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S T E L L I N G E N 

1. 
'Onbelangrijke' ziekten zijn de sleutel tot het begrip van resistentie met een 
langdurige gebruikswaarde (duurzaamheid). 

: 2. 
Daar er veel meer 'onbelangrijke' dan 'belangrijke' planteziekten zijn mag aan
genomen worden dat duurzame resistentie regel is. 

3. 
Een goed voorbeeld van duurzame resistentie is de resistentie van Coffea arabica 
tegen Cercospora coffeicola. 

Dit proefschrift. 

4. 
In de berekening van LUKE et al. ter bepaling van het aantal genen voor horizon
tale resistentie in haver ten opzichte van Puccinia coronata zijn de variaties 
veroorzaakt door genotype en door de omgeving niet additief. 

LUKE, H.H., BARNETT, R. D. and PFAHLER, P. L., 1975. Inheritance of 

horizontal resistance to crown rust in oats. Phytopathology 65, 
631-632. 

5. 
Het kan niet uitgesloten worden dat de door HADLEY et al. gevonden interacties 
tussen isolaten van Cylindrocladium crotalariae en aardnoot variëteiten veroor
zaakt worden door schaal-effecten. 

HADLEY, B. A., BEUTE, M. K. and LEONARD, K. J., 1979. Variability of 

Cylindrocladium crotalariae response to resistant host plant selection 
pressure in peanut. Phytopathology.69, 1112-1114. 

6. . 
'Directed selection' kan geen 'overtollige' virulentiegenen uit een pathogeen-
populatie verwijderen: het succes van het door CRiLLand KUSH (1979) voorge
stelde rotatieschema van resistentiegenen voor de beheersing van Pyricularia 
oryzae op rijst is uitsluitend afhankelijk van de effecten van 'stabilizing 
selection'. 

CRILL, J. P. and KUSH, G. S., 1979. Effective and stable control of rice 
blast with monogenic resistance. Food and Fertilizer Technology 
Center Taiwan, Extension Bulletin no. 128, 13 pp. 



7. 
Hypothenemus hampei is een belangrijke plaag in veel koffieteeltgebieden. In dit 
verband dienen de redenen voor de zeldzaamheid van dit insekt in Ethiopië 
verder onderzocht te worden. 

In de bepalingen van oogstverliezen door ziekte worden, ten onrechte, de ziekte-
waarnemingen als foutenbron verwaarloosd. 

JAMES, W. C. and TENG, P. S., 1979. The quantification of production 
constraints associated with plant diseases. In: Coaker, T. H. (Ed.) 
Applied Biology, Vol. IV, 201-267, Academic Press, London. 
SNEDECOR, G. W. and COCHRAN, W. G., 1967. Statistical methods. 
Iowa State University Press, 593 pp. 

9. 
Het 'horizontale' karakter van een resistentie is onbewijsbaar. 

10. 
De verbouw van tarwe in nieuwe teeltgebieden is eerder het gevolg van eetge
woontes veranderend onder westerse invloeden dan van landbouwkundige 
overwegingen. 

Stellingen bij het proefschrift van N. A. VAN DER GRAAFF. 
Selection of Arabica coffee types resistant to Coffee Berry Disease in Ethiopia. 

Wageningen, 11 juni 1981 
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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. arabica-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 E T H I O P I A 

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. 66 68 70 72 it. 76 78 
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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 
? / ™ m:158 h a ' B 0 E R E E ( 1 9 7 6 ) e s t imated the number of small farmers at 

f „ e 6 ™ W l t h a n a V e r a g e ° f °-5 h a u n d e r c o f f e e - T h i s w°uld indicate an area 
ot ± 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 
2 
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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~ S varying from 250 kg. ha'1 in Ilubator to 650 kg. ha" x 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'S data 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 
ot 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 

4 
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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 A R A B I C A 

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 : orthotopic 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 RIS 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 
Fj and F2 , 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 i va t i on 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 

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 

10 
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F I G . 4. Month ly max imum (solid line) and Temperature in °C JIMA 

monthly min imum temperature (broken line) 
at J imma Research Stat ion over the period 

1969-1977. 
Sources: INSTITUTE OF A G R I C U L T U R A L R E - 2 0 

SEARCH, J IMMA RESEARCH STATION, 1978. 

._.—-• Mean 
maximum 

'"-• Mean 
minimum 
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2.5.2.2. Cu l t i va t i on met h od s.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 d ivers i 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 ical resis tance-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. Ver t ical pa 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 ra s i t i c ab i l i ty - complements horizontal resis-
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