthly minimum temperature (broken line) 

at J imma Research Station over the period °~ 
1969-1977. 
Sources: INSTITUTE OF AGRICULTURAL R E - 20~ 

SEARCH, JIMMA RESEARCH STATION, 1978. 
10-. 

Mean 
maximum 

Mean 
minimum 

~ i — I — I — I — I — I — I — I — I — I — I 
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2.5.2.2. Cu l t i v a t i onme thods . Forest and plantation coffee (see Section 1.1.) 
is grown under heavy shade. This type of coffee predominates in the western 
administrative regions. In Sidamo, shade is often absent or provided by the false 
banana (Ensete ventriculosa). Coffee in Harerge is mostly unshaded. The coffee 
in Harerge and Sidamo can chiefly be classified as garden coffee. 

Planting, if needed, was formerly done with spontaneous seedlings which were 
pulled out and planted in a hole made with a stick. Seedlings were also bought 
from traders who carried them bare-rooted by donkey. 

Tree density varies considerably. BOEREE (1976) mentions 2,000 trees per ha 
for Harerge, 2,000 to 3,000 for Sidamo, and 6,000 to 8,000 trees per ha for Kefa 
and southwestern Welega, while in Ilubabor densities often exceed 8,000 trees 
per ha. Spacing in the southwestern areas is irregular. In Harerge and parts of 
Sidamo, terracing is practiced and trees are often regularly spaced. 

Coffee in Ethiopia is never pruned. In the western areas, it is normal to weed 
only at the start of the picking season. Intercropping is often practised in 
Sidamo. Intercrops used are the false banana {Ensete ventriculosa); banana; 
annuals such as sorghum, beans, barley, maize, and rootcrops like taro. Practices 
in Harer are not familiar to the author. The crop is often picked only once and 
green, ripe, and overripe cherries are stripped off. The berries are sun dried, often 
on the ground. Improved practices such as drying on concrete and 'wet process­
ing' are being gradually adopted. 

2.5.2.3. Wi th in-spec ies diversi ty. In contrast to Arabica coffee in other 
countries, a high level of genetical variability is present in Ethiopia. Variability 
exists within locations but also between regions. For example, it can be con­
cluded from RAMA MURTHY'S data (1968) that the ratios of trees with different 
leaf tip colour varies between locations. The coffee from Harerge is relatively 
uniform and it is distinct from the types from Sidamo and the southwestern 
provinces. SYLVAIN (1958) stated that the Harerge coffee is probably a réin­
troduction from Yemen. Whatever the case may be, a fair level of variability is 
found within the Harerge population. 

Classification of Ethiopian coffee in any of the subdivisions made in C. arabica 
is difficult and has little practical value. Fairly homogeneous and identifiable 
populations are indicated by the neutral term 'coffee type' in this publication. 
The high level of variability in the C. arabica population designates Ethiopia as 
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the gene centre and probably the centre of origin for the species (ZEVEN and 
ZUKOVSKY, 1975). 

2.6. THE RELATION BETWEEN C. ARABICA AND ITS PARASITES BEFORE THE 

INTRODUCTION OF C B D 

To describe the relation between C. arabica and its parasites, it is necessary to 
devote a section to theoretical considerations on plant-parasite systems. In 
Section 2.6.2., the practical implications for C. arabica are described. 

2.6.1. Theoretical considerations 
In the plant-parasite relationship, different types of resistance may play a rôle 

and, therefore, they are briefly described. The definitions are based on ROBIN­

SON (1976) and VAN DER PLANK (1963, 1968, 1975). In the definitions, resistance 
is considered to be a genetical characteristic that gives a certain level of pro­
tection against a component of a parasitic species. As such, it is a permanent 
trait. Its effectiveness to control disease or injury is determined by the viability of 
genotypes of the parasite that can compensate for the resistance. 

2.6.1.1. Ver t ica l resistance-prevents or reduces disease or injury caused by 
certain components of a parasite population but does not protect against others. 
This type of resistance is always governed by a gene-for-gene relationship. The 
action of a gene for resistance in the host is matched by the action of a gene for 
parasitic ability in the parasite which nullifies the operation of the resistance. 
Qualitative or complete vertical resistance, when operative, gives full protection 
while quantitative or incomplete vertical resistance gives incomplete protection. 

2.6.1.2. Ho r i zon t a l r es i s tance - is quantitative and protects against the 
whole spectrum of genotypes of a parasite. Certain genotypes of the parasite may 
cause more disease or injury than others. If host genotypes with different levels of 
horizontal resistance are studied, the afore mentioned genotypes of the parasite 
cause a higher disease or injury level to all host genotypes. Thus, the ranking of 
host genotypes according to the level of disease or injury caused by a specific 
genotype of the parasite will not change if tested with another genotype of the 
same parasite ('constant ranking'). The inheritance of horizontal resistance is 
supposed to be oligogenic or polygenic. 

2.6.1.3. Vert ical p a ras i t i c abi l i ty - complements vertical resistance. Ge­
notypes of the parasite with a specific vertical parasitic ability can cause disease 
or injury to a component of the host population but not or not so much to other 
parts. Genotypes that differ in vertical parasitic ability can attack different 
components of the host population. 

2.6.1.4. Ho r i zon t a l p a ras i t i c abi l i ty - complements horizontal resis-
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tance. A genotype of the parasite with a certain level of horizontal parasitic 
ability can cause a certain level of disease or injury to a host genotype. On the 
same host genotype, a genotype of the parasite with a different horizontal 
parasitic ability will cause another level of disease or injury. When disease or 
injury levels are compared on host genotypes with different levels of horizontal 
resistance, the ranking of the host genotypes remains the same. 

2.6.1.5. The ver t ical ho s t -pa ra s i t e system. In wild parasite-host sys­
tems and in primitive agriculture, vertical resistance is probably operative 
through the multiline effect : different vertical genotypes are present in the host 
and parasite populations, and non-matching between host and parasite reduces 
colonization of, or injury to, the host. The resistance, thus, reduces the re­
distribution of the parasite. In the case of diseases and parasitic weeds, the 
available number of infective propagules, and thus the chance of infection from 
plant to plant, limits the increase of the parasite population. In the case of 
colonizing insects (for example aphids), the available number of migratory 
individuals, and thus the chance on the formation of new colonies, may limit the 
increase of the parasite population. Such constraints occur, for example, after a 
'dead season', when the parasitic population is at a minimum. For insects that 
migrate from plant to plant, the distance between susceptible plants probably is 
the limiting factor at a certain stage of development. 

A multiline system can only be stable if the accumulation of genes conferring 
vertical resistance and that of genes giving vertical parasitic ability present a 
selective disadvantage through negative pleiotropic effects of these genes. Thus, 
the frequency of genes for vertical resistance in the host will tend to diminish in 
absence of the parasite while, in the absence of genes for vertical resistance, the 
matching genes of the parasite tend to disappear (stabilizing selection, VAN DER 
PLANK 1963, 1968, 1975). The selective disadvantages and the mutation rates of 
the 'vertical' genes and their alleles determine the allele ratios in host and 
parasite. The selective disadvantages of resistance genes may be ecologically 
determined and result in different allele ratios under varying ecological 
conditions. 

The absence of particular vertical host genotypes and the resulting low fre­
quency of the matching genotypes of the parasite is used in modern agriculture to 
protect a crop for a number of years by means of vertical resistance. The scarcity 
of matching genotypes of the parasite and the possibilities for compensation for 
negative pleitropic effects will largely determine the longevity of the resistance. 
In rare cases, the negative pleiotropic effects of the parasite cannot be com­
pensated for and the resistance is then permanent, ('frozen' vertical resistance ; 
ROBINSON, 1976). 

The role of incomplete vertical resistance is less understood. ROBINSON (1976) 
considers it as an artefact of agriculture : under natural conditions, horizontal 
resistance may reinforce incomplete vertical resistance to a complete level. 

2.6.1.6. The ho r i zon ta l ho s t -pa ra s i t e sys tem: res is tance mode ls . 
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Horizontal resistance reduces the development of the parasite population 
through a reduction of the effectiveness of parasitism. This, in the case of diseases, 
may occur through the reduction of conidial germination or penetration of the 
cuticle ; the extension of the latent period ; and the reduction of sporulation. In 
the case of animal pests, it may reduce the growth rate, prolong the repro­
duction cycle, or reduce fertility. 

The efficacy of a particular level of horizontal resistance depends on the 
variability of the horizontal parasitic ability and on the variability of ecological 
conditions such as climate and cultivation practices. 

A prerequisite for the operation of a horizontal host-parasite system is that 
pleiotropic effects of genes for increased horizontal parasitic ability will de­
termine the upper limit of horizontal parasitic ability. Pleiotropic effects of the 
accumulation of resistance genes will probably reduce the fitness of the host. In 
agriculture, these fitness reductions might be unimportant or it might be possible 
to overcome them. The resistance can thus be 'domesticated'. 

Changes in ecological conditions may influence the conditions for disease 
development and the level of maximum horizontal parasitic ability as the selec­
tive disadvantage of the pleiotropic effects might vary between environments. 
Relatively simple examples of changes in the importance of pleiotropic effects 
might, in the case of facultative pathogens, be changes in importance of sap­
rophytic phases or, in the case of rusts, changes in importance of the phase of the 
alternate host. 

The model used for horizontal resistance has certain theoretical and practical 
implications. At present the discussion centres on two models of horizontal 
resistance: Additive and small-interaction models. In the additive model of 
horizontal resistance and pathogenicity, gene effects are small, interchangeable, 
and additive. In the small-interaction model (PARLEVLIET and ZADOKS, 1977), a 
number of gene-for-gene actions with small effects produce a quantitative re­
sistance expression. The gene actions are small, probably additive, but only 
interchangeable if they are not matched by specific resistance genes in the host. 
The stability of the resistance would depend on small multiline effects. In such a 
model horizontal resistance is an extreme form of quantitative vertical resistance 
and the earlier definition of horizontal resistance does not fully apply. Apparent 
conformity would be due to difficulties in observation. 

Both models have some serious drawbacks. The additive model denies the 
specificity of gene actions, which is unlikely. The small-interaction model faces 
difficulties in explaining the durability of resistance in clonal crops such as 
sugarcane, banana and potato. The small gene actions for resistance and para­
sitic ability are highly specific in the small interaction model, however, MATHER 

and JINKS (1974) state that small gene actions may be less specific than the 
actions of'major' genes. Furthermore, specificity does not have to imply a simple 
gene-for-gene action ; recombination of small gene effects in the parasite might 
match specific gene actions in the host. Also, other processes such as incomplete 
penetration of genes and differences in segregation of heterochromatin, which 
carries polygenes (MATHER and JINKS, 1974), may cause small multiline effects 
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on clones or even on the same plant. Such processes are extremely difficult to 
describe and their description also is of little importance in a plant breeding or 
selection programme. For practical purposes, it is satisfactory to describe the 
horizontal host-parasite system as the effect of interacting polygenic or oligo­
genic systems with additive gene actions within each system and a low level of 
host-parasite specificity. 

2.6.2. Practical implications: C. arabica and its parasites. 
C. arabica in Ethiopia is, for the larger part, grown under the conditions in 

which it was domesticated. As a consequence a balanced system between C. 
arabica and its parasites has co-evolved and parasites are of little importance 
under the traditional growing conditions. The balance between C. arabica and its 
parasites and changes in that balance are described below. 

2.6.2.1. Leaf rus t ( Hemileia vastatrix Berk & Br.) - i s of minor importance in 
Ethiopia. Control measures are only considered in locations where the Harer 
coffee type is grown under rather wet conditions (Western Harerge). Harer 
coffee is reputed to be more susceptible to this disease than other coffee types 
(SYLVAIN, 1958; personal observations). 

Altitude affects the disease. For example, rust is nearly absent at elevations 
above 1,700 metres in areas around Dila (Sidamo) but the disease is common at 
lower altitudes in the same region. The low rust incidence, which the author 
observed at Tepi (ca. 1,200 m.), was, however, remarkable and might indicate a 
high intrinsic level of resistance of the coffee population in that region. 

Two conditions might keep leaf rust at a low level in Ethiopia : the genetic 
heterogeneity of the population and high levels of horizontal resistance. The 
occurrence of vertical resistance is established (for a comprehensive review see 
RODRIGUES et al, 1975) and the genetic heterogeneity might cause 'multiline 
effects'. Nevertheless, it is difficult to understand how these 'multiline effects' 
will operate. C. arabica plants are not deciduous and therefore there are no real 
'dead seasons'. It could be argued, that rusted leaves are preferentially shed 
during the dry season, but a large proportion of infected leaves remains. It might, 
therefore, be speculated that the host-pathogen system is derived from a de­
ciduous progenitor species. In this respect, C. eugenioides, the diploid species 
which resembles Arabica coffee both in habitus and in growth requirements, is 
the only closely related species with a marked deciduousness (CHEVALIER, 1947). 

Whatever the magnitude of the 'multiline effect' might be, a very high level of 
horizontal resistance must also be present, as each tree becomes infected at one 
stage or another, and thus reinfection within the plant must be reduced. Further­
more, a fair level of heterogeneity is not sufficient to protect Harer coffee. 

The situation in other countries differs greatly from that in Ethiopia. The 
coffee population is very homogeneous elsewhere and tree density is much lower. 
The absence of conidial dilution (the 'multiline effect') is partly replaced by the 
lower tree density. Leaf rust is often more severe outside Ethiopia and this may, 
in some cases, be caused by more favourable climatic conditions and a higher 
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yield level, which is known to cause a higher level of disease. It may also be 
argued that coffee outside Ethiopia has a lower level of horizontal resistance. 
This claim can be substantiated by the history of coffee outside Ethiopia. C. 
arabica was taken from Ethiopia to Yemen in the first half of the second 
millennium (CHEVALIER, 1929, 1947; SYLVAIN, 1958). Rainfall is low in Yemen 
and leaf rust rarely occurs (CORDEMANS, 1973). Therefore, selection pressure for 
resistance must have been very low whilst selection pressure for other characters, 
such as drought adaptability, was probably high. Thus, changes in the popu­
lation occurred which probably resulted in a considerable erosion of resistance to 
leaf rust. Practically all coffee in the world is derived from material from Yemen 
(CHEVALIER, 1929, 1947) but Hemileia was left behind when coffee was taken to 
other countries. Coffee was grown in climates favourable to leaf rust and the 
disease reached high levels when the pathogen caught up with the host. The 
coffee from Harerge further illustrates this point. SYLVAIN'S (1958) statement, 
that this is a reintroduction from Yemen, explains its susceptibility to leaf rust. 

2.6.2.2. Leaf b l ight and stem d i e b a c k - i s characterized by black lesions 
on young leaves and shoots and dieback of young shoots; it causes brown 
lesions on older leaves. The disease is mostly observed in wet, relatively high 
regions. The pathogen is, according to STEWART (1975), Ascochyta tarda Stewart 
( = Phoma tarda Boerema and Bollen). In this study, isolations yielded Col­
letotrichum sp. and Phoma tarda. As Colletotrichum spp. are saprophytic on all 
parts of the coffee tree, it may be assumed that the symptoms were indeed caused 
by P. tarda. 

Differences in susceptibility occur and are described in Chapter 6; Harer 
coffee often is severely stunted when it is grown under wet conditions in the west 
of Ethiopia. Under normal conditions of cultivation, control of the disease is not 
needed. However, changes in the agricultural system increase its economic signi­
ficance : rejuvenation of coffee trees by stumping is a newly proposed practice. 
Under this system, old bearing stems are removed and new shoots replace them. 
However, growth of these new shoots is often retarded by the pathogen, thus 
increasing the time span between rejuvenation and first new crop. 

2.6.2.3. Brown eye spot and minor leaf d i so rde r s . Brown eye spot 
(Cercospora coffeicola Berk & Cke) does not cause any significant damage. 
Other leaf disorders occur, often of unknown etiology. They are so insignificant 
that they will not be mentioned here. 

2.6.2.4. Brown bl ight on berries. It is assumed that a form of Colleto­
trichum coffeanum Noack caused a blight of ripening berries (FERNIE, 1966; 
LEJEUNE, 1958) before the appearance of CBD. Damage to the crop was in­
significant as the seeds were not diseased. 

2.6.2.5. T racheomycos i s . The pathogen {Gibberella xylarioides Heim & Sac-
cas) causes a vascular wilt. The incubation time is very long, some six months in 
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seedlings (PIETERS and VAN DER GRAAFF, 1980) and some 9 to 10 months in 
young suckers (FEKADEH and MESERET, 1979, personal comm.). The system 
pathogen-host is a prototype of endemic disease (VAN DER PLANK, 1975). LE-
JEUNE (1958) indicated that the pathogen might exist in Ethiopia but its presence 
was confirmed only in 1973 (KRANZ and MOGK). 

Differences in susceptibility have been reported (VAN DER GRAAFF and PIE­

TERS, 1978 ; PIETERS and VAN DER GRAAFF, 1980). Damage is minimal in the dense 
stands of coffee in western Ethiopia, where spontaneous seedlings will fill in the 
gaps. 

Changes in the relation C. arabicajG. xylarioides occur when modern culti­
vation practices are introduced. These practices comprise more weeding and 
digging to remove obnoxious grasses. This results in more wounding of the 
trees and better chances for transmission of the pathogen. At Washi (Kefa), 
3,4 % of the trees in a spray trial died in approximately eight months and 93 % of 
the deaths was due to G. xylarioides. The occurrence of G. xylarioides on Arabica 
coffee has only been confirmed from Ethiopia, although LEJEUNE (1956) obser­
ved symptoms in southeastern Sudan. 

The pathogen is well known from Excelsa coffee (SACCAS, 1951,1956). Strains 
that are pathogenic to Arabica coffee might, however, be restricted to those areas 
where C. arabica is indigenous; foreign Arabicas often show a high level of 
susceptibility when grown in Ethiopia (VAN DER GRAAFF and PIETERS, 1978) 
indicating erosion of resistance in the host. The pathogen is a major risk to all 
Arabica coffee growing areas in the world. 

2.6.2.6. G ibbere l la s t i lbo ides . Damage caused by this pathogen in 
Ethiopia seems to be confined to a collar rot of young seedlings. Some suscep­
tible collections were observed at Jimma Research Station. 

2.6.2.7. R o o t r o t - damage, in which a rôle of basidiomycetes is suspected, 
is rare and seems to be confined to high, relatively wet areas. 

2.6.2.8. Pests. Damage generally is insignificant. Variability in susceptibility to 
a leaf miner is reported in this study (Chapter 6). Hypothenemus hampei (Fer­
rari), the coffee berry borer, is very rare, although it is a major coffee pest in other 
countries. Spraying against coffee berry disease appears to increase the occur­
rence of blotch leaf miners (CROWE, pers. comm.). 

2.6.3. Concluding remarks on the host-parasites system 
The system consisting of C. arabica and its parasites is well balanced in 

Ethiopia as is to be expected from an 'unimproved' crop. The species was 
gradually domesticated in Ethiopia and it is still cultivated under the conditions 
under which it was selected. The genetic heterogeneity of the population is high. 
Multiline effects for some and good levels of horizontal resistance for all para­
sites are to be expected. 

A number of changes may upset such a gradually developed system : Firstly, 
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slight changes in cultural practices will influence the balance between the host 
and its parasites. Each change will affect the balance but only those changes that 
result in an increased level of injuries will normally be noted. The effect of 
rejuvenation and increased cultivation has already been shown above. The 
application of fertilizer will disrupt other balances. Secondly, the gradual domes­
tication process will have created coffee types that are adapted to local con­
ditions. The cultivation of coffee types under conditions different from those 
during domestication may cause outbreaks of some parasites. For example, 
material from high elevations may show an undue susceptibility to leaf rust at 
lower altitudes. Another example is the Harer coffee type which is fully satisfac­
tory under dry conditions, but shows undue susceptibilities in wetter areas. In 
Chapter 6, differences in resistance of populations orginating from different 
locations are described. The third important threat to C. arabica stems from its 
isolation from related species. These species went through their own 
host-parasite co-evolution and resistance to some of their parasites will be 
insufficient in C. arabica. Coffee Berry Disease probably originated from ano­
ther host-parasite system (Section 3.6.). Potential threats to Ethiopian coffee 
have already been observed on C. arabica in other areas: grey rust (Hemileia 
coffeicola Manblame & Roger) in west and central Africa ; American leaf spot, 
Mycaena citricolor (Berkely and Curtis) Saccardo, in Latin America, and Nema-
tospora coryli Peglion, a yeast transmitted by Antestiopsis spp., in Africa. 

The most important disturbance of the host-parasite system has been the 
introduction of CBD. Smaller imbalances occur when the coffee cultivation is 
gradually modernized. Some imbalances due to the cultivation of unsuitable 
material cannot be excluded. CBD resistance was, therefore, the first priority in 
coffee improvement (Chapter 4). To recreate a balanced host-parasite system, 
adequate resistance to other diseases and pests was a second priority (Chapter 6). 
Various growth conditions might eventually lead to the selection of coffee types 
for specific conditions. 

2.7. CONCLUSIONS 

- C. arabica is geographically separated from other Coffea species. Speculations 
about its origin as a cross between diploid progenitors are inconclusive and of 
little importance for Ethiopia. 

- Speculations about the occurrence of 'wild' C. arabica in Ethiopia are rather 
futile, as undisturbed forests do probably not exist in Ethiopia. 

- C. arabica is predominantly grown in areas with a wel distributed rainfall but a 
marked dry season. In Ethiopia it grows between 1,200 and 2,000 metres. 

- C. arabica in Ethiopia is very heterogeneous, and it can be characterized as a 
primitive crop with a low level of cultivation. 

- The system C. arafo'ca-parasites was, under traditional growth conditions, 
well balanced : resistance was adequate to keep disease and pest damage at an 
insignificant level. The system becomes unadapted when new agricultural 
practices are applied, and no adequate resistance in the host population as a 
whole exists against newly introduced diseases and pests. 
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3. C O F F E E BERRY DISEASE 

3.1. SYMPTOMS 

The disease is characterized by an anthracnose of green berries. Symptoms 
may also occur on flowers (NUTMAN and ROBERTS, 1960a) and ripening fruits. 
Symptoms on green berries begin with the development of a brown to black 
lesion which gradually expands and finally destroys the whole berry. Minute 
acervuli are formed on the lesion which produce the pinkish conidial masses of 
Colletotrichum coffeanum. The majority of diseased berries drop off but a small 
number remains on the tree as black mummies. Lesions become brown and 
inactive (scab lesions) under adverse weather conditions. 

3.2. TAXONOMIC POSITION OF THE PATHOGEN 

The taxonomic position of the pathogen is confused. MCDONALD (1925) 
considered it to be a form of Colletotrichum coffeanum Noack which differed 
from the normal strain in Kenya. GIBBS (1969) and HINDORF (1973 a, b) differen­
tiated the various Colletotrichum strains from Arabica coffee in Kenya. GIBBS 

found four forms which he designated CBD, CCP, CCM and CCA. HINDORF 

described five condidial forms and a perfect form, Glomerella cingulata. He 
reserved the name C. coffeanum for the form that causes CBD. This nomencla­
ture unfortunately confuses the situation because the name C. coffeanum was 
originally given to a Brazilian isolate which was not pathogenic to green coffee 
berries; the pathogenic strain which causes Coffee Berry Disease does not occur 
in Brazil (VAN DER GRAAFF, 1979). 

FIRMAN and WALLER (1977) suggested that the name C. coffeanum may be 
invalid as the name was given to a Brazilian isolate which would now probably be 
classified as C. gloeosporioides. The strains occurring in Brazil probably cover the 
complete morphological range from C. gloeosporioides to C. coffeanum. 

3.3. OCCURRENCE OF THE PATHOGEN AND ITS RELATED FORMS 

The occurrence of the pathogen and its related forms has been thoroughly 
studied in East Africa (GIBBS, 1969; HINDORF, 1970, 1973 a, b, c; VERMEULEN, 

1970a, b). The pathogen occurs, as a micro-epiphyte, on the maturing bark of C. 
arabica (NUTMAN and ROBERTS, 1960a). It is capable of attacking green berries, 
flowers, and ripening fruits. Unter laboratory conditions very favourable to 
disease development, it is also capable of attacking young seedlings and growing 
points (COOK, 1973 b). Colletotrichum acutatum Simmonds, Glomerella cingulata 
(Stern) Spauld. B. Schrenk and forms of Colletotrichum gloeosporioides Penz 
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also occur on the bark of C. arabica in East Africa. They show a strong sap­
rophytic ability and appear to be the first invaders of moribund tissue. Although 
these forms are often blamed for diseases like diebacks and leafspots, clear 
evidence for their parasitic ability appears to be lacking. Brown blight, a blemish­
ing of ripening fruits, appears to be associated with the occurrence of the related 
forms (HOCKING, 1966; SMALL, 1926; FERNIE, 1966). When C. coffeanum is 
present, it also causes brown blight. 

In Ethiopia, GASSERT (1976) isolated Colletotrichum acutatum and the acer-
vulus form and mycelium form of C. gloeosporioides from the bark of C. arabica. 
He also obtained isolates that produced Glomerella cingulata; the imperfect 
form, which he obtained from the ascospores, was invariably a form of C. 
gloeosporioides. 

3.4. DISEASE CYCLE 

The epidemic of Coffee Berry Disease is initiated each year by conidia from the 
bark and, if present, from sporulating mummified berries formed during the 
previous season (GASSERT, 1976). The conidia are waterborne and splash distri­
buted. They need 100 % relative humidity and/or the presence of liquid water for 
germination (NUTMAN and ROBERTS, 1960 b). A conidium germinates, forms a 
germ tube and an appressorium after which the cuticle is penetrated. The whole 
process requires some five hours (NUTMAN and ROBERTS, 1960 b). Under favour­
able field conditions, the time between infection and appearance of the lesion is 
two to three weeks (Chapter 4). Either rain or equable temperatures accompany­
ing rain are needed for symptom development and lesion expansion. Acervuli 
are formed on the lesion surface and conidia are formed under conditions of high 
air humidity. The author observed sporulation on the inside of the endocarp. 
This observation suggests the possibility of transmission of the pathogen by 
seeds. Under relatively dry conditions, lesions become inactive and a cork 
cambium is formed, sealing off the lesion, after which the lesions turn brown. 
Deep lesions, which penetrate the mesocarp, do not heal completely and berries 
with deep lesions often crack when they expand. 

Resistance of berries to infection is known to vary with growth stage. HINDORF 

and MOGK (1975) and GASSERT (1976), following WORMER (1964), describe five 
growth stages : 
A. Primary stage: (pinhead) up to 8 weeks after flowering, no change in size. 
B. Expanding stage: rapid increase in volume, week 8 to 16, the size of the 

integument starts to increase. 
C. Endosperm stage: growth of endosperm, week 17 to 24. 
D. Hard green stage : solid endosperm, week 25 to 32. 
E. Ripening stage : gradual coloration, softening and expansion of mesocarp, 

33 to 35 weeks after flowering. 
HINDORF and MOGK (1975) found in the field that the percentage of berries 

showing new lesions is low in stages A and D and high in B, C, and E. It must be 
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