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FOREWORD

It is a special pleasure to present the proceedings of the
first regional workshop on "Coffee Berry Disease", .

Due to the faci that Mr. Asrat Wendem-Agenehu (The Editor
of AAASA Publications) resigned just after ending the workshop, a
great delay of publication resulted.

However, through the very cooperative spirit of the Delegation
of the European Economic Comission (EEC) in Addis Ababa, we could
overcome these difficulties and bring the proceedings out. It is my
duty and pleasure to stress this point and to thank the delegation,
especially, Mr. Wallner and Mr. Bosuner, for all efforts done starting
with the preparation for this workshop. I, Personally, felt this spirit
as 1 had to intervene during the process and take the responsibility
of preparing and printing the proceedings.

One of other reasons for delay is that AAASA had to face
some administrative difficulties just started middle 1982. Since problems
are now settled, we hope that activities will continue to run smoothly
as it was.

The completion of this activity on Coffee Berry Disease by
publishing the proceedings is of special interest to AAASA. This was
the first activity that AAASA accomplished with sponsorship of EEC.

We hope, in spite of all previous difficulties encountered with this

excercise, that in the' future cooperation with EEC will continue within
it's scope of agricultural activities in different parts in Africa.

I sincerely have the ‘feeling'tha‘t‘ these proceedings still contain
valid and important information, which are of interest to those who
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~- Welcome Addresses & Theme Address
- Resolutions & Recommendations
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STATEMENT AND WELCOME ADDRESS
By
H.E. Mr. Yehwalashet Girma
Minister of Caffee and Tea Development

Provisional Military Government of Socialist Ethiopia

Mr. Chéirman,
distinguished Delegates,
Comrades.

On behalf of the Government of Socialist Ethiopia, the
Ministry of Coffee and Tea Development, the Organizing Committee
of the CBD Workshop and myself [ would like to extend our warm
welcome to Socialist Ethiopia to those that have come from other
countries and to you all the participants of this CBD Workshop.

| hope your stay here would be pleasant and worthwhile. .

It gives me and my Ministry particular pleasure to host
this CBD Workshop, which is one of the very few technical forums

organized in Africa in coffee matters.

Mc. Chairman

As it is known to all of us, agriculture is the backbone
of the economy of most of African countries including those represented
by their distinguished delegates in this workshop.  Agriculture is

also a way of life for the majority of our peoples.
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Robusta and Liberica, The quantity of coffee Liberica's being
insignificant (Less than 2%), the two major types of coffee produced

in Africaare Robusta and Arabica.

Although Africa was the original home of coffee, it did
not have a significant place in the international Coffee trade of
this commodity until the 1950s. As statistics show, the contribution
of Africa to world coffee production was only [.3% in the years
1909 to 19!4. Then went up to 7.3% in the years 1924 to 1929, having
reached about 22% in the 1950s. With the ‘gradual increment of
production, currently the continent's share is estimated to be about
25%. Given the availability of large areas in Africa with favourable
bciimate and soils for coffee production, [ hope as we improve our
methods of production and find solutions to the problems which prevail
at production level, the continent's share in the trade will in;rease

further.

Although coffee is an important export commodity in our
countries, we know that it has several problems : lack of proper
know-how specially at the small farmers level who are the main
producers, lack of adequate infrastructures like roads and warehouse,
transportation facilities, the rising costs of farm inputs like machiner-
ies and agricultural che'micals, drought or excess of rains now and

then, pests and diseases etc. These are some of the major constraints

which systematically require different and scientific approaches
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After chemical trials were conducted by the coffee research
station and large adaptation trials by the field staff of the Ministry
between 1972 and 1974, che‘mical control was taken as in interim
control means, and to date we are spraying annually a limited
. hectareage of between 10,000 to 3,000 ha; in those areas where

the disease is considered very serious. Among other things, tﬁe
traditional nature of many coffee farms in Ethiopia and the high

cost of the chemicals have limited the scope of spraying.

Thus, on the one hand, by considering the limitation of
large scale chemical spraying undetr the E;chiopian coffee famring -
conditions, and on the other, by realizing the availability of broad
genetic resources of arabica coffee both Vin fhé plantation as well
as in the forest, a crash research programme was launched in {973
to find CBD resistant selections in the shortést time possible. As
will be explained to you in detail by our experts in the course of
this Workshop. The programme so far hés been successfull in that
many resistant selec_tions.have béen obtained ahd aré beiqg released

e to farmers and state coffee farms. Together with these selections,
better planting methods and other improved cultural practices are

also being introduced as part of our coffee improvement programme.

While the selection progiamme is still being carried out,
a second phase although not fully iAmplemented yet, has been started
in a small scale by the coffec Research Station. The main task

of this second phase is to carry out breeding programmes in order

#




T : = i S TR

‘quality.

Mr. Chairinan,

;:rop, coffee, wnh the sam it would be to
i o ‘

our mutual benefit to jo'm ou

’ o

.and share our experiende;
: o .

a regional level

vailable for our African

IIJ

gé technical

the development of our ‘sai nnng, h nal I
[evertheless, durlng the Iast dec 'el f “‘_
able to creat a nuc!eus of huma’

pur bastc scientific problems. .

few ogportunmes‘

|




i

o>

- 11 -

This; of course, does not mean that we have achieved our
ultimate objectives. However, given the circumstances, we should
be able to deal with our basic problems if we consolidate our capabilit-

ies and know-hows for solving our common problems.

Although science and technology is said to be free from
political influences and is not supposed to be resvtricted by national
boundries, unfortunately because of the commercial and neo-imperia-
listic objectives and interests of the world at large, science and
technology rather than being a mechanism for human welfare have

become instruments for domination.

Of course we should not also lose sight of the fact that
the world still has some objective scientific individuals who in spite
of their countries' prejudices have contributed and are still contributing
to human developmen'-c and welf:dre. The evidence to this is the
presence among us of distinguished scientists from other continents

that have done commendable job in our countries.

Hence, the fact remains that with the cooperation of inter-
national organizations and of these colleagues, we should be able
to create our own scientific €apabilities individually and collectively

for the welfare of our fellow Africans.

Distinguished Delegates and Comrades

By supporting the Association for Advancement of Agricultural

Sciences in Africa and hosting this forum for the exchange of scientific
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Distinguished Delegates,

Today coffee supply in the world markeft has reached a
position of a glut. The coffee producing world today can present
to the consumer over 90 million bags of coffee. The demand however
has remained around 60 to 70 million bags annually. Of this, the

share of Africa is only one third.

When the rest of the world was expanding its coffee produc-
tion and productivity, we Africans have lagged behind. Hence,
today because of over production of coffee in the world, there
is a tendency in some circles to restrict us from developing . our
coffee industry. The irony in this -order of things is that it is us
Africans that have the largest need for the ‘;ncom_e from coffee
and it Is also us that have the largest potential for development
and yet we are prevented from developing to a large extent one

of our only realised sources of income.

Mr. Chairman

In spite of this difficult situation, however, by improving
our productivity and by Solving the major problems of our coffee

industry mentioned earlier, African would be able to survive in

the trade and even increase gradually ‘its share in the international
coffee market. But, our individual efforts to modernize our coffee
production or to solve the technical problems common to us all,

could give, in many cases, better and quicker results by joining our

i
e S
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Finally, may [ take this opportunity to thank AAASA for
having taken the initiative for organizing the Workshop, European
Economic Commission for its financial support, the Institute for

Agricultural Research for co-sponsoring it with my Ministry.

Having said this, it is my pleasure and privilege to declare

this workshop open and to wish you success in your deliberations.

Thank you.
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WELCOME ADDRESS
By
Worku Taye
General Manager, Institute of Agricultural

Research, Add@s Ahaba, Ethiopia

The Minister of coffee and Tea Development '

and COPWE Central Committee Member,

The Administrative Secretary General of AAASA,
Representatives -of International and National Organizations,
African Agricultural Scientists,

Invited Guests and Friends,

It gives me great pleasure to address the participants of

this first Inter-African Workshop on Coffee Berry Disease.

First of all, I would like to exptress my appreciation to
the " Association for the Advancement of Agricultural Sciences in
Africa (AAASA) for the initiative and the successful organization
of this Workshop in collaboration with the Ministry of Coffee and
Tea Development and the Institute of Agricultural Research. By
promoting direct personal contacts and exchange of experience and
capabilities among African agricultural scientists, AAASA is best

fulfiling  its mission of advancing agricultural sciences in Africa.

Distinguished Agricultural Scientists, Ladies and Gentlemen,
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Distinguished Participants of This Workshop,

It is the realization of this situation that this workshop

on Coffee Berry Disease has been organized.

I need not express the role coffee plays in the economy
of Ethiopia and in the countries of the scientists reprsented here.
This has been brought out sufficiently in the Statement by the Comrade

Minister.

In recent years, Coffee Berry disease has remained one
of the major constraints of coffee production not only in Ethiopia,
but also in other countries of Africa, particularly in East Africa.
It is imperative that the researchers in the affected countries come

together and exc'h'ange experience for a better controt of this disease.

When the presence of CBD was ascertained in Ethiopia
in 1971, the Institute of Agricultural Research was charged with
the responsibility to search for coffee trees resistant to CBD

and to study ways and means of controlling the disease.

The IAR then developed short and long-term programmes

with the following objectives :

. The short-term programme was aimed at selecting CBD

resistant cultivars to release to formers in the shortest possible

time, in view of the rapid spread of the disease.
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progress in your respective institutions and to draw a strategy to
effectively control Coffee Berry Disease, a common threat to our

economies.

I hope the pattern of coordination and cooperation evolved
in this workshop on Coffee Berry Disease can also be usefully extended

to other areas of agricultural research.

Finally, 1 wish you success in your endeavour to collectively

resolve common problems.

Thank you very much
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WELCOME ADDRESS
By
AAASA President

Your Exc::llency, the Minister of Coffee and Tea Development,
Exceliencies, '

distinguished Scientists,

Ladies and Gentlemen,

The Association for the Advancement of Agricultural Sciences
in Africa has, once again, taken another opportunity - this time
at its headquarters here in Addis Ababa - to organize its first regional
workshop on coffee berry disease (CBD). It is thus with great pleasure
that 1 welcome you all on behalf of the President, the Executive

Committee and all the more than one thousand members of AAASA.

The workshop is co-sponsored by the Ministry of Coffee
and Tea Development and the Institute of Agricultural Research,
both of socialist Ethiopia. The funding was possible through the

support of the European Economic communities {EEC).

Our special thanks and appreciation go to H. E. Comrade
Yehualashet Girma, Minister of Coffee and Tea Development and
Member of the Central Committee of COPWE for kindly accepting

to officially open this workshop and for the close cooperation which v
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through its participation in training programmes, its scientific

publications, conferences and workshops as well as consultancies.

The Association is a non-profit making organization and
derives its funds from membership and subscription fees, donations
and grants from various governments and organizations. These funds,
particularly those from external sources, have lately been drastically
reduced to the point where the Association can no longer function
smoothly. We hope that with the launching of the Lagos Plan of
Action in which top priority has been given to agriculture, the OAU
and individual African governments, the Inter-African Coffee Organi-
zation, the African Development Bank, the EEC, and other similar
organizations will assist AAASA to contribute more effectively to

the Lagos Plan.

During this workshop, delegates will present brief reports
on the state of CBD in their respective countries. This will be followed
by technical papers on the organism which causes the disease, how
the problem can be more effectively controlled and the econormic
impact of such measures on the individual farmers as well as at
national level. There will be an open dialogue between the research
scientists and representatives of the many chemical companies which
have been playing a vital role in the control of CBD. The purpose

of such a dialogue is to find the safest but most effective chemicals

for the African coffee farmer and his environment.
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THEME ADDRESS
By
M. Maxwell
Team Leader, Coffee Improvement Project; Tanzania

Mr. Chairman,

Coffee production is very important to the economies or
many countries, Under the LOME Conventions, several ACP coffee
producing states have been forfunate enough to receive assistance
from the European Economic community either directly, in the
form of specific coffee projects, or indirectly through schemes
such as STABEX. It is the EEC's appreciation of the importance

of coffee which has led to’its participation in this workshop.

) Pest and disease control in coffee continues ‘to be a major
aspect of production both in terms of finance and labour input.
World inflation has resulted in production costs escalating but, unfor-
tunatély, apears to have had little effect on market values of coffee.
Prices of the chemicals required for control of pests and diseases
have risen steadily over the years while, coffee prices have at best
remained static. Foreign exchange earnings from coffee have,therefore,
declined in real terms, creating serious balance of bayment problems

in producing countries.
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Major considerations should include cooperation in the planning
and evaluation of plant breeding programmes since resistance or
immunity to CBD will possibly be the ultimatevanswer to the problem.
Important collections of many different coffee varieties _exist in
the participating countries and coordination of the various on-going
breeding programmes, utilising these collections, would be an impor-

tant development.

Similarly, an exchange of views and experiencé on how
CBD behaves under different climatic conditions and the pathogen's

reaction to different cultural practices will be of value,

In view of the recenti appearance on the market of fake
or substandard agricultural chemicals, it will be important to ensure
that such products do not find their way into the coffee industry.
Some form of regional cooperation in the screening and evaluation

of chemicals should therefore be considered.

Mr. Chairman, I‘ am confident that the déliberations of
the next few days will result not only in the establishment of meaning-
ful research cooperation on a regional basis, but will also accelerate
the development of CBD control measures which will be to the benefit
of producing countries and individual coffee growers whose very

livelyhood is at present threatened by the scourage of CBD.

Thank You.
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RESOLUTIONS AND RECOMMENDATIONS

INTRODUCTION

The participants at the First Regional wofkshop on Coffee

Berry Disease express deep appreciation to the Provisional Military
Government of socialist - Ethiopia for hosting the workshop in Addis
Ababa and for the inspiring opening address by His Excellency, the
Minister of Coffee and Tea Development.

The participants appreciate the financial, | moral and technical
support rendered by the Ministry of Coffee and Tea Development
and the Institute of Agricultural Research of Socialist Ethiopia, for
co-sponsoring the workshop with the Association for the Advancement
of Agricultural Sciences in Africa.

They further acknowledge with gratitude the fihancial assistance
provided by the European Economic Communities (EEC), the Govern-
ments of Socialist ethiopia and the Republic of Kenya'for their prompt
response in  soliciting the funds from the -EEC. ‘

RECOMMENDATIONS

After deliberating on the contents of the addresses given
and the discussions made during the different sessions of the workshop,

the following recommendations were resolved :
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Regarding comparison of the efficacy of fungicides, participants
believe that ranking of treatments is the main aim. They,thereforey
recommend that monthly recordings be conducted on well réndomly
selected coffee branches : provided the sample is representative (direc-
tion and position on the tree). To avoid any statistical bias, the
branches should be chosen on or after flowering before the onset
of the epidemic.

In fungicide trials, yield data should also be collected and
compared with the disease records. '

On the economic evaluation of fungicide use and the impact
of the disease on total yield, this covers mainly trials on farmers'
fields. Obviously, the selection of trial areas should be done according
to agreed sampling methods. These trials may have the character
of preextension trials. In those trials, it is suggested to use the methods
to completely control the disease and compare this with the recom-
mended methods and no control.

As regards assessment of disease resistance, participants
felt that in this case, it may be required to collect precisedata on
losses in jndividual plots. In such cases, it is necessary to determine
what part of the total drop of berries is physiological. It is assumed
that the material will have already a considerable level of resistance

" when such assessments are made and thus the magnitude of the physio-

logical drop can be estimated from trees without CBD in the same
cultivar. A possible method is published by N.A. Van der Graaff.

On epidemiological studies, detailed recordings at weekly
intervals on well chosen pre-marked branches are recommended.

DISEASE CONTROL BY CHEMICALS

1 Goding of chemicals : The participants agreed that

all chemical company code numbers should be used in publications

RN



I:MSEASF_ CONTROL USING. RESIST m cu

, ~i . rl N

' ¢ountr1es during exchange of ma?terj

2. _ Testing chémicéls :
in use) and the Cent'res "foi'_

Iétstitute (TPRI) was 'us:ed‘ as e'a -f
fm: now it no longer' serves dsar
1

' The participants thénef‘%;-"
and the National Agricultural: i
dnd rehabilitated and modernizedt Wi
‘O;h'emical analyses. '‘Respective SJ i

o -
CEEL ARG
i

Ij i

Concermng coffee ge tie ic * colléctions

k sjwould be established In Ethmp s d'f‘“ar / c&tlectwns should be

léept in all' African countries conc‘e ne e ’spect, urggnt interna-

:nonal assistance ‘is nefcessary té* maltrlr 3 cenf?es through

sﬁecondmen‘t ‘of téchnical experts, m%ﬁ' : oé{vl pers«‘?nal, supply
lbf equipment, etc. 1 N | I
' | Jpre 'T i

rt hq en mto CBD-free

2, To avoid lntrodueﬂbn §$ h ’ ’
: : pants recornmend the

i
E
ks




- 35-

creation of quarantine facilities at strategic sites in order to enhance
a safe exchange of coffee genetic materials; this may include tissue
culture and seed preservation practices.

3. It is recommended that the African Plant Genetic Resources
Committee (APGRC) which maintains special relations with the Interna-
tional Board of Plant Genetic Resources (IBPGR/FAOQ), take the initative
to follow up recommendations 7 and 8 above, by convening a workshop
in "Addis Ababa and if appropriate, seek consuitations of concerned
governments and other institutions.

4.  The participants further recommend that research be
continued and strengthened in the following areas :

a. Scope of tests presently used in selection for CBD resistance.

b. Establishment of rapid and economically feasible methods of multi~

plication of selected materials for distribution to farmers.

c. Testing of coffee materials over a wide array of environmental
conditions to study their adaptability to different ecologic zones
and their resistance to pests and discases in this areas.

d. Scientific stydy of the origin, evolution and genetics of coffee
in order to have a better insaight of the genetic germplasm of
this crop.
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COUNTRY REPORT : KENYA
COFFEE BERRY DISEASE IN KENYA
By
D. M. Masaba, D. J. Walyaro and S. B. C. Njagi
Coffee ResearchFoundation (CRF),
. Coffee Research Station (CRS),
P.O.B. 4, Ruiru, Kenya

ABSTRACT

Coffce is the most important product in Kenyan
agriculture and is infact the mainstay of the country's

economy. Coffee Betry Disease (CBD) an anthracnose
of green and ripening berries, has been and indeed
continues to be the most serious threat to production
of this important crop commeodity. Growing Arabica
coffee in Kenya, is infact becoming more unprofitable
as a result of the escalating costs of production arising
mostly from measures to control CBD, coupled with
the falling prices on the world coffee market. A tre-
‘mendous amount of research at the CRS, Ruiru, has
been devoted to CBD and indeed, that coffee is still
being grown in Kenya at all, is a reflection of the
results ‘of this work.

This report gives an account of research under-
taken on the Station, aimed at finding the most
offectively and yet economic control measures to
"CBD. The paper traces the history of this disease
and the magnitude of crop losses that have occurred
arising out of the CBD epidemics. Details regarding
the pathogen, - its mode of infection, the symptoms
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The total area under coffee has increased over the years to the current
figure of about 153,000 hectares. Total production has also generally

increased over the years to thecurrent 99,000 metric tons, with
the co-operative sector producing 64.S% as against 34.7% produced
by the plantation sector. The value of Kenya coffee fluctuates according
to the International coffee market but for 1980/81, it was over

KE 110 million which represents 30% of the total domestic export.

Kenya produces the mild Arabica coffee that is reknown
the world over for its fine quality. Coffee in Kenya is grown in
areas between 1200 M and 2100 M above sea level. These areas
lie on the broad gentle slopes of Mount Kenya and eastern Abaradare
Range in the Central Province area, on the slopes of Mount Elgon,
bordering Uganda, parts of the Great Rift Valley and some small
holdings in the Taita Hills, a short distance from Tanzania.

The importance of coffee to the National Economy convinced
the Government at the very early stage, of the need to have a centra-
lised statutory organization which could implement the production
and marketing policies in accordance with an Act of Parliament.
The Coffee Board of Kenya, which was enacted in 1933, s responsible
for the running of the coffee industry, broadly with respect to produc-
tion, research, marketing, financial and advisory services to the

farmers and overseas promotion.

The Coffee Research Foundation at Ruiru is financed by
the Board to undertake specialized research into all problems affecting

production, portection, processing and quality of the coffee crop.

Coffee Berry Disease

Coffee berry disease (CBD) is an anthracnose of green coffee
caused by the fungus Colletotrichum coffeanum Noack sensu Hindort.

The disease has been studied extensively in Kenya.
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The total area under coffee has increased over the years to the current
figure of about 153,000 hectares. Total production has also generally

increased over the years to the current 99,000 metric tons, with

= the co-operative sector producing 64.8% as against 34.7% produced
by the plantation sector. The value of Kenya coffee fluctuates according
to the International coffee market but for 1980/81, it was over
KE 110 million which represents 30% of the total domestic export.

Kenya produces the miid Arabica coffee that is reknown
the world over for its fine quality. Coffee in Kenya is grown ‘in
areas between 1200 M and 2100 M above sea level. These areas
lie on the broad gentle slopes of Mount Kenya and eastern Abaradare
Range in the Central Province area, on the slopes of Mount Elgon,
bordering "'Uganda, parts of the Great Rift Valley and some small
holdings in the Taita Hills, a short distance from Tanzania.

The importance of coffee to the National Economy convinced
the Government at the very early stage, of the need-to have a centra-
lised statutory organization which could implement the production
and marketing policies in accordance with an Act of Parliament,
The Coffee Board of Kenya, . which was enacted in 1933, is responsible
for the running of the coffee industry, broadly with respect-to produc-
tion, research, marketing, financial and advisory services to the
farmers and overseas promotion. o ‘

The Coffee Research Foundation at Ruiru is financed by
the Board to undertake specialized research into all problems affecﬁr’ig

production,  portection, processing and quality of the ‘coffee crop.

Coffee Befry Disease

Coffee berry disease (CBD) is an anthracnose of green coffee
caused by the fungus Colletotrichum coffeanum Noack sensu Hindort.
The disease has been studied extensively in Kenya.

. —




Table (I) : Coffee Area Production and Export Value in Kenya

B Production of Production Value of cofiee
Area under coffee x clean coffee, perhain . :
Year 1000/1000/ha mietric tonnes L t.clean. - Mean total ‘% of
‘ = L ' 1009 coﬁgee price ‘export total
+ <ot Small e et Gl T gl ST per 1. valle |, domestic

- holders -E'states‘ Total ' Holders Estates Total Holders:Estates KE - KExlO expore

& n

© NIND 00 WO — G

. 1977/78 ‘ 30 : e

1978179 89 2(70.0) 30.0 110 2(92.0) 224 74. 0.7 z :
1979/80 90.0(80.0) 30.0 1250(100.6) 52.00 397 9.7 0.7 1360 118.7 22
. 1176 1109 30

1980/81 101.9(84.7) 34.0(32.9) 154.2(135.9) 66:0 k7 98.7 0.7

Notes : 1 In brackets actual area in production
2 Heavy crop loss due to CBD in 1968, 1969 and. 1979 because of excessive rainfall in 1967, 1968 and 1978
3 In 1980 ; JVQ,OAQOHGZD,OOO new_pLantmgL ha_balong..to_l.ﬁa_Co-opecanve Societies-with- 568- factm and

» 30 000 ha belong to 740 Estates. of wl‘uch a.bout 7#% are now African owned:
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Magnitude of the Disease

Crop losses from CBD in Kenya have increased steadily
over the years. Until 1960, only a small part of the .growing areas
above 680 M was seriously affected. But during the 1960's epidemics
of major proportions occurred. The most disastrous year was 1967,
. when hardly a grower was unaffected. Many lost their entire crop

and overall loss was estimated at not less than 30% (Griffiths, 1969).
Controlwby an annual fungicide spray programme has, however,
reduced CBD problem drastically and besides, most of the fungicides
used on coffee (e.g. cooper and captafol) have resulted in termendous
vield increases which have been not only attributed to the control
of the disease but also to the 'tonic' effect these fungicides impart
on coffee trees (Griffiths, 1971; Mulinge and Griffiths, 1974).

Coffee Varieties Grown in Kenya

The majority of the older coffee farms are planted with

French Mission coffee which is acclaimed to be less susceptible to

CBD but in fact quite suscaptible in some years of CBD epide-

mics. The presently recommended cultivars S 28 and S| 34, both

of which are very high yielders and produce coffee of remarkably

good quality are known to be very susceptible to CBD. Blue Mountain

and K 7 which are grown in certain areas in Kenya are partially resistant

- to CBD. K 7 in addition also shows resistance to rust but only to
race 11 of Hemileia vastatrix.

Other Coffee Disease Problems in Kenya

Next in Importance to CBD is Coffee Least Rust gaused

by the fungus Hemileia vastatrix Berk. et Br. coffee leaf rust is
i especially severe in areas below 1600 m in altitude. Leaf rust is

however, adequately controlled by applying well-timed sprays of 50%

L | -
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Germination and Infection

Nutman and Roberts (1960} determined the conditions necessary
for spore germination and infection under laboratory conditions. Conidia
require a water fifm and germination will notproceed in the absence
of such a film even when atmospheric humidity is close to 100%.
Optimum temperature for germination is about 22°C . At 17°C and
28°C germination is about 40% of the maximum, and below 10°C
and above 31°C it is zero. These temperatures with the requiste
moisture must persist for a minimum period of about 5 hr. for moderate
infection to occur (Waller, 1971 and Cook, 1975).

Conidia germinate into germ-tubes which in turn produce
appressoria. The appressoria adhere to the plant cuticles and produce
slender infection pegs which penetrate the cuticle to cause infection
(Bock, 1956).

Symptoms

Coffee berry disease attacks coffee berries in all stages
of growth and occasionally even flowers and leaves. On green berries
symptoms first appear as small dark, sunken patches which spread
rapidly and may cover the whole berry (Fig. 1). Under wet conditions
pinkish mass of sporeé develop on the lesion surface. Usually, the
fungus penetrates the interior and destroys the beans. Eventually,
the whole berry dries out and takes the appearance of black mumified
bodies resembling 'mbuni' (Fig. 2). Infected berries may also be shed
as soon as lesians develop,

A -second type of lesion is normally formed under adverse

weather conditions. This is normally pale tan in colour, not sunken
and usually bears concentric rings of black acervuli (Fig. 3). This
type of lesion is normally called 'scab’ lesion. Recently, it has

been observed that some of the scabs are formed especially on resistant
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or less dry weather. The districts of the Rift Valley experience more
prolonged and widely spread out rains from March to September.
The higher altitudes (Above 1600 m) receive more rain than the
lower ones, but both experience wide diurnal temperature fluctuations,
with low night temperatures and high midday ones. The higher rainfall
at the higher, cool altitudes makes the moisture conditions more
favourable for invasion and it is in these areas that CBD is most
prevalent and severe.

Rainfall also regulates the flowering, and ‘consequently,
the cropping of coffee. In areas above 1600 m altitude, where CBD
is most serious, the main flowering occurs at the start of the long
rains (March-April). The short rains normally induce a second flowering
(October), usually of minor importance. The coffee fruit tdkes about
nine months from flowering to harvest. It is the crop derived from
the long rains which is normally most affected by CBD. Aberrant
rainfall in other months of the year and overhead irrigationd practised
on large scale farms normally induce out of season blossom which

results in constant presence of berries on the irees.

Epidemiology

the CBD causing strain of C. coffeanum is most prevalent
in the young regions of the stém, where the first phellogen is being
produced (Eurtado, 1970). The saprophytic strains, however, occur
throughout the eight internodes with maturing bark. Nutman and
Roberts (1961} showed that maximum production of conidia occurred
on the third or fourth internodes proximal to the one showing the
first sign of bark maturation.

Conidia of the CBD strain of C. coffeanum are produced
in acervuli on the developing bark of youngtwigs and on diseased
berries. At first, it was considered that conidia from -developing
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for this. Whatever the reasons, the presence of infection in the
tops of trees is particularly dangerous because the spores are moved
by rain downwards to the crop at Jower levels. Thus where capping
is not practised the early removal of heads when changing cycle is

recommended.

It has also been observed that young coffee up to two years
of production, tend to be less affected by CBD but the economics
of channing cycles more frequently than the current recommended
after four or five years or production are still to be studied.

Chemical Control

In Kenya, major investigations on fungicide control of CBD
started between 1956 and 1960 (Bock, 1983; Nutman and Roberts,
1960 a&b)though even as far back as 1922 chemical control of CBD
was recommended (Rayner, 1952). ©Of the fungicides then available,
only formulations of 50% copper formulations and organo-mercurials
gave results of value. The use of the latter was however, discontinued
because the sprays gave a cripping zinc deficiency in the plant and
also because mercury became absorbed and was translocated to the

developing been where it was present in small but significant amounts.

The earlier workers believed that the inoculum from the
bark was a key factor in the epidemiology of CBD. From field trials
between 1956 and 1960, it was concluded that in order to control
CBD in the long-rains crop, the critical period for application of
fungicides was from february to April, and furthermore these sprays
worked by reducing the amount of  inoculum produced by the bark, -
Fungicidal sprays applied in February, March and April were referred
to as early season sprays and these sprays were reasonably effective
in controlling CBI during the late 1950's in Kenya (Fig. #). Farmers
adapted this spray timing schedule using 50% Coper at 3.9 kg/ha
suspended in 1800-2250 litres of water per hectare.

:—
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Fig.4: An early season spray programme (East Rift distn‘ctsi-




In 1986, however, early season sprays provéd partially or
totally ineffective against CBD and in some cases increased the disease
level (Wallis and Firman, 1967; Griffiths and Vine, 1968). As a conse-
quence a re-assessment of earlier work was considered necessary.
Gibbs (1969) studied the inocutum sources of CBD and concluded
that in the absence of diseased crop, as at the beginning of the
rains, the bark remains the primary source of inoculum and there
is no doubt that this inoculum can cause severe infection. Thereafter,
as soon as diseased berries appear upon a branch, they become the
major source of inoculum for any healthy crop remaining on that
branch. If climatic and cropping conditions are favourable, secondary
spread from disease berries is likely to be of by far greater significance
than primary infection. The trials reported by Griffiths et al. (1971)
clearly showed that spraying to protect the crop during the rainy
season was more successful than sprays aimed at reducing the sporuia-
tion of the fungus on the bark. Therefore, monthly spraying to conti-
nuously protect the crop during the rainy season and when the barries
are most susceptible to CBD infection (4-14} weeks after flowering)
" has been the standard CBD control schedule in Kenya since 1970
(Fig. 5)-

An attempt is being made to develop a fiexible spray chedule
for CBD control based on the amount of rainfalland crop as compared
to the current recommended fixed calender spray programme. Preli-
minary results have showed that in dry years, the flexible spray
schedule could reduce the number of sprays from six to four between
February and July, when the crop needs protection -against CBD. (Javed,
unpublished).

It is now fully recognised that CBD can adequately be
controlled through efficient application and timely use of tested and
recommended chemicals. Since the 1960's screening of fungicides
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Fig.5: Current recommended anti CB.D. spray programme (East Rifts districts)
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for control of CBD has been a priority of the protection aspect of
coffee research. Many chemicals have been screened for effectiveness
against CBD (Vermeulen,1968; Vines et al., 1973; Baker, 1973; Okioga
and Mulinge, 1974; Cook 1975; Javed, 1980 and 198i). In Kenya,
the use of recommended chemicals is prescribed to farmers through
the coffee Research Station technical circulars which specify the
chemical to use, the rate, frequency and timing of application.

The current recommended chemicals include captafol 80% W.P. {ortho-
difolatan), chlorothalonil 75% {Daconil), dithianon 75% W. P. (Delan)
and various 50% W. P. copper formulations. Tank mixtures of recom-

mended organic fungicides and copper at half rates have also proved
effective against CBD besides, these have been found to be cheaper
than individual organic fungicides used on their own.

After recommendation, further trials are still carried out
on the recommended chemicals. These trials reveal the effects of
long term use of the chemicals recommended and in cases where
ill-effects have been observed, the recommended chemicals have
been withdrawn from use on coffee. Good examples of this, are
the systemic fungicides which were very effective against CBD
and recommended for use in the early 1970's (Baker, 1973; Okioga
and Mulinge, 1974). ‘Resistant strains of C. coffeanum ‘were observed
to haved developed (Cook, 1975 and Okioga, 1976) where the Benzi-
midozole (MBC) fungicides had been used exclusively, and CBD control
was not achieved. After extensive research into the possible combina-
tions and ways of application to safen the use of the MBC fungicides
. failed, they were withdrawn from use on coffee.

An important aspect of chemical control is the efficient
application of fungicides onto the coffee trees. Two major difficulties
in efficient application of fungicides are (1) canopy density which
seriously affects spray penetration to shoots and (2) the suitability
of automated machines for spraying coffee (Kearn et al., 1967}.

g
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very expensive due to tremendous increase in the cost of fungicides,
fuel and machinery over the past few years. At higher altitudes,
it is estimated that some estates may spend upto 30-35% of their
total production costs on control of CBD alone. But even though,
such estates could not prevent considerable crop losses of upto 20-

30% during the excessively wet weather conditions in 1977-79.

With the present downward trend in coffee prices and increase
in production costs, there is bound to be a drastic decline in pro-
fitability of coffee growing by such producers. The majority of the
smallholders on the other hand, because of lack of capital are not
able to carry out the recommended spray programme. They usually
only apply one or two fungicide spray in a year. During the wetter
years, they may end up with more severe crop loss due to CBD since
it is known that occasional fungicide sprays tend to induce higher
levels of CBD than would occur in total absence of fungicides sprays.
For the small-holder CBD is therefore a constant threat to his major

(and often only) source of cash income.

It is clear from the foregoing that developing disease resistant
varieties would be the long-term answer to the present problems.
Such a programme has been in progress at the CRS since 1971. Apart
from CBD resistance, the programme is also aimed at incorporating
rust resistance, inproved yield and quality as well as compact growth

in the new varieties.

In order to combine CBD and rust resistance with the other
desirable attributes the breeding programme has proceeded along

the following stages 3

1 Evaluation of existing germplasm collection for CBD

and rust resistance followed by single crosses.

2. Multiple crosses to combine in single individual genotypes

traits derived from more than one variety.
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The progress achieved so far has been due to considerable
research that was undertaken in support of the breeding programme.
This has included :

L. The development of a reliable preselection test for CBD
resistance performed on young seedings and the elucidation of the

. genetic control of CBD resistance in our main progenitors.

2. The biometrical genetic studies which have provided
valuable information to enable efficient selection for yield and quality

and

3. Use of the leaf disk inoculation test for screening resistance
to coffee rust.

It is e'xpected that by 1987, the first seedlings of the new
disease resistant and compact varieties will start being issued to
the farmers.

Economic Considerations

The control of CBD is central within the structure of the
Pesticide market in Kenya. Coffee in comparison to other crops
leads in consumption of Pesticides and within the coffee input market
structure fungicides lead (see a paper by SBC Njagi, 1982).

The economics of protection against this disease must of

necessity examine the consequence of the presently practiced methods

. at the farm level, -identify divergencies from the recommended methods
of control and the reasons within both the estate sector and the

smaliholder sectors. To justify any protection measures, the expected

value of crop gains from employment of control must justify the

expenditure leaving the farmer with some profit. At the national

level, the improtation of fungicides, the number one within the

coffee pesticide market, is a major loss of foreign exchange. with

4—-—
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unfavourable balance of payments and rising inflation, any government
must examine ways and means to minimise costs to benefit both

the farmer and the nation.

CONCLUSION AND RECOMMENDATIONS

Chemical Control

There is need for judicious use of chemicals at farm level.
Measures like wuse of tank mixtures at half rates and reduction in
the number of sprays applied by using precise weather observations
and cropping would reduce the cost of chemical control in the short

term.

There is need for an efficient laboratory to constantly check
and confirm the quality of the recommended chemicals. Such checks
would include, among others, analysis of the active ingredient,
proof on toxicity levels, and residue analysis. This exercise would
protect the farmers against chemical swindlers and would assure

coffee consumers of the safety of the product.

Control by Use of Disease Resistant Varieties

The eventual replacement of Kenya coffee farms with the
new disease resistant cultivars is expected to have a considerable
impact on the coffee industry, and the national economy as a whole.
There will be a considerable reduction on production costs and improve

cash incomes for the small holders while guaranteeing sustained
profitability for the large scale farmers. It will also save the national

valuable foreign exchange spent on fungicides, fuel and spray machinery.
Furthermore, the doubling in yild per unit area through close spacing

of the compact varieties will mean drastic reduction of the hectarage
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of land required to meet the Kenya export quota for coffee. This
means that gradually thousands of hectares of high potential land

could be directed from the coffee sector to food production.

Importance of Research

* [t is important to stress that for efficient and economic
control of CBD, like all other diseases, continuous research coupled
with collaboration with other research Organizations is essential.
Exchange of information as well as materials in the past, has streng-
thened and speeded the control measures which are currently practised
in Kenya, and it is our earnest hope that this will continue to the
benefit of all the parties invoved.
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COUNTRY REPORT:ETHIOPIA
COFFEE BERRY DISEASE IN ETHIOPIA
BY
W. Meoaku
Director, Plant Genetic Research Centre,
- ’ P.O.Box 30726, Addis Ababa, Ethiopia

PART [: BACKGROUND TO <COFFEE PRODUCTION AND COFFEE
BERRY DISEASE IN ETHIOPIA:

INTRODUCTION

Ethiopia lies in the north-eastern part of Africa (Latitude 4°
and 18°N; Longi-tude 33° and 48°E) and has an area of 1.22 million
K.m2 and a population of 31 million. About 80% or more of the

total population are engaged in agricultural activities.

The country, in general mountainous, is -characterized by a
Central High Plateau (1,500m - 3,000 m.) above sea level. The Plateau
disected by gorge and broad valleys covers about 40% of the central
and eastern portion of the country. The other important .physical
feature is the Rift Valley which, with a series of lakes in its southern
part, divides the country from northeast to south. As a whole, the
topography of this country is variable ranging frem below sea level
{Dallal Depression)to about 4,500m (Peak of mount Ras Dashen).

The wide variation in altitude, climate and soils of the country

has made possible the production of a large variety of crops and
lwesto& The main crops grown areicereals (Wheat, barley, teff,
sorghum) spices, pulses, sugar, cotton, oil crops, vegetables, coffee
etc. Livestocl is another important agricultural activity in the ébuntry.
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1. Picking coffee from the forest without any additional work.
w Although such areas still exist in some parts of Kaffa and Illubabor,'

they are decreasing in size due to new settlement, expansion of farms
. and the continuous destruction of the forest areas. The coffee obtained
from such forests is below 5% of the toal production(z)

2. Semi-domestication of the forest coffee. This is also very
common in Kaffa and IHlubabor. In this type of farming, the forest
shade trees are slightly thinned, the gaps left by dead coffee trees
are filled with forest coffee seedlings and the weeds are slashed

once a year to facilitate coffee picking. .

3. Coffee planting following traditional management practices.
Weeding is practiced about once a year, natural grown seedlings ére
used for planting; high density particularly in Kaffa, Wollega, and
Hllubabor is common usually more than 4,000 trees per hectare. Coffee= =«
fields in these regions are generally under heavy shade. Pruning,
mulching and fertilizing is used very little. In Sidamo and Harrar,
the coffee stand is low about 1,000-1,200 trees per ha but weed control
is better.

4. Modern plantation following recommended cultural practices.
The bulk of the Ethiopian coffee comes from (2) and (3). It should
also be noted that in some areas specially in Kaffa and [lubabor,
the combination of either of these systems does exist. However,
the intensive extension approach at the peasant sector and the establis-
ment of large farms the state sector is helping the country to have
modern farms. With the on-going programme- of the rehabilitation
of old coffee trees and the relanting and planting of the new CBD
resistant selections, improved cuitural practices like row  planting
fertilizing, mulching and pruning are being introduced widely. At
the present rate of implementatioh of this programme at both peasant
and state sector, it can be said that the improvement of the country's
coffee farms is in good direction.

—«
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MCTD has also two Corporations for coffee and one Enterprise
for tea namely Ethiopian Coffee Marketing Corporation, Coffe Planta-

tion Development Corporation and Tea Development Enterprise.

The Ethiopian Coffee Marketing Corporation purchases and
exports coffee. Currently it exports about 70% of the country's coffee,

while the rest is handled by private exports.

The Corporation has 49 purchasing centres all over the coffee
producing areas, 69 stores and 7 warehouses of a total capacity
of 50,000 tons and 25,000 tons respectively. In addition, it has 100
coffee huIIers(4)

The Coffee Plantation Development Corporation is respon-
sible for the management of the state coffee farms. Currently, the

total area of coffee state farms is 13,000ha.

The Tea Development Enterprise is relatively new to Ethiopia
and the Enterprise which was established in 1979 for the production
and marketing of tea currenty has two project areas with only 141ha.
The plan is to have a total of 1,000ha under tea for domestic consump-

tion in the coming five to six years.

Major Problems of Coffee Production in Ethiopia”

Historically, Coffee in Ethiopia was growing and bearing fruits
under natural conditions in the forest as is testified today by the
presence of the remnants of such forests in many parts of South-
West coffee growing regions expecially in the viscinty of Tepi, Bebeka,

Geisha, etc.

The Exploitation of the forest coffee must have started centuries
ago by fruit gathering after acquiring knowledge of the use of coffee,
in course of time and as more experience was gained, it must have

been followed by relatively more improved practices such as thinning
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in genetic composition of coffee types essential for .the selection
and breeding work to obtain coffee cultivars with desirable agronomic
characters such as high yield, resistance to pests and disease, better

'é;uality etc. These natural factors potentially place the country in

a favourable situation for the improvement and expansion of the'
coffee industry.

Realising the important role of coffee in the economy of
the country and the prevailing favourable growing conditions, the
Government has started to give much more attention than any other
time to the development and expansion of the coffee sector.

Although limited in magnitude, the results so far obtained
on the introduction of improved cultural practices in coffee areas
through the extension services of MCTD are very encouraging. Farmers
have started to accept stumping for rejuvenation of old coffee trees,
applicationn of fertilizers, replanting and planting of selected seedlings

in rows with recommended spacings etc.

Since 1979, MCTD has taken the responsibility of operating
coffee state farms, the main activities bbeing to modernize the existing
8,000 hectares of old coffee farms and to establish new and modern
farms in new areas suitable to coffee. From 1980 up to now, a total
of 6,651ha of new coffee has been planted at different sites, 5,000ha

being at one site (Bebeka).

The implementation of Coffee Improvement Project (CIP)since
1977 is having a good impact on the modernization of the peasant
coffee farms though the introduction of improved cultural practices,
provision of inputs like farm -tools, agrochemicals and fertilizers;
construction of rural roads and warehouses etc. EEC as part of its
contribution to CIP is also providing the necessary finace to the Jimma
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Table 2: Percent Crop Loss in Four Major Regions

Region 1974-75 - 1975-76  1976-77 - 1977-78

. Kaffa 26.0 28.3 27.8 14.3
Sidamo 11.6 27.2 23.4 6.1
Itiubabor 50.9 23.2 217 28.8
Wollega 24.7 24.2 245 31.5
(11)

Assessment method of coffee loss followed by MCTD

As mentioned earlier, the spread of CBD in the country
was very fast and the level of damage in many localized areas was
considred very serious. In order to be: able to quantify the loss, MCTD
developed a method of assessment in 1974 and this method has been

in operation since then.

The objectives of the asessment are, a) to evaluate the magni-
tude of the annual production loss, and b) to know the level of damage
by region and localities for the purpose of planning control measures.

Coverage of the assessment:

The assessment programme covers all the coffee Regions,

awrajas (provinces) and Weredas (the smallest administrative unit).

Assessment Method:

. Prior to the commeéncement of the assessment work, sketch
maps of the areas are prepared-roads, tracks and trails are. litsted.
According to road situations, some sections are covered by vehicles
and others by mule or by foot. At each section along the roads, tracks
or ftrails, starting points are selected. If the section is to be covered
by vehicles, stops for assessment are made at every km from the
starting point. If the section is to be covered by mule or by foot,
the first point will be where cotfee is sighted and thereafter observation
will be made at a walking distance of 15 minutes.
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2. Berry Count:
Two trees will be selected in each chosen field for berry

count. One tree will be selected from the North-East corner and
x the second from the South Western corner of the field. For the location
of the trees, one of the agents will walk ten steps along the length
and then 5 steps inside. Then he takes the coffee tree of bearing
age which is the nearest to the point reached. These will be the two
trees in one field to be selected for the purpose of the berry count.
Next, he divides mentally the tree in roughly three equal parts: P,
middle and bottom. He will leave out the small fruitless branches
at the top. ' '

If the selected tree has many stems, two will be selected,
one from the western and the other from the eastern side. On eéch
stem, 3 pairs of branches will he chosen, one in the top another in
the middle and the third in the centre of the bottom portion of the
tree. If the selected tree has a single stem, then one branch from
the western and another from the eastern side will be taken. These
will be treatedc as two stems and the above procedures are followed.
On each selected branch, damaged and goed berries are counted separa-
tely and recorded in the schedule. Berries which are damaged by
other disease or insects o'r dried because of die-back -are left out

of the count altogether.

Sample size:
The total length of roads, tracks and trials covered by the .
assessment work annually is in the average of about 2,000 kms. The

fields for assessment (both effective and haif-effective points) reach,
about 4,500. As two trees are selected in each field, the total number
of selected trees is abodt 9,000 and since there will be 6 berry counts,
on each tree the total number of count observation is of the order
of 45,000.
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Methods of CBD Control Followed in Ethiopia

After studying the experience gained in Kenya, MCTD and
1AR agreed that both chemical spraying and the use of resistant
cultivars must be considered as short and long term control measures

respectively.

Based on this, it was decided for IAR to immediately start
trials of chemicals and selection for CBD resistant cultivars and

for MCTD to provide the necessary finance for the research work.

Chemical Control

Since the disease was new to this country, by taking advantage
of Kenyan experiencein the chemical control of CBD, IAR started
trials in 1972 at two sitesand MCTD in 197” conducted large scale
simple trials at 30 sites under different coffee farm and ecological
conditions. The main chemical used in the trials of MCTD was Captafol
(Orthodifolatan). Bavistin was also included in the trials but later
on was dropped from the spraying programmes because of the resistanc

(12

developed by CBD to systemic fungicides as was observed in Kenya

IAR's trials included other chemicals as well.

Dosages used in MCTD's trials:

Captafol: 2.2kg/ha. 3.0 and k.k kg/ha per application
Bavisting 0.50 kg/ha 0.750 and 1.0 kg/ha per application

Frequenchy of application was at intervals of 4 weeks.

Results of the trials:

Since Bavistin was discontinued from the spraying programme,
mention will be made here only of the results obtained by using Captafol.
Effective control was achieved with the dosage of 3.0 kg/ha at

an interval of 4 weeks.
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As the trials were in different places, the number of sprayings
. that were sufficient to control the disease per season varied from
5to7. ’

63.6% of the trials had 6 sprayings

27.8% of the trials had 7 sprayings

16.7% of the trials had 5 sprayings
Total:  100.0%

For yield assessment of the trials, qualitative and quantitative
assessment observations were made on the effectiveness of the chemical
as follows: ‘

l. Qualitative assessment: The extent of loss due to CBD
in each plot was observed and recorded by the field staff as judged
at the time of harvest. The information of the loss is expressed in
codes shown on page 11.

2. Quantitative assessment: Consisted of taking records
of the yields taken from treated and control plots. '

Although the yields varied from place to place, in the average
the increment due to spraying at the rate of 3 kg/ha per application
was 276kg clean cofiee per hectare.

Pilot Spray Programme

(13)

The satisfactory results obtained from the spraying trial
led the Ministry to carry out two Pilot Spray Programmes in heavily
CBD-affected coffee areas. The first Programme was carried out
in 1975 and the second in (976.
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supervisors, they trained selected farmers and the rural youth on
the spraying techniques, supervision, car and maintenance of sprayers,

handling of chemicals etc.

Criteria for the Selection of Farms to be Sprayed

1 Level of CBD damage during the last 2 years must be heavy
50% or above.

2. They must be ingood coffee growing areas.

3. The area must be accessible throughout theduration of

the spraying programme.

4. The yield potential of the farms for the year to be sprayed
should be high.

5. The coffee trees must be technically suitable for spraying.

6. Water must be available throughout the programme in the

farms or near the farms.
7. The farmers should be willing to co-operate with the field

staff.

Assessment of the Spraying Programme: In each pilot programme
assessment of the spraying result was carried out. The assessment

consisted of qualitative and quantitative evaluation.

Each extension agent from amongst the farms wunder his
juridiction (50-75ha) selected at random two coffee fields to carry

out simple assessment trials.

For the qualitative assessment of the damage, the sprayed
field was compared with the wunsprayed field of the previous year
as reported by the farmer. Out of the total of 3,885 fields sprayed
under the first programme, the qualitative assessment of loss due
to CBD was of the order of in 1974 before spraying and 16.7%
after spraying. The range of crop loss in the 3,885 fields after spraying

was the following:
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As was mentioned earlier, the chemical control in Ethiopia
under the present coffee farming conditions has limited use for several

reasons:

The high cost of the chemicals compared to the low yields of
most of the farms.

The wunsuitable conditions of many coffee farms for spraying
because of very tallness of the trees (3 to 4m), the irregular
spacing, density etc.

The concern of MCTD about the possible effect of chemical
spraying in large scale on the biological balance in the forest
coffee, a balance which has been built up over centuries and

is probably unique and which cannot be replaced once disturbed.

It was with serious consideration of the above points that the
spraying programme was launched.

Table 4: Coverage and Size of the large scale programme from

1977-1980
Year Number of Regions Areas Sprayed
1977 5 12,936
1978 5 9,379
1979 5 12,470
1980 5 11,179

Organization, Criteria for the selection of the farms to
be sprayed, and Assessment Methods are the same as those mentioned

for th Piolt Programme.

Financing of the Programme

The major costs in the spraying programme are:

1 Cost of the chemical, sprayers and spareparts.
2. Farm labour, which is provided by the farmer themselves.
3. Operating costs-fuel and per diem for the field staff, trans-

portation of material and some sundry expenditures. These
costs and the salary of all the field staff involved in the

programme were and still are being provided by the Ministry.



For the two Pilot Programmes and the first large scale spraying
in 1977, the chemical was supplied free of charge to the farmers.
From there on they have come paying part of the cost:up to 1980,
20%, 1981, 25%, and in 1982, 35%, of the actual cost of the chemical.
The rest of the chemical cost was and is being provided by the Govern-

ment in the form of subsidy.

MCTD obtained chemicals and sprayers in the form of a
bilateral assistance from friendly nations and the European Economic
Commission (EEC). The latter is still providing assistance in the form
of chemicals and sprayers as part of us financial contribution to

the Coffee Improvement Project.

The Economics of Spraying:
The assessment results obtained from thespraying programme

carriedout so far, show that farmers get in the average an incremental

yield of 300 to 400 kg/ha (Page 17).

The increased production provides employment opportunities
in coffee processing, transport, marketing etc. In addition to the
direct benefit to the farmers, it contributes to the natio”i economy
;n form ofadditional foreign exchange earningsandrevenues from

the various coffee taxes.

Planting of Resistant Selections to CBD

Because of the limited use of chemical control as mentioned
earlier, it became necessary to start research work on the selection
of CBD resistant cultivars almost immediately after the outhreak

of the disease.

As a result of the big effort made by the Research staff
and the availability of very broad genetic diversity of Arabica coffe

in the country, the first phase of selection and propagation of CBD
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resistant materials was successful in a relatively short time. To date,
15 selections have. been released for planting since 1977. The technical
details will be explained by the Research staff in the course of this
Workshop. The total area planted so far with the new selections is
about 9,000ha. _
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(3)

however, the epidemicity was confirmed in 1973'7'. A present, all
the major coffee growing regions, Sidamo, Kaffa, Illubabor, Wollega
and Hararge and the other regions, Shoa and Gamu-Gofa with the
exception of the low altitude and isolated pocket areas are affected
by CBD.

Coffea arabica L. is the only species of the genus Coffea
grown in the country. Its diversity is so enormous that it grows in

ail regions of Ethiopia. Its genetic variabilities for various agronomic

characteristic‘s are also tremendous. Van de Graaff(w)

stated that
resistance to CBD was quantitative in nature basing his finding on
hundreds of selections made for resistance to CBD. Mesﬁn(lo) also
" after evaluating eight years data from National Coffe Collection
randomly collected from different parts of the country for yield and
resistance to CBD found high yielding resistant cultivars and the
phenotypic variation of the population was continued for yield and

resistance to CBD under field conditions.

Research Programmes
Coffee Berry Disease:

Knowing from experience the crop losses due to CBD and
its impact on the Nation's economy, assessiment of the degree of
infection was initiated in-1971 at Wondo-Genet (1830m alt.)) and Gera
(1900m alt.), simultaneocusly. The following year, spray trials in the
above locations were conducted using Captafol and from these trials,
. it was concluded that infection was high and six spraying starting

in April ‘and five spraying starting in may were .most profitable at

Gera-and—Wondo-Genet;tespectively (1,2,3,4,3)

The first research programme on the fungus was carried
in 1973(7). The objectives of the programme were to study the spread
and progress of CBD, sources of inoculum and ontogenetic changes
in the susceptibility of the coffee berries to CBD. ‘The programme
was completed in 1975 with the following conclusions:

1—
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1. Variation for resistance to CBD in the md1genous coffee appears

" to be of quantitative n:—.vcure(m’“+ )

2. -Selectlon thresholds that will establxsh conﬂdence for )seed release’
(14

were estabhshed using cornbination of different tests _
3. Methodologies for 'seedling inoculation” test, detached berry test
and field inoculation ° test ‘were established .after 'modification
o to fit our condltlon(”) ' ' )
v,,l4. 'Chemxcal control of CBD by dlfferent fung1c1des was studled,
» _and results were made avallable to the MCTD (Coffeé Dpt, progress
report 19714-81) o
- 5. Useful studies on resistance to other dlseases and pests and to ‘
'yleld potentials, quality and adaptab1hty of the progenies were'
supplimented to the CBD programme and millions of seeds were

issued for plantmg and replant1ng(3,ll& 15)

e . : Y

Bre’eding: ' ;
Two major breeding programmes firstly to study the advantage
‘of hybridization of the CBD resistant cultivars with high yielding
" resistant cultivars and secondly to study the .inheritance of CBD were

- initiated in 1977-78. The initial result from the first breedmg programme
'.was encouragmg Vlgour for yield, stem’ dlameter and length of Ist

(9)

vpnmary branches was expressed, significantly The initial result
from the later programme wul be reported in thns workshop. 1t is
Vbelleved that the combmatlon of the results of the above two pro- -
grammes has invariably suggested the' use . of.: hybrlds to maximize
producnon per unit area. This vigour can: be,. exploited :in.as short
d a time as possible if the due attention is given ‘to the project which '

will be submitted to the Min. of Coffee and Tea Development * for

the hybrid seed.production.

, _ Prospect of CBD Control .

In consideration of the 1ncreasmg cost of tbe chemicals currently
in use for- the control‘ of CBD .it is’ unlikely-that we will make use
of the chemical in the near future unless the extsting coffee 'price
fluctuation stops and coffee price increases parallel to the increasing

~
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COUNTRY REPORT : UGANDA
COFFEE BERRY DISEASE IN UGANDA
By
. J. B. birikunzira
Head, Buginyanya Arabica Coffee Research
Station, P.O.Box 7065, Kampala, Uganda

Coffee berry disease’' CBD caused by Colletotrichum coffeanum

Noack is the most serious disease of arabica coffee at high altitude
in Uganda. Most arabica coffee is produced between 5,500 it - 7,500
ft (1,600 m - 2,300 m) in Edstern and Western regions of the country
and a smaller area in West Nile. Under the climatic conditions prevail-
ing in these high land areas, the disease can be extremely devastating,
if not controlléd and makes coffee cultivation unprofitable (Matovu,
{970). .

The first confirmed report of CBD in Uganda was in 1959

at an altitude of 1,200 ft (1390 m) on the -slopes of Mt. Elgon (Anon,

1959). It made its first apearance in the Western part of the country

in 1962 at an altitude of 1,600 m. By the end of 1962, most‘arabica

. areas at high altitude were claimed, with the exception of West Nile,

] at least up to 1976 (Personal observation). .The first advance towards

low altitude areas was repoﬁed in 1972 at the foot of Mt. elgon at

Bugusege Coffee Experiment Station (Altitude 1,400 m} (Arion, {955-

1971). Since 1977, the disease has been common on arabica coffee
plots during the rainy season, at Kawanda Research Station (Altitude

3924 £t : 1 196 m-) (Personal observation).

The climatic factors conducive to CBD in these high land
areas are temperature and rainfall. Both areas experience heavy bimodal
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survey revealed that some locations were more heavilyaffected than
others, and also that some areas the diseasewas widespread but
not very serious. Where the disease was serious73.5% infection was
recorded. Where the disease was widespread 14.2% infection was
recorded (Matovu, 1970).

The effect of disease on yield was estimated by Matovu (1970)
to be 35.4% in the Western region and 50% in the Eastern high land.

There has been no recent yield loss estimates due to a number
of factors. It is stressed here that the response in yield may not
primarily come from the mere control of CBD. It comes largely from
the improvement in the general management of coffee shambas.
The general management of coffee shambas has declined. It is difficult
to assess the impact of CBD on yield in coffee shambas which are
not weeded, pruned or fertilised due to factors beyond the control
of the farmers.

The 1969/1970 survey revealed that the incidence of CBD
in Uganda was underestimated for a long time. Thus, it became necess-
ary to initiate spray trials to assess the effectiveness of chemicals
and to determine a suitable spray schedule. Since all the recommended
arabica coffee varieties (SL 28, SL 14, and KP 423) are susceptible
to CBD, chemical control measure became the only alternative.
Consequently, a number of spray trials were carried out in the CBD
areas. Among the chemicals tested Benlate (Benoyml 50% W.P),
Captafol 80% W.P, and Perenox 50% performed best. Benlate was
found more attractive because of its effectiveness against both CBD
and leaf rust. The spray schedule below was also established.

The spraying is done by teams employed by the Department
of Agriculture using hand operated hydraulic knapsack sprayers*
The chemicals and equipment are purchased by Government. The
spray teams are being revived after a period of slackness caused by
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Research Station, Buginyanya on the slope of Mt. elong (1,600 m)
where there are over 14 hectares of pure stands of arabica cofiee.
The cultivation of a large acreage of arabica coffee seems to encourag
the disease as it spreads very easily. Unlike on small isolated plots
interplanted with bananas, probably the spread of the disease is
hindered.

We have seen that CBD is wide spread in Uganda and causes
appreciable crop loss. The only way of controlling the disease is
by use of chemicais. Although acreage of arabica coffee had. declined
in the recent past, in the Coffee rehabilitation progi’ammé now’
in progress, arabica coffee is to be expanded and the old plots improved.
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COUNTRY REPORT : TANZANIA .

. » COFFEE BERRY DISEASE IN TANZANIA
By
. . . J. Bujulu* and T. H. M. Kibani**
ABSTRACT

The United Republic of Tanzania with
a population of 17.5 .million people lies‘just south
of the Equator and from 30° to 40° East. The
country is primarily agricultural with 80% of her
exports ‘being accounted for by the agricultural
sector. Cotfee .has for quite sometime been ranking
number one on foreign exchange ®earnings but for
over 17 years the industry has been hard hit by
the most destructive disease to coffee iIn Africa;
Coffee Berry Disease (CBD). The disease which
. is caused by a {fungus Colletotrichum coffeanum

has so far been recorded on Coffea arabica, where
under favourable conditions it is knmown to ~cause
"more than 90% loss to individual farms. CBD
has been found endemic in all Regions .in the north
eastern parts and one Region in the south, lying
between 900 and 2,100 metres above sea level

* Tropical Pesticides Research Institute, P.0.Box 3024, Arusha,
Tanzania.

*%  Tanzanian ‘Agricultural Research Orgamzatlon, Research Thstitute
‘Lyamungu, P O.Box 3004, Moshi, Tanzahia.
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History of Coffee in Tanzania

Arabica coffee was first introduced into Tanzania in 1980.
The first variety appears to have been Bourbon introduced from the
Island of bourbon, 1t was reputed for having good liquouring but rather
susceptible to Hemileia vastatrix the causative fungus of coffee leaf

rust. In 1920, a variety known as Kent was introduced from India.
This was known for its tolerance to H. vastatrix but it had poor keeping
qualities.

Breeding work which followed thereafter revealed promising
lines from both Bourbon and Kent varieties. N. 39 was outstanding
among the former and KP 423, 162 and 532 from the latter. All four
lines were then released to farmers for propagation.

Roubsta coffee (coffea canephora) is indigenous to Uganda

North Western Tanzania and other neighbouring countries (Reyner,
1960). This species is until now extensively grown in North Western
part of Tanzania-Kagera Region.

Farming System

Both Arabica and Robusta coffee occupy an area of approxi-
mately 195,000 ha. of which Arabica species accounts for about 75%
(Anon., 1981). Most of this coffee is grown under the small halding
system with only 5% on estates. Estate coffee is grown as monoculture

with shade trees like Albizzia Maranquensis in between to reduce

sunshine intensity. The rest which is grown by small holding farmers
is ‘intercropped with bananas (Musa spp.). Although yield per unit area
is still very low averaging 319 kg/ha clean coffee, this figure is made
worse by the banana coffee mixture which has no proper-spacing leading
to very low plant population (Table 2).
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1975/76 | 197 1979/80 | 1980/81
Coffee 1282.7 |1 15130 |1441.9
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Table (2) : Regional Coffee Production (Metric Tons) for the seasons 1974/75.- 1979/80
(Anon, 1981).

Region Hactare 1974/75 1975/76 1976/77 1977/78 1978/79 1979/80  Mean I;Af:lg
kg/ha
Kilimanjaro 65393 19987 20081 16508 17766 11382 13364 16515 253
Arusha 15700 3938 4396 5327 4312 4147 3787 4318 275
Tanga 5973 975 466 768 890 504 314 653 109
Morogoro 2116 608 488 332 430 383 325 438 207
Mbeya 26481 3898 5091 2823 3981 4792 4297 4146 157
Ruvuma 12082 3121 3250 2297 5155 4666 423) 3620 300 v
Kagera - 5012 11808 12585 12911 13862 14873 1e40l 13740 241 2
Iringa 144 91 106 36 57 24 31 52 403 '
Mara Ukerewe 900 266 427 171 165 315 280 271 301
Kigoma 335 39 18 17 35 67 4l 36 107
Private Estates 6073 5027 5768, 4590 3948 6722 3503 4926 811
Acquired Estates 3305 2333 2683 2901 2288 1758 1294 2210 669
Total 195027 52082 55359 48681 51889 49633 47928 50931 - 319




\ Climatic Conditions

3 Arabica coffee w‘thh 2P 7! ,f‘t’ee‘iB,erry Disease
:CBD thrives well at most of Tanzania :Mountains
\lee Kilmanjaro, Meru, the Usa i X
l900 and 1,800 metres above g | s NE Tecewmg an average
“annual rainfall of a,b,eu_t 1,760 m ] D 1r§my days.

| | |

4 humidity range between

.area;range between

Average air tempera’m} 7
:soils within these areas
;are free dralnmg of laten{cxc  type with a pH ranging,
"between 5.2-6.2 (optimum) or 4 ‘
i 1

“Importance of Coffee bejrryi Disease ‘ahd E&gi¥eical’ Aspects:

i Coffee Berry diseas
coffeanum was first xdenn edyi
of Mara Region along. Lake 1
1966). Apart fﬁom"—atﬁﬁsin’g;i jres arch on C. coffeanum:
‘which started thereafter, littla{ attént Jigwen to: this unfortunate
new disease report. It was «in 19 whien: ¢ ! teported and ~onfirmed
in villages around Mt. Kilim ‘féﬂowing year in Arusha
Region. Both zones ‘are ‘the :fh ) coffee producers (about
55% of total produce).’ There _ ead very rapidly covering’
almost all villages: in Kilimanjaro &L\ru régions lymg between 1,200.
land 2,100 metres a.s.l. (Bujuly, 1376)4 In
Eln Lushoto Distri¢t {(Tanga Regmn). and 977 it was confirmed in
(Mblnga District (Ruvuma Reglon), ! (Kib3 977).  All three areas
\combined account for 63% of the tenti_lir'e coffde area: (Table 2).

;!;the dlsease was confirmed

Colletotrichum cofteanﬁm atta'
jat. any stage of development. élt\__is

~ flowers and berries
Swn to attack leaves and
_ : beown bligh this  fungus
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cherries rot and fall to the ground. Attacked buds and flowers are
also destroyed, thus incredibly reducing yields. Mature cherries which
on being attacked remain attached to the branches, become difficult

to pulp and their quality becomes poor.

Conditions Favouring Attack

In order for a Colletotrichum coffeanum spore to germinate

and infact, it must remain in a film of water for at least five hours
during which temperatures must be in the range -of 17-26°C (Nutman
and Roberts, 1960 a & b). They later (1969) observed that CBD spreads
more rapidly and becomes severe with increased rains. accompanied
by high humidity (Figure 2, Table 3 and %). Conditions of this nature
are very common in north eastern coffee zones of Tanzania between
March and June. these months coincide with cherry development,
hence high CBD incidence. Rainfall is not only required for spore
gerrrﬁnation but also for spore dispersal mainly through rain splush.
Workers and other animals moving through coffee {fields after heavy
rains also assist in spore dissemination particularly from upper to lower

parts of coffee bushes.

Table (3) : Coffee Berry Disease infection and total rainfall (mm)
recorded at the Rombo experimental site (1968 m a.s.l.)
Kilimanjaro Region, 1978-1981.

Year Total Rainfall mm % CBD infection

1978 2415.00 82.80
1979 2660.50 43.00
1980 1310.30 15.80

1981 2339.80 40.40




|

i .
Table (4) : L.C. Mean mont?l g% 9.00 hrs in °C TPRI,

Arusha.

Year Feb;-.r ’Mari;-“ July
* 1975 20.8 6.0
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The years 1980, 1981 and [982 received very little rain in
form of showers during February and March (Fig. 2). It is during these
months when cherries are rapidly expanding and hence very highly
susceptible to CBD. Heavy rains starting towards the end of March
(1981) find cherries at a stage regarded as partially resistant. Such
dry spells have consequently contributed to the present reduced CBD
incidence particularly in the medium altitudes (around 1,500 meters
a.s.L), At higher altitude however, (1,800 metres a.s.l.) CBD is still
causing considerable losses mainly to farms which are not sprayed follow-
ing schedule. 1t is estimated that out of the entire CBD zone, about
31% of the area is apt to heavy CBD infection if not proper measures
are taken.

Crop losses caused solely by CBD at a national level is not
easy to estimate. This is becuase in Tanzania coffee bushes have many

more problems which contribute to reduced yields. These include coffee

leaf rust (Hemileia vastatrix) insect pests like Leaf miner (Leucoplera
caffeina) Antestia (Antestiopsis spp.) White Borer (Anthores leuconotus)
Berry Borer (Hypothenemus Hampei) Berry moth (Prophantis smaragdina)

etc, drought, lack of suitable fertilizers and general poor crop husbandry.
However, observations made in experimental sites have shown CBD

crop losses of varying magintudes (31-68%).

Methods of field Assessment of Losses Due to CBD

a. Experimental field : 20-25 trees per treatment are laid
out in a randomised block design with four replicates. threee branches
selected at the top, middle and bottom positions of each of the six
or nine central trees are labelled for CBD assessment. Each month,
total number of cherries and number of diseased berries per branch
are counted; not removing diseased berries. Percent CBD infection

is then calculated using the equation.

Total diseased cherries/18 or 27 branches
% CBD = total cherries/I8 or 27 branches X 100
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Acacia and Prunus; species normally found in estates; and unsatisfactory

pruning also create favourable microclimate to the CBD fungus.

CBD Control

Chemical Control

Studies on fungicides to contro! CBD started in mid sixtees
mainly in the laboratory to establish effectiveness and dosage rates.
Around 1967/68 when CBD gained ground field trials were established.
By then researchers in the neighbouring Kenya had recommended copper
based fuhgicides to farmers and were trying a new fungicide. Captafol
(Ortho Difolatan). By 1969/70 Cuprous oxide- (Perenox) and Captafol
had been recommended (Bujulu, 1970). Thereafter, research was intensified
including new systematic fungicides like Benomyl (Benlate) Carbendazim
(Derosal and Bavistin), Up to 1976, the most effective fungicides were
found to be Dersoal and Bavistin (Carbendazim) Red Copper-Perenox
(Cuprous oxide) Captafol and to some extent Benlate (Benemyl). In
1977 however, Derosal and Bavistin were withdrawn by the manufactures
after C. coffeanum had started building resistance to them (Bujuly,
1977 and Okioga, 1977) several new fungicides were  introduced
and hitherto CBD in Tanzania is being controlled by spraying fungicides
given in Table 5.

Table (5) : Recommended fungicides for use against CBD in Tanzania |
Rade Name Common Name Rate/ha (product)
Delan 75% w.p. Dithianon 3.3 kg
Ortho difolatan 80%  Captafol 80 4.4 kg,
Kocide 101,77% Cupric hydroxide 7.0 kg.
Bravo 500 Chlorothalonil 5.01
* Nordox Copper 50% Cuprous oxide 5.5 kg.
+ : -
*Cobox Copper 50%  Copper oxychloride 5.5 kg.
Perenox 50% Cuprous oxide 11.0 kg.

* Both fungicides tankmixed at half the rates.
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ii) Hybrids : These were obtained from some of the varieties
in group (1)

bourbon X  Timor

Rume X Timor

Rume X Geisha

Bourbon X Kaffa

Bourbon X  {(Bourbon x Geisha) x Timor
Kent X Timor

Timor X Geisha

Bourbon X Rume

Kent Hé X Timor

{Bourbon X  Geisha) x Rume
(Bourbon X  (Bourbon x Geisha) x Kaffa
Bourbon X {Bourbon x Timor)

Kent 5 X (Bourbon x Timor).

iii) Ethiopian collection - over 600 types of C. arabica were
collected from Ethiopia and although some types contain less than
10 trees, many of them have shown excellent characteristics. Breeding
for resistance is a tedious excercise particularly for perennial crops
like coffee. Notwithstanding, with such a useful germplasm, breeding
specifically for CBD resistance has a very bright future.

Economics of CBD control

Crop losses caused by CBD are known to be tremendous
and have been estimated to be as high as 100% {(Okoga, 1978), 90%
(Bujulu, 1977) and 80% (Javed, 1980 and Kibani, 1980). Prior to
1972, such high losses were being experienced on both small holding
and estate farms because fungicides and other inputs were prohibiti-

vely expensive. This trend frightened farmers who then asked the

>
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government to subsidize coffee inputs. Realizing coffee's
role on the country's economy, the subsidies were granted enabling
all farmers within the CBD zone to follow the current recommended
schedule.

In Tanzania, fungicides are purchased by the government
through tenders. This method somehow reduces costings since manu-
factuers are forced to compete. However, large sums of money
are spent annually on purchasing fungicides (Table 6) but since without
spraying losses caused by CBD would be much more than the money

spent on fungicides, this exercise will continue.

Reference to Table 1, the possible loss caused by not control-
ling CBD (Okioga, 1978; Bujulu, 1977; Javed, 1980 and Kibani, 1979)
and Table 5, the Government gains more foreign exchange than it

spends on buying fungicides.

However, from the farmer's point of view CBDcontrol
is a tedious excercise and veryexpensive. First, inputs which include
sprayers and their spare parts (which are normally not available),
pruning saws and the subsidized fungicides together are very expensive
to the farmers, more so to the majority small holders. Secondly,
spraying is difficult since critical spraying months are very wet neces-
sitating spray reapplication if it rains shortly after spraying.Coffee
prices are also not very favourable and therefore, farmers think
that monetary gains realised from coffee sales are not satisfactory
regarding expenditure and their labour.

Conclusion and Recommendations

Since Tanzania's economy is largely dependent on the coffee

industry, coffee growing will remain a necessity to this country.
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SOME MYCOLOGICAL ASPECTS OF THE COFFEE BERRY
DISEASE PATHOGEN
By
J. M. Waller

Commonwealth Mycological Institute, Ferry Lane,
Surrey, UK

INTRODUCTION

Fungi belonging to the genus Colletotrichum are facultative
necrotrophic pathogens or saprophytes commeonly found on herbaceous
plant material in moist climates. Many are rather week pathogens
which can only assume aggressive parasitism of senescent tissuess
such as old leaves or ripening fruit. They often persist as saprophytes
on the leaf and twig surfaces of tropical plants and this is typical
of the Colletotrichem populations occurring world wide on Coffee,
Most of these can be regarded as conidial states of the ubiquitous
saprophyte Glomerella cingulata (= Collecotrichum gloeosporioides).

The species Colletotrichum coffeanum (Noack, 1901) and

Gloeosporium coffeanum (Delacroix, 1897) under which this fungus

from coffee was first described are probably both based on C. gloeos-
porioides; Noack's material came from Brazil where CBD does not
exist and coffee leaves were the source of Delacroix's material.

The CBD Pathogen

Some Colletotrichum spp. are readily defined on the basis
of their morphologically distinctive conidia or other structures,
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even primary cultures, with their floccose mycelium and lack of
acervuli have a quite different form from the pathogen on diseased
berries where discrete pale pink acervuli are formed. Agar culture
media, rich in nutrients and permitting free growth with little physical
or biochemical restriction allow the development and proliferation
of forms best able to exploit this type of media. This change may
occur by the alteration of nuclear ratios in heterokaryotic mycelia,
by parasexual recombination of genetic material or by changes in
characters determined by cytoplasmic inheritance. It is not necessarily
associated with loss of pathogenicity.

Robinson (1974} suggests that the CBD pathogen was present
in East/Central Africa, perhaps as a mild pathogen of wild diploid
Coffea spp. when Coffee arabica was first grown there. It became
important on cultivated Coffee arabica because this had evolved
and was selected in the absence of the pathogen and thus lost any
resistance to it that ancestral Coffea species may have passed on.
CBD therefore represents a type of "re-encounter" disease (Buddenhage,
1977). Nutman and Roberts (1960) considered that the CBD pathogen
was a mutation arising from saprophytic Colletotrichum form. In
the sense that the CBD pathogen did evolve from a more unspecialized
ancestral form during the co-evolution of Coffea and its parasites,
there is some truth in this. There is no evidence that the CBD pathogen
has been derived from the general Colletotrichum populating through
selection pressure imposed by susceptibility to it of Coffea arabica
berries, otherwise it would be expected to have occurred in areas
where C. arabica had existed for a long time (Ethiopia) or where
it has extensively grown (Brazil, S. Asia). Although the Colletot-
richum population on coffee from these areas is very variable, none
of the variants have shown the cultural and pathogenic characteristics
of the CBD pathogen.
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more aggressive strains of the CBD fungus? This could happen
but there is no reason to expect it. The CBD pathogen still
has to survive in coffee bark and compete with other fungi in the
colonization of ripe berries. We know this is a critical stage because
reducing this microflora competition by using fungicides can increase
CBD incidence. It may also be possible through nutritional manipulation
of microflora to increase this competition.

One aspect of variation in the CBD pathogen has been its
tolerance to fungicides. In common with many other pathogens exposed
to the methyl benzimidazole carbamate systemic fungicides, tolerance
developed rapidly after intensive use. However, tolerance to these
site-specific fungicides, apparently mediated by a simple genetic
substitution, should not be confused with the tolerance to host defence
mechanisms which act both morphologically and biochemically:torestrict

pathogen development and its toxic effects.

Conclusion

We need to know much are  about the CBD pathogen, particu-
ularly its relationship to other Colletotrichum fungi. To what does
it owe its peculiar pathogenic habits; is there a toxin or enzyme
which can be detected biochemically in culture and used in diagnosis
of the pathogen? How is the morphological change in culture related
to pathogenicity and is it reversible.? The origin of the CBD pathogen
is of special fascination to biologists. Why did it not occur first in
the centre of diversity of C. arabica (Ethiopia)? Is this because it
is really a primary parasite of some other rubiaceous host in C./E.

Africa?.
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THE NATURE OF COFFEE BERRY DISEASE IN TANZANIA
: By
T.H.M. Kibani
Agricultural Research Institute Lyamungu
P.O. Box 3004 Moshi, Tanzania

ABSTRACT

Young green berries with lesions, were studied
in vitro. Using the dilution late technique, colonies
of different fungal organisms appeared in Malt extract
agar medium. These included Colletotrichum coffe-

anum, Colletotrichum acutatum and Fusarium

stiliboides. The diametrical mycellial growth rates

of the pure fungi were studied. Colletotrichum coffeanm
exhibited fastest growth rate followed by Colletotri-

chum acutatum and by Fusarium stiliboides.

INTRODUCTION

In the coffee growing areas of Africa, large crop
losses caused by diseases like coffee befry disease, leafrust and Armilaria
root rot are quite common. In Tanzania, coffee berry disease affects
coffee production to a magnitude of up to 90% loss if ~no control
measures are effected (Bujulu, 1977 and Kibani, 1980). The disease
affects buds, flowers, young and mature berries. The affected parts
show up dark brown or black lesions symptoms.
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of spore suspension was! infused into malt extract agar medium using

dilution plate technique.

Pure colonies were grown on malt extract agar and their
rate of diametrical mycelial growth was measured.

.

Results

Results in Table 1 showed the type of fungi isolated from
Coffee berry disease lesions. These included Colletotrichum coffeanum,

Colletotrichum acutatum and Fusarium stilboides., The latter two

fungi were mostly identified on diseased berries with dark brown lesions.
Colletotrichum coifeanum was prevalent at all sites, while Colletot-

trichum acutatum: and Fusarium stilboides were aslo widely observed

on specimens collected from Rombo and Hai sites respectively.

Results on the rate of diametrical mycelial growth are shown
in Fig. . Colletotrichum coffeanum exhibited fastest growth rate

followed by- Colletotrichum acutatum and Fusarium stilboides.

Table (1) : Occurrence and prevalence of the fungi identified on
diseased arabica coffee berries.

Sites Common fungi Most prevalen fungi

Rombo Colletotrichum _acutatum Colletotrichum acutatum

Colletotrichum coffeanum Colletotrichum coffeanum

Fusarium stilboides

Hal Colletotrichum coffeanum Colletotrichum c¢offeanum

Fusarium stiboides Fusarium stilboides

Colletotrichum coffeanum  Colletotrichum coffeanum

Fusarium stiboides
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Discussion

It has been noted from the results that dark brown or black
lesions in diseased arabica coffee berries are probably associated with

a number of fungal organisms including Colletotrichum coffeanum,

Colletotrichum acutaum and Fusarium stilboides, These fungi though

have been found different in their growth habit yet it is believed that
poth organisms probably affect coffee berries. The magnitude of
crop loss caused by these organisms could very depending upon many
aspects including growth habit of the fungi, fungal response to chemical

treatments applied and variations in weather conditions.

Therefore, = the fastest growth rate given by Colletotrichum
coffeanum could probably account for its prevalence over the sites.
Notably, the other two fungi may sometimes express\themselves
depending upon their abundance in the coffee bark. This could be
illustrated by an epidemiological studies on Colletotrichum coffeanum
conducted by Griffiths, Gibb, Zaller {1971). The infection pressure
by Colletotrichum coffeanum  was also attributefi‘ to its abundance

in the coffee bark.

Therefore, this successful isolation of fungal organisms from
diseased berries could make a bright future for identification of dual
purpose fungicides. These findings could also help in the determination
of the disease forecasting models.
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In some experimental trials, we saw that this theory was
not good in the conditions of Cameroon where preflowering treatment
appeared not efficient at all, as it was to expect; on the contrary,

postflowering treatments were very efficient.

We studied the problem in Kenya” first in 1964 ~ and

then in 1967, and we concluded in the paper we wrote at this occasion(3)
that Nutman and Roberts had done three, very great mistakes:

firstly, they confound all the colletotrichum living in the
bark of the branches with the CBD pathogen;

secondly, they measured the production of spores on the bark

in laboratory conditions in humid chamber and not in field conditions;

thirdly, they completely forgot the role of the diseased berries

in the production of spores.

Thanks to our study in Kenya, other studies were done in

country by Hindorf and Gibbs; these studies confirmed our opinions:

the bark of the branches contains mainly at least 5 species
of colletotrichum, different from the CBD strain which is found only
very scarcely in that tissue and not constantly (see the graph of Gibbs
.vere the scale used for the CBD pathogen is 10 to 20 times greater
than the scale used for the other species): in such conditions it is
possible to doubt that this fungus is really deeply living in the bark
tissue; even if it is true it is of very little importance in epidemiology,

comparing with the role of the diseased berries themselves;

(1) VERMEULENN H. Coffee Berry Disease in Kenya. Thesis,

University of Wageningen, Holland, (1979), p. 25 and p. 95.
2) First specialist meeting on Coffee Research, Nairobi, (1965).
3) MULLER, R.A.: La lutte contre Il'anthracnose des baies du

cafeier Arabica, due a une forme de collectotrichum colieanum
Noack au Kenya, Cafe-Cacao-The, Vol. Xll, n°l, (196%).



. Proc. st Reg.. Works
Addis Ababa, [9- 23 J

SOME consmBgA i
AND CAMERooN, ! 1'

Sources of Inoculum:

P - . Among the ios i
are the nature and the e

to Jearn in the Kenyan 1if} T
g “inocylum potential" th he %ﬁ“
would be the bar‘k of"t

’ the berries.

)
'

Countmg the
per cm? per- hour) th
-of spores was the ‘Mo
i !they advised the f

; ee&B’ertfy Disease",
p;{ 1’37]‘- 144,

“seurce of .primary infection

» es# whhre the parasite would be living .

which: cinfegc4..

he productxon
he dry season. ConSequently, ,




139 .

After 61BBS (Kenya-196B)

Spores production on branches for the different strains of Colletotrichum
on untreated trees------- Kamundu %---—- Kamundu 2. The scale used
for the CBD strain is 10 or 20 times greater than the others, showing
that the production of CBD spores is very few. On the other hand ;
the sporulation is maximum during the dry season showing that the
observation in laboratory is completely different from the natural
phenomenon.
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Table 1: Percentages of diseased berries 40 days after flowering

Plots without Plots with
overlapping berries overlapping berries
A 9,4 21,0
B 3,0 26,0
6,2(*) 23,5(«)

It was concluded that, in the conditions of Cameroon, and
in all countries with similar type of climate giving only one annual
economical production, the overlapping berries occurring during the
year without any economical importance, had to be removed at the
moment of the last tour of picking. It is true that this is not sufficient
to control the disease but it appears to be a very good auxiliary of
the chemical treatment, by reducing and retarding the development
of the primary infection. It is obvious that such recommendation may
not be made in countries where, as inKenya, 2 economical crops

exist.

Among the other sources of inoculum, we think that the diseased
berries remaining on the branches from one campaign to another,
the disease berries fallen and remaining on the soil, the fungus staying
in the peducles of the diseased berries remaining on the branches

could be important.

We thinkthat it is doubtful that the bark of the branches

plays a very significant role-if any-as a source of CBD infection.

Evolution of the Disease in Cameroon

When CBD occurs in the french speaking Cameroon in 1958,

study was immediately carried out to know:

the true levels of the damages due to the disease which was
necessary to decide of the opportunity cf fungicide treatments;
Significant at P=0,01.
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As a direct consequence, it was shown that the losses due
to the diseased took place during the expandifig stage of the berries.
Later on, the losses were not important or of little importance,

According to these observations, it was concluded that the
chemical treatments had to be done during the young stages of the
berries that means during the first 22 weeks following the flowering
and were completely useless later on.

Difficulty To Assess The CBD Losses In Epidemiological Studies:

For studies of epidemiclogy, we observed weekly -a number
of populations of berries, recording every time the total number of
fruits, and the number of diseased and healthy ones.

It appears, during that studles, that it was not very easy
to evaluate the losses due to CBD. This is due to the fact that the
phase of main infection-and therefore, the period of main losses-is -
also the period of tmain physiological drbps of the berries. When we
observe-as we did-a given population of berries, it is difficult to know
if the berries which disapbeai' between two odbservafibns,'. were CBD-
free (physiological drop)or not. Even, if the observatioris are done
weekly and branch by branch, éomparing the data reéprded one week
to those recorded the next one, ‘it is impossible .to avoid,‘ and over-
estimation of the losses. ' ' ‘

The only way to avoid this error is to mark each diseased
berry by putting ‘a little coloured thread around its peduncle w1th
a very great care to avoid wounding or ‘destructing that berries. '

But this difﬁuculty occurs only when one observes “eyolution‘
" of infection and losses on a previously fixed population of fruits, for N
epidemiological studies. In trials comparmg the effectlveness of fung}c1des

‘o-
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Proc. Ist Reg. Workshop'Coffee Berry Disease®,
Addis Ababa, 19-23 July, 1982, P. 145 - 166.

RESISTANCE TO COFFEE BERRY DISEASE IN ETHIOPIA
THE CBD PROGRAMME FROM 1972 T0 1979 |
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cbserved elsowhere (McDonald, 1932 Fisman, 196%; Van Der Vossen,
1973; Hendrix and Lefewre, 1956),

In Ethiopia, a resistance programwie was designed by Robinson
(1979), FAO coﬁee paﬂ'loloyst in Ethiopia - 1973 and 197%, and
was reviewed by Person (197%). As all grades of discase intensity
were present in the coffee population, the working hypothesis was

adopted that resistance was horizontal. Later, the programme was
amendedtomchndeoﬂtetdmsuandpeﬂs, however, its basic
structure remained the same. The programme consisted of = '
o B
a Selectmofn::ﬂuirees; Selection of 500 to 600
trees with a very low disease intensity in areas with a high fevel -
of disease. £ )
% ) ) .
b. . Planting of seediings in mmseries; immediately after
selection, sced was collected to abtain a sufficient mumber of seediings
forﬂiembhshmtafawm“eembhd:.

i

C. Ohsuvatnsaﬂmuimﬁmrm mﬂﬂmrm
mdwvedforanmmmaffmm During this period motes
were taken on CBD, other disease, pests and yield. Whenever possihie,
quality samples were grepared. The mother trees were imooulsted
in the field and tests were performmed om thear seediings to determine
their level of resistance with mare aoowracy-

d.  After an evaluation of the tests amd ofbservations,
progenies of approved mother mees were plamted im mm
of up tw 1000 trees on a farmm in e of the aees where the CBD
imersity was vety High.  Furthermere, propeny trials were establfisied |
an other lecations in the coumbty.

e The disvase resistemee of die progeies was re-evallunad
dvough field chworvations and wests. Cbuorvatiions om pregemies wene
mammhaw{mmﬁm@mm,dmm
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varied. Some trees had consistently more disease than others. The
group of non-selected trees always had a much higher disease level

than the group of selected trees.

Table (1) : Mother trees, visual disease assessment. Differences
between the group of mother trees selected in 1975
and non-selected trees at Gera, one of the selection
areas. The percentage of diseased berries per tree was
estimated. In the table, the class in which the median
observation fell is indicated.

n : number of trees
M : percentage class of the median value

Year of Selected trees Unselected trees
observation n M n M
1976 57 0.1-1 653 11-50
1977 55 0 560 51-90
1978 55 0.1-1 555 51-90

3. Testing of Resistance of Mother Trees

The resistance of mother trees was further evaluated through

inoculations in the field and tests on seedlings.

% Field inoculation tests : In the inoculations in the field,
individual branches were sprayed with a conidial suspension. A number
of branches on the same tree were used as relications of the experiment.
Branches were covered with plastic for 2b hours to ensure the presence
of moisture needed for conidial germination and for penetration of
the cuticle. The number of berries before inculation and the number
of healthy berries three weeks after inoculation were determined.
More or less randomly, non-selected trees were chosen in the same
area and from those trees, branches that were free of CBD were

also inoculated. The experiment was repeated three times during
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Kendall's rank correlation coefficients Detween field observations
and field inoculation tests are given in Table 3. The correlation between
field observations and field inoculations was satisfactory. Certainly,
there will be a bias in this correlation : the tests and the field observa-
tions were, in part, influenced by the same "site" effects. Thus,
differences in the group of elected trees may, in part, be explained
by microclimatogical differences between the individual trees. However,
these cannot explain the big differences in response between the
selected and non-selected trees; these are instead due to genetical
differences. Thus, the test served well to discard a number of trees

with an unacceptable level of susceptibility.

0 Seedling Inoculation Tests : Testing of resistance in young
seedlings was based on Cook's inoculation test (Cook, 1973 a,b;
Markuru, 1976 and Van der Vossen et ah, 1976). The test was adapted
to local conditions (Van der Graaff, 1978, 1981) after which seedlings
from practically all mother trees were subjected to it. Seedlings
of a mother tree were raised in a number of boxes containing up
to 100 seedlings per box. Two coffee types were included to serve
as a reference. Seedlings were sprayed with a conidial suspension
at or just before the unfolding of the cotyledons; a re-inoculation
was performed after 48 hours. Boxes were kept closed 48 hours
before, in between and 48 hours after the inoculations to maintain
a high relative humidity and thus, to ensure infection. After three
weeks, individual seedlings were graded according to lesion size
and colour. It was soon found that the tests results varied according
to the date of inoculation. To circumvent this problem, it was necess-
ary to rearrange the scale from the 12 clases wused in Kenya to five
classes. In this manner, an acceptable level of additivity was reached,
which made correction for the date of inoculation through the use
of the reference coffee types possible and also made the data accessible
to statistical analysis. Highly significant differences were found
among the various mother trees and also among trees included as

references. Nevertheless, the correlation between field observations
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To ascertain the presence of the fungus, trees were sprayed

with a conidial suspension one year before their first crop. This

served to establish the fungus on the bark where it lives as a micro-

epiphyte.

The percentage of diseased berries was estimated by visual
observations. In many progenies, a small percentage of "off-type"
trees could be identified with a high level of disease. In some
progenies, these trees had other characters that marked them as
"off-trees”. These trees are most likely resulting from crosspollina-

tion.

In 1978, berry counts were made at three weeks intervals
from the start of berry expansion (some six to eight weeks after
flowering) to 21 weeks after flowering, when most of the epidemic
was over. It was observed that a considerable drop of berries occur-
red from branches and trees on which no CBD was observed. This
drop is probably an adjustment to the physiological status of the
plant and is, therefore, termed "physiological drop". This drop,
which amounted to an average of 21% in theobservation period,
varied considerably among progenies. By meansof the observations
made on branches without disease in each progeny,a correction
was made for "physiological” drop. After correction, it was possible
to calculate the percentage of damage due to CBD. In 1978, the
loss percentage varied between 0 and 36 per cent. Counts made
in 1979 revealed that damage was higher in more susceptible progen-
ies, but remained low in those with a high level of resistance while
losses were almost complete in unselected material in the same
area. Furthermore, the berry counts indicated that relatively
low percentage of disease in the visual observation, may already

result in serious losses (Table b and 5).
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In preliminary experiments, it was determined that the
susceptibility of small berries was high and variable, both in resistant
and susceptible coffee types. In fully expanded, green berries, sus-
ceptibility was lower and less variable.

In the year the progenies had their first crop, detached
berry tests were performed on fully expanded green berries at two
to three weeks intervals. Susceptibility of the expanded green berries
varied according to the testing date; there was a significant interaction
between date of testing and coffee progenies. The rank correlation
between field data and deached berry tests resulte are shown in
Table 6. The correlation coefficients between the progeny means
over one season and field observations are shown in Table 7. The
correlation coefficients were relatively low, however, it should be
realized that the data were derived from pre-selected material in
which high levels of susceptibility did not occur. For example, higher
rank correlations were obtained in later vyears, when a range of

susceptibilities were wused as references in the besting programme.

Criteria for distribution of selected material were determined
based on visual field assessments, field observations and detached

berry tests. "Off-types” were removed from resistant progenies.

6. Other Diseases and Pests

Arabica coffee was a relatively healthy crop before the
introduction of Coffee Berry Disease. This is a condition to be expected
from a traditional crop in its centre of domestication. Through farmers’
selection, genotypes have been chosen that suffer only minor damage
from diseases and pests in that location. Only, when the conditions
of cultivation change, new diseases are introduced, or different
cultivars with undue susceptibilities are grown, disease and pest

outbreaks can be expected.
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As disease and pest "pressure" varies from location to location
in Ethiopia, it is also to be expected that resistance to those varies.
New coffee types will be grown over a wider range of ecological
conditions than the populations they were selected from. Furthermore,
the cultivars are expected to be managed differently. Although all
effects on diseases and pests cannot be foreseen, it is of paramount
importance to release only those progenies for distribution that have
a good resistance level against other diseases and against pests.
Methods to obtain an insight in the disease and pest resistance levels

will be indicated in the following sections.

Gibberella xylarioides ( vascular wilt) : On Arabian coffee,
the disease is only known to occur in Ethiopia. The pathogen causes
a typical vascular wilt. The trees die slowly; I estimate that it
takes at least a year between initial infection and death. Blackish
stroma are formed on the bark at the collar of the tree. Mature
ascospores are probably only found on dying or dead trees. Sporulation
possibly only occurs at the end of the rainy season. At that time,
ascospores can also be found on stumps of trees that have died one
or two years earlier. The disease is more severe under modern cultiva-
tion. This may be caused by more intensive weeding and subsequent
wounding of trees. Wounding either facilitates the direct transport
of inoculum from tree to tree or opens venues for infection. Differences
in susceptibility to vascular wilt were found in a coffee collection
at Jima research station (Van der Graaff and Pieters, 1978). Differ-
ences were determined through the use of a grid in which the occurrence
of tree death's in groups of four trees of one coffee type was compared
with death in groups of four trees in which each tree represented
a different coffee type. Based on these observations, two different
tests were devised (Pieters and Van der Graaff, 1980). A seedling
test was wused in which seedlings were inoculated by knicking the
seedlings with a knife that had been dipped in a conidial suspension

of Fusarium xylarioides. The latent period (e.g., the time between
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Table (9) : Correlation between test results .and field scores and among
test results. (From Pieters and Van der Graaff, 1980).

In parentheses, degrees of freedom
All correlations are significant at P 0.01.

Field Incubation Death

score periods rates
Germination test 0.80 (11) 0.67 (12)  0.71 (10)
Death rates after 6 months 0.74 (10)  0.65 (23)

Incubation periods 0.73 (12)

Leaf rust {Hemileia vastatrix), leaf blight and stem dieback
¢ (Phoma tardaj, blo ch‘Tﬁf‘ﬁl)r’rer (predgminantly Ceucoptera

caffeina_i, brown eye spot (Cercospora coffeicola)?

In trials conducted in various parts of the country, quantitative
differences in disease and pest intensity were ‘observed among progenies.
They included differences in leaf rust, leaf blight and stem dieback, -
and in the infestation level by a blotch leaf miner. It was possible
to prove that these differences were sfatistically significant. When,.
the coffee types weregrouped . according to the provenance of their
mother trees, differences were found to exist between provenances
~(Table 10). These differences can certainly be related to climate,
Metu being wetter than Washi and Washi receiving more rain than
Agaro and surroundings. This trend can be extended to material from
Harerge province, an area with certainly much less rain than any
of the three indicated in the table. Coffee types from that area
are much more 'sdsg:eptible to leaf rust and leaf blight. At present,
the differences in leaf rust intensity are more systematically studied
through leaf disk tests (Critchett, pers. comm.), and further field
observations. '
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8. The Nature of the Resistance to CBD

Because coffee is a perennial crop, it is of the utmost

importance to obtain an indication of the durability of its resistance.

.- Without doubt, the chance for durability is much greater when resis-
tance is horizontal than when it is vertical. These terms are used

s here to define the following situations :

Horizontal resistance is quantitative - its expression depends
on the conditions for disease development; polygenic or oligogenic
- a rather continous variation occurs in the host population between
full susceptibility and complete resistance; non-specific-differengial
interactions between components of the host -and of the pathogen

populations are at a low level or absent.

Vertical ' resistance is mostly qualitative - quantitative resis-
tance does occur but it is rare; monogenic or oligogenic ~ variability
in the host population is discontinous specific - interaction between
elements of the host and of the pathogen populations is differential,
being due to a gene-for-gene relationship. ‘

The proof for the horizontal nature of resistance is elusive
and full proof can probably never be given as its definition is negative.

Nevertheless, the resistance can be compared with its descriptors.

. Quantitativeness; in all- tests and observations made in
the course of our study on CBD resistance, quantitative resuits were
obtained. Practically, all mother trees showed some disease in the
field. For example, out of 55 trees selected in one location, 47
showed some disease in the period 19751978, Field inoculations
invariably produced disease, though lesions on the more resistant
trees often relapsed to inactive "scab" lesions. In seedling inoculation
tests, a gradation of discase resistance was observed, Quantitative
results were always obtained in detached berry tests on progenies.
Where highly resistant mother trees were tested in detached berry,

the results were also quantitative.

—-«
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in disease intensity. The variation in disease internsity within a progeny
will, apart from microclimatological variation, depend on the homozy-
gosity of the mother tree and on the frequency of progeny trees
derived from naturally cross-pollinated seed. Due to the susceptibility
of most of the coffee population, cross pollination will result in
an unacceptable level of susceptibility.

Summarizing, resistance is quantitative and liftle indication
of specificity has yet been found. Although some doubts remain,

it may be assumed that resistance is horizontal.
CONCLUSIONS

In Table 11, the selection procedure is indicated. = While,
most selection criteria were arbitrarly, the selection was rather
strict which was possible due¢ to the large numbers involved. Seed
distribution started in 1978 and 1 expect 'that further information
on the numbers of seeds and the performance of seedlings will be
provided during this workshop.

Much remains to be done. I believe that long term research
is needed on the nature and inheritance of CBD resistance. In this
respect, | believe that research is needed on the scope of the seedling
test. The test is of paramount importance, but I believe that the
method should be changed to make comparisons at the lower end
of the scale more meaningful.

The material at present distributed in Ethiopia needs a further
long term assessment to identify those types that are best adapted
to specific local conditions or have a wide adaptability.




‘J
g
|
Concerning, diseases ‘hke leaf "
! long term fleld observations are LLneecle

|
) .
1 : l .

[
b=
c
2
(=X
c
[¢]
73
c
@
[2]
1]
©
-+
=
o
=
=
-+
<

likely to develop, these ptek

stick of the originally >ver: that brought part of ' 5

seaster. In this light,
ties 19 embark on the

programme.

Table (11) : ting programine for

Bragtion

- Selection criteriﬂm _' discarded
) |
Selection of mother trees s +0.,995 V
Discarded/lost/dead hefare 568 isgg , :
collected E 5 .’ . B 0.31 : .
| g1l . .
1‘ Observation and testing : '\ ! ¢ {‘
1 CBD [ s 0.81 s
; Leaf rust B I % 0.49
Leaf blight . 0.44
Vascular wilt i $ i) BY 0.40
{ Blotch leat miner | ¥ 0.34
' 0.94

l Total observation and testing : o
|

o e e
T = S
S | i
i B

W
s T




- 165 -

REFERENCES

Cook, R-T.A. (1973a) Work in progress in coffee research. Series |lll,
Part IV. Detecting disease resistance in coffee plants,
Kenya Coffee, 38 : 275-277.

Cook, r.T.A. (1973b) Screening coffee plants for CBD resistance, Coffee
Res. Found. Kenya Annual Rep., 1972/73 : 66-68.

Cook, R.T.A. (1975 Sccreening coffee lants for resistance to CBD.
Coffee Res. Found. Kenya Annu. Rep., 1973/74 : 64.

Firman, [1.D. (1964) Screeing of coffee for resistance to Coffee Berry
Disease, East Afr. Agric. For. 3., 29 : 192-194

Hendrickx, F.L., and Lefevre, P.C. (1946) Observations preliminaires
sur la resistance de lignees de Coffea arabica L. a quelques
ennemis, Bull. Agric. Congo, 37 : 783-800.

Institute of Agricultural Research; 3imma Research Station (971) Progress
report for the period April 1971 to March 1972, Addis
Ababa.

McDonald, 3. (1932) Annual report of the Senior Mycologist for 1931,
Kenya Dep. Agric. Annu. Rep. 1931 : 118-130.

Mulinge, S.K. (1973) Coffee Berry Disease in Ethiopia, FAO Plant Prot.
Bull., 21 : 85-86.

Murakaru, G.N.W. (1976) Influence of age of coffee seedlings on infection
by Colletotrichum coffeanum (Noack) (Glomerella cingulata
(Stonem.) Spauld & VonSchrenk), Kenya Coffee, 41
55.57.

Person, C. (1974) Consultancy report on the Coffee Berry Disease prog-
ramme at Jimma Research Station, FAO, Rome.

Pieters, R. and Van der Graaff, N.A. (1980) Resistance to Gibberella
xylarioides in Coffea arabica : Evaluation of screening
method Neth. 3. Plant Pathol. 86 : 37-43.

Robinson, R.A. (174) Terminal Report of the FAO Coffee Pathologist
to the government of Ethiopia, FAO, rome, AGO/74/443.

Van der Graaff, N.A. (1978) Selection forresistance to Coffee Berry
Disease in  Arabica coffee in Ethiopia. Evaluation of
selection methods, Neth . 3.Plant Path., 84 : 205-215.

Van der Graaff, N.A. (1981) Selection of Arabica coffee types resistant
to Coffee Berry disease in Ethiopia, Med. Landbouwhogesch,
Wageningen, 81-11.

Van der Graaff, N.A. (1950) The principles of scaling and the inheritance
of resistance to Coffee Berry Disease in Coffea arabica,
Euophytica, 31 in press.

Van der Graaff, N.A. and Pieters, R. (1978) Resistance levels in Coffea
arabica to Gibberella Xylarioides and distribution pettern of
the disease, Neth. 3. Plant Path. 84 : 117-120.

Van Der Vossen, H.A.M. (1973) Plant breeding, Coffee Res. found.,

Kenya Annu. Rep. 1972/73 : 54-56.



_ e E}erry Disease caused
' y Lo tric Noack (Sensu Hindor)

. Van der Vossen, H‘A A, and
| to Coffee Berry

1
' j =5 SR
I‘ { o i
i . i '. '[
E I &
: ;r | oo
IR b
IS b
)
' [ﬂl a b‘:}
i N '\’l‘ [
5 A).‘ "
r : !3 L“-
! oy e
i :l -‘ 4
? I E
. ?] 1;\# ;;1
SRR | §
| 'yf i
v. 4] : iil "1‘
.
o

ey = o




Proc. lst Reg. Workshop "Coffee Berry disease",
Addis Ababa, 19-23 July, 1982, P. 167 - 177.

RESISTANCE OF THE F, TO COFFEE BERRY DISEASE
IN SIX PARENT DIALLEL CROSSES IN COFFEE
< . By
Mesfin Ameha and Bayetta Belachew
Coffee Department Institute of Agricultural Research, Jimma
Research Station, P.0.Box 192, Jimma, Kaffa.’

ABSTRACT

The six cultivars of coffee (Coffee arabica
L, Rl and R2 {highly resistant and resistant),

R, (intermediateffairly resistant), R“, R 5 and RG

(susceptible), deliborately selected for this study
were crossed to produce a complete diallel set
of F s for the study of the reaction of the Fys
and inheritance of resistance to coffece berry disease
{CBD). Detached berry tests were conducted to
compare disease severity.

Ditferences between treatments were highly
significant, where as reciprocal differences of the
Fis for resistance to CBD were not significant
(P = 0.05). Distributions of percentage susceptibilities
were significantly skewed to the resistant direction

. (Skl = -3.65 -3.70 and -3,28, -3.50 for the 198!
and 1982 data, respectively). Dominance was isodirec-
tional with the favourable gene for resistance being
recessive in character. Partial to complete dominance
of the susceptibie genes to the resistant genes
was consistently foundand three to five major genes

of an additive nature were suspected to be involved

in the control of resistance to CBD in the population
studied.
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INTRODUCTION

Coffee berry disease (CBD) caused by the fungus Colletotri-
chum coffeanum Noack Hindorf is the major and the most wide-
spread disease of coffee (Coffea arabica L.) aflecting coffee production
in Ethiopia. The disease can attack all stages of berries causing
crop losses of up to 100% in Harar cultivars when the coffee is grown

under a climate favourable to CBD.

Since the out-break of CBD in 1971, significant achievement
had been made in selecting highly resistant cultivars to CBD. To
date, over 15 selections were identified for possessing high levels
of resistance to CBD. From these selections, millions of seeds have
been released for planting and the level of resistance of their progenies

under plantations were as stable as their parents.

The study of inheritance of resistance to a disease is very
essential in variety improvement but until 1980 no work had been
reported on the inheritance of CBD resistance. Recently, however,
Van der Vossen and Walyare in Kenya studied the inheritance of
the disease using Rume Sudan and Pretoria as resistant parents.
They concluded that Rume Sudan and Pretoria had two resistant
genes each. Rume Sudan, however, under our conditions was considered

less resistant than our more resistant

Coffee berry disease distribution over the Randomly collected
National Coffee Collections was of a quantitative nature indicating
the presence of large number of genes  for resistance to CBD.
Subsequently, it was reported that partial to complete dominance
for resistance was observed from the first year detached berry test
and field observation data and resistance seemed to be controlled
by recessive gene.
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Information on the phenotypic variabilities of the Fj to
CBD and the inheritance of the disease at least must be obtained
in order to initiate a breeding programme. Our major objectives,
therefore, were to see the reaction of the F| to CBD and to deter-
minewhether the inheritance of resistance is controlled by dominant
or recessive genes while our ultimate objective was based on this
work and also the work at Kenya based on the result of the study

of heterosis in indigenous coffee, to embark a seed production programme.

Material and Methods

The six cultivars, R™ and R” highly resistant and resistant ,
R” (intermediate/fairly resistant), R”, R,_ and R~ (susceptible), deli-
berately selected for crossing constitutes the population of our
indigenous coffee typesexhibiting range of resistance to CBD. Complete
diallel crosses among the six cultivars and parental selfings were
made in February (1978) and the resulting seeds were planted in
plastic bags in glasshouse in February (1979). The seedlings were
transplanted in July (1979) at two locations, Gera and Melko with
a two meter square spacing. Plots consisted of one row with three
and two seedlings per plot at Gera and Melko, respectively. The
experiment was a randomized complete block design with three and
two replications at Gera and Melko, respectively. Only the Gera
data were used in the analyses while the Melko plots were used for
seed supply. Trees were allowed to grow into one single stem with
all suckers removed whenever initiated and all other cultural practices

were uniformly applied to all plots.

Each tree was inoculated with CBD21 spore suspensions in
July and August of 1980 and 1981 to establish the spores on the bark
for the following year infection. All data were taken from individual
rees except for the detached berry test (DBT) and seedling test

where whole plots were used. Green berries and seedling were
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and susceptible parent values for class five and seven are shown in
Table 2 and Table 3, respectively. Under class fivemean susceptibilities
of the hybrids in 1981 and 1982 were 1.72 and 2.17 for resistant
X resistant; 2.44 and 2.41 for resistant x intermediate; 4.04 and
4.02 for resistant x susceptible; 4.06 and 4.13 for intermediate x
susceptible and 4.17 and 4.60 forsusceptible x susceptible. A similar
trend of increasing susceptibilities was noted under class seven.
The hybrids, resistant x susceptible, were significantly susceptible
to their respective mid-parent values except in X R” and R™M x
R~ in 1981 and 1982, respectively in both classes. Mean deviations
of the Fi S from the susceptible parents were not significant except
in Rj x Rin 1982.

Table (1) Mean squares from the analyses of variance for the

F ~ hybrids and parentals over two years.

Source of df Mean squares
. 1981 1982
variation
Blocks 2 167 5**'  1163**
Treatments 35 1187*+ 1060 * <
Error 70 129 107
Total 107
** Significant at the 0.01 probability level.
Results of detached berry tests on individual plots of the
hyprids for the 1981 and 1982 seasons are summarized in Figure 1
Distributions were significantly skewed in the resistance direction
(SKj = -3.65, -3.70 and -3.28, -3.50 for the 1981 and 1982 data,
respectively). The modal classes in both years were five and seven.

The negative skewness of the distributions under class five were somewht

gradual

whereas

the negative skewness

of the distributions under

class seven were slightly undulating and the undulation was increasingly

pronounced for

distribution

above class seven.

This suggested the

absence of major genes above clas seven for resistance to CBD.
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981 1982 1981 1982
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R2 x R 2 L% a3lk 42 -12 _ 4
R2 x R6 b u2% 437 -6 -4 «
Interm. x suscep. - _
R3 x R4 ) + 5 -2
R3 x RS 0 -i3
R3 x R6 ~8 -13
Suscep. x suscep.
R4 x RS / -2 »
R4 x Ré6 0 -2
! R5x R6 -7 0
Parental
IR]
|R2
\RB -
R4 t
R 5
6
..8.D. 0.05and 0.01 = 981 Golimns, respectively,
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Hybrid and perental mean susceptibilities to CBD and
percentage susceptibilities of the hybrids over the mid
parent (OMP) and susceptible parent (OSP) in 1981
and 1982 in 15 mean of reciprocal crosses after percent
suscptibilities were classed and grades one to seven
were assigned.

Identification

Resist,
R1x R2
Resist,

R1x R3
R2 x R3

Resist,

R1x R4
R1 x R5
R1 x R6
R2 x R4
R2 x R5
R2 x R6

Interm,

R3 x R4
R3 x R5
R3 x R6

Suscep.

R4 x R5
R4 x R6
R5 x R6

Paretal

R1
R2
R3
R4
RS
R6

Fj mean value 0/0 susceptible

using 7 class OMP OSP

1981 1982 1981 1982 1981 1982
X resist.

2.28 2.61 +28 +30 +21  +12
X interm.

3.34 2<6l +54 + 4 +37 -22

3.33 3.61 +62* +27 +36 + 8
X suscep.

6.00 5.94  +46** +42** - 5 -11

5.12 4.89 +37* +17 -8 -27**

4.78 5.28 +18 +42* -23* -9

6.39 5.78 +60** +28* + 1 -13

5.28 5.84 +46* +29* -5 -12

5.67 5.39  +44** +33* -9 -7
X suscep.

6.34 6.45 +44** +20* 0 -3

5.11 5.56 +28 +11 -8 -17

5.54 4.67 +26 + 2 -12 -19
X suscep.

6.00 6.00 +1 -10' -5 -10

5.84 6.51 -7 + 4 -8 -2

5.50 6.67 -7 + 7 -12 0

1.89 1.67

1.67 2.34

2.44 3.33

6.33 6.67

5.56 6.67

6.22 5.78.

L.S.d. 0.05 and 0.01 = 1.18 and 1.67 for 1981 columns, respectively and

1.19 and 1.70 for 1982 columns, respectively.
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The significant expression of susceptibilities of the resistant
X susceptible crosses compared to the theoretical mid-parent values
may be due entirely to the expression of the genes rather than to
other factors since the berries were tested under controlled environment.
This led the authors to believe that partial to complete dominance
of the susceptible genes to the resistant genes were present in the
population and the favourable character, resistance is controlled

by recessive genes.

Results of the frequency distribution of the crosses suggested
that phenotypic dominance was isodirectional and the distribution
was quite similar to that of the theoretical distributions for three,
four and five genes. According to Allare and Falconer when all
gene pairs are equally effective, the distribution is isodirectional
supporting the conclusion made above. We believe that the resistant
lines, Rj and R” were homozygous for resistant genes at most loci
and Rg and R6 were homozygous for susceptible genes at most loci
and R” probably heterozygous at some loci. Because susceptible
gene was dominant to resistant gene, it was not possible to identify
the intermediate lines. R~* wasbelieved tohave homozygous resistant
genes at three-fourths ofthe loci. It is the combination of these
lines that produced isoldirectional dominance. The pronounced frequencies
of the modal classes mayhave resulted from the representation of
more susceptible lines inthe experiment or from the inability of
the test to differentiate the level of resistance at the far end of
the susceptible scale. Had there been two genes involved, only two
classes would have been observed and with more than six genes the
distribution could have resembled normal distribution. This interpretation
led to the conclusion that three to five major genes of additive nature
with some minor genes were probably involved in the inheritance

of resistance to CBD.
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SELECTION FOR RESISTANCE TO COFFEE BERRY
DISEASE IN UGANDA

By
G.]. Hakiza (Mrs)
Coffee Research Unit, Kawanda Research Station,
P.O.B. 7065, Kampala, Uganda

SUMMARY

Individual tree selections from Arabica coffee(Caffeaq arabica
L) varieties Blue Mountain (BM) 71, BM 139 and Jackso 2 (32), Criginally
obtained from Rwanda, which showed field resistance to coffee berry
disease (CBD) in Western Uganda (S.Kigezi) were planted from seeds
in another field trial at three sites in the same district. The variety
Kents was included as the susceptible control.

The analysed data over a period of two years indicated that
in 1975 at one site, there were highly significant month to month diffe-
rences in CBD incidence. At one site in 1976, the varieties showed
significant differences at 5% level. Variations in varietal reaction
to CBD attack from month to month and from site to site was observed.

- Its significance to field section for CBD resistance is discussed.

INTRODUCTION

Most arabica coffee (Coffea arabica L) in Uganda is produced
between 5500{t-7500ft (1600-2300M); though some areas below 5500ft
(1600M); like the lower slopes of Mt. Elgon and parts of Western Uganda,
produce excellent arabica side by side with robusta coffee (Coffea
canephora Pierre) (Jameson, 1970). Smaller areas occur in West Nile,
the slopes of Mt. Ruwenzori and other parts of Western Uganda. Arabica
forms about 15% of total coffee produced (Jameson, 1970).

1——
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Although the arabica acreage is small, the crop is a valuable
because of its superior quality compared to robusta and fetches a high
price both locally and on the world market. With the recent price inc-
rease and under the Coffee Rehabilitation Plan which has just started

in Uganda, expansion of arabica is encouraged.

One of the major limiting factors in the production of arabica
coffee at high altitudes is Coffee Berry Disease (CBD) caused by a
form of Colletrotrichum coffeanum Noack. The first confirmed incidence
of CBD in Uganda was in 1959 at an altitude of 6200ft (1890M) on
the slopes of Mt. Elgon (Anon. 1959). By the end of 1962 most arabica
areas were affected (Anon. 1962). The only area still free from CBD,
at least up to 1976 (Personal observation) is West Nile. Since 1977 the
disease has been observed at lower altitudes, notably Kawanda Research
Station (altitude 3924ft: 1196M) on many arabica plots during the rainy

seasons.

Chemical control measures have been employed to combat
the disease. The cost of chemicals and spray equipment are prohibitively
high for the small farmer. The harzardous nature of chemicals is a
problem. In times of labour bottlenecks, the subsistence farmer changes
the spray schedule giving top priority to growing food crope first. The
scarcity of water in many areas is also a hindrance to spray operations.
Some of these problems have been minimised by use of spray teams by
the Department of Agriculture but this also constitutes a high cost

to Government.

Use of resistant/tolerant varieties offer the cheapest and
best prospects of control on a long term basis. In view of this varieties
known to have resistance to CBD were imported from Rwanda during
the late 1960's for trials in Uganda (Butters and Butt, 1964 and Anon. 1969)
and planted out.



————

- 131 -

Selections from single trees, which showed resistance were
planted in 1971 in South Kigezi in replicated trials for further observa-

tion. Any reistant plants were to be used in further breeding programmes.

The performance of these selections is described in this paper.

Materials and Method:

Varieties used were Blue Mountain 139 (BM 139), Blue Mountain
71 (BM 71) , Jackson 2 (J2) and Kents (susceptible control). The trial
was planted in April 1971 at three sites in South Kigezi (Western Uganda).
A randomised complete block design with 6 replicates was used. A
spreader row of the susceptible Kents variety was also planted all
round the field. Each plot comprised a row of 10 trees for each variety.‘;".
A spacing of 8 x 8ft (2.4 x 2.4M) was used. The trees were trained

on.a multiple stem system with two stems.

From seedling establishment to the time of bearing, fertilizers
were applied at half the quantity normally applied at full bearing.
200gm of Ammonium Sulphate Nitrate/tree/year, with split application
of 100gm at the beginning of each rain or 250gm, of Calcium Ammonium
Nitrate (CAN) with split applications of 125gms/tree. At the time of
bearing, the full rates of fertilizers were applied. Mulching was done
using sorghum stalks throughout the period of experimentation. Spot
weeding using hand hose was done when necessary. Insect pests particularly

. antestia were controlled whenever necéss_ary and when the insecticide
was available. Fenitrothion 50 M.L. (Sumithion) was used.

The first CBD assessments were done in 1974. (Assessments
were done on four primaries with 6-8 cropping nodes). The primaries
were sampled at random from the four quadrants (North, South, East
and West) at the time of taking records. This was done once every

fortnight.

Percentage infection were transformed to Arcsine before carrying

out statistical analyses.

—EEEEEEEE
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Results:

The results are presented in Tables 1 and 2

In 1975, differences in varietal reaction to CBD at all the
three sites were not significant. However, at site | there were highly
significant month to month differences in CBD incidence (F - 39.02).Blue
Mountain 71 had the most serious attack in August, whereas Jackson
2 was most seriously affected in November. The lowest incidences
of disease for BM 71 and Jackson 2 occurred in November and May
respectively. At this site, (1),data was collected in May, when the
rain was tailing off into the dry period (June/July) so that disease inci-

dence was low.

Generally, all the wvarieties had the heaviest attack during
August compared to the other months.This is an indication that climatic
conditions particularly rainfall were favourable for disease development
during this month and there was a substantial amount of crop at a
susceptible stage already on the trees to be infected. August/September
is normally the beginning of the main rains. November is normally
drier than August and this is relected in the lower disease incidence
for that month. The month xvariety interaction was also significant
(F = 2.51).

The situation “as similar at site Il in 1976, where there were
significant differences between the varieties (F = 7.22) (Table 2). Blu
Mountain 71 and 139 were moreresistant than Jackson 2 and the control,
Kents.

The month to month differences were also significantly different (F=
2.73). The variety Kents showed the highest level of disease in September,
while the lowest level of disease occured in July for all varieties. During
February when data was taken, disease level was fairly high with the
onset of the second rains. Disease level continued to rise into the

month of May, then there was a marked decreased for all varieties
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with the rains in August and again a drop in December with a reduction
in rainfalll (Table 2).

At sites 1I and Il in 1975 and sites 1 and II in 1976, lower
CBD incidences were recorded than at the sites mentioned above. Even,
during the expected rainy periods CBD level was low and this gave
non-significant results for these sites (Tables | and 2), weather conditions
were probably unfavourable for disease development at those sites.

Discussion

In these experiments, the months in which data was collected
differed from site to site due to labour shortages. Consequently, it
was not possible to compare systematically, the site to site difference,
or to estimate the combined month to month differences for the three

sties.

CBD incidences throughout the two years and for all the sites
was also relatively low making it difficult to assess the actual diffe-
rences in the level of resistance of the test varieties eSPeéially when
compared to the control. This was further complicated by severe damage
on berries caused by Antestiopsis sp. As a result of the latter, few
berries were available on the trees for CBD assessment.

In spite of these problems, some useful information has been derived
from these experiments.

It is evident from the results that the periods (months} of
severest disease incidence was not necessarily the same for all varieties.
The results from sits I in 1975 and sites Il and I in 1976 illustrate
this month to month varjations. Table s I and 2). Cook (1973) similarly
observe these variations in Kénya and reported that the period of
greatest susceptibility was not ‘necessarily the same for all selections
and that these differences depended on the time of the main flowering
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Table (1) : Mean angles 1975

MAY
AUG.
Nov.

MEAN
S.E.

APRIL
MAY
NOV.

MEAN
S.E.

APRIL
JUNE
AUG.
AUG.
NOV.

MEAN
S.E.

BM 71 32
4.23 4.47
12.23 10.20
1.19 6.16
5.88 7.03
+ 0.67
BM 139 32
2.36 2.22
1.01 3.27
2.93 1.10
2.08 2.28
+ 0.63.
BM 139 BM 71
1.83 2.19
0.97 1.10
2.23 2.08
2.23 2.08
2.76 2.08
2.57 2.48
0.53.

BM 139

4.87
10.26
1.84

5.66

BM 71

4.06
1.88
1.02

2.46

32

2.81
1.04
3.57
3.57
2.96

3.46

Kents

5.61
7.36
2.23

5.07

Kents

3.81
3.96
4.42

4.06

Kents

4.14
2.52
2.22
2.22
2.35

3.74
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Table (2) : Mean angles 1976.

BM-139 Kents BM 71 J2
FEB. = 3.22 1.57 6.65 7.58
. MAY 6.04 5.12 5.67 5.87
JULY 3.57 5.08 3.83 5.26
: SEPT. 3.35 3.90 5.66 5.20
- DEC. 7.12 6.64 5.48 7.4
»n MEAN .66 4.6 5.46 6.21
S.E. + 0.68
BM 139 Kents 32 BM 71
FEB. 2.63 b6k 1.37 3.63
B MAY 4.18 3.34 3.50 6.45
B JULY 1.76 3.0l 4.07 4.17
f SEPT. 3,53 4.46 3,40 3,8]
- DEC. 2.63 4.69 6.02 7.87
" ‘
MEAN 2.94 3,94 3.69 5.20
S.E. + 0.62
BM 71 BM 139 Kents 32
FEB. 3.5l 3,77 4.09 6.91
1= MAY 2.94 3.97 6.72 7.32
i JULY 1.66 .57 3.82 3.19
= SEPT. 3.34 2.30 7.99 4.75
w DEC. 3.76 3.85 5.69 643
MEAN 3.08 3.2 5.66 572

S.E. + 0.53




Table (2) : Performance in terms of growth, yleid quéil‘ty and disease incidence of Catimor material and progenies
of the main breeding programme (Stage 3 : Backcrosses of selected trees from multiple crosses

to SL 28 or SL 3%), Planted in 1977 at 3333 trees/ha.

C. Catimor
C. Catimeor

(F 3) grogeny
: J“xPro n

Progeny
Pr ogeny

M Progemes of the main

Breedmg ’Pro‘gramme (Stage 3)
SL 28 x B 3.97

SL 34 x B 3.87

= (R.S x SL 28)B.xH.T)
SL 28 x B's.116 = (R.S x SL 28){B.xH.T)
, = R.S x SL 28)(B.xH.T)
SL 3% x B 3.116 = {R.S x SL 28)(B.xH.T)
SL 28 x B 3.190 = (R.X x K 7XH.T x SL- 34)
S1 28 x B 3.190 = (N 39 x H.TXSL & x R.S)
SL 28 x B 3.866 = (SL 34 x R.S) x H.T.
SL 34 x B 3.186 = (R.S.x K-7XH.T x SL 34)

SL. 28 (Standard)

in 1930

Height
Cm

216
213
223
244

253 -

213

249

219
236

Radius
Cmn

104

103

104
I10
112
loo
116
1ol

104

N W W RS W W
P uwuNn—~OoF O

Growth recordings Cumulative Coifee Quality

" Yield 1979+

) Bean

grading Qua!xty
St

AA°
%

Il

3.0

48
33

30
31
30
42
36
30
38
47

46

See Footnotes Table 1.

Disease Incidence
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Research in Support of the Breeding Programme

That such progress ~has been so far achieved, is indeed a
reflection on the amount of fundamental research that has been undertaken
in support of the main breeding programme. For example; selection
for CBD resistarice was greatly enhanced by the development of a
reliable preselection test for resistance performed on 6 week old seedlings
{van der Vossen et al., 1976 ; van der Vossen & Waweru, 1976). Moreover,
the identification of genes conferring resistance to CBD in the important
progenitors, Rume Sudan (2 genes on the R-and K-loci) and Hibrido
de Timor {one gene on the T-locus) by van der Vossen and Walyaro(1980),
have led to further refinement of the breeding programme to ensure
that all the 3 different genes are present in the new material. On the
other hand biometrical genetic studies (Walyaro & van der Vossen,
1979: Walyaro, 1980}, have provided valuable information on how certain
characters in coffee can be used to imporve the efficiency of selection
for ' yield and quality. It has also been possible to screen for rust resis-
tance more effectively by use of the leaf disk inculatioh test in the
laboratory (Owuor, 1980).

Regarding the nature of CBD resistance and its expected stabi-
lity, no differential pathogenicity among hundreds of isolates of the
CBD pathogen tested to date has been found, though differences in
agressiveness have been noticed. Van der Graaff (1978) also found the
same situation with regard -to different isblates collected in Ethiopia.
Furthermore, recent histological studies carried out at Ruiru (Masaba
and van der Vossen, 1982) have indicated that the defence mechanism
in the host, the formation of cork barriers soon after infection, is
of a type that may not easily be overcome by changes in the pathogen.
Thus, though indications are that the resistance to CBD may be of
~a stable nature, pyramiding of all the available resistance genes as
is being done in our breeding programme, may be one important way
of enhancihg this stability (Parlevliet & Zadoks, 1977 and Nelson, 1973).
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from Hibrido de Timor is known to be governed by only a single gene
(van der Vossen & Walyaro, 1980).

On the other hand, progenies of backcrosses selected among
stage 3 material of the breeding programme (see lower part of Table
2) have benn progeny tested for CBD resistance. diost of them already
have 2 or even 3 genes for CBD resistance though in a heterozygous
form. The liquor quality is also generally superior to the Catimor progenies
and some of the trees are resistant to coffee rust as well. If the best
selections among these trees are crossed to selected Catimor trees,
they could give progenies of a plant type that fuifills to a large degree
the ' requirements of the ‘Kenyan Coffee Growers. For example, the
Fl hybrids derived from crosses between selections of the main breeding )
programme with 2 (Rr Kk Tt} or 3 (Rr Kk Tt) resistance genes, and/
those selected among Catimor material that are homozygous for the
T-gene, are expected in priniciple to contain the following genotypes
for CBD resistance. ’

I/4 Rr Kk T;, where T., = TT or Tt
H4 Rr KK T. '

/4 rr Kk T.

L4 re kk T.

Thus 75% of all plants should carry resistance genes on at least 2 loci
and in addition, there should be no susceptible plants in all such Fl
progenies. Such a mixed population should probably give adequate protec-
tion against CBD epidenics. Table 3 gives resuits of CBD presdection
tests porformed on progenies of such crosses. The mean grade scores
and the low % -susceptible seedlings in many of the progenies clearly
confirm our contention that crosses ‘among combinations of carefully
selected trees within the 2 sets of parental materials should. give Fl

hybrids that have a sufficient level of CBD resistance. Such hydrid
seed can therefore be released immediately to the coffee growers.

An added advantage to the F, hybrid material is that Catimor,
being homozygously compact the F, progenies between Qatimor and
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the tall genotypes selected in phase | of the breeding programme,
will be uniformly compact. In other words the F hybrid seed can be
used directly to establish plantations with a high degree of uniformity
in plant type. This would normally only be possible with true breeding
varieties or clones derived through vegetative propagation,

Before the start of the actual hybrid seed production in 1985,
the following subprogrammes are expected to have been carried out:

1} Establishment of seed gardens.

2} Progeny trials of test crosses.

3) Field .trials with Catimor and eventually the F | hybrids.

Seed Garden -

Part of the seed garden is already established having been
planted during 1981 with about 9,200 Catimor trees selected from 3
progenies, and about 3,400 plants representing 99 clones of :elected
progenies of phase 1 of the breeding programme which are the male
Vparents for the hybrid seed production (Fig. I) Production of hybrid
seed will be effected through artificial cross pollination of Catimor
trees with pollen from the male parents in this field. Owing to the
complexity of such an exercise on the large scales envisaged,a number
of investigations are being devoted to practical aspects of large scale
emasculation and pollination. It has been estimated (van der Vossen,
1980) that 3 hectares of seed garden would produce between 15-18million
seed per year which should probably meet the annual demand by growers
for the new hybrids.

Progeny Trials with Testcrosses

The progeny trials with test-crosses referred to earlier, are
chiefly aimed at evaluating combining ability of selected male parents
with Catimor, especially as regards yield and quality. Such information
will be available by 1985, when only the best combining parents among
those in the seed garden will -be retained for hybrid seed production.
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Fig.1: A scheme of the breeding programme for CBD resistance.
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COFFEE GENETIC RESOURCES IN ETHIOPIA
CONSERVATION AND UTILIZATION WITH PARTICULAR
REFERENCE TO CBD RESISTANCE
By
W. Melaku ,

Plant Genetic Resources Centre,Ethiopia, IAR,
P.O.Box 30726, Addis Ababa, Ethiopia

ABSTRACT

It is generally agreed that Ethiopia is
the primary centre of diversification of C. arabia
and perhaps the only region (covering the area
bordering’ Southern Sudan and part of Uganda)
where the species occurs in a spontanous condition
in the forest. If there is one characteristic that
distinguishes the coffee in Ethiopia, it is the tre-
mendous genetic variability that exists in the few
indigenous germplasm collections studied by scientists.
Most of these variations are rare and may not
be found in other places since the coffee in the
rest of the world has a very narrow genetic base.
There is still a lot of potential in the existing
heterogenous coffee populations, - thriving all in
some intricate ecosystem, which is not yet explored.

At present, this valuable resource is in
real danger of being irretrievably lost due to changes
in land use and as a result of expansion of new-
uniform genotypes. The National Coffee Imrovement
Programme 1s currently releasing new-developed

varieties, selected primarily for resistance to
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Ethiopia posseses one of the largest, most complex, self-
perpetuating ecosystems comprizing of a large number of diverse
and varied plant species which accounts for the enormous diversity
of its biological resources. . One of the most important of these
resources is Coffea arabica L., its great genetic diversity in Ethiopia
disignates the country to the primary centre of diversification of

the species. (4,6,10)

The existence of such genetic diversity of the .arabica species
in Ethiopia has great significance for the economy of the country
and the rest of the coffee growing areas in the world. [t is the
leading commercial species accounting for over 80% of the world's
coffee production, grown either exclusively or in association with

the other species of the crop.(w)

There is tremendous genetic potential in the existing coffee
populations which is not probably present in the rest of the world.
This could be utilized in selection and breeding for various economic-
ally desirable characteristics including vield, quality and disease

and pest resistance. (2,510

At present, the existing genetic variability in Ethiopia is
endangered by changes in agriculture and/or land use and by the
replacement of the semi-wild traditional types with a few genotypés
selected primarily for their resistance to coffee berry disease (CBD)
caused by CBD.

The purpose of this paper is to describe briefly the situation
of the existing indigenous coffee germplasm resources (C. arabica)
and propose reasons that should be taken to protect it from genetic
erosion.
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Ethiopia is the only region where ,_C_.arabica _is found as a
wild forest species(.6’+g)(e forests where coffee is found in its spontanuous
condition are located between latitudes 6° and 9°N and longitudes
34° and 40°E. " C. arabica extends in Ethiopia from the mountainous
forest region in the south through the central plateau to near the
northern highland(é) The species also occur on the Boma Plateau and

: may occur another places in Southern Sudan. 7 CT

In Ethiopia, coffee is grown under the conditions to which
it was adapted during millenia, in altitudes ranging between 1,200-
2,000 meters mostly in the southern and south-western regions of
the country, The areas in these regions are characterized by a well
distributed annual rain fall ranging between 1000-2060 mm/year.(ﬁ)

Threat of Genetic Erosion

The broad genetic diversity of the indigenous coffee is endan-
gered by changes in land use, i.e. clearance of forest coffee to grow
various food and other crops and the replacement of the semi-wild
traditional types with a few genotypes selected primarily for their
resistance to CBD. In certain areas like Hararge Region, the existing
coffee gardens are mainly diminishing due to adverse weather conditions,
particularly drought and fluctuations in temperatures. '

According to an estimate made by the FAO coffee Mission
to Ethiopia,(egeven-eights of the forest cover of the country had already
- : vanished in 1964. The situation is even worse now ‘as more and more
forest areas are being cleared due to the expansion of agriculture
and ‘the fast growth of population.

Another factor that endangers the existing variability in arabica
coffee in Ethiopia is the adoption of certain genotypes with some
degree of resistance to CBD. The disease posses perhaps the greatest

single threat to the country's coffee industry, in view of its rapid

:———
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'i - ;
| occupying the same habitat as.coffee that!8re of no immediate economic
I| value yet of great social concern not onlyigs' potential, economic sources
. for the future but for theie ,écolégical»;l_@delai ‘and ‘aethetic value as
an essential part of the human. environmedt.' These must be protected
and conserved within natural comimunitiéd} .in a state of continuing
evolution.  This could serve as ar laboratory in nature where coffee
ecology could be studied in a dynariic stat@
of

sizes should be protected. Thie sizes 'shiglldbe based on the degree
of coffee germplasm diversity.: SUBERERT | :
. - -"‘.g $

For the survay, it should be posshle to. indintify areas that
are threatened and such areas shouldi be:g'n'?‘pr‘iority ‘in the establish-
ment of genetic reserves. In the reserves,§ the total flora and lanna
should be protected. That is; the contern: fd¥ los¢ of genetic diversity
is not limited to crop plants 'speciésqand teit wild relatives or other
plants of economic importance but. also:fapplies to, animals which
are endangered with extintion and other pnts ‘Thus, the suggested
enetic reserve for plants applies to the consérvation of the whole ecosy-
tem. g g

Finally, there is an urgent! need -fo 'strengthen the ongoing
ctivities in the collecting and: conservation§of the indigenous coffee.
pecial efforts must be made to collect and éxploit a wide range of
- genotypes that show resistance to CBD. ’

‘ s LS

lg Genetic exploration and -conservatibhy ‘and utllization of such
Jnormous resources can. be. carcied ‘out effofively and économically
3nly through cooperation between cbuntr-ié'.ahd¢ Institutions, shared
to mutual advantage with efforts and responsibflities.
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Fig. 3:The effect of irﬁgation on Hemileia vastatrix and Hemileia coffeicola in 1973 .
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However, high leaf rusts infections resulting from lrrlgatlon,
are very well controlled by three treatments with copper. The fungicide
controlled the disease completely; orthodifolatan gave a less satisfactory
control.

Early Irrigation, a Factor of High Production for the Next Compaign

It was observed that early irrigation allows the trees ot produce many
more new leaves than under natural conditions; therefore, the growth
of branches {(flower bearing wood for the next year) will be two to
three times greater with early irrigation than under natural conditions.
This high roduction of bearing wood is a direct function of the precocity
of the irrigation (Fig. 4).

CONCLUSION

In conclusion, we can say that early irrigation is a CBD control

method, which integrated to cultural practices :

- allows to control the total number of treatments : while treatments
are necessary to control CBD and rusts in natural conditions,

only three treatments are necessary to control rusts with early
irrigation

- has a stimulating effect on the growth of branches, that means
it gives a greater amount of bearing wood for the next campaign

- is an insurance to obtain a good flowering : in our experience,
we always obtained a complete flowering with irrigation; during
two years (in 1970 and 1973) we obtained respectively 2.2 kg
and 2.4 kg clean coffee per tree with early irrigation and only
0.2 kg and 0.4 kg clean coffee per tree in natural conditions.

-n.
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LABORATORY EVALUATION OF NEW FUNGICIDES AGAINST
COFFEE BERRY DISEASE

By
A.wXirangu and Z.U-R. Javed

Coffee Research Foundation, Ruiru, Kenya

ABSTRACT

The standard laboratory screening procedure
was applied to four new fungicides A,B,C and
u. Fungicides A and D were effective in inhibiting
sporulation of Colletotrichum spp. but highly
phytotoxic to coffee leaves. Fungicide B failed
to inhibit sporulation, while fungicide C was
a good antisporulant and was not phytotoxic
to coffee leaves. The shortcomings of the method
usedand the implication of the results obtained

have been discussed.

INTRODUCTION
Coffee berry disease (CBD), caused by Colletotrichum coffeanum,
is still the major problem for coffee production in Kenya. By 1952,it
was known that some degree of control of CBD could be achieved
byfungicide sprays (Rayner, 1952). The most effective fungicides
were found to be 50% copper formulations and phenyl mercuric acetate
though the latter was abandoned at an early stage due to phytotoxic
effects (Bock <& Rayner, 1956). The use of fungicides has been and
still is the only means of controlling CBD in Kenya. In the near future,

resistant varieties may play an important role in combating the disease.

An effective method of screening fungicides in the

laboratory was required to initially assess these chemicals before



|procedure applied to 4 new 'iungip;lg

~in 1968 (Griffiths, Gibbs & '

source. of moculum Was{ emp_' v
it was then considered that" tﬁe‘ bility ©
tion on the maturing bark was
clear that eﬁectlve control

& Robens, 1961) and:
fc;de to depress sporula-.
rtarnice.ln 1967, it became
iSlonged protection of
rable Jventher conditions and this
was coninrmed in & series of det“led iield: experiments carried out
' he samie time, many
fungicides were evaluated in ag i
4 spray ‘schedule. As’
known that effectively

stics of fungncxdes for the control of}
{new. active ingredient or new fg

i

Material And Methods:

Nutman: & Roberts
ltechmque for testing fungxcxdes‘
effect on sporulanpg capacity. A; some
by Vine et al (1973). The same ) bora
tme et al. (1973) was applied in this giéudy
bark, approximately 3-5em in diam%ter,
} to 5 cm long (slide 1), Thiege' sef; ons: b
4f Teepol (100 ppm) -to.:remevé

ere lald on moist cellulese wa c sandwich boxes of

® to 5 cm: deep (slide 2).




SLIDE 1

Slides 1-6 : A Laboratory Technique for Testing Fungicides
- Against CBD (After Nutman & Roberts, 1970).
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Reduction or stimulation of spgre production of sprayed
samples was calculated as a pgrcelnta'gfe gf a water sprayed control.

|"! '

A summary of results isiigiven’ih Fig. !. The majority of
the fungicides tested were very effectivg ‘in -inhibiting sporulation
of Colletotrichurn spp even at very low con¢@ntrations.

Fungicide - A was very successfut in inhibiting sporulation
of Colletotrichum spp. and at the rates 'gf 0.2% and 0.4% it gave

!72.03% and 73.27% inhibition  of ‘sporulafion jrespectively. The per

han 50% obtained using
}captafoi 80% W.P. (chevron), used as ‘alstandard, at the rate of
IO 4%. Fungicide A was, howévéer, very: ‘B tétoxic to coffee leaves
even at very low rate (0.1%). Thé leaf tiss L 'fgst the green colouration
and  tuned blackish (Slide 7). ‘Fungicide ¥

the sporulation inhibition test. Thg éffect

d ‘ot perform well in
u?\‘glcide B on % inhibition
of sporulation of Colletotrichum §gp_ wasy not very consistent. At
the rates of 0.4%, 0.8% and 1.0% the %: JnRibition of sporulation of
Colletotrichum spp. was lower than the
in this case, 0.3%, .7% and 0996 re'
1.0%, fungicide B gave slightly hlgher ‘leve
compared to captafo] 80% W.P. (chevﬁon)
B was not phytotaxic to coffee legves. Fy ‘

edlate preceding rates
vgly. At rates 0.9% and
qéunhlbztlon of sporulation
rate of 0.4%Fungicide
C.was very successful
n inhibition of sporulation of Collet trichyty
rate of 0.1%. At the rate of 0.4% flz;ng;c'

|
of sporulation of Colletatrichum; spp. hile

.-even at the lowest
%rgaVe 78.65% inhibition
prafol 80% W.P. {chevron)
ately 59%. Fungicide C

‘D was highly effective

at 0.4%, used as a standard gave &ppra:
was not phytotoxic to cotfee ‘le‘taves. Fungic; 3
in inhibiting sporulation of Colletotnchum spp. Th lowest rate (0.1%)
of fungicide D gave 80.94% mhlbmon of sorulatmn. At rates 0.2%
to 0.5% of fungicide D, there was_shght, decrease in inhibition of
sporulation of Colletotrichum spp. but: this wid still higher than captafol
80% W.P. at similar rates. At the rate of§ 0u4% fungicide D gave

‘ N
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“in the laboratory.

{in the field. In practice, little

78.2% inhibition of sporulation of Coll um  spps compared with
captafol 80% W.P.(chevron) at ¢ gave approcimately
59% Inhibition of sporulation of: ! : Shps Funglmde D was
very phytotoxic to' coffee leaves. even owigst rate (0.1%) tested

Discussion Arid Conclissions ¢

Nutman and ‘Roberts destribed a laboratory

technique for testing fungicides aBa B854 on the basis of their
effect on sporulating capacity, A s R 1m1‘i‘§1r method was used
by Vine et al, (1973). Vine &t 4l utthat sixteen products
glving more than 5596‘; depression o ; off in thie laboratory

. - i _ e e
no fewer than six could be nded dfor cammetcial use. By

gave 35-55% depression
broved really successful

contrast out of twelve products,

of sporulation only ore new pr
ni.Jost if field testing
fe that 55%. depression

fungidides placed in
‘e field;. indicates that

had been restricted to: fup
of sporulation. However, the
this group by antisporulation e
some additional tests'would bé :‘prévmg the efficiency
s S ign of a spore germination
test by Vine et al. (1973} did not proy e of any more. value.

1

Fungicides are normally se ield testing according

to their ability of depress sporqlat ‘ humn, spp - on the
tést and phytotoxicity

effective in Inhibiting

bark of coffee twigs in the laborat
on cotfee leaves. Fungicide A & D
phytotoxxc to coffee
1 meld testing. as. they

sproulanon of Colletotrichum _gg
eaves. Fungicides A and D do not'fg

he yield benefits to be accrued ffpm €BD te 'l ﬁfﬁg‘ht -nofg be realizéd
as  the dcapacity of the le‘:i\'ré‘é 10 rﬁéﬁ" e ‘assimildres for the
Berry-filling will be impaired. Funglcye B P8sdnot:a very good antis-




Slide 7(a,b) : The Effect of Fungicide A on Coffee Leaves.



porulant of Colletotrichum spp though it was not phytotoxvic to coffee

leaves. At high rates (0.9% & 1.0%) fungicide' B successfully inhibited

sporulation of Colletotrichum spp. sompared to captafol 80% W.P.at

the rate of 0.4%. If this fungicide is field screened and successfully

controls CBD, the most important limiting factor for its use may

- be its selling price at these high rates. Fungicide C was a very
good antisporulant of Colletotrichum spp. and was hot phytotoxic
to coffee leaves. Fungicide C can be field screened against CBD
at. any rate but considering the economics of fungicide use rates
of 0.1% to 0.4% would be preferable,

Vermeulen (1968) screended 43 fungicides using tests to
determine reduction of mycelial growth on agar and prevention of
conidial germination. Fourteen of those showing the best results wefe
then test results were then tested in field trials. He found that results
were variable though captafol was as good as copper. Cook and Pereira
(1977) in their studies of Colletotrichum coffeanum tolerance to benzi-

midazole compounds in Kenya, found that CBD lesion growth on green
berries was very variable while viability of the spores produced was
more sensitive to fungicides than was sporulation. Kirango (1981,
unpublished) found that CBD isolates, in mycelial growth and spore
germination experimenfs, were highly sensitive to concentrations
of 500 and 1000 ug/m} a.i. of captafol and copper 50% formulation

- in the labaratory. These rates are far below the recommended field
rates of 3200ug/ml a.i. and 3500 ug/ml a.i. of captafol and copper

. : Nordox respectively. However, laboratory screening technique, ‘for
testing fungicides against CBD on the basis of their effect on sporulating
capacity, developed by Vine et al. (1973) is still use today.

This antisporulant test could be improved on further by
including plating method developed by Gibbs (1969). This will help
in differentiating the Colletotrichum spp. by using cultural characteri-
stics. Thus, the approximate proportions of all Collerotric hum, normally

~
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flowering) are most susceptible to CBD. Under favourable conditions
for CBD and in the absence of control measures, the loss of coffee
beans caused by this disease may be 80% or more(.l) The use of fungi-
cides is at présent Vthe only means of controlling the disease. Newly
developed fungicides are screened yearly either in the laboratory
or in the field in an attempt to obtain effective, yet comparatively
cheaper fungicides than those already recommended for controlling
CBD in Kenya.

Assessment of promising fungicides selected irom"laboratory
screening  tests and trials in the previous year for control of
CBD is normally carried out every year in high and ‘medium_ altitude
coffee growing areas where the disease is normally severe.

During 1981, two field trials to determine the efficacy
of six new fungicides and recommended fungicides against CBD were

carried out on two different sites namely :

(i) Coffee Research Station (alt. 1608 m) and
(ii)Kgntmgre Estate (alt. 1935 m. Upper Kiambu).

New products Mk-23 75% WP, Dyrene 350% WP. Dyrene 75%
WP, Calirus 50% WP, A 6097 A 25% E.C. and Copcel 50% WP
were included in the trials for field evaluation against CBD. Tank
mixture of Captafol + Kocide 101 (0.2% + 0.5%) and Delan + Copper
oxychloride {0.15% + 0, 5%) were also included in the trials for comparison.
Dyrene 50% WP (0.55%) and Dyrene 75% WP (0.4%) were found
effective against CBD to some extent during [979/80 but plots treated
with these two products gave lower yields compared to the standard
product Captafol 80% WP. "‘MK-23 75% WP (0.3) was found effective
against CBD during 1977/78 but plots sprayed with MK-23  75%
WP gave lower yields comp(ajsed to the plots sprayed with the standard
product Captafol 80% WP. Therefore, MK-23 75%WP was included
in the field trials during 1980/81. The results of these trials are
reported in this paper.
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Orthodifolatan 80 WP gave effective control of the disease
at all sites and gave appreciable yields. Also Delan 75 WP (3.3 kg/ha)

Bravo 500 (4#1/ha) Kocide 10l 50 WP (7 kg/ha) and the mixtures
of Nordox and Cobox 50 WP (5.5 kg + 5.5 kg) gave good efficacy
at all sites over the period under investigation. Other fungicides
including Sandoz 269 F 40 WDC, Dusan 540 Perenox 50 WP, (CGA/
64250/Captafol, Sandoz MZ 50 WP, Benomy! 50 WP and Nordox 50
WP were less consistent over the sites and years of testing. Apart
from CBD yield decrease may be caused by the type of fungicide
a;iplied. Some fungicides may have growth regulatory effects on
coffee plants to an extent of interrupting photosynthetic activities.
For example, the continuous use of red copper fungicides at higher
rates may have such an effect. '

The water dispersible concentrates of copper fungicides
including Sandoz 269 F 40 WDC and Nordox 40 OD showed poor
storage qualities.
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of the treatments were as poor as the control. In 1977 and 1979
all sprayed blotsgave significantly lower CBD infection than the control.
During 1978, treatments including Sandoz 269 F 40, Dusan 540
and Perenox 50 WP were inferior to the standard captafol 30 WP.
in disease control. All copper fungicides and CGA/64250/Captafol
gave low leafrust incidence.

Table 2 shows the performance of fungicides at Mawigno
site. In 1977 to 1979, all sprayed plots gave lower CBD infection
than the unsprayed. During 1980, treatment Decobre 50 was superior
over the standard captafo) 80 WP. During the same year, CGA/64250/
' Captafol was as poor as the control. Captafol 80 WP and Dusan
540 gave highest yields during 1978. Sandoz 269 F 40 WDC gave
poor yields in 1980. Similarly, all copper fungicides gave lower
leafrust infection.

The observation trial at Rombo site gave results as indicated
in Table 3. The mixtures of Nordox + Cobox, Decobre 500, Bravo
500, Kocide 101 50 WP, Orthodifolatan 80 WP and Dyrene 75 WP
gave appreciable yields.

Discussion

*Dui'ing the period under this investigation, Lyamungo,
Mawingo and Rombo sites experienced variations in weather conditions
{Fig. 1). rombo site a high altitude area experienced highest rainfall
from August until March. Mawingo site received highest rainfall
in April. The rainfall pattern could account for more CBD infestation
.observed at Rombo and Mawigno sites as compared to Lyamungu.
The coincidence of susceptible expansion stages of berry development
and heavy rains between November and April probably resulted in
higher CBD infection at Mawingo and. Rombo sites (Fig. 1)
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fingicides ofl; €B

' “L"ﬂs'ldtmed): ang yield: (clean coflee kg/ha) at r?

' ~Aple ; _ .
Trade nanie Commopn name Tatg 927 1978 1979 1980 19%1 \ Mean
: . ha. . !
) 1. Benomy! “Tke ) 34.3 1 34.3
e 20.6 \ 20.6
! . _ , 10660 . 06.66
2. Dénlate Benomy! | kg 35.5 88 - l6.20—‘ 26.83
259 259
A - . 24445 386.74 272.00 3672.73
3. Sandoz Cuprous 41 29,7 ta.9 25.202r H
o 22.2 22.20,
- - 1360.17 336.00 336.00 877.39
4. Sandoz Cuprous: 6k D 12.% 12.50 i 12.80
MZ 50 oxide ) 10.7 1§ 10.70
. . . 480.06 360,00 | $420.03
5. Kogide 101 Cupric 7 kg 782 20.90 10.50 ' § 1987
50 WP hydroxide 8.70 .
- - _Wuaas . 782,12 440.00
6 Bravo Chlorothalonif | 33.7 1510 1190
500 F ‘ 19.60 ,
) . . . 440.00  1031.24 696.00
7. Dusan Cuprous oxide Skg. ‘ T2NS 190 20,8
540 wp Renomyl: ) B 27,5
: - : e 13557 __ 107569 372.00
8. Perenox Cuprous oxide 1 kg, o C 3
% WP i
. . 1 < 36444
9. Nordox 40 Cuprous oxide 41 . ’ 8.10° 19,350
‘ L 79.00
: 1 S &75.64 848.00
10, Nordox 50  Cuprous oxide Mokgs ISR .60 12.30
' . it 13,80
i y ; Ll 426,72 283.00
11, Nordox + Cuptous: oxide 55 A 9.20 10.60
Cobox + Copper 5.kg ) 1 12.3
. Oxycholoride : Lt . 1 582.42 752.00
12. Orfhodi-  Capralol PR [ 35.10 16.20 4.10
folatan i 2.5
, QWP ; B B8589 1093.43  952.00
P 13. Dagonil - Chiorothalont) By k i 18.3¢
75WP o b
v L : ) L ‘ 39200
A TaTpélan Dlthianon 33K 28.5 7.80
" 75 wp : K _ ,
.. . 5 hLys 832.00
15; Dacobre 51 ro S 16.30
* 500 R y
- . o L 624,00
- 6. CCATsRZ50] 1758 | T 2.3 22.%
i Captafol - ; 28,2
b S - 28.2
. 17. control B N %0:90 28.30 43.40
g \ 222 5.0
. i c 408,94 250.00
Mean : 2.2 16,04 16.83
21.22 22,52
_ 512,80 ALRTS %6.27

- Not included{Assessed:
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Table (2) : the effect of fungicides on CBD {(Angular transformed) and yield {clean coffee kg/ha) at Mawinga .

site. :
: App!
Trade name Common name rate Parameter 1977 1978 1979 1980 1981 Mean
ha
[ Benomyl I kg CBD 7.35 15.73 11.54
L/Rust 41.52 36.80 39.16
Yield 258,62  952.75 6035.6% ¢
2. Benlate Benomyl 1 kg [6d:1)] 7.33 1135 7.42. 925 .81 -
L/Rust NA - 45.25. 23.93 36.06
Yield 995.77 21533 205.62 145.63 565.60
3. Sandoz Cuprous 41 CBD 6.15 8.10 8.6 14,43 8.43 9.4 »
269 F40 oxide L/Rust 22.37 26.02 12.58 20.32
Yield 988.43 213.53 737.47 202.46 535.46
4. Sandoz Cuprous 6 kg CBD 8.3 5.45 13.83 6.05 11.2¢
MZ 60 oxide L/Rust 25.70 30.9 13.78 23,46
Yield 1104.43 124.32 _1086.56 264.62 644.98
5. Kocide 101 Cupric 7 kg CBD 9.00 9.72 13.20 7.73 10.22
50 WP hydroxide L/Rust 19.30 13.38 13.88 15.66
Yield 399.95 4998.57 305.47 368.00
6. Bravo 550F  Chlorotha- 4.1 CBD 515 13.45 6.23 8.94
lonil L/Rust 22.42 36.40 13.20 24,01
Yield 372.62 988. 57 385.39 382.19
7. Dusan Cuprous oxide Skg CBR 8.10 595 15.8 10.45 10.08
40 WP + Benomyl L/Rust NA 30.67 259 10.25 22.28
Yield 1151, 242.17 1068.30 374.73 709.31
8. Perenox Cuprous 11 kg -CBD 660 8.07 9.12 - 7.93
50 WP oxide L{Rust 13,25 13.25
Yield 987.10 149.78 618.44
9. Nordox Cuprous 41 CBD 7.95 1505 6.60 9.87
40 F oxide L/Rust ‘ 19.60 13.80 18-.18 17.19
Yield 74.90 1082,58 333.89:3.53497.12
10. Nordox 50  Cuprous 1l kg CBD 9.20 - la 5.18 9.59
pxode L{Rust 12.75 16.5 12.43 13.89
Yield . 294.57 991.32 159.89 481.93
11. Nordox + Cuprous 5.5+ CBD 17.35 6.63 11.99
Cobox oxide + C. 5.5kg  L/Rust 21.50 - 10.48 15,99
Yield 1050. 57 3872.47 718.87
12, Orthodi- Caaptafol - K C8D 6.00 10.67 17.60 3.68 9.49
folatan L/Rust 32.29 9.90 21.10
Yield 1165, 54 1053.02 351.63 336.74
13. Dryene Anilazine 4 kg CBD “13.2 2.60 7.9¢
75 wp L/Rust 33.00 20.68 26.84 4
Yield 913.22 269.95 591.59
14. Delan Dithianon 3.3kg CBD - 4.73 8.82 7.15 16.00 9.18 . ‘
75 WP L/Rust . 33.92 26.7 30.31
Yield 1007.84% 283.19 _ 1120.8] 803.95
I 5. Dacobre 51 CBD 110.58. 10.00 10.29
500 F : L/Rust 25.30 12.68 1899 [
Yield 1059.91 447.55 75373 -
16. CGA/64250] 1.75 CBD 314 5.60 13.30 i
Captalol L/Rust 34 3.00 17.20
Yield 1023.46 300.15 661.81
17. Caprox Cuprous I lkg CcBD .6.33 6.33
50 we Oxide L/Rust 6.93 6.93
Yield 127.87 127.87 127.87
18. Control 0 CBD 9.90  18.05 21.63 30.25 22.35 20.48
L/rust 46.32 51.9 31.55 43.26
Yield 418.66 1zt 549.4 46.35
Mean CBD 6.79  10.18 8.72 16.7 5 7.82
L/Rust 22.76 29.82 14.23
Yield 1002.41 237.17 973.9 273.52
LSD P 0.05
CBD 4.27 447 559 5.82 6.82
L/Rust 9.42 5.60 8.08

Yield 47.77 NS 161.614 NS
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Yable (1} : The cllect of lung-c-dcs it
Trade name Cémiion name. L Y77 # 1978 1979 1980 19%1 Mean
T Beromyl . S e 798 .25
7 1= B W10 27.73
] b 2 _. 29L93 322.04
72, Benlate Bengnyl : 5 78 1.36
50 wp : 3%.98 26,70
: 306.66. 322.06
3. Sandoz 269  Cuprous o 5:3 7.28
F 40 Oxide ! b 21.27° 20,98
; ‘ B L2325 .
k. Sandvz Cugprous OXide C 7 E-Eg 7 40 290
Mz 50 ‘ ] ) 20,07 - 2:) 9% 683
. 4 i 30,98 278.57. 960,07 772‘-0 073 -
b. Bravo S00F c:maroxha]pml e N — 508 v
oo ¢ oL 2375 26,53 27 m
b 4L 30W26 4160 1296.30 mlu
7:Dusan cuprous xo;dc . i 1802 7.25 3,08 PN E) 7i6
540 WP Benotmy 2 | 23,71 26.1% 30.3% 2637
i s 1 23284 226.4% 387.3% 6533% 375
¥ Percnox Cuprous = B 508 18,05 5.3 35
50 wp Oxide L T 1575 15,
9,-Nordox 40F  Cuprous Py N 9.18 2.18 %9
. Oxide 2] :? i 21.5% 26.3% 238
L4 B X 410.49 59549 461
10. Nordox 30 Curprous '_', 27 i 42 7,
. Oxide 4”{’ | ii, .
' i s i) [ A . 5
“TT Nordox » Cuprous Oxide m TED = 7.3 2.8 Y
‘ ' . 5 i RS 653 2015 I8
R 3 ¥ 2 451,17 1] 53.69 ‘8021
125 Orthodi- Captaiol * oo 7.00° T2.18 a.
folatan X b St | 238)  25.5% 4,
80 wp = 3 [ 409.76 usu 72 §2 X
13 Dyrene Anilazine K R TR 630 3.
' ¥ t: B b 22,59 28 38 24
. . W82 Ygu97 633
14 Delon dithianon~ ! /! ) 6.11 A
: \ 1 260 30
B! i 50006 46,
13, Dacobre 300 i ¥ 6,70 .68 g
i | 1968 2240 2.
= . L 551,49 1218.3% 884.
16, CGAJ6uZ30] " 7 . 8.90 3.75 6.
Captatol Eé . 33 20,25 17,74 18.
s . o i RS 3&7 7 765,20 566
17, Cuprox ‘Cuprous Qxide: kg h : 2.6) 2.
. ) A THT 21.73 2.
=%L 5 765.81 265 .
18..Control: o ¥ REZ] 10.15 TR
. 3 3793 0, S8 s fd
W ';i, - 339,15 301,69 337.%6.
" ———s ra - :
ean , 748 3.22 ‘
S RRoLe 270 2561
_ . 1 %2231 948.8I 1R
. ‘. i NS NS .
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the expansion stage most susceptible (Mulinge, 1970 b). If not controlled
the disease can cause crop loss up to 90%, (Bujulu, 1977 and Kibani,
1980). '

The aim of this study was to evaluate and determine the
most effective fungicides suitable for control of coffee berry disease

in arabica coffee in Tanzania.

Material and Methods

The evaluation programme of fungicides was mainly concerned
with annual application of recommended and new products in Arabica
coifee growing in Kilimanjaro region. Two sites were chosen for
this trial namely Lyamungu {1262 m) and Mawingo (1289 m). Arabica
coffee (Bourbon type) spaced at 2,75 X 2.75 m were used for this
experiment., An extra site at Rombo (1698 m) was included as an ob-

servation trial.

Each plot consisted of 20 trees. Treatments were arranged
according to a complete random block design, each treatment was
replicated % times. Fungicides were applied using®a Knapsack sprayer.
Copper fungicides” were applied 8 times, and non copper ,furigicides
7 times. Spraying intervals were jrespectively, 21 and 28 days. The
six central trees of each plot were assessed for disease incidence
and their yield was recorded. Percentages disease were regularly
transformed; yield data were expressed in Kg of clean coffee/ha.

Tables 1-3 show the effect of fungicides on coffee berry
- disease, leafrust and yields at Lyamungu, Mawingo and Rombo sites,

Regarding Lyamungu site (Table 1), there were no significant
yield difference between treatments since (1978), In 1977, Orthodi-
folatan 80 WP and Benlate 50 WP outyielded the control. The- rest
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Experimental Design

The trials were laid down on the standard randomised
complete block design with 11 treatments replicated four times.
Individual plot consisted of twently five trees (5 x 5). An unsprayed

plot served as a control.

CBD Recording and Assessment

Shortly after flowering two branches of five cropping
nodes on each nine central trees were selected using the following
random sampling technique. Each tree is arbitrarily divided into
16 positions, #.quadrants North, South, East and West, and 4 height
positions within each quadrant. Using random number tables a position
on each tree was denoted and in the field a branch was chosen in
the designated area of the tree. A label was affixed to this branch
and a plastic covered wire was twisted round the branch proximally

and distantly to the nodes to be recorded.

The number of pin heads (immature berries) on five nodes
of the labelled branches were first recorded at the time of labelling
in March (1981). Therefore, the branches were recorded monthly,
distinction being made between pinheads (immature berries} healthy

(6)

and diseased berries.

Brown Blight Assessment

Disease in ripe berry was determined on a one kg. sample
per plot at each harvest or on the total yield when this was less
than one kg. '

Yield Recording

Ripe cherries were harvested at 10 day intervals and yields

recorded at each harvest as fresh weight of cherry and were converted

_ﬁ
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Table (1) : The date of application of various new and recommended fungicides for CBD control on various
trial sites during 1980/81 period.

Treatments

Captafol 80% WP

Captafol 80% WP + Kocide 101 50% WP

MK-23 75% WP
M-23 75% WP
Dyrene 50% WP
Dyrene 75% WP
Calirus 50% WP
A 6097A 25% E.C.
Copcel 50% WP

Active

ingredients

Ortho-
difolatan

Ortho-
difolatan +
Cupric
hydroxide

Confidential
Confiential
Confidential
Confidential
Confidential
Confidential
Curprous
oxide

% rate of
application

0.4

0.2 +0.51

0.3
0.2
0.55
0.4
0.3
0.3

1.5

Spraying
dates

CRS Plot 16
CBD Trial 1

12 February,
11 March

10 April,
13 May,
9 June,
2 July,
14 October,

11 November 1981

Copcel 50%WP

sprays were
applied at
3 weeks
intervals

Spraying

dates

Kentmere Estate
CBD Trial 1

10 February,
10 March

9 April,

12 May

4 June,

1 July,

13 October and
12 Novermber 192

Copcel 50WP
sprays were
applied at

3 weeks
intervals
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Fig.3: Mean percentage C.B.D infection in CRS ploi 16 trial 1 on piots sprayed with the new and
recommended fungicides.
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kg/ha) gave yield lower (not significant at P = 0.05) than the standard
product Captafol 80% WP. Plots treated with Dyrene 50% WP (0.55)
and Dyrane 75% WP (0.4/%) gave yields as high as the standard product
Captafol 80% WP. Calirus 50% WP (0.3%) sprayed plots recorded
yields lower than unsprayed (control) plots. Concel 50% WP (1.0%)
sprayed plots gave yields significantly (P = 0.05) higher than the
plots sprayed with the standard product Captafol 80% WP (0.4%).

Plots treated with the tank mix of Delan + Copper oxy-
chloride (0.15% + 0.5%) gave the highest yields (significantly higher
than the standard treatment). Plots treated with a tank mix of
Captafol + Kocide 101 (0.2 + 0.5%) also gave yields higher than
the standard treatment Captafol 80% WP but the difference in yield
was not significant statistically at P = 0.05. Yields results and %

infection in pick (brown blight) are shown in Table 2.

Kentmere CBD Trial

In Kentmere CBD triall A 6097 A 25% E.C. (0.3%) and
MK-23 75% WP (at 0.2%) and C 0.3%) were found effective against
CBD (Fig. 2) but plots sorayed with these products gave yield signifi-
cantly (P = 0.05) lower than theplots sprayed with the standard
product Captafol 80% WP (0.4%). Calirus 50% WP (0.3%) was found
ineffective against CBD and gave very low yields. Dyrene 50% WP
(0-55) controlled CBD effectively and plots sprayed with Dyrene
50% WP gave yields as high as the standard product Captafol 80%
WP (0.4%). Although Dyrene 75% WP (0.4%) was significantly inferior
in controlling CBD in July 1981 compared to the standard treatment
Captafol 80% WP, the plots sprayed with Dyrene 75% WP (0.4%)
gave vyield as high as the plots sprayed with the standard product
Captafol 80% WP.Plots sprayed with Copcel 50% WP (1.0%) gave
significant control of CBD and recorded yields higher (not significant
at P = 0.05) than the standard product Captafol 80% WP (0.4 %).



Table (2) : Peak CBD infection and }'leld at Jacaranda estate on plots sprayed with new and recominended products
' (CRS plot 16 trial 1) :

Rate % infection in Peak & CBD Cleén 7 % méreas
{%6) pick(Brown - infection on  Coffee in yield over

© Treatment : ) o bh,ght) . rharked yleld= standard
L . ' 24.11,81 _branches. - kgfha - treatment -
| - 26.581 (Captafol

Copcel 0% WP +32 (204 kg)
Unsprayed (Control) -34 _(216 kg).
LDS,P - 0.05 - - NS -NS  161.82
cv : | | - ~38.68% = 30.32% 18.44%.

* Figures in parenthesis are transformed percentages (Arcsm %)
One hectare = 1330 trees ‘
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The overall performance of tank mixtures of Delan +
Copper oxychloride and Captafol + Kocide 101 at half rates in Kentmer
CBD Trial 1 was as good as the standard product Captafol 80% WP
(0.4%). Infact, both tank mixture gave vyields higher than the standard
treatment (not significant at P = 0.05) Captafol 80% WP. Yield
resultsand per cent infection in pick(brown blight) are shown in
Table 3.

Discussion and Conclusions

MK-23 75% WP at application rates 0of0.2% and 0.3%
was found effective against CBD (Kentmere Trial 1) but gave signifi-
cantly lower vyields than the standard product Captafol 80% WP.
In CRS plot 16 Trial I, none of the treatments controlled CBD
effectively but MK-23 75% WP treated plots gave lower yields than
the standard product Captafol 80% WP. MK-23 75% WP is now being
field evaluated against CBD at higher rate (0.4%).

Dyrene 50% WP (0.55%) controlled CBD effectively and
gave yield as high as the standard product Captafol 80% WP in both
sites during 1980/81. Dyrene 75% WP (0.4%), at one site (Kantmere
Trial 1) did not give significant control of CBD but plots treated
with Dyrene 75% WP at both sites gave yields as high as the standard
treatment Captafol 80% WP. During 1979/80. Dyrene 50% WP (0.55%)
and Dyrene 75% WP (0.4%) gave significantly (at P = 0.05) lower
yields than the standard product Captafol 80% WP. Dyrene 75%
WP (0.4%) overall performance against CBD during 1978/79 was
inferior to the standard product Captafol 80% WHP. It is not easy
to explain why Dyrene 50% WP (0.55%) and Dyrene 75% WP (0.4%)
did notgive consistent performance against CBD. Due to erratic
performance against CBD since 1978/79, it has been decided not
to field evaluate Dyrene 50% WP or Dyrene 75% WP any more.
The failure of all treatments in CRS plot 16 Trial | to control CBD



A

Table (3) : Peak CBD infection and yield at Kentmere estate on. plots sprayed with new and recommended
; : ' products (Kentmere CBD trial I 1980/81)
i
i Rate. % infection in Peak & CBD Clean % increas
| (%) . pick: (Brown \ on.gn  Coifee in yield. -
_ L - o e S bliiﬁ’if "rh % ) yield over
, . : _. oo 12836 12681 kgha star

f p

E Unsprayed GContrbl) ‘ » -69(493 kg)
a LSD = P = 0.05 o Coe e SI133 - 22008

4 cv _ S - 28. 0% -31.84% - 26.44%

it ) R

* anures in parenthesis are transformed percentages (Aresm %)
One hectare = 133 trees. '
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could be attributed to heavy rainfall just after the sprays were applied
on 10 April (1981). After the spray in April, 136 mm rainfall was
recorded within a week which could have eroded the fungicides from
the trees and during the next 3 weeks before the next spray’ was
applied in May CRS recorded 18! mm rainfall with 12 rainy days.
The heavy rainfall lead to poor control of CBD in all treated plots
but still some treatments gave significantly higher yields compared
to the unsprayed plots. The levels of CBD at both sites during 1980/8!
were comparatively lower than they were during 1979/80.

Calirus 50% WP was found ineffective against CBD and
gave low yields at both sites compared to the standard product Captafol
30% WP. A 6097 A 25% E.C. was effective a;gainst CBD in- Kentmere
Trial [ but gave lower yields compared to the standard product Captafol
80% WP. Both Calirus 50% WP and A 6097A 25% E.C. are new systemic
anti-rust  fungicides but they were only included in these trials
to determine whether or not they will stimulate CBD and affect
the yield under the field conditions. Copcel 50% WP (1.0%) controlled
" CBD effectively in Kentmere Trial 1 and gave yield higher than the
standard product Captafol 80% WP. 1In CRS, Plot 16 Trial [ again
Copcel 50% WP gave yield significantly (P = 0.05) higher than the
standard product Captafol 80% WP.

Tank mixtures of Delan + Copper oxychloride (1.6 kg +
5.5 kgfha) and Captafol + Kocide 101 (2.2 kg + 5.5 kg/ha) gave
the best overall performance against CBD and recorded yields higher
than the standard product Captafol 80% WP in both sites during 1980/81.
Therefore, growers are advised to use these tank mixtures more
frequently than Delan 75% WP or Captafol 80% WP on its own for
higher yields. In two successive years, these tank mixtures have
performed well against CBD and they are cheeper cost wise compared
to the prices of full rates of Captafol 80% WP and Delan 75% WP
when sprayed atone to control CBD (Table 4 and Fig. #).



Table (¥} : Current cost of controlling Coffee Berry Disease: in Kenya

L
A

" Cost per  Total costipef . % saving over

S BOTIS: fe e T— """"‘“‘""‘"‘"‘“’-’ s e
o ?.;5@7_“_" ';,soo/-(uss ) 719 ~7 '

Captatol 80% WP + Kocide 101 50% WP s ’336“”’55 walh s
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A SUMMARY OF RESULTS OF SPRAY TRIALS AGAINST
CBD IN ETHIOPIA

BY
C.1. Critchett and E. Merdassa
Institute of Agricultural Research Jimma Research Station,
P.0.Box 192, Jimma, Ethiopia

Cofiee Berry Disease was Identified in Ethiopia in [97]
for the first time. Subsequently, a number of spray trials were conducted
by the Institute of Agricultural Research. A short summary of their
results over the period 1972 to 1981 is given in the following sections,

Methodology:

Plots normally consisted of 20 trees. Design was RBD with
mostly four treatments. Problems in the deliniation ‘of plots were
often encountered due to: variability of tree sizes, ages and spacing;
the occurrence of dead trees due to Gibberella xylarioides; genetic

heterogeneity; and a general lack of pruning and extreme tree height.

Spray machinery consisted of hand-operated knapsack sprayers,
if needed, with telescopic lances. For ULV experiments, Micron Ulva
& sprayers were used. »

The volume of application was subject to experimentation
(see the separate heading) but was in most trials 960 to 1,120 litres
per hectare (standard hectare with 1,600 trees).

The duration of spray intervals was subject to experimentation

(see separate heading) but was in normal trials four weeks except
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Daconil, Delan, Dyrene and Bravo.

Daconil 75% WP was tested at 3.4 and & kg/ha; yields were
slightly lower than the standard Captafol treatment. Delan 75%WP
was tested at 3.4 and 4.4 kg per ha and Dyrene 75% WP at 3.1 and
4.0kg/ha. For both Delan and Dyrene, yields were somewhat lower
than with Captafol. Bravo, which was tested at 4.5 50% gave a consi-~
derably lower yield than the standard Captafol treatment.

Spray Velume:

Spray volumes normally varied between 600 and 700 cc
per tree (360 - 1,120 | per standard hectare of 1,600 trees). This
corresponds to the point of incepient "run-off'. Trials aimed at the
reduction of this volume per tree while retaining equivalent Captafol
dosages resulted in reduced yields.

ULV was tried in 1981. 33% Captafol 80% WP solutions
were tested by overhead application on four year-old trees. As indicated
above, Micron Ulva 8 sprayers were used, It was found that trees
of up to a maximum of 2 metres could be adequately sprayed. Spray
drifting above each tree was found possible and outputs of at little
as 9.8 litresfha were obtained. Yields were comparable to those from
standard knapsack sprayers {Table 1).

Timing of Sprays

Flowering of coffee in Ethiopia usually occurs in February
or March although earlier flowerings and muitiple flowerings may
occur. Spraying in trialls generally begun in March or April. Some
data are available that indicate  that spraying during flowering as

against a beginning six weeks after flowering is advantageous.

—-——-«



Table 1 ; Captafol ULV Experiment-Gerra 1981

Sprayer  Cone, captafol 8096WP Col/ha/1600 tree

Micron ULVA 8 33.0% 9.8 litres
Holder plants 10 0.4% 685.3 litres
Unsprayed - -

Design: 3 treatments x 7 replicates (6-tree plots).

%crop loss  Yield clean Mean Kg/ha

% CBD(27/8)  5314.27/8/82 coffee / ha CaPtafol

sprayed
6.1 b 36.6 b 720.3 a 3.3
0.4 a 27.4 a 718.6 a 3.1

29.2 ¢ 62.1 c 417.0 b -

Recording: Berry counting: 8 recordings,early April-late September. Yields.

Sepray Schedule: 6 applications, early April-early September.

Site: Gerra Sub-Station, Kaffa Province. (Progenies 7596 and 7598).

Analysis: Two-way ANOVA with replications (e-tree plots).

Spray Application (Micron Ulva 8): (Movement of the sprayer directly over each tree top in an arc formation

(approx. 3-4 secs/tree).
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ntrvals: Captafol, Carbendazim, Benomyl : 4 weeks intervals
were clearly superior to 6 or 8 weeks intervals. Three weeks intervals

were advantageous with copper formulations but not wil Captafol.

Spraying has usually extended to mid-August (Sometimes
early September)?. Little information is yet available on the optimal

data of termination of sprayins.

Conclusions:

Despite differences in the system of coffee cultivation between
Ethiopia and other African countries, the basic recommendations

for the control of CBD also apply in Ethiopia.

Captafol controls CBD well if applied at monthly intervals,
at rates of 0.25 to 0.3% and approximately 1,000 litres per standard
hectare of 1,600 trees. Benomyl and Carbendazim gave also good
control but should be avoided due to an anticipated build up of the

fungus.

Daconil, Delan and some other fungicides show promise but

further testing is needed.

Results of low volume application warrant cofirmation.
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For More Detailed Results See:
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CHEMICAL CONTROL OF CBD
By
Raoul A, Muller
Institut de Rechereche du Cafe de du Cacao, Centre GERDAT,
B.P. 5035;Montpellier,Cedex, France

INTRODUCTION

Chemical control of -CBD, as well as control of all other
fungal diseases, involves a series of elements : timing of spray appli-
cation, determined by epidemiology of the pathogen, which depends
on climatic conditions, sources or primary and secondary inoculum,
efficiency of these sources, susceptibility of organs;, choice of fungi-
cides according to their efficacy under field conditions, which depends
on their type of activity, their ability to control more than one
disease, and their physiological effects on the plant; choice of appli-
cation method ¢ low or high volume and type of machinery; prophylactic

measures.

The Beginning of the spraying

In 1958, we began our studies in Cameroon. To our surprise,
nutman and Roberts in Kenya considered the bark as the source of
inoculum. According to their "inoculum potential” theory, the parasite
lives on the bark without any harmful effect but produces the conidia
that infect berries.

Nutman and Roberts counted the conidia produced on the
bark (number of spores/per cm?/per hour) and they showed that
the conidial production ‘was the highest during the dry season. There-

fore, they advised the farmers to treat chemically during the dry

ﬁ

season, before flowering.
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Table (1) : Percentage of diseased berries in May and July 1959

Treatments Percentage diseased betries
May* July**
First spray 10.1 0.5 a - 23 a
First spray 10.2 : 0.3 a 0.5a
First spray 10.3 09 a 1.l a
First spray 10.4 . 3.5b 1.9 a
Profylactic measures only 6.2b 39.8 b?

Control ‘ 23.4 ¢ 44,5 b

* May Population A (45,000 berries from two replications)

*% July Population A + B (119,000 berries from & replications).

**¥% [n each column, values marked with the same letter did not
differe significantly.

From the data, it was concluded that :

- - Control by copper was very effective.

- A late first spray (10.4) did not adequately protect population
A but later in the season, the differences between this treatment
and those which begun ealier disappeared.

Concérning control recommendations, it was concluded
that under normal conditions, the first spray should be applied just
after flowering at the start of the rains. In the case of an early
crop an extra spray may be applied before the rains.

More generally, it was concluded that pre-flowering treatments
were unnecessary and that the only way to protect the berries

was through post flower treatments during the rainy season.
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A comparison with chemical control in Kenya

After a study of the situation in Kenya in 196% and [967,
we concluded that the same policy would apply to that country
but that both early and late crops would need protection.

In fact, we concluded in a paper (La lutte contre l'anthracnose
des baies du caféier arabica au Kenya, Café-Cacao-Thé, No. I,
1968) that the theory of Nutman and Robertis failed to take the
following points into consideration :

- In their experiments, the conidial production of all Colletotrichum
spp. living in the bark was measured.

- The conidial production was measured under humid conditions
in the laboratory but not in the field.

- The conidial production of diseased berries was not taken into
consideration.

- Nutman and Roberts indicated that preflowering treatments
with copper or captafol during the season would stop the sporula-
tion, howeover, those chemicals normally only inhibit conidial
germination.

Hindorf (1973) and Gibbs (1969) later confirmed that at
least five taxonomically identifiable Colletotrichums were present
on the balk. Bibbs found the CBD causing strain to be relatively
rare on the bark. Probably, the pathogen is only living in deeper
layers of the bark and its epidemiological importance is likely to
be small in comparison with the diseased berries. Gibbs (1969)reported
that diseased berries produced from 700 to 900 conidia per cm?fh,

In Kenya, the two rainy seasons are shorter than the single

onie In Cameroon and therefore, treatments may be less numerous
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Choice of fungicides

In the CBD affected area of Camerdon, coffee is heavily
attacked by leaf rusts, of which Hemileia coffeicola is more serious

at high altitude than Hemileia vastatrix. As Hemileia coffeicola

can infest up to 50 to 70% of the leaves, treatments against leaf
rusts are necessary. The fungus develops during the same period
as CBD. As a result, the fungicides used against CBD must also
be efficient against leaf rusts. Among all the fungicides we tried,
only few were sufficiently polyvalent to be adopted. Therefore,
it is recommended to use copper fungicides or captafol. All copper
fungicides may be used but there was a range of efficacy :

I.  Cuprous oxyde at the concentration of 0.5% of commercial
product containing 50% of copper;

2. Copper hydroxyde at the concentration of 0.5% of commercial
product containing 56% of copper;

3. Stabilized'Bordeaux mixture at the cbncentration of 0.5% of
commercial product containing 24% of copper;

. 4. Copper oxychloride at the concentration of 0.5% of commercial
product containing 50% of copper.

A For all these copper fungicides, seven sprays a year are
needed. ’

Captafol 80% WP was the best of all fungicides against
CBD, at the concentration of 0.4%. At this concentration, only
five sprays are necessary in Cameroon, according to the following

schedule Ist apray : 2 weeks after flowering; 2nd spray : 5 weeks

after the first; 3rd spray : 4 weeks after the second; 4th spray :
-spray ¢ 3 weeks after the third; and Sth spray : 3 weeks after the fourth.
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surface unit. It is obvious that it is impossible for a farmer to adjust
his fungicide mixture to weight/hectar as this depends on factors
like age and size of the trees and planting density. Therefore,
the minimum effective concentration of a fungicide should be given
and a simple device to measure the necessary amount of product
per sprayer should be supplied (for example preweighed quantities

for 10 litres or calibrated spoons).

For full references and bibliography, the author can be contacted.
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CHANGES IN SUSCEPTIBILITY OF COFFEE BERRIES
DURING THEIR DEVELOPMENT, AND CONSEQUENCIES
By
Raoul A. MULLER
Institut de Recherche du Cafe et du Cacao, Centre GERDAT,
B.P. 5035. 34032 Montpellier Cedex, France.

The Climate in the CBD Area in Cameroon

The west mountains where arabica is grown in Cameroon
present a tropical climate with only one rainy season from march to
October and one dry season from November to late February as it

is shown in Figure 1. The total annual rainfall is around 2,000 millimeters.

In Figure 1, a curve (in crosses) gives a better idea of the
"ambiant humidity" : at the beginning of the rainyseason (March to
June), if rains are abundant in quantity, they are heavy and short
and occur mainly during night or evening, leaving numerous dry and
sunny hours in the day. Later on, rains are more and more continuous,

the whole day being very wet (August to October).

Phenology of Coffee Trees in the Cameroon CBD Area

In the CBD area, the tropical regime of rains give a particular
cycle to coffee trees, with only one flowering and one annual yield as

shown in Figure 2 :

flowering occurs 10 to 15 days after the first rains, that means,
as an average, near the 1l s of March, with some changes due

to the charges of the climatic years;

expanding stage of the berries is found between the 6th to the

22nd week after flowering (1 5h" of April to late July as an average);
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Fig. 2. Phenology of Arabica Coffee, Babadjou-Cameroun.
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Evolution of infection : A
Evolution of the population of berries in observation : B
Evolution of the coefficient of susceptibility of the berries

. C
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/ ECONOMIC ASPECTS OF COFFEE BERRY DISEASE CONTROL
. IN KENYA
By

S.B.C. Njagi
Coffee Research Station, R.0O.Box 4, Ruiru, Kenya

ABSTRACT

' Coffee Berry Disease can cause a considerable

loss of yield in coffee. The annual loss is variable
over time and space and from documentary evidence
u ’ it can range from 20%-90% of potential harvest.

Despite the economic importance of this disease,
the present high cost recommendations continue
to be based purely on the efficacy of the fungicide
used to control and not on the profitability of the
protective measures. The paper attenrpts an ex-
post evaluation of CBD control measures using historic

yields from experiments and farms. A - review of
tne divergence between the tarmer practices and recom-

mendations is presented. The analysis herein lands supp-
. » ort for urgent need in the short run to . recommeénd
reduced .but well timed spray rounds and a move
to fungicide mixtures. In the long run, the adoption
of resistant varieties provide the answer to the CBD

problem and input subsidies with support credit systems

would enhance rapid uptake of the technology especially
within the small holder sector, thereby, redhcing

farm costs and improving profitability and farmer
income,
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Kenya Market

%

 Herbicide g 21

Insecticide P o 17

Fungicide j{ 56

Others 6
Total i -100

Table (2) : Stiucture and Crop

1979.% A

. .roxifnatg %.
Crop 000 Shar
Coffee 65
Tea : 2
Maize H 3
Cotton . ‘ 4
Cereals v 3
Sugar ¥ 4
Vegetables 'l 16
Others 3
Total 100
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Within the coffee market, Vfungicide usage predominates and
accounts. for approximately 70% of the total pesticide expenditure
on the crop (Table 3).

Of the two major diseases in coffee, Rust and CBD, the latter
probably accounts for some 80% of the total expenditure on fungicides,

which shows how important the control of CBD is in Kenya.

Table (3) : Structure of Kenya Pesticide Market in Coffee,

% Share of coffee market accounted by

Fungicide Insecticide Herbicide Others Total .
70 11 13 - 6 100

Source : Kenya Pesticide Association

The economics of CBD control can be dealt with from both

.the farmer and the national point of view, in terms of farm level

economics, the relevant issues would be the exploration of alternative
control measures open to the ‘famer thier costs and benefits, existing
Practices that he currently employes with supporting explanatory reasons
for their adoption, and the likely future practices taking into account
the trends in output and input prices.

_ At the national level, the economics of CBD control would
address itself to the impact of the currentiy practised control measures
on the national level, their costs in terms.of foreign exchange, the
consequence of alternative practices and the options open to the Govern-

ment to minimise national costs and maximise benefits. -
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FIG.f. FARMER CHOICES-FOR CBD CONTROL
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Table (4) : Spray timing treatment in meru & the likely profitability
1962 1963 1964
Cost Cost Cost Cost
kg/ha Gain Benefit  kg/ha Gain Benefit kg/ha Gain Benefit
Ratio Ratio Ratico
TI 1003 265 1:3.75 603 275 [:3.48 91 106 1:3.40
o l -
0 . .
Ry TZ 846 105 1:1.33 385 255 133.23 571 86 1:1.09
T1 + 'l'2 1191 630 - 1:4.01 678 350 1:2.23 824 339 1:2.16
Control 741 - - 328 - - 485 - -
Legend ‘
T, Four sprays applied in the short rains, T2 Four sprays applied in the long rains.
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Table (5) : High leve! ménagement of CBD control - Kibubuti estate.

Captafol Captafol Reduced

NO full reduced spray
Soravs rate spray rounds
pray programme rounds mixtures
Furglcide - Captafol Captafol Captafol+
Perenox
Spray rounds - 6 4 4
Yield kg/ha 232 676 633 304
Incremental yield
above control kg/ha - by 401 572
Benefit from )
programme kE 170 444 401 572
Cost of programme
bab 170 - 114 85
Cost benefit ratio 1:0.38 k2,61 1:3.52 1:6.73

Table (6): High level management of CBD control-Jacaranda estate

NO Captafol Reduced Redcuced
Zull spray spray
sprays rate rounds " round in
programme mixtures
fungicde - Captafol Captafol Captafol
. © + perenox
Number of sprays - 6 4 4
Yield kg/ha 382 1082 1057 942
Incremeéntal yield
above control kg/ha - 700 675 560.
Benefit from pro-
gramme kg 170 700 675 560
Cost of Programme kf 700 170 114 &5

Cost benefit ratio 1:0.24 1e4.12 1:5.92 1.659

;——«




Table (7) : High level management of CBD control - Magagoni estate

Wi e im0 = -

No . Caprafol fufl 'Reduced = Reduced rounds
sprays_ rate programme . Founds . in mixture .

212

Benetit from programme KE 77 sz 204 313
Cost of programmie kE. 212 - 297 85 64

| Cost-benefit ratio 1:1.07 1:0.93 1:2.40 1:4.89
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individual estate policy. Coupled with these high cost programmes
are good cultural practices emphasising pruning, fertilization and
reasonable spacing.

The reasons for adoption. of the high cost technology are
high resource endownment, minimal constrains on cash flow, dominance
of profit motivation in farm management and less emphasis on risk

in decision making.

To show a comparison between the non-spraying and well
sprayed farms, evidence was obtained from Farran and Kituamba estates
and the average yields from these estates compared with the Coffee
Reseach Station Rukera Farm. Farran and Kituamba did not use to
spray up to 1972. The average yigld for a five year production pefiod
for the two non-spraying estates was 1312 %g/ha clean coffee with
the worst two years averaging 400 kgfha. On the other hand, rukera
farm on average yielded 1480 kg/ha of clean coffee with the average
of the worst two years being 1350 kg/ha. The comparison in yields
relates to the same period.

In calculating the payoff from various decisions, the value
of crop losses from not spraying was taken as the relevant cost of
that programme and the saving on the spray costs as the benefit accru-
ing. On the other hand, the value of incremental response above unsprayed
was considered as the appropriate benefit from the programme and
the investment in annual sprays as the relevant costs,‘ in average
and poor years analysis shows that the farmer who does not spray
for protection loses. On the other hand, the farmer who sprays more
than pays off his investment (Fig. 2).

4. Current CBD control measures within smallholdings & their likely
profitability

Within the smalholder coffee producing community the recommenda-
tions issued by the CRS are highly compromised. Specifically in

]
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relation to CBD control, the current practices range from non-application

of any control measures to application of 4#-5 spray rounds in a year
concentrated in the long rains. This is in contrast to the eight re-
commended rounds per annum. The main fungicides used are Captafol
(Ortho-difolatan 80% W.P) and copper (50% W.D.) with the latter
predominating (Table 8).

The main reasons accounting for the observed practices are
low profitability and saving, poor farmer liquidity, fungicide availability,
inadequate support credit, discouraging loan repayment system, and
the farmer  strategies to minimise production constrains and risks
(Njagi & Kamau, 1981).

Low savings and low farm incomes mean in effect that the
majority of the small farmers will have to rely more heavily on credit
provision for the purchase of required protection chemicals. Neverthe-
less, their low productivity due to production constraints in consequence
reduces their creditworth and as a result receive less credit than that
necessary to cover the full cost of control.

To enable farm level comparison of the spraying and non-
spraying farmers, vyield data were obtained for five farmers in each
group for a consecutive period of five years. In poor years, the spraying
farmers averaged a yield of 630 kg/ha clean coffee while on an average
year they obtained a yield of 860 kg/ha. Conversely, the non-spraying
farmers obtained 140 kg/ha clean coffee in poor yearé and 300 kg/ha
in average years. Applying the current prices to the yield data and
the costs of the programmes employed the results show that the farmers
who spray receive a benefit of between six to seven times the cost
of annual programmes while the non-spraying farmer is shown not
to break even.

Obviously, one can not escape to mention the difficuities

involved in obtaining accurate data for farm level responses due to
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Table (8) : Cost of fungicide use & the CBD control on small scale farms

knnual o

Cotiee Afnual fungicide use
‘hectares

— olatap,
Pl Do,

Dlstnct Brak even

1904.86° ~  79.37
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CBD control. With compromises made virtually on all specific recommen-
dations, interfarm variability with regard to timing and the level of
such compromises, one must admit difficulty in separating the relevant
responses due to CBD control and the losses due to the neglect of
other recommended practices.

5. Break even responses to implementing the spray programme

The farmer alternatives within the spray programmes are
to use either straight or combinations of fungicides. Table 9 shows
the recommended spray programmes for CBD control. Programmé
| is designed for use in areas where CBD is severe but Leaf rust if
not a significant problem. Programme 1II is an alternative to programme
1 using copper instead of Captafol, Daconil or Deian. The programme
can control Leaf rust in addition to CBD. Programme II on the other
hand is designed for areas where both CBD and Leaf rust are major
problems. '

With current prices or fungicides, the annual cost per hectare of
implementing programme I ranges from KE£-227. This in consequence
would require a response of between 140-190 kg of clean coffee from
the same production area to cover the cost of protection. The use
of programme Il would cost KE 157 per hectare at current prices
and would require a response of 130 kg/ha of clean coffee to break
even. Programme III is more diversified and the annual cost of imple-
mentation ranges from K£ 130-290. This means that a farmer will
have to salvage a crop loss between 1[10-245 kg/ha of clean coffee
to cover his costs (Table 10 a & b).

The implication of the above observations is that a farmer
will have to tailor his expenditure on control measures _to' his best

estimate of the potential crop losses being salvaged by spraying.




T,éble- (9) : The recommended spray programmes for CBD control

Jan. Feb.. Mar. April. May June. July _;Aq& Sept. Oct. Nov. Dec.

*  Captafol 4.4 kg/ha. Delan 3.3 kg/ha Dac onil 4.4 kg/ha .‘

b 0 Copper formulation Il kg/ha
’ . Captafol 2.2 kg/ha or daconil 2.2 kg/ha plus 5.5 kg/ha of 50%. copper formulation or deldn 3.7 k’g;/ha-




Table (10a) : The annual cost of CBD control the recommended programmes

Programme Fungicid§ Rate per Applications Cost of :\:zzk
Alternatives hectare Kg per annum Fungicide .
. response
hectare Kg
I Captafol 4.4 8 4 540.80 189.20
Delan 3.3 8 '3616.80 150.20
Dconil 4.4 8 3308.80 137.87
I Copper 11.0 11 3146.00 131.87
Captafol ‘ 2.2 . 2 3414.40 142.27
+ Copper 5.5 8
Captafol 2.2 8 5887.20 245.30
+ Celan 3.3 2
111
Daconil 2.2 & 2798.20 116.60
+ Copper 5.5 8
Caconil 2.2 8 5271.20 219.63
+ Delan 3.3 8

- 262 -




| Table (10b) : The annual cost of }

|

Break even

: N Fungicide b -
.Qltermatwe co‘mbiqatiu‘n ” Te:g;:ﬁ;e
1 Captafol . 165.73 .
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| . Copper
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14643
140.07

y Captafol . 217.26
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"~ Delan
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~Captafol
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} 198.00
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i
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© 9 _ Daconil 110.00
} ' Copper
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Delan
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. 185.17 B
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In so doing the farmer will have no benefit of advance

quantitative knowledge, as relied on in his paper, of the actual damage
caused by the CBD in a particular period of production. He therefore
has to exercise his every best judgement and experience to forcast

L

the magintude of the crop requiring protection, the likelihood of bad

i © weather causing severe CBD as well as the timing of the decision
to spray relative to the expected losses and how well these harmonise
with the resources at hand.

6. Future practices

With annual inflation in the fungicide market (6% for Copper
over 20% for Captafol) as shown in Table 1l and the coffee price
margin to the farmer dwidling, there is increasing economic rationale
to shift from high cost technology to low cost methods. of control.
In the short term, the low cost methods will be :

a. Shifting to chemical mixtures.

b. Refining the use of spraying by relating the programme
more rigidly to rainfall pattern.

c. Increase” use of cultural methods of control.

In the long run, however, the answer to the CBD problem
will be incré’ased adoption of resistant varieties. Due to greater acquin-
tance with the close-spacing: component of the CBD resistant varieties,
and less constraint on Capital, the estate will be early adopters of
the technology.  Within the samllholder sector however, adoption

will be slower due to rising investment costs and falling profitability
due to market squeeze. ) ‘

A comparison of likely profitability of the CBD resistant
varieties and the susceptible varieties would ‘payoff his investment
and annual maintenance costs to the ratio of 1:2. For the same period,

the farmer who does not uproot to replant will have a benefit of 2.7

g——




Table (11) :

Price trend in major coffee fungicides 1979-1982

. Shs

Av: /;nnua-l
:inflation

Fungicides

Copper Saridoz
Nordex

Delan

| Sokg

25kg.

25kg:

1410.00

700.00

2222.50

1470.00 -

750.00

247875

141000 -

1500.00  2.I3

200.00 800.00 4.76

3416.25 3416.25 17.90

( Kocide 101 10kg 296.00  340.20  296.00 330.00  3.83
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over his costs. In longer period of comparison, the farmer adopting
the new varieties would stand to benfit more. (Table 12).

Table (12) : Comparison of Benefit from Susceptible & Resistant

Varieties

SL Resistant

Varieties Varieties

Total Yield Over Ist Cycle Tonnes/ha 2 4
Prize to Small Scale Farmer KE 780 780
Total Income lst Cycle 1560 3120
Replanting Cost - 859
Maintenance in Zero Income Petiod 165 213
Maintenance of Productive Estate 405 555
Total Cost lst Cycle 570 1627
Cost benefit ratio for Ist cycle 1:2.74 1:1.92

National Level Economics

A definite consequence of poor CBD control practices especially
within the smallholdings is a loss of national yield. The aggregation
of this crop loss and its valuation into a national figure is impossible
due to variability in CBD control practices and the compounding

losses due to compromises in other recomrnendations, e.g. fertilization,
pruning, weeding.

In terms of foreign exchange, the importation of fungicides
presents a drain in national monetary reserves with the share of
coffee being nearly KE 12 M today. Considering the unfavourable
balance of payments and increasing dis'parity between the unit prices
for agricultural exports against those of manufactured imports, it
is imperative that the Government should examine ways and means
to minimise costs at the national level and maximise benefits.

In the short term local formulation and manufacture of
CBD protection chemicals presents an alternative.  Nevertheless,
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Proc. 1st reg. Workshop "Coffee Berry Disease",
Addis Ababa, 19-23 July, 1982, p. 307-322.

THE HARMFUL EFFECTS OF INSECTS AND PATHOGENIC
AGENTS ON PRODUCTION EXPORT AND
IMPORT OF GREEN COFFEE

By
M. Byungo
Inter-african Coffee Organization,
B.P.v 210, Abidjan, Ivory Coast

Harmful Effects of Insects and Pathogenic Agents:

It is not the intension to give the full report but only to mention
the most essential points. Althoughall the contries here are not cited
in his study, we feel the list in Annex 1 gives the most common parasites
and mould encountered in coffee plantations. The classification by areas
attacked on the plant according to this Annex allows us to specify
the type of damage of the agents which could cause:

- weighted loss due to reduced formation of chlorophll because of
leaf attack,

- quality loss due to the quality deterioration of the fruit as in the
case of the Coffee Berry Disease caused by Colletotrichum coffeanum,

- quality and quantity loss in more serious cases.

According to the same study and Annex 2, the numerical impor-
tance of attacks in descending order is as follows: leaves, trunk and
branches, herries, leaves aﬁd berries. Although _simultanéou’s attacks
on leaves and berries are numerically lower, they can sometimes cause

the highest loss in quality and quantity.

—
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- choice, purchase and distribution of phytosanitary products and
material,

- payment of salaries for the intervention and extension services'teams,

- accident at work; like intoxications which need medical care and

in some cases, indemnities to victims.

Although phytosanitary intervention is not-to improve quality,
it should provide ways to maintain it by avoiding any possible contact
with the fruit and the parasite. Therefore, if we are to minimise costs
1o safeguard the profit to the farmer, our attention should first turn
to prevention which is divided into two phases:

1)  respecting the sanitary cropping after each harvest to eradicate
nests of infection, and

2)  regular detection tests to exterminate infection before it spreads.

~ The quality and quantity loss suffered by plantations not treated
for parasites like the Coffee Berry Disease exceed the cost of phytosani-
tary intervention and this alone should make us take every effort to
fight them.

b)  Export:

Most ‘producing countries have adopted a national table of
defects to classify marketable coffee. Annex 3 gives some examples
through which we calculated the percentage of defects caused by parasis-
tes vis-a-vis the whole table. The last :Column in this Annex shows
that different producing countries do not give the same value to the
same  defects. Cameroon, Ivory Coast and Madagascar for example,
noted for a high level of farmer production for Robusta attach a lot
of importance to sting beans or those affected by insects. Arabica
producers givé more importance to the presence of foreign matter
as stink beans. It is obvious that in the latter case sting beans are
eliminated when floating the fresh cherries. In both cases, the elimination

_~
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of sting beans is only, effxclentl)r don by 3{&tfic: sorters. Some examples
! of classification by defects ares ! i '
Angola: ' "E !
1 st quality _ "{’ ‘J§ lLl deiects ¢
2 AA B3 | 150 defects ,
"2 BB : 220 defects ¢
2 cC DN ogleS 3 defects
3pD 0§ 3BNE 480 defects
The conditions required for are:
- not to contain: odolr nor havg. d gre
- not to exceed 13%‘hum1d1ty
- colour, should be normal and 'no% igre than 50% of foreign
matter, nor more than 2% dr‘y cl'?é
Ivory Coast: g
Extra-prima - less than 1 wi_ﬁ_h a maximum of 5
broken b& ; '
prima - less: than 30 ; 'a ihakimum of 5 broken
bearis by. sam ‘
superior - not mor;g': fiah 6 ctsjwnh 4. maximum of
10 broketi beds
regular - not more : th <:ts‘j with a maximum of
10" broken b
_ The conditions for 'éxport arei . | )
- humidity not in exce‘iﬁsswdff ‘13‘2§'
- sound and free from mdmd h -
! - not contaln more than 1-96 for: ’
Ethiopia: ‘
-Grade 1 :f d“i_fe’cts
2 : defects
> : defects
¥ dpjects
5 defects
6 éfects‘ i
7 efects
8 40 defects
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only Grades 1 to 5 are exportable.
The conditions for export are:
= humidity not in excess of 11.5%
- no mould, harmful fermentation or other defects.

' These examples show the importance of defects in the classi-
. fication of coffee for export where parasitesplay an important role.
C) Import
Just like producers, consumers have national regulations govern-
ing conditions for importing green coffee. Here are some examples of Italy,
France and the United States.
Italy:
1) Regulations: The law of l6th February (1973) regulates
the hygienic and health aspects of the trade in coffee and its derivatives.
Some of these regulations will have to be modified following the recent
EEC directives on labelling and coffee extracts. ‘
Coffee imports require according to Article 3 that:
~ Green coffee must meet the stipulations of Article 5 of
law no. 285 of 30th April (1962) and furthermore must: -
. be free from microtoxins within certain tolerances establi-
shed by the Ministry of Health on the advice of the
Health Council,
4 - not give off any unpleasant smell foreign to coffee

or be contaminated in any way which cannot be corrected
by roasting, decaffeination or solubilisation,
» not contain over 13% by weight of water. Other impurities

or defects are allowed within the limits given below.

2) Limit by Weight of Impurities and Defects Allowed '
in Green Coffee:
- Impurities of animal or mineral origin: may not exceed 1%,
- the following impurities may not exceed 5%:

a) vegetable impurities.




]

8
g

b) dry cherries and huské?-j
¢) parchment ' - E ,
d) black beans, smaller. - 't 4 ; Y heans, v{;finkle‘d beans

which ‘on roasting, sweil, / \ d;fetain the silverskin,
e) narrow, long ‘and’ boi_ iy bes yithinadhering  silverskin,
coloured -pale green 1o g‘ enw [§ Brown which on reasting

f) beans ‘with ‘a: transparenty %8, Icoldured pale green to
' own| offf the variety, usually
without a silverskin som ving off an unpleasant

| g) bean fragments, ho
- may not exceed 10%: beans damaded) by stephanoderes and
j Araeocerus. 7 ' o

Coffee not meetmg the; ) S “A‘n'e;;l -above and the
trms of Article 3 must be reco{ { 3t
nd if the coffee is refused. el)tr

1]

rance

oy

] Regulations: i

They are contained in theJ degree o
Aplaces that of 1948‘ Requlrements fon{ lmpo
must belong to the Coffeée spect’es,
free from contamination by rot or mdutd
may not have any bad smell ‘o ;
120 defects in a 300 gram ‘saripl
recognised scale of defects, ‘ :
must be retained by mesh 12 vn’gh &{tolecanfe of 6% of beans retained
by mesh 10, : : '

Brd September (1965)which
d?coﬁfee are:
t@[{all_y urialtered and

6r contain more than
diincé, with the officially
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These strict regulations will no doubt be made more flexible

_if there are EEC negotiations to establish .Community regulations.

2) Requirements of Green Coffee Traders:
They demand that:

- the final beverage be pleasant,

- cup quality be the main consis deratioms:: so far only Arabica is
cup tasted,

- it is important to prevent the export of nasty and unpleasant tasting
coffee whatever the grade,

- coffee of good appearance may be graded last if its cup flavour
is poor,

- the main defect to avoid is stinker beans,

- producers should take care to prevent stinker beans and other defects
which can jeopardise a good roast, )

- there is a correlation between certain green coffee defects and
cup defects, "

- defects in green coffee should be eliminated before export; some,
such as brokén-‘and small beans are less important if they do not
spoil the flavour,.

- humidity content is important and it is vital to prevent fermentation
during transport and storage,

- the judgement of those examining green coffee for export should
be realistic in accordance with the gtading system of the country.

United States:
1) Regulations:

Green coifee may not be legally imported in the US unless
it meets the regulations of the Food and Drug Administration. The
regulations contain quantitative limits on contaminants such as insects,
bird excreta, rodent excreta or urine, traces of insecticides in excess
of certain thresholds, coffee waste and other foreign matter. Coffee
rmay be contaminated by the incorrect or excessive use of chemical

insecticldes or insanitary conditions in warehouses in producing countries,




¢
"40
in law.
The FDA controls ake ‘fiot v'teride‘ to prévent the entry of
cbifee into the United States butAt% pm §;3caﬁsumers from harm.
'the controls are based on. sam 2 : i'kgompan;es may also
313 investigated. A roaster recel‘w‘\g ee Thust report to the
FDA which decides whether it %cté'd of reconditioned.
Fli Requirements of Roasters: :
These requireménts m‘ai’r’ily' , il ] qughty and vary from
"oaster to roaster, but In -riost cas’es if . 5 no; sale" clause
élated to samples.:
| Cup taste is important by € (g agpearam-’:_’é? may have
P(:aor flavour, fermentation, the ta,gtg d othier such flavours
ran only be determined by tasting Bgcaus arance gives no hint
I/L them. Flavour varies by .or,igfin'g and prefer n@e i may be subjective:
hat suits Nestiié may not sui,chn‘_er&l;QFo@:d ” ' -
When there is a. shortage, E'.a,llf_«§yp,es, off coffee are sold at higher "

ices and- force roasters to altér their requitements and blends to
! I i o
' supply. better ‘quality

affees sell at a premium and loweti grades! count.

, The efforts .made to Imppoveft Wiiity of Robusta are few
; comparison with those dedicated 9. [m ‘rabica. Buyers are
- e . i ¢ D PP IPRT
repared to pay a premium ior”&’goq& €o @lthdugh: it' is difficult

o know the amount in advance. @ ¥ g o : :




Annex (1) : Classification of insects and parasites by zone of attack on coffee tree according to study by Dr.
E.J.E. Buychx on burundi, Rwanda and Zaire

Tyve of Insect/Parasite ) Leatf Fruit Trunk/Branch Observations
Armillariella mellea (Vahl Pat) + A not very important damage
+ R
Rosellinia bunodes (Berk & Br)} . A not very § tant 4 o
Rosellinia necatrix (Hart Berk) Ot very importent damag
)
Fomes lygnosus (Klot Bres) + A not very important damage e
A
1
Fomes noxius (Corner) t g not very important damage
Fusarium xylarioides (Stey) + R ' dangerous disease causing
serious damage in Central
Africa
Corticium salmonicolor + R + R + R slight damage generally, but
(Berk and Br) + A + A + A can be serious in wet season
[of X ]
orticium koleroga +R slight damage

(Cke von Hohnel)

Marasmius spp. i
(Corticium <pp.) + R hardly serious damage

A benign in some areas,
dangerous in others

Hemileia vastatrix (Berk and Br)}




- % A

(N3

-
t

Annex 1 (Continue )

Type of Insect/Parasite Leaf Fruit Trunk/Branch Observations
Cercospora coffeicola + A + A hardly serious damage
{Berk and Cke) + R + R
Co11Etotr ickum cof‘feanumv - =R + R’ ) + R _ minor parasite causing much
(Noack) - : + & + A + A damagé on Arabzéa fidit at
‘ each stage of development y
Ce 'haleur- s virésesns (Kunze) 1imited ‘demage, sometines
] e Cmine e o Sserious in wet areas
_..,:u,_ l -
id R _ﬁ'ef-.:talozzia EPpL T e e s i e s L kR .
¢ 1 . o -
. S B & -
] Leranthus incanus : - S AT ‘phanerogami"cV ‘parasite ]
II"" (Schum and Thom) ) : "+ R
B LorantHus ogowensis (Engl) : Q phanerogamic parasite
[- . Loranthus buvumae (Rendle) : g pheneroganic paresite
Texoptera aurantii (B of F) + R + R yellowing and rolling
L . + A + A of leaves
; .
r ~ Brown Scales + R + R + R stunted growth and serious
) + A + A + A damage, production of honey
b dew attracting ants
i il - — - — - s e - — e — e mm— _
K




Annex | (Continue)

Type of Insect/Parasite

Habrochila ghesquierei
(Schout)

Antestia coffee bugs

Cephono des Hylash.

Epicampoptera spp.

Parasa vivida (WIk)
Dichocrocis crocodera (Meyrick)

Leaf borer

Anthores Aeuconotus pasc.

Botrytis cinerea f. coffeae
(Hendr.)

Septobasidium bogoriense (Pat)

Bacterial Disease

Fruit.

+ R

Trunk/Branch

Observation

spots on the undersides
of leaves

necrosis of buds,shoots
and leaves

serious damage in nurseries

serious damage on foliage

same as epicampoptera

consequential damage
no heavy damage

ravager of Arabica

limited damage but sometimes
causes quality loss for impoi

useful fungus but attracts
other parasites

potatoe taste in coffee bean
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B Annex I (Continue)
Type of Inmsect/Parasite Leaf Fruit Tr n.k/Branch Observation
Hoplandrothrips bredoi (Priesn) . suck sap from leaves, fiuit
] Panchaeothrips noxius (Priesn) + A + A ‘or young shoots, cocooning: N
- Diarthrothrips coffeze (Williams) ' S T e in distal part of lé”ﬁis -
4 Antestiopsis lineaticollis - :
. ‘ ghesquierei (Car) . : ) .
e 'Antest10p31s 11neatfcollls + A
i Nemai:os’iaora coryli (Pegl)
T VI N DU COR S T S »—.'_'.'.'.I_:‘!l:_al;?bm‘t)i—“— w T T e A = ot i vl
P gees serresd (Ohma) 0 7 &KW T TR T T T setions danage castreting
" ) ‘ : ’ T - flowers, biting buds and
E_ 0 young leaves
] =
Volumnus obscurus popp ¥ A o o ' same demage as Lygus.
» Planococcus kenyac (Le Pelley) - A + & sporadic attack
] : + R + R
l Stigmatomycose ) ) .
- Nematospora coryli (Pegl) + A internal rotting of fruit
i Thliptoceras octoguttale + A attack clusters of fruit
s ~ {Feld) ' : + R which die when rlpe
| oy T . — - - - —— e e—
‘_;: —virachola bimaculata (Hex ‘ * R same as Thl:ptoceras

octoguttale




Annex 1 (Continue)

Type of Insect/Parasite

Trunk/Branch

Observation

Leucoplema domertyi (Warr)

+ o+
»

same as the Epicampoptera

Dasus simples (F)

+ +
o

sever fruit peduncle, eat
into bark and stem

Bixadus sierricola (White)

attack branches

Apate monacka (F)

bore holes in trunk

Dyrphia princeps (Jordan)

branch borer

- 61¢ -

Sorhronica ventralis (Auriv)

less damage than Stephanodores

Leucoptera coma (Ghasquiere)

+ o+
>

burrows in leaf blades

Stephanoderes hampei (Ferr)

important damage to fruit

Pseudotrochalus spp.
Anomala spp.

extensive damage

‘Trypedidae

fruit shedding

Atopomyrmex mocquerysi
(E. André)

biting buds,digging hollows
in trunk, nuisance to
cultivation and harvest




; ' Annex 1 (Continue)
. . - “
Type of insect/Parasite Leaf Fruit Trunk/Branch Observation
h — . - pe an n - - — -
Crematogastrini + R + R same as Atopomyrmex:
mocquerysi
. Qecophylla smaragdina. {F) + R weave small webs for nests

s - - - in leaves et 4

Macromischoides

: ,;.G‘B' cotfeae | Pé" )

Capnedﬁum bras:.liense emttem) ) “Sorition-and !
_ r’es“p‘iraﬁm _ N
Bie‘ - back ) + R + K + R L T oo
L : + A v A + A phys.:._olegls.:al _prgblems |
Chlorosis ’ .+ A y‘ellewmg and decmrmg of
. ' ' leaves
Blight + A + A + A frozen aspect, stunted and
lesgs productive, blackening
of shoots, blessoms and
young fruits
NB: + A Arabica
- +—R-=—Robusta—~ - _—
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Annex (2) : Numerical distribution of attack by insects

based on the study by Dr. E.J.E. buyckx

and parasites

Area Arabica Robusta Total

Leaves 17 25 ‘ 42
Trunk & Branches 16 21 37
Berries 15 11 26
Leaves & Berries 5 7 12
Total 53 64 . 117

Annex (3) : Percentage of defects caused by parasites according to
the scale of defects.

e e vaesliefend @
(1) (2)

Angola 22,999 2,664 11,58
Cameroon 11,466 5,70 49,71
Ivory Coast 9,366 3,80 40,57
Ethiopia 80,8 2,50 3,1
Madagascar 9,466 3,50 5%,97
Brazil(Glass

Int.) 20,766 1,20 5,78
Brazil (Santos) 28,766 3,033 10,54
Colombie (no) 13,598 2,033 14,95

Countries Total assesment

of defects

Assesment of
detects caused by
insects & parasites
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. - choice oi,'effectifve' phy

.. department.

Through this ‘paper,
to the campaign for the qualit

- in ';_:ofiee produc%ion;
- following is absolutely

In conclusion,, It i$ neces
quality starts in the plantation
necessary: o
- respect the antj-disease ¢ai I as- those cultivation
technics which - ar' baneful = nt such as ‘hé_ight,
use of resistant: clones; s |

action.

Such a programme "prasggp.osgfé,_









