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ABSTRACT

Two benomyl tolerant strains of Colletotrichum coffeanum Noack
were isolated from infected green berries from Migaa and Kibubuti.,
estates in Kiumbu District. The estates were known to have a history
of benomyl coffee berry disease (CBD) control programme. The sensitive
strain was isolated from a plot that had never been sprayed with fungicides

at Coffee Research Station, Ruiru”/Nir, Kiambu District.

An account is given of the mycelial growth, pigmentation and
sporulcticn of bencmyl tolerant ar.d sensitive strains grown under similar
conditions on synthetic media. Slight differences were observed in

pigmentation, spoliation, zonetier, arid radial growth of mycelia.

It was noted that conidia from the benomyl tolerant strains showed
a slight delay in germination compared to those of the sensitive strain, in
ol! cases spore suspensions containing lower numbers of conidia gave lower
levels of germination and took longer time to germinate compared with trie
spore SUSpenSionS containing higher numbers of conidia. Conidia washed
severe! times after harvesting from melt extract egar (MEA) also gave lower
level of germination compared to the unwashed conidia and washed conidia
in giuccce solutions. Higher doses of benomyl lowered percert germination

and also delayed germination of conidia.

In vitro mycelial growth of benomyl tolerant strains was less
inhibited on MtA containing 100C ug/ml benomyl than that of a sensitive
strain on MEA with 1.0 p~ml benomyl. Differences in spcrulafion were
found among all strains in In vitro. No reduction of conidial size was
observed. Conidia of tolerant strains, harvested from MEA amended with
different concentrations of benomyl, did not lose their viability and were
able to germinate in distilled sterile water. All strains in culture produced

colour variants by sectoring.



Tolerance was retained for at least six months after repeated

subculturing on fungicide free MEA,

Bencmy! tolerant stiXiins were also tolerant to other benzimidazole
fungicides (Derosol, Bavistin).. In vitro mycelial growth end sporulaticn
of the tolerant strains were less inhibited on MEA containing 1000 fig/m!

a.i. Dorosel or Bevistin than that on MEA with ICCCpg/ml beriornyl.

Tolerant strains were found to bo very competitive and readily
produced anastomosing germ tubes and hyphae. They we>*e found
pathogenic and producer.' typical C3D symptoms in the field and
transmitted the benomyl tolerance to the new conidici. Bcnomyi
application tended to reduce percent berry infection especially wiure

the sensitive strain woe used for berry inoculation.

Captufol and Copper 50% formulation alone or in combination with
benomyl were effective in controlling oil strains of C, coftear.u.-.
in vitro » Benomyl at very low concentrations (10 n@ mi) was very effective

in controlling the benomyl sensitive strain ir> vitro.



INTRODUCTION

Arabica coffee isthe leading foreign exchange earner in Kenya.
It accounts for 30 - 40% of the total domestic exports with an average
annual value of KE£ 115 million over the years 1978 - 1980. Approximately
95% of coffee grown in Kenya is exported (Anon., 1979/7 & 1979/80).
There are about 265,000 small scale fanners, who are organized in
about 153 co-operative societies which own 568 factories and there are
740 large coffee estates (van der Vossen and Walyaro, 1981). Together
with workers who find permanent or seasonal employment on the large
estates, it is estimated that more than 10% of the population in Kenya
depend on coffee for their livelihood. Coffee berry disease and to a
lesser extent coffee rust are the major constraints to economic production

of arabica coffee in Kenya.

1.1. Coffee berry disease and Colletotrichum coffeanum Noack

According to Nutman and Roberts (1960 a) the strain of
Colletotrichum coffeanum Noack (Sensu Hindorf) causing coffee berry
disease (CBD) could have arisen by mutation from a mildly parasitic

form (for example that causing brown blight) some time prior to 1922

in Western Kenya. Robinson (1974), however, proposed that the CBD
strain was originally a harmless parasite of one of the diploid progenitors
of Coffea arabica L., which occurred in the Congo and Lake Victoria
basins, but was able to cause a virulent disease of cultivated C. arabica
when this crop was introduced to that area some d80 years ago.

Robinson, further suggested that resitance to CBD, which was presumably
present when C. arabica first originated, was lost by genetic erosion
during diversification in Ethiopia and during the further reduction of the
genetic base of cultivated arabica coffee which occurred as selected
material was taken from one coffee growing country to another. Thus,
the cultivated varieties of C. arabica were quite susceptible to CBD
when they returned to an area close to their centre of origin and once

again encountered the CBD fungus.
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On first appearance in Kenya, CBD caused 75% crop loss in seme
cases (McDonald, 1926). It caused the abandonment of coffee growing in
several districts of Kenya (Bock, 1970) and Ethiopia (Robinson, 1974).

Il was also a factor preventing increased cultivation of crabica coffee in
Angola (Da Ponre, 1966). In assessing world losses caused by coffee
diseases, Crammer (1967) cautiously estimated that losses in Africa amount
to 20% of ihe potential crop. In Kenya, Nutmon (1966) estimated shot in
1964 C8D alcr.e caused a financial loss of 9.8 million U.S. dollars equivalen
to the value of just under 10,000 tons or o loss of 18.9% from the potential
crop. In 1967/68 a severe CBD epidemic resulted in overall crop loss of

between 25 and 30%. individual farms, overall crop loss due to CBD

fungus cculd be as high as 80%_cr mere (Anon, 1976).

By 1952 it was known that some degree of control of C3D could be
exercised by fungicide sprays (Rayne:, 1952) but little real success had been
achieved. Losses experienced on individual crops have depended both on
the severity cf the disease and the yield potential cf the various varieties
under the prevalent conditions. However, in all places where the disease
has been present and conditions favourable to its development, control by
an annual fungicide spray programme doubled or trebled yields (Griffiths
et al., 197i). in one experiment in Kenya in 1968 (Vine et al, 1973 a)
unsprayed coffee yielded 276 kg/ha which wax less than one fifth of the
1522 kg/ha produced from plants in which the disease was well controlled.

Triis indicates rhe losses which c severe epidemic cf the disease cc.i cause.

A large array of fungicides (save been recommended for CBD
ccn*roi. Their chemical nature is quite varied. Benomyl proved tu be
very effective and was thus widely used on coffee. As benomyl was
extensively used on coffee for CBD control with consequent outbreaks of
tolerance ro benomyl in some coffee estates, there hos been concern that
tolerance might develop and spread in other coffee plantations. Thus,
this study was undertaken to provide mere information cn the characteristics

of the tolerant strains as compared to the sensitive strain of C. ccffeanum.



This study reports the isolation of benomyl tolerant strains of C.
coffeanum ,, It provides information cn spore germination”sporulation,
growth in the presence of benomyl, stability of tolerance, existence of
cross-tolerance to other benzimidazole fungicides, possible mode of
inheritance to tolerance, strain ability to compete in mixed populations,
their virulence, the extent to which tolerant strains survive in the

absence of benzimidazole fungicides and their in_vitro control.



2. LITERATURE REVIEW

2.1. Introduction:

Coffee berry disease (CBD) caused by the fungus C_. coffeonum
Noack is a serious disease of Coffea archica L. in Kenya. C. coffeanum
attacks flowers, green berries, ripe berries and sometimes leaves of young
suckers. The classification of CBD was based on the growth of ihe berries
and the type of piarit parts attacked. CBD effects immature coffee berries.
The susceptibility of the young berries increases us they expand during the
period of 4 - 16 weeks aDer fiowering (Muiinge, 1970). "Brown blight" is
a term used when the pathogen attacks ripe coffee berries. Berry "scab" is
a term used when the development cf the active lesions, a: any stage of rhs
berry, is halted by the onset of dry conditions arid the berry werj,! may be
the only part affected. When the disease attacks leaves, it is referred to

as "leaf anthracnose" and if on branches as anthracnose of the branches.
22 History arid geographical distribution of coffee berry diseas:

After its iniiial detection in Western Kenya close to ihe Ugandan
border (McDonald, 1926), the disease spread southwards and eastwards
infecting all coffee areas of west of the Rift Volley by the late 1930‘c
(Rnyner, 1952). Since 1950, it hu”™ spread to ell coffee areas east ... the
Rift Valley (Firman and Walter, 1977). In the late 1960s the dise-m
appeared in the coffee areas on the southern slopes of Mt. Kilimanjaro in
Tanzania and In 1971 ihe disease was reported in Ethiopia (Muiinge, 1973).
CBD has also been present for sometime in Zaire and Cameroon (Firman and
Waller, 1977). The disease has now spread to most African countries but
has not yet been reported outside Africa. However, a coffee berry necrosis
that was first observed in Guatemala in 1963 is present in Costa Rica
(Schieber_et cd., i970) and may be similar. Agnihothrudu (1972) suggested

that it may be present in India, but Hindcrf and Muthappa (1974) did rot

*
find the virulent C3D strain of C. coffeanum there.



2.2.1. Economic importance:

"Leaf anthracnose" is selJom important except occasionally in
nurseries. Anthracnose of the branches leading to dieback can bo locally
serious on certain cultlvars and especially under adverse environmental
conditions. The type of severe dieback specifically atrributable to C.
coffccrmm as reported in Central African Republic (Saccas & Charpentier,
1969) is not common elsewhere. Losses from flower infection are usually
slight. "Brpv/n blight" of ripe berries is common wherever coffee is grown
but is only troublesome in areas where coffee is wet processed. In these
areas severe outbreaks during wet weather can cause pulping difficulties,
bean staining and loss of quality (Hocking, 1966). Greoi losses occur
where CBD is present. Boison (i960) end Saccas & Charpentier (i909)
reviewed many reports of severe losses from the disease and losses of up

to 80% of the crop were nor unusual in some plantations.
2,3. Syreptomato!ogy:

Boison (1960)distinguished tv.o groups of symptoms: anthracnose
of leaves, fruits und branches, characterised by lesions on The different
organs and dieback characterised by desiccation of the extremities of the
bionches. The various symptoms have been described in detail by several

workers. Tire fungus can also be present cs latent infection.
2.3.1. Anthracnose of leaves:

Necrotic brown lesions are produced usually on the margins of
leeves and as they become older they may develop concentric rings on
which the acervuil are visible as smali black dots mostly on the upper
surface of the leaf. Early reports cf Butler (1918) end Smell (1926) recorded
such symptoms as being fairly common in India and Uganda respectively,
and they hove been subsequer‘uly reported from most coffee growing countrie

Although the foi.au.> can be a primary pathogen of leaves (Hocking, 1766) it



also occurs in leaf lesions following infection by such fungi cs Hcmileia
vcstratrix Berk & Br. (Butler, 1918) and Cercospora coffei.cola Berk &
Cooke (Alandia & Bell, 1957) or following injury from nutrient
deficiencies (Wellman, 1961) or insects (Small, 1926). The preselection
test applied when the seedlings ore 8-10 months old, takes advantage of

the susceptibility of shoot tips (van der Vosscn e* a L, 1976).

2.3.2. Anthrocnose of fruits:

Or. ripe berries infection usually occurs as sunken patches which
spread icpidly and eventually cover the whole berry (Anon., 1976). In
Fast Aftica this symptom is called "brown blight" and is <he same as that
described in India by Butler (1918). it has been reported in most coffee
growing countries. A disease of immature fruit known locally as coffee
berry disease (CBD) was first reported from Kenya in 1922 (McDonald, 1926),
where it occurred in the western region at altitudes between 1800 Grid 2100m.
Flowers are very susceptible ai al! stages from tire pale green unopened spike.
On flower petals, a dark brown streck is the first symptom. The whole flower
is sometimes destroyed. The young berries are most susceptible during iheir
expansion phase which occurs from Ato 16 weeks after flowering (Mulinge,
1970). The early "pin head" berries are more resistant and mature green
berries are again fairly resistant but become susceptible as they begin to
ripen. Abscission of young infected fruit, which may occur either at the
bottom or top of the fruit stalk (Rayner, 1952) occurs freely; older berries
may remain attached and become black and mummified. On the green berries,
infection may take two farms (McDonald, 1932; Bock, i956). Active lesions
start as small dark sunken patches which spread rapidly to involve the whole
berry. The fungus sporulates freely on them and a pale pink crust of spores
nay be seen. In "scab” lesions, on the- other hand, the lesion develops
slowly and is buff coloured with scattered dark stromata; the growth of the
fungus is limited and it sporulates either sparsely or not ur all. In such

¢

lesions the fungus may die out and the affected area may be sloughed off,



although sometimes the fungus penetrates deeper to destroy the beans;
on ripening berry scab lesions con become active. Invasion of berries
by mycelial growth from ihe stem is of local importance only and is not
a general phenomenon (Nutman & Roberts, 1960 b), but when it does

happen spectacular losses of crop can occur (Nutman & Roberts, 1961).
2.3.3. i.atent infections:

In isolations made from coffee tissue, Raynor (1948) foe*, that
practically every piece of tissue (healthy leaf,- green berry, stern,
pedicel) down to | rrm*? pieces of leaf produced fungal growth. These
fungi consisted of Collntoiriclmm in a variety of forms, and species of
Phoma end Phcrncpsis. He suggested that the fact that those fungi were
present as latent infections on almost oil healthy coffee tissue could
explain the consistency with which they fructify on moribund or necrotic
tissues and why physiologic diseases have been atlribuied to them. There,
was evidence to suggest that premeture shedding of leaves; irregular bark
ripening and uneven ripening of berries could be associaied with ihe
development of latent infections. Latent infection of fruit by Colletotrichum
is common on many crops and has been studied by Simmo.nds (i963) with
special reference to ihe banana, ‘'these infections usually become active
when the fruit ripens. A feature of Colletotrichum spores is that they
develop thick walled resistant oppressoria when they germinate cr ‘hose
may survive to produce progressive infections at a later date (Mer.. hi,
1964). Latent infections of coffee berries may turn into the brown phase
as the berries ripen (Hocking, 1966). The frequency with which
Colletotrichum infections develop on surface sterilized detached green
berries in Kenya, especially at the stalk end, suggest that latent
infections cr resistant dormant appressoria ere fairly abundant on young

berries (Firman and Waller, 1977)

2.4. Host range:

A few workers have conducted studies which dealt directly with



cross inoculations of Colietotrichum isolates from coffee. Small (1926)
isolated fungi, from many different cultivated plants in Uganda, that

he considered to be identical with C. coffecnum. Although the results
were erratic it was shown that under some circumstances isolates from coffee
could infect other hosts and vice versa. Hocking (1971) inoculated fruits

of 19 plants from 14 different families with a virulent CBD isolate from green
coffee berries and presumably a different strain from coffee twigs. The

CBD isolates infected the fruits of only three other species whereas the

iwig isolate produced active lesions on 14 of the 19 species. He suggested,
therefore, that the specialized CBD strain did not have the polyphagous
ability of what he called the generalized wiid type races. Hindcrf (1974)
tested Colietoirichum isolates from 28 host plants in Kenya for Dathogenicity
to coffee, but found that none resembled the virulent CBD strain cr

produced CBD symptoms on coffee and that alternative hosts did not clay a

pent in CBD epidemiology.

2.5. Ftioiogy:

2.5.1. Classification of the fungus:

The fungus causing coffee tuny disease, falls under the class
of Fungi Imperfect! (Deuterornycetes), in the order of Meienconiales,
family Mclanconiaceae, Section Hyaiosporao and genus Colletotri:hum
(Clement & Shear, 1957; Alexopoulos, 1962). There ore several distinct
species of Colietofrichum. In a revision of the fungi classified in the
genera Coiletot'ichum_and Gloeospcrium, von Arx (1957, 1970) had
recognised 13 distinct species of Colietotrichum and proposed the
conservation of the genus on practical grounds despite the priority of
Vermularia. Many of ;he fungi formerly described as Gl oeosporium
(a genus for which the type is actually a Marssonia sp ) were
Transferred to Colietotrichum . Among them was Gloeosporlum

coffecnum (Delacroix, 1897,4as cited by Firman and Waller, 1977),

the name under which this fungus was firsi described on coffee although



it has been more usually referred to as Colletotrichum coffeanum Noack
(Noack, 1901, as cited by Firman arid Waller, 1977) in cqtfee literature.
It is a conidial state of Olomereio cingulata (Stomem) Spauld & Schrenk,
and as such is equated by von Arx (1957) with Colletolrichum
gloeosporiodes Pen/, the specific epithei having been selected from
over 600 names given to the conidial state of G . cingulata. Wheller
(5954) remarked thct_G. cingulate is a notoriously variable species and
that although this is o0 major disadvantage for studies of the nature of
parasidsm it makes it well suited for basic studies of the nature cf

var*nbi‘iry of Fungi.

Wellman (lyoi) was convinced that the imperfect state occurring
on coffee could be classified under both Colietofrichum and Gloeosporium
because some isolates produced setae and others did not. Butler (19i8)
noted that setae may be absent especially in young acervuli on the leaves
v.hercas on berries they were well developed. Setae ore most commonly
produced on a dry or drying substrate both in nature and artificial culture
(Hendrickx, 1943 as cited by Firmar. and Walier, ©77; Small, 1926) and
Frost (1964) had suggested that the effect of humidity on the formation of

setae may be of widespread occurrence in the genus Colletotrichum.

There is great morphological variability among isolates of G .
cingulata from coffee, a situation similar to that reported o:i other crops
such as apple (Andes and Keitt, 1950), banana (Kaiser and Luke/ic, 1966)
and citrus (Burger, 19/1, as cited by Firman and Waiier, 1977). Most
people working with Colietotrichum cn coffee heve referred to the fungus
as C_. cc-ffcanum, although distinct forms or strains have been recognised
by pathologists, particularly with regard to work on coffee berry disease.
These or*- distinguishable by colony characters when grown cn agar end
sometimes by conidial dimensions when these are outside the normal range
for C . gloeosporioides. Meiffren (1957) (cited by Firman and Waller,

1977), for example, recognise” three strains based cn conidio(.s'ze, in the

Ivory Coast, cr.c having particularly large conidia (23*- 34.4x8- 12.bp. )
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orid very long setae. The Formalion of conidia directly on the hyphae
rather than in acervuli is a feature of certain strains when grown on

agar.

Hindorf (1970, 1973 o, b) made morphological studies of Cclietctrichum
isolates from coffee in Kenya and discussed them in relation to the taxonomic
work of von Arx (1957, 1970). In most cases the isolates proved to be the
conidiai states of G. cinguiato but Colkdofriclium acuiutum Simmonds was
also common. He preferred to retain the name C. coffeanum for the fungus
causing CBD which was pathogenic to green coffee berries, and ref i ed to
most other isolates os C, gloeospoiioides. However, the C. coffcoiium
described by Noack (1901) from Biaeil was not a pathogen of green berries
but ihe name has been used for practically ail isolates from coffee,
whether parasitic or saprophytic for over 00 years. Various authors hove
recognised this anomaly, such as Raysier (1941), who proposed the name
C. coffeanum var. virulans for CBD pathogen, ar.d Nutman and Roberts,
who referred to it as a form of C. coffeanum . The original fungus to
wliicSi Noack gave ihe name C. coffeanum was most probably C.
gloeosporioides. C, coffeanum as orijrnaliy described v/cuid therefore
seem to be a synonym of C. gloeospoiioides (a conidiai stole of G,

cingulafa) and thus may be ior.oncraical ly invalid for describing the

CBD fungus.
5.5.2. Studies of the pathogen!

2.5,2 .1. Cultural studies:

Several different media have been used in the course of
investigation of the CBD fungus. McDonald (1926) tried several media
in his work of identification of CBD fungus. The chief media used were
coffee been extract agar, carrot agar end coffee wood blocks. He
found that the brown blight fu*/igus from coffee berries did not reach a

peiifhecial stage nor did that of the CBD Coilefotr'chum. The colour



of the mycelium of the CBD fungus always differed markedly from the rest
in that the fungus invariably became coloured after a few days' growth.
This colouration differed with the medium but was alwaysdt:onsistent with
each particular medium. The change from white to a dark colour appeared
to coincide with the formation of the first conidia. He found that on carrot
agar the first change was to green, and, with the growth in diameter of the
mycelial colony, there was a gradual enlargement of the green area from
the centre outwurds, always leaving a narrow white periphery as long as
active growth was taking place. With age the green darkened until
eventually the culture was almost black and of a uniform tint. He found
that the colour change on coffee wood blocks was through dark green fo
practically black with a white margin while active growth lasted. On
coffee bean extract eger changes were not so distinct owing to the dork
colour of the medium, but various shades of grey preceded the eventual
blackish colour. He, also, found that the CBD fungus showed a great
tendency to form dark, brown chlamydospores as the medium dried out.

The chlamydospores wore very similar in appearance to the appressoria
produced on germination of the spores and suggested that they were
probably largely the cause of the very dark colour of the culture. Gibbs
(1969) used 2% (Cxoid) A/IEA, containing 0.02% streptomycin, in ihe
studies of isolation arid characterisation of Coiletotrichuin spp. from
coffee berries and berk. He found that the CBD (var. virulans) fungus
was slow growing, profuse greyish-black aerial mycelium with conidia
bome directly on nyphae. Cock (1971, unpublished) used a basal

medium of Mg SC4. yflI*O, KHMPO~”, peptone, agar in distilled water
containing a range of glucose concentrations with or without leaf
decoctions. He found that maximum spore production was afier8 days

of incubation at 22°C and that the addition of leaf decoction did not

stimulate sporulation.

The CBD form is present only in small emounts and never account:
for more than 5% of the total™number of spores produced by sporulating

bark (Gibbs, 1969). There are no recoids of the perfect state of the CBD



form having been produced in culture despite many attempts In Kenyﬁa,
neither has the perfect state been associated with CBD infg)cted berries in
Kenya. However, Hocking et_al, (1967) in Tanzania reported that
perithecia were formed on green berries inoculated with the CBD form and
that, after five weeks incubation, 13% of the field collected infected

green berries had perithecia. A few berries with perithecia were also

Found on trees, in Kenya 90% of mono-ascospore cultures by Vermeulen
(1970 b) from G. cinguiata perithecia on coffee branches wore of t! « ccm
ond 5% of the cca form. A few isolates corresponded to the two S
described by H'ndorf (1970), one producing mycelium bearing only perithecia
and no conidia or.d the other, which was very rare, being the greenish
mycelial form of C. gloeo/.ponoidos. Vermoulen (1970 ) found no evidence
in Kenya that o”™cospores from perithecia on bark or grown In culture could

infect wounded or unwounded berries.
an, Factors affecting conidigl germination arid infection;

Much of this work was done by Sock (1956) and Nutir.an end
Robertc (1960 b), although subsequent work by several authors has
increased the understanding cf conditions favourable or inhibitory to

conidia! germination.
2.5.2.2.1. Temperature:

Nutman and Roberts (1960 b) reported that the optimum
temperature for the germination of C. coffeanum conidia in water was
about 22°C, but the presence of nutrients resulted in a higher optimum
about 27 C although the optimum for subsequent lesion formation after
inoculation remained ct 22°C. The maximum temperature for gemination
was about 30°C (up to 35°C with nutrients) and the minimum was i.5°C.
Hov/ever, Bock (1956) hod previously shown that some infection could occur
ot temperatures down to ICTC.A Subsequently others (Waller, 1971; Cook,

1975 b) aiso suggested that in the field some infeciicn took place at
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temperatures below 15°C, and Steiner (1973) (cited by Firman and Waller,

1977) confirmed 3ock's findings from both laboratory and field studies.

2.5.2.2.2. Time:

At optimum temperatures, conidial germination and
appresorial formation could occur within 4 hr., but at the other temperatures,
germination to the stage of appreSoria! formation took much longer,
especially at higher temperatures, where long germ tubes were formed, Iri
an experiment in which inoculum droplets on berries were dried at
interval to kili ungerminated conidia before being replaced in humid
conditions to allow further disecse development, Nutman and Roberts
(1960 a) showed that some infection was possible in less then 2 hr, and
that the number of lesions formed increased in a linear manner for infection

periods of up to 20 hr.

?.5.2.2.3. Moisture:

According to Nutman (1970) germination could occur only
in the presence of liquid water although earlier work by Nutman and
Roberts (1960 b) had indicated that germination cnd infection could
take place under high humidity. Meteorological data from within coffee
trees (Kirkpatrick, i935) showed that at temperatures allowing germination
and infection, a saturated atmosphere in the absence of free water would
be rare. Nutman and Roberts (1960 b) also studied the effect of partial
desiccation on the conidia by exposing them to sunlight and by night to
the dry conditions on o laboratory bench. Cne day's exposure to
desiccation of the extruded mass of conidia on the lesions increased
their infectlvity markedly but subsequent drying resulted in progressive
reduction of infectlvity. The conidia lost infective ability totally after
10 - 12 days. Or, coffee berries with the more humid and shaded
conditions in a coffee plantation, desiccation would be much less so that

infectlvity would be expected to be maintained for a longer period.
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2.5.2.2.5. Altitude:

Nutman and Roberts (1960 b) considered that the relationships
of CBD development with altitude, rainfall, shade and topography were all
readily explicable by the experimental facts concerning conidial production,
germination, growth end penetration in relation to time, temperature end
humidity. It was thought that stendard meteorological data could be used
to predict the probable incidence of the disease in any given area. In
particular they noted that widely divergent views on the effect of shade
cn disease incidence had been expressed (Anon., 1934; Rayner, 1952)
and concluded rhar shade could either increase or decrease the disease
depending on the altitude at which observations were made. It is widely
reported not only in Kenya, but also in Angoia (Da Ponte, 1966),
Cameroon (Muller, 1964, cited by Firman & Wailer, 1977), Tanzania
(Tapley, 1964) and Uganda (Buiv & Butters, 1966) thui CBD is more serious

at high altitudes.

During the time of the work of Nutmcn and Roberts, the disease
was apparently restricted to altitudes above 1700 m in Kenya. They
suggested (1961) rhat this was due to certain limits with respect to
temperature and humidity for colonisation of the twigs by the CBD species.
Nutman and Roberts (1969 d) attempted to explain the spread of CBD lo
lower alliludes during the 1960s (outbreaks NOW occur down to 1500 m in
wet years) and its greater severity elsewhere when compared to fhe
situation in the iate 1950s. They suggested that there had been o
significant climatic change during the early 1960s which might have
allowed the CBD species to colonise twigs mors readiiy at lower
altitudes. This view was challenged by Griffiths and Waller (1971) who
found no significant differences in temperature or rainfall between the
1950% and 1960s when they examined in detail data from 20 sites spread
over both high and low altitude coffee growing areas. It was apparent,
however, that variation in the, rainfall distribution between years could

substantially alter rhe cropping season. Because overlapping crops had



15

a significant effect on boih inoculum level and CBD incidence, those
factors which influenced the flowering of coffee could ha;/l«e an effect

on disease. They showed that variation in rainfall distribution could
give rise to substantial changes in cropping patterns resulting in a shift cf
two months or more of flowering times between different years. They also
showed that there had been u substantial increase in double cropping (a
subsidiary, short rains crop usually flowering in October, overlapping
with a main long rains crop usuaiiy flowering in March) during the late
1950s. Nutman end Roberts (1969 b) suggested that this could be the result
of CBD stimulating out of season flowering by the a'estiuction of flowers
and young berries. Griffiths and Waller (1971), however, showed that it
was correlated with a widespread change from single stern pruning to the

multiple stem system at that time.

2.5.2.2.5. Source and ccucentrotion of conidia:

Nutman end Roberts (1960 a) preferred freshly extruded cenidia
from lesions or, ripe berries for inoculation experiments because
appreSoria were produced soon after germination whereas conirlio front
green berries fended to have longer germ tubes often without appreSoria.
Bock (1956) found that a concentration obove 10,‘5'> conidia/ml ensured
optimum berry infection in inoculation experiments, but Griffiths and
Furtado (1972) used very small quantities of conldia (down to one cor.idium/
berry) in a berry infection technique for assessing CBD. At very high
concentration, germination may decrease (Firman & Waller, 1977).

When ccnidia were germinated at concentrations of 186.3, 45.9 and

1.7 x iO”™/ml, Nutman and Roberts (1970) found that germination increased
as the concentration decreased. In a washed series cf dilutions there

was more germination than in an unwashed set except at the highest
ccnidia! concentration. They suggested that may be o natural germination
inhibitor occurred in freshly extruded conia‘ia which was reedily removed

on dilution with water. *
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2.5.2.2.6. Nutrients:

Compared with germination in water, various nutrients such as
sugars in high dilutions increased ihe germination rate as did leachates
and dilute extracts from coffee berries (firman & Waller, 1977). They
noted that this effect increased as the intrinsic viability of the conidia
decreased. Thus conidia! germination percentage of 57.5 was increased
with the addition of 1% dextrose by 20% whereas one of 5.5 was increased
by 6!0%. Improved nutrition also broadened the temperature range over
which optimum germiriaiicn occurred and raised the maximum to 35' C

(Nutman £ Roberts, 1960 b).

2.5.2.2.7. High dilutions of fungicides:

Nutman end Roberts (1962) found that a wide range cf fungicidal
chemicals at very high dilutions stimulated germination, growth and
infectlvity. This stimulation svas Independent of nutrition, but its degree
was dependent cn viability the relation being logarithmic and identical
with that between viability and nutrition, |i appeared that the degree
of response to a fungicidal or nutritional stimulus was dependent on

conidia! viability and not on the nature of ihe stimulus.

2.5.2.2.8. Plant surface:

Nutman and Roberts (1960 c) showed that flowers, young berries
and fully ripe fruits were highly susceptible to infection and that at
least part of the variation in susceptibility between flowers end berries
and between berries of different ages was the result of variation in
germination rate of conidia on their surfaces. Probably nutrients
diffuse more easily into infection droplets or. flower: end ripe berries
than on green berries. Steiner (1972) and Lartipordand Carter (1973)
found fungitoxic substances in the surface wax from berries of CBD

resistant coffee cultivars.
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2,5.2.2.9. Source of CBD inocuium ond dispersal:

Conidio of C_. coffeanum are produced in acervuli on the develo-
ping bark of young twigs and on diseased berries. Both conidial
production (exudation) and dispersal are dependent upon water (Firman &
Waller, 1977). The role cf conidia produced from twigs or berries in
disease epidemiology was the subject of much debate during the 1960s.
Initially it was considered that inoculum from !he developing bark was
the most important source (Nuiman & Roberts, 1961) but later if was
she,,r, that diseased berries were by far the most potent source (Gibbs,
1969), In the absence of diseased berries, inoculum from the bciik can
initicte cn epidemic but the subsequent progress of the disease is more

dependent on conidio from the berries which account for mosi of the

inocuium during most of the season (Griffiths ef al. , 1971).
2.6, Centro! of p-.tthogen:
2.6.1. Use of resistant varieties t

Among arabico coffees such cultivors as Geisha and Blue
Mountain have leng been known to be rather resistant to CBD in Kenya
whereas other types notably Karur, SL selections and Bourbon were
particularly susceptible (Raynor, i952). Blue Mountain, cs a resistenf
culiivar was recommended for commercial use, bu* according to Gillette
(footnote to Thorold, 1945) this cuifivar would no* produce economic
crops when cultivated under heavy shade which was then common in
most crocs prone to severe CBD. Blue Mountain could be subject to
heavy flower loss by CBD (Anon., 1953) even though the berries are
resistant, so its yield car. be raised by disease control (Bock, 1963).
Rume Sudan end some progenies of Hybrids do Timor have high
resistance to CBD but their quality is below acceptable Fast African
standards (Anon., 1965; Femte & Vermeuien, i°66). The eultiver K7

showed appreciable fieid resistance, almost as much as Blue Mountain
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(Gibbs, 1963) ond because of irs quality, Is quite widely grown in the
middie and low coffee altitudes where it produces reasonable yields

often without being sprayed.

Techniques for screening varieties for resistance have included
the detached beriy test (Bock, 1956) os well as field observations on
natural disease incidence. More recently methods for screening young
coffee seedlings for resistance based on inoculating the hynocotyl,
cotyledons, sections of young stems end discs from seedling leaves have
been developed (Cook, 1973). Hypocotyl infection of 4 - 6 week oid
seedlings is being used to detect disease resistance in the Kenya Coffee
Breeding Programme (van der Vossen et al. , 1976) but laboratory
susceptibility has been found in some varieties showing apparent field

resistance (Anon,, 1975).

262 Use of fungicides:

By 1952 it was known that some degree of control of CBD could
be exercised by fungicide sprays (Rayner, 195/.) fcui little real success
had been cchieved. It was thought that a continuous protection of the
developing fruit wojld be required. Bock and Rnyner (1956) controlled
the disease by monthly sprays of phenyl mercury acetate and fortnightly
sprays of copper fungicides during the rainy seasons. However, the
promising results with the mercury spray did not lead to practical
recommendations because il was found to induce severe zinc deficiency
in the coffee bush (Bocic et cm. , 1958). Similar effects following arsenic

sprays have been seen in Zaire (Bock et al., 1953).

Bock (1963) compared 25 different fungicide formulations
containing various active principles in field trials and found that
copper fungicides weie the most effective whereas capfan and moneb
gave inconsistent results. Su?sequently, Venneuier. (1968) screened

43 fungicides using tests to detennine reduction of mycelial growth cn
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agar and prevention of conidial germination. Fourteen of those showing
the best results were then tested in field trials. Results were variable but

ccptafoi was as good as copper.

Nutman end Roberts (1970) have described a laboratory technique
for testing fungicides against CBD on the basis of their effect on
sporulating capacity. A somewhat similcr method was used by Vine
etal,, (1973 a). However/ good antisporulants such os "Tuzet" were
not effective against C3D (Griffiths and Gibbs, 1969; Gibbs, 19/1)
lending weight to the view that antisporulant activity which \wvcc the basis
of early season spray schedules is not of major importance especially since
it failed to work well even when overlapping crop was removed *o that

infected berries could not provide the initial inoculum (Gibbs, 1971).

Vine et alL (1973 o) tested some 60 fungicides in the laboratory
for their cbili‘y not only to depress soorulaticn of C. coffeanum on the
maturing bark cf coffee but clso to inhibit spore germination. The most
promising were selected for field trials and 9 of them could be recommended
for control of CBD in Kenya. These were 50% copper formulations, cagtofol,
chlorothalonil, benomyl, thiephanafe - methyl, thiophate, thiabendazole,
dithianon and fentin hydroxide. Fentin hydroxide vros later found less

effective and is no longer recommended (Vine et al., 1973 b),

The edveni of systemic fungicides produced many new materials
which were very effective against CBD, including carbendazim and
cypendazol (Baker, 1973; Okioga and Mulingc, 1974). However, Cock
(1975 a) detected tolerance by the CBD pathogen of both of these
benzimidazole fungicides ir. vitro end where they hed been used continuously
and exclusively, CBD centre! failed (Okioga, 1976). Tolerance to
benomyl, also a benzimidazole fungicide, has occurred, and none, so far
has boen detected against the non-systemic protectant fungicide captofo!.

A few isolates obtained, ir* August 1976, from infected berries from

benlcte sprayed plots were clso found to be tolerant to Beniate (Javed, 19/8),



-20-

Benlafe (benomyl) a benzimidazole compound (methyl-I-
butylcarbamoy! benzimidazol-. -yl carbamate) was first recommended in
Kenya in 1972 for the control of coffee berry disease (CBL5) caused by
the fungus Colletotrichum coffeanum Noac.k. In i973 other fungicides
were introduced for CBD control in Kenya. The fungicides were chemically
similar to benomyl in that they were formulations of its degradation
product, methyl benzimidazol-. -ylcarbamate (carbendazim, formerly
referred to as MBC) (Clemons and Sislsr, 1969; Maxwell and Broddy 1971)
or of compounds similar to benomyl itself. These included Bavisrin end
Derosa! (formulations of carbendazim) Gnd Folcidin (Cypen duzoi methyl
1-5-cyanopentyicarbamoyl benzimidazol-2~y!carbamate). in November
1974. folcidin was wit*.drawn by its manufacturer because their scieenirig
trials at Upper Kiambu, Kenyc™hod Indicated tolerance cf coffeanum
to this fungicide. The tolerant strains of C. coffeanum have now become
endemic in high altitude coffee growing areas of Kenya arter repeated

use of benzimidazole fungicides (Benlate, Bavistin, and Dercsal).

fungicide tolerance has been reported by many workers. Ore of the
earliest reports of tolerance to fungicides in fruit orchards was by Taylor
(1953) who observed tolerance of apple root organisms tc copper and sulphur
fungicides. Apparent resistance of Venturis inaequalis to Dodine was noted

by Szkolnik and Giipalrick (1969) In New York apple orchards where Dodine
gave unsatisfactory control of apple scab although it was previously used
successfully for up to 9 years. Some cases of acquired and induced
resistance io benomyl have been reported (Bolien and Schoifen, 19/T).

This resistance was also found in Pusanurn roseurn (Hoitink and Schmithenner,
1970) and some laboratory resistance has been obtained for rosarium
oxysporum f.sp. iycopersici (Thanassoulopoulos et a!., 1971). BoMen

end Scholten (1971) noted that cyclamen soft rot caused by Bofryiis

cinerea was not controlled by benomyl. Goldberg and Cole (1973)

reported a complete failure with benomyl applied to control Sclerotinia
nomoecarpa on a commercial jp If-course. Tolerance to benomyl has be-en

reported in Cercospoia noil Pres (Berger, 1973) and C. beticoia



(Georgopculos and Dovas, 1973). In 1974 Wicks (1974) reported that
Venturis inoequalis (CKE) Wint. wc*s resistant to benomyl T:; South
Australia. Subsequently, resistance to benomyl was reported from New
Zealand (Tate and Samuels; 19/6) in 1975. Benlctte resistance v/as first
reported in the U.S,in 1976 in Michigan (Jones and Walker, 1976). The
problem was observed most frequently in orchards where benomyl was
used regularly for at leas* 3 years. Since 1970, benzimidazole fungicides
have been used extensively in Israel for the control of scab (caused by
Venturjg piling Aderh.) in pear orchards. In 1975, resistance to these

fungicides v/as found in V. pirina from two pear growing regions in

Israel (Shabi and Ben Yaphet, 1976).

Geeson (1976) reported that the mycelial growth of 16 sensitive
isolates of Botrytis cinereo was strongly inhibited by less than i pa/mi
MBC with ED,.. between 0.06 and 0.19 pg/mL He noted that good
growth, or. agar media was shown by 26 fully tolerant isolates ir. the
presence of 10,000 pg/ml MBC, oithough |Ihe*r production of sclerotia
was delayed and in some cases reduced by high concentrations of MBC.
He further observed that germination of conidia of sensitive isolates of
B. cinerea was insensitive to MBC concentration which completely
inhibited mycelial growth, but germ tubes were abnormal and did not
develop further. Uttreil (1974) reported that ccridicl measurements and
microscopic observations of Cercosporo arachidicola showed no evidence
of reduction in size or change in morphology of conidia when the fungus
was grown on benomy'-omena'ed medio. Th’s is not in agreement with
observations by Griffea (1973) with Codetotrichum musae in which conidial

size v/as reduced by culturing on benemyi-arr,ended medium.

Considering spo™e germination, hyphal growth, sporulation and
stability of resistant isolates of Venturia pirir.c (Shabi and Katan. 1979)
the same characters observed by Javed (1980) in C. coffer.num ccuid be

of epiderniicgicai imperteneef Shcbi and Katan (1979) reported that
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resistant isolates of V. pirina were subcultured on fresh, fungicide free
media obouf once each month for over | year, without loss of resistance.
Dekker ana Gielink (1979) reported that acquired resistance to pimaricin
in Cladosporium cucumerinum and Fusorium oxysporum f. sp. narcissi
was associated with decreased pathogenicity to cucumber sea'diings and
narcissus bulbs. This was in contrast to observations by Javed (1960)
with C. <offeanum ond by Shabi and Katan (1979) with Y*£irin°® 'n

which tolerant isolates were found as pathogenic as the sensitive isolates.

Fenomy! tolerant Ciadnsporiurr. carpcphHum was isolated from peaches
affected with scab in 1975 afier benomyi was applied 4-7 times per year for 4
years in research plots (Chandler ct a!., 1978). They confirmed the
persistence of tolerant strain in 1976 and 1977 and spraying experiments
during both years using captan, mancb or sulphur in combination with benomyi
were effective in controlling sensitive and tolerant strains of C. caipophilum
and also the brown rot fungus, Monilinia fructicola, They further reported. In
1977, caprafcl alone or glyodin in combination with benomyi or captan were
also effective against these diseases. Benomyi tolerant strains of Eotryds
cinerea pers. ex pers. were obtained from all commercial glasshouse
iomato crops samples in Lancashire in 1977, although benzimidazole
fungicides had not been used cn some nurseries for upto 3-4 years (Miller
& Jeves, 1979). This was not in agreement with observations by Sutton
(1978) with Venturio inaequalis in which combinations of benomyi with
reduced rates cf non-benzimidazole fungicides failed to control benomyi
resistant isolates and the spread of resistant strains in North Carolina.
Evidence that resistant isolates to a fungicide develop cross-tolerance has
been demonstrated. Clark_et aj., (1974) reported .har benorr.yl tolerant
isolates of Cercospora arachidicola ana’ C. personaturn had cross-tolerance
to a fungicide, thiophanate methyl, chemically related to benomyi.
Georgopoutos and Dovar (1973) noted a serious outbreak of strains of
Cercospora beticola resistant to benzimidazole fungicides in Northern
Greece. Triphenyltin compounds were used exclusively until 1976 and

1977 growing secsons when the control of Cercospora leaf spot w'ih
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triphenyltin compounds was unusually inconsistent-. GiannoB'(?Iitis (1978)
demonstrated cross-resistance ro triphenyltin compound in benzimidazole
resistant strains of C. beticola. Sozzr and Gessier (1960) found no
difference between artificially induced MBC resistant mutants and MBC
sensitive wildstnairis of Fusorium lycopersic? Snyd, et Hans., and

Botryti; cdnerea Pers. ex. Fr. when tested for their pathogenicity and
fitness. Strains heteroccryotic for benomyl tolerance have been

demonstrated in Botrytis cinerea Pers. (Pourtois ej™cu., 1976),

The mechanisms by which living cells in general and fungi in

particular acquire tolerance tea chemical include:-

(i) decreased membrane permeability

(i) development of alternate metabolic pathways
(iii) Inactivation of the chemical

(iv) alteration of the reactive site.

Hammerschlag and Sisler (1972) reported that respiratory inhibition
by benomy! in sporidia of Ustihgo maydis was net only dependent on toxicant
concentration but also on cell concentration. They further observed that
respiration of Saccharomyces paslorianus and S. cerevisiae seemed to be

about as sensitive to benomyl as that of U. maydis.

Detection of benomyl tolerance in C. coffeanum before wide-spread
losses occur and establishment of a range in tolerance is an advantage in the

formulation of the disease conirpl programme.
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3. MATERIALS AND METHODS:

3.1. Isoioiicn of benomyi sensit! vs ard tolerant s'rains:

infected green berries were harvested from benomyi treated
plots at Migoa (aliitua'e - 676 rn), Kibubuti (altitude - 1U90 m) estates
and from unsprayed plots a: the Coffee Research Station (alt'tude -
I6G3 rr.) in Kiarnbu District. The lorries were surface sterilized wltli
1% calcium hypochlorite for five minutes then washed in five changer.
of distilled sterile water and incubated for 48 hr In a rnoisi chamber for
the fungus to sporulate. The chamber consisted of a picsric box !7 cm
long, Il cmwide and 5 cm high. Conid<ai suspensions were prepared
from such cultures of Colletoirieh'jm coffeanun and eonidle! density
was estimeted using a hoemocyfomeier. For each isolate the
concentration was later adjusted to 2 x 105 conidial/mi. The
concentradon of . X .o conidiol/ml for each isolate was diluted to
give approximately .. conidia/plcne by using the plating method of
Gibbs (196V) and Staples (1973). Benomyi at iO pg/rr,! concentration
was added to molten 3.4% mult ext.act agar (MEA) after cooling to
45°C beTore pouring into the inoculated plates. Approximately 20 ml
of MEA was poured into each plate, Control plates contained MEA

without benomyi. The plates were incubated for 10 days.

3,2. Pathogenicity of benomyi sensitive and tol!erant sirains:
%
The following conditions were observed when conducting
pathogenicity rests. These included using . x iC coriidia/ml for
inoculations; incubating inoculated detcched berries ot 20°C + 0.5;
recording percent infected berries or an interval of four days after
inoculation for up to four weeks. All the treatments were repliccted

three time: and each experiment was repeated once.
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3.2.1. The effect of temperature on pathogenicity of benomyl
sensitive and toleiont strains using detached berries

of SL 28 coffee cultivar:

The boxes '.cnraining inoculated berries were incubated ar 10,
15, 20, 25 and 30°C. Percent berries which developed lesions at the

point of inoculation were recorded.

3.2.2, The effect of various conidlal concentrations of bcncinyl
sensitive and tolerant straltis on detached berries of

$L 23 coffee cultivar:

The following suspensions iO , 2x 10 , 5x 10° 101 2 x 10 ,
/ 5 5 5 £
5x 10T, 10, 2x 10, 5x 10, and. X .o conia'ia/ml were prepared.
Two drops of each conidial suspension were put on detached berries in
moist chambers and incubated. The procedure was repeated for all the

other strains cf C. coffeanum . Percent infected berries was recorded.
3.2.3, Mechanism of infection;

A detached berry inoculation technique (Bock, 1956) was used
in this study. Expanding young, soft green berries were surface
sterilized, placed on damp cellulose wadding in moist chambers and
inoculated with one drop of conidiai suspension for each strain. The

inoculated berries were incubated at room temperature.
3.2.3.1, Epidormcl scrappings of berries:

Tour hours ofier inoculation, three epidermal scrappings were
removed and put into McCartney bottles containing farmer's fluid
(appendix 1). This procedure v/as repeated for each strain after . , 24
and 48 hr of inoculation. Aft~r 24 hr the epidermal scrappings were

transferred to McCartney fcotties containing iactophencl (appendix 1).
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Twenty four hours later the materials were removed from lactopheno! and
put into McCarthey bottles containing acid fuchsin in loCto-heno! as
gWen in appendix |. After 24 hr of staining the materials were mounted
in 50% glycerine on microscope glass slides, coveted with cover slips
and sealed using colourless nail polish. Observations were made under

light microscope. Micro-photographs were taken.

3.: .0 .2 . Tmneverse sec*ions of :noculated berries:

3.2.3.2.1. The portions cf the berry pericarp, below the "inoculation
drops", after 4, ., 24 and 48 hr. of inoculation were fixed in Camay's
fluid (appendix 2) for 24 hr. Sections of 12 p thickness were cut using
0 microtome and stained with Heidenhain's iron-alum hnematoxylin
(appendix 2) and counter stained with Orange G in clove oil.

Observations on fungal penetration were made under the light microscope.

3,2.3.2.2. Four hours after inoculation, sections of 12™ thickness were
cut using a microtome end bleached in a mixture of boiilng glacial
acetic acid and 95% ethanol in a ratio of 11 V/V. The sections were
then dipped in o solution of chloral hydrate and stained with %
lactopheno! cotton blue. The sections were examined under the light
microscope for fungal penetration. This procedure was repected at - ,

24 and 48 hr after inoculation for each strain.

3.2.4. Pathogenicity cf benomyi sensitive and tolerant strains on
detached berries of SL 28 coffee variety in thejpmsence

of benomyi:

Detached berries were inoculated using the technique deve-
loped by Dock (1956). Twenty five berries per replication cf each
treatment were surface sterilized and placed on dampened cellulose
wadding in moist chambers. *In one set of treatments ail berries were

punctured with sterile inoculating needle before piacing different
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benomyl concentrations. Ail 25 berries per replication were inoculated
with one drop, of approximately 0.03 ml, of a given strain per treatment.
The procedure was repeated for the various benomyl concentrations and
fcr ail the other strains. The moist chambers were incubated and the
berries were examined for infection. Percent berries with active

sporulation at the point of inoculation wcs calculated,

3.2.5, Determination of pathogenicity of benorrr/j sensitive and

tolerant strains using hypocotyl infection tests:

Padcng, Rome Sudan, Pretoria, K7, Catimor and Sl.. 23
varieties were used for pathogenicity tests by inoculation of seedling
hypocotyls as described by Cook (1973, 1976) and Cook end van dor
Vos en (197-tb This technique »s analogous to a preselection test applied
in breeding programmes for resistance to Coiletctrichum Mndomuthianum
in beans (Hubbeling , 1957; Maoieribroek, i960), in this experiment 50
seeds cf each variety were sown our, with parchment removed, in moist
sterilized sand in plastic boxes v/iih closely fitting transparent lids and
kepi at room temperature (20- 24 C). The seedlings were inoculated
within 5-6 weeks after sowing the seeds when the hypocotyls were
approximately 3-5 cm long. A double inoculation at 43 hr interval was
applied (Cook and van dei Vossen, 1974). A temperature of about
22 - 24CC and relative humidity in the boxes of 100% were maintained
for ihe first four days cf incubation. This was followed by on
incubation period at constant temperature of 19 - 20°C with lids
removed from the bores. Ai the end of three weeks from first inoculation
the seedlings were individually scored for disease symptoms developed
on the hypocotyl using a scale of | —!2 grade*. The infection mean

grades were calculated.
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3.2.6. Determination of pathogenicity of benomyi sensitive and

tolerant strains on berries on trees:

A field "attached-berry" inoculation tes! used by Bock (1956)
and van der Vossen et al., (1976) was applied in this experiment.
The following seven coffee varieties: Padang, Pretoria, Rurne Sudan,
K 7, Hybrido De Timor, SL 28 and SI. 34 were used in the study.
Artificial inoculation of berries on the trees was done at their most
susceptible stage i.e. 12 - 14 weeks after flowering when the green
berries were stiil soft (Mulinge, 1970 a). A total of 5-7 nodes with
berries still ar soil green stage of development on four branches per
variety were enclosed in white plastic bags end after one day precondi-
tioning .prayed with conidial suspension of a given strain. The same
procedure was repeated (oral! strains. A double inoculation was applied
at 48 hr interval to ensure maximum infection and the bags were removed
four days after Hie first inoculation. A control branch was included per
variety, where berries were bagged but sprayed with distilled sterile
water instead of inoculum, to allow the assessment cf natural infection.
Percent infected berries was recorded of weekly intervals until six
weeks after inoculation. This inoculation test was carried out in June-

Juiy 1981. The treatments were replicated three times.

3.3. Growth characteristics of the different strains in

differenf media:

The main objective was to find a medium which would serve
to distinguish benomyi sensitive from ber.omy! tolerant strains. Twenty
seven media were tested. The basal composition of the culture medium
contained plain agar (Oxoid), potassium, phosphate and magnesium
sulphate except media |, 2 and 15 which were plain agar (Oxcid),
malt extract agar (MEA) and cherry agar respectively. The composition
of based medium was varied according to source cf carbon, nitrogen and
with or without add!tons of zinc sulphate, ferrous sulphate and copper
sulphate as given in appendix 3. All media were adjusted to 5.2-6

.
range of pH.



-29-

The molten medium was cooled to 45 C before pouring into
sterile petridishes of uniform size, 9 cm in diameter. The plates
containing approximately .. ml of medium were centrally inoculated
with 5 mm diameter discs cut from the periphery of 10 day old MEA
cultures. Each treatment consisted of three replicate plates for strains
S, |jand for each medium and the experiment was repeated once.
Two diameters of radial myceliai grov/th were measured in each of three
replicates after 14 days of incubation and means calculated. Observations
were mode on mycelia pigmentation. Sporulation of benomyl tolerant
(=j and end sensitive (S) strains was determined by cutting discs s mm
in diameter, from .. day old sporulating cultures, macerating them
using inoculating needle, agitating them in .« ml distilled sterile water
with a Griffin flask shaker for cr.c minute. Determination of spore
concenérations was done with aid of a haemoeyfometer ana vas expressed

oer nm

3.4, Conia'ial germination and germ lube characteristics of benorny!

sensitive and tolerant strains:

The following conditions, unless stated otherwise, were observed
and included incubation of moist chambers at room temperature
(21 C + 4); harvested conidia from ., day oid cultures; examination of
germination in a sample of not less than 300 conidia after ., 24, 48 and
72 hr. All the treatments were replicated three times and tire experiments

repeated once.

3.4.1. The effect of conidial concentrations:
4 5
Suspensions ranging from 10 to . x 10 conidia/ml cf the three
selected strains, S, Tj and T, were prepared. For each strain, 0.1 ml
of conia'ial suspension was placed on a sterile cavity glass slide contained
in a moist chamber. Hie moift chambers were incubated and examined

for germination after . , 24, 30, 48 and 72 hr. The rate of germination
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during the lag phase of fungal growth and percent conidial germination

were recorded.

3.4.2. The effect of washing conidla on germination:

A suspension of 105 conidia/ml was used. The conidia were
divided into washed and unwashed lots. The conidia were washed using
400 rr.i of distilled sterile water and filtered through sortorius membrane
filter with 0.8 jipoie $i?e. A conidial suspension of 0.1 ml foi each
strain was put on a sterile glass cavity slide enclosed in a moist chamber
ond incubated. Periodic counts of germinated conidia were done after
s, 24, 30, 48 and 72 hr. Lag period of germination, germination rate

and percent germination wore noted and computed according!)/.

3.4.3. The effect of external source of glucose on

percent germinotion:

5

Suspensions of 2 x 10 conidia/ml were prepared. Weighed
amounts of glucose were dissolved separately in ..., ml distilled sterile
water to give the following glucose concentrations: 1%, 2%, 2%, 4%.
5% and : % . Three drops,'of approximately 0.03 ml each, of conidial
suspension for each strain end 3 drops of a given glucose concentration
were put on a sterile glass cavity slide enclosed in a moist chamber
and incubated. Control treatments for each strain had 3 drops of
distilled sterile water added to 3 drops of conidiol susperision/slide.
In all treatments the find concentration for each strain was 10 conidia/
ml while the final glucose concentrations were 0, 0.5, I, 1.5, 2, 2.5
end 3%. Germination of conidia was examined after 72 hr of
incubation. Total percent germination in each replication was

calculated.
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Ned 4. The effect of different ber.omyl

concentrations on germination:

Suspensions containing 4 x i(g conidia/mi were prepared.
Benomyl stock solutions at 2000, 200, 20 and 4 a.i. pg/ml were prepared.
The siio'e germination method of evaluating fungicides (Anon., 1923 &
i947) was used and the following benomyl concentrations: 0, 0.25, 0.5,
I, 2, 2.5, 5, 10, 25, 50, 100, 125, 250, 500 and !000ug/mI| were
obtained. Periodic counis of germinated conia'ia were made. Log
period of germinction, rote of germination and percent germination were

computed.

3.4-5, The effect of temperature on germinalion of

conidia arid appre Serial formation;

The conidia of three strains, S, Y. and T , were subi ultured
on MEA only once from the active lesions cf berries inoculated and
incubated at - pC + 0.5. Aqueous suspensions of . x io'5 conidia/ml
for each strain were prepared from the sporulating MEA cultures. For
each strain, ... m! conidia! suspension was placed on a sterile eovify
siide contained ir. ¢ moist chamber. The moist chambers were incubated
at 5, 10, 15, 20, 25 and 30 C and periodic counts of germinated

conidia were made.

3.4.6. The effect of different benomyl concentrations

on appreSorial formation:

The slide germination method of evaluating fungicides was
used ond the following benomyl concentrations: 0, 0.25, 0.5, I, 2,
2.5, 5, 10, 25, 50, 100, 125, 250, 500 and 1000 pg/ml were obtained.
Moist chambers were incubated at 20"C + 0.5. Germination of conidia
Vv/as determined after 72 hr “nd observations mads on germ tube

characteristics.



-32-

3.4.7. Coniciia viability:
m

Each strain was maintained on MEA plates amended with 0,
0.25, 0.5, 1, 2, 2.5, 5, 10, 25, 50, !00, 125, 250, 500 and
1000 pg/ml benomyi for 30 days. The conidia were harvested and
aqueous suspensions containing 2 x 105 conidio/ml were prepored. For
each strain, . . ml conidic! suspension was placed on a sterile glass
cavity slide contained in a moist chamber and incubated. Periodic

counts of germinated conidia were made after 72 hr.

3.5. Mycelial growth and sporuiating capacity of

benomyi sensitive and tolerant strains:

In all mycelial growth and speculation experiments the following
conditions were observed; 5 nm inoculum discs were cut from the
periphery of IQ day old culture$;bcnomyl concentrations used were , ,
0.25, 0.5, I, 2, 2.5, 5, 10, 25, 50, 100, 125, 250 , 500 and I0OOpg/m!
inoculated pictes were incubated at room temperature, 21°C + 4; the

treatments were replicated three times and the experiment repeated once.

3.5. i. The effect of different benomyi concentrations

on mycelial growth:

Benomyi was added to MEA cooled to 45°C before pouring info
plates. Hyphal growth on benomyi amended MEA was determined by
inoculating plates centrally with a given strain. The inoculated plates
were incubated and colony diameters were measured. Two diameters of
radial mycelial growth were measurecbaftei 14 days, in each of three

replicates and the means calculated.
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3.5.2. Speculating capacity:

Two methods were employed.

3.5.2. I. Sporulation of the ihree strains was determined by inoculating
plates with . . ml of an aqueous suspension diluted to ..., conidia/ml.
Benomyi was added to molten MEA after cooling to 45°C before pouring
into the inoculated plates. Test plates were incubated for 21 days otter
which they were flooded with .. ml of distilled sterile water and the

conidiai concentration ascertained with aid of a haemocytometer.

2.5.2.2. Sporulation of bonorr.y! tolerant and sensitive strains was
determined by cutting one 18 mm diameter discs from . ! day old
sporulatir.g cultures, macerating them using an inoculating needle and
agitating them in 10 ml distilled sterile water using Griffin flask
shaker for one minute. Conidiai concentrations were determined with
aid of a haemocytometer. Conidiai size was also determined for each

treatment in all replications.
3.6. The effect of subculturing bgr.omy! tolerant strains:
3.6.1. Mycelial growth and sporulation:

Benomyi tolerant strains were transferred every two weeks
on MEA wiihout benomyi. After six months in culture 5 mm diameter
ago*- discs, bearing young mycelium of the indicated strain, were cut
from speruiafing culture: and transferred to MEA containing different
concentrations of benomyi. The benomyi sensitive strain was included
as centre!. "isolates: S, Tj and 7™ which were subaultured only once
on MEA were also included and labelled as SB, T.E and TTB' The
inoculated piafes were incubated for i4 days, colony diameters were

measured in each of the thre”, replicates and the moans calculated.

Sporulation was determined by cuffing one IS mm diameter discs from
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.1 day cld cultures, macerating them using an inoculating needle and
agitating them in 10 ml distilled sterile water using Gri£fin flask shaker

for one minute. Conidial concentrations were determined with a

haemocytometer.
3.6.2. Conidial germination:
Suspensions of 4 x !1Q conidia/m! were prepared. "lsolates”

3, 11 and 'L which were subcultured cr.lv once on MEA were- included
and labelled os SB. B and T B, Various benomyl concentrations were
prep%ed. Using the slide germination method conidia were incubated
at.., Cr 0.5 m moist chambers. The final concentration in moist

c.hombeis was . x 10 conidia/ml. Conidial germination and germ lube

characteristics were examined after 72 hr.

3.6.3. Berry infection;

Conidia of benomyl tolerant strains which were repeatedly
subcultured for o period of six. months, on fungicide free MEA, were
used for berry inoculation. Benomyl sensitive sham was included as
control. "Isolates" S, T. ar.d T. which were subcultured only once
on MEA were included and labelled as SB, TTl and T"B. After surface
sterilization, 25 expanding soft green berries of SL 23 per replication
of each treatment were placed on damp ceilulo.se wadding in moist
chambers. The berries were inoculate£d with 2 drops, approximately
0.03 ml each, of suspension of 2 x 10 conidia/ml. The moist chambers
were incubated ot 20°C * 0.5. Percent infected berries was recorded

at an interval of four days from the day of inoculation for up to four

weeks.
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3.7. Anastomosis:

3.7.1. Conidiai germination:

Agar slide cultures were used in this study. Suspensions of
200 conidia/ml of all the strains v/ete prepared. Given,amounts of
...+ ml of each conidiai suspension were placed on thin plain agar on
microscope slides and spread over to allow distribution of the ccnidia.
The slides were incubated and examined for germination and anastomosis

of germ tubes after 4, . , 24, 48 end 72 hr.

3.7.2. Hypha! growth:

MCA slides cultures and semi-permanent stained mounts, as
described by Riddel! (1950). were prepared for the three strains. Small
thin squares were cut from a film of MEA one' transferred to a sterile slide,
inoculated on all four edges using a given strain, covered by a sterile
cover slip, larger than the inoculated MEA blocks and incubc?fed for 14
days. Each slide was placed on sterile curved glass rod enclosed in a
sterile petri dish containing .« % aqueous glycerine. After incubation
was completed, the cover slip was lifted vertical!/ from the MEA
preparation which was discorded. Two preparations of fungus which
adhered to the glass slide and cover slip weie mounted with a drop of
» .1% lactophenoi cotton blue stein placed on to the centre of the
fungal preparations. A slide was lowered carefully on to ihe coyer slip
preparation and a clean cover slip on to the slide preparation. These
semi-permanent mounts were seeled at the edges with a colourless nail

vanish and examined micicsccpicaily.

3.8 Cross tolerance:

3.8.1 Mycelial growth:

Tc test cross tolerance cf benemyi tolerant strains, strains
T. and were grown on MEA amended with Benlato (50% W .r),
Bavistin (5U% W .P) and Defosal (20% O .D.) at fine! concentrations

of 0, I, 10, 100, 250 and 1000 c .i. gg/nil. Benomyl sensitive strain,



-36-

S, was included as control. The fungicides were added io molten MEA
after cooling to 45 C. The plates containing approximately 20 ml

MEA were inoculated by placing 5 mm diameter discs of agar with young
mycelium. Two diameters of growth of mycelium were measured after

14 days in each replication ond the means calculated.

3.8.2. Sporulating capacity:

Sporulation of benornyl tolerant and sensitive strains was
determined by cutting 18 nm diameter discs from .. day o'd cultures
and agitating them using Griffin flask shaker in 10 m! distilled sterile
water for cr.e minute. Conidial concentrations were determined with

a haernocytometer.

3.9. Competitive behaviour of benornyl sensitive

ar.d tolerani shams:

Twenty five berries per replication of each treatment were
surface sterilized and placed on damp cellulose wadding in moist
chambers. Suspensions of . x 10" conidia/m! for each strain vvers
prepared and mixed in a 11 ratio of Send 1j ; Sand 'l/. The conidia
of the strains used were initially harvested from active lesions of
artificially inoculated berries and subcultured on MEA only once.
The berries v/ere inoculated with 2 drops of the conidia | suspension
of each mixture ana' incubated at 20°C + 0.5. Or. the 14 ih day after
inoculation, when sporulation was abundant, conidia were harvested
from each berry per replication. Suspensions of 200 conidia/m! were
prepared. Plates were inoculated with 0.1 mi of the conidia!
suspension. Approximately 20 m! of molten MEA, cooled tc
was poured in a given plare. The pictes were incubated at room
temperature for 10 days. To determine the number of growing colonics

which were tolerant to benornyl, MEA plates containing 10 pg/ml

benornyl were used, henomyl amended MEA piates v/ere centraliv
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inoculated with inverted 5 mm diameter agar discs bearing mycelium of the
indicated colony of a given mixture cut from the periphery of sporulatmg
colonies. The inoculated plates v/ere incubated at room temperature and

observations on hyphal growth were made after 14 days.

3.10. control of benomyi tolerant strains:

3.10.1. Effect of fungicides end their combinations or, conidial

germination of benomyi tolerant and sensitive strains:

5

Suspensions of 4 x 10 conidia/ml of strains S, Tj and were
prepared. The slide germination method was used and the following
concentrations of Benlate (50% w.p.), Copper Ncrdox (50% v/.p.) and
captafol (80% w.p.); 0, 0.25, I, 10, 100, 500 and 1000 a.l. pg/ml
were obtained. Using different droppers 3 drops of each fungicide and
3 drops of each strain were put on sterile glass cavity slides enclosed in
a moist chamber. As for fungicide mixtures . drops of benomyi and .
drops of Copper Ncrdox or captafcl at a given concentration were put on
sterile glass cavity slides and 4 drops of a given strain added, in
control neotments, where no fungicide was added, 3 drops of distilled
sterile water were added to 3 drops of each sgain. Thus in all
treatments the final concentration was 2 X 10 conidia/ml. The moist
chambers were incubated at room temperature. Counts of germinated

ccnidia v/ere mads after 72 hr and percent germination calculated.

3.10.2. Effect of fungicides and their combinations on mycelial growth

crad sporulaticn of benornyl tolerant and sensitive strains:

The strains wore grown on MEA amended with Benlate 50% w.p.,
Copper Nordox 50% w.p,, captafol 80% v/.p., half of Benlate and
Capper Ncrdox and ha.f of Benlate and captafol. All fungicides end
their combinations were added after the autocicved MEA was cooled to

45 C. The inoculated plates were incubated at room temperature



and colony diameters were measured after 14 days. Sporulation of benomyl
tolerant and sensitive strains was determined by cutting 18 ipm diampfeil

discs from .. day old sporulating cultures, macerating and agitatingvmqug/'
in 10 ml distilled sterile water using a Griffin flask shaker for one minute.

Conidial concentrations were determined with a haemocytometer.
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4. RESULTS:
g
4.1. Isolation of the benornyl tolerant and sensitive

strains of Coiletotrichurn ccffeanum:

Evidence that the coffee berry disease (CBD) pathogen may have
developed tolerance to benornyl was obtained from conidia! germination
followed by colony formation tests. Tolerant and sensitive strains of C.
coffe-unum were clearly differentiated when they were grown on MEA
containing 10 pg/ml bencmyl. Sensitive strains did not giow on this
medium whereas tolerant strain grew readily. No tolerant strains were
obtained from Unsprayed plots at Coffee Research Station (CRS) Ruiru, end
thus provided the sensitive S strain. Tolerant strains from Migaa and

Kibubjii esiates were designated Tj ond T~ respectively (Table !).

Table I: Colony formation by C. ccffeanum, strain S, T, find T,(.
isolated from CRS, Migua ond Kibubuti estates on MEA

amended with benornyl:

Fungicide Rate Strain 'ocolony formation

gs/mil S ‘)

Benornyl 1o o 80 69
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4.2. Pathogenicily of sensitive and tolerant strains:

4.2.1. The effect of temperature on pathogenlcity

using berries of SL 28:

Fig ! shows percent berry infection by the three strains at
different temperatures offer 25 days of incubation. Active conidial
production was characterised by a pink mass of conidia cn an initiated
lesion on a detached berry as shown in Piute i. At 10 C there was a delay
in worry infection and a decrease in the rate of infection but once lesion
formation occurred conidia! production was not inhibited. At 13. .. and
25°C, strains 5 and T. initiated berry infection at seven days after
inoculation and there was active conidial production. Strain initiated
berry infection at .., and 25—r~>C at seven days after inoculation and there
was active sporulation. High percent berry infection and active sporulation
for all strains was obtained at 15, 20 and 2i> C. At 30°C, percent berry
infection was highly reduced for oil strains. At this temperaiure, trie
initiated lesion had no or greatly reduced active sporulation. C5D stalk
infection was negligible. The analysis of variance table is given in
appendix 4. There were significant differences at P = 0.001 among the
temperatures, interaction between strains and temperatures, interaction
between temperatures and time of recording and also among the different
times cf recording for berry infection. There were no significant

differences at P = 0.05 among strains and also interaction between strains

and time of recording for berry infection.

4.2.2. The effect of various conidia! concentrations of benomyl

sensitive and tolerant strains on detached berries of SL 28:

The effect of conidia! concentration on berry infection is
given in Fiy 2. Plate | shows characteristic active sporulation with pink
masses of conidia. Some infection occurred at a relatively low

concentration of iCl conidia/m! but lesion formation was considerably



Fig- i: THE EFFECT OF TEMPERATURE ON PATHOGENICITY OF
SENSITIVE (S) AND TOLERANT (T1, T2) STRAINS TO DETACHED
BERRIES OF SL28 COFFEE VARIETY AT THE 25til DAY FROM

TEMPER AT URE {°C



Plate |: Active sporulation of strain Tj of C. coffeanum on c

detached berry of SL 28.
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less than at the higher conidiai concentrations for all the strains. On the
seventh day of incubation, strain S initiated berry infection with active-
sporulction with as low us 5 x 103 conidia/ml. Strain T, initiated beriy
infection with active spoliation with as low as 5 x 105 lconidia/ml on the
seventh day of incubation. Strain Tr initiated berry infection with active
conidiai production v/ith as low as - LX i 5 conidial/ml on the seventh day
of incubation. Although this experiment did not indicate clearly a
minimum value for the numerical threshholu of infection there were
indications fhar the optimum infection density was above a concentration
of iC5 conidia/ml foi ali the three strains. There were significant
differences at P ~ O.00i among the various conidiai concentrations, among
the strains and also among the different times of recording foi beiry

infection a; shewn in appendix 5. Conidiai concentrations had great

influence anm percent berry infection by the three strains and this interaction

was highly significantat P~ .o, ".
4.2/3. Mechanism of infection:

4.2.3.1 hpidermal scrappings of berries:

Microscopic observations of epidermal scrappings from
inoculated surfaces of detached berries showed thot invasion by C.
coffeanum did not occur through the stomata. The germinating conidia,
some with pseudesepta, formed eppresoria directly or on short germ rubes
on contact v/ith berry surface os shown in Plates 2 and 3. The cor.idia
and also aopre oria were not dislodged by immersion of berry surface
scrappings in Farmers' fluid, lactophenoi ond Acid Fuchsin in Lac»op’'nencl.
The apprcsorial formation was observed at epidermal junctures (Plate 2)
and on epidermal cuticle (Plate 4). There was no observation of appreSoria
forming on the stomata. Some conidia of strain S germinated and formed
oppreSoria at 4 hr compared to some conidia of strains T] and T~ which

germinated and formed appreS aria at s anci.24 hr of incubation

respectively.
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Plote 2: Coridia! germination of strain S on epidermal junctures.

Plate 3: A germinating conidium of strain S of C. coffeanum with

appreSorium, without germ tube, on epidermal cell.



Plate 4: A germinating conidium. of strain of C. coffeanum on

coffee berry epidermal cell.
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4.2.3.2. Transverse section of inoculated berries:

Penetration was presumably effected by infection hyphae which
were produced at the lower surfaces of appre$oria. The mode and time of
penetration of infection hyphae into the beiry pericarp was studied but the
light microscope used did not reveal this vital information. The only
observation made was attached conidia with apprcS aria on the sutfqce of

the pericarp

4.2 .4, Pathogenicity of henom/I sensitive and tolerant strains on

detached be'lies of SL 28 in the piesence of benornyl:

The effect of benomyi concentrations on pathogenicity of the
three strains is given in Table 2 and Fig 3. Differences omo .g strains
in terms of berry infection under all fungicide concentrations, differences
between fungicide concentrations overall strains and differences between
time of recording infection over oil strains were highly significant at
P- 0.01. interactions between strains and fungicide concentrations,
between strains and time of recording infection and between fungicide
concentrations and time of recording infection were also highly significant
at P = O.0i (Table 2 and appendix s ). All the three strains were highly
pathogenic and had characteristic active spoliation with pink masses ot
conidia at the point of inoculation on detached punctured and unpucturea
berries of SI. 28 (Plate I). Generally, rhe punctured berries had higher
berry infection compared with unpuctured berries for all strains (Table 2 b
and appendix s ). Strain 5 gave lower levels of percent berry infection ci
higher benomyi concentrations compared with strains Tj and T".
Application of benomyi to the detached berries affected the rate of berry
infection ona’ reduced rhe number of berries showing active sporulation.
This was particularly the case with strain S. At the seventh day after
inoculation, the berries inoculated with strain S had active sporulafion
in G.25- 25 py/ml benomyi treatments for puctured berries and unputured

berries in up to G.5 jig/ml benomyi. Cn the tenth day active sporuictio.n
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Table 2: Pathogenicity of benomyi sensitive and tolerant
strains of C. coffeanum to detached berries of

SL 28 coffee variety in the presence of benomyi:

(a) Table of means - % infection (CBD strains x days of

recording)

Day:s of r<mcordi)tg (u)

CBD Strain

Strains < D7 °10 D13 *16 °13 u22 °-5 Means
P T |

S 0.00 2.80 16,22 30.98 44.27 53. 16 59.11 64.40 33.87

T1 0.00 12.90 46,44 57.78 67.78 75.07 81,60 83.56 53.15

0.00 4.80 35.24 51.42 59.64 60.67 74.98 79.69 46,81

Day means 0.00 6,86 32.64 46.73 57.23 65.63 71.90 75.88

56 level It, level
LCD (Days) 2.97 3.91
LCD (Strains) 1.82 2.39
fo) Table of means - % infection (CBD strains x unpu’&tured/'

puctured berries)

ies

CBD strains u 62rl P Strain Means
S 18.10 49.63 33.87
i1 40.14 66.15 53.15
o 28.26 65.36 46.81
U/P means 28.83 60.38
50 level 1% level
LSD (u/spP) 1.49 1.96

®

LSD (Strains) 1.82 2.39
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occurred in treatments containing up to 100 pg/ml benomyl for puctured
berries and in up to 25 pg/ml benomyl for unpuctured berrifcr5. On the
25th day after inoculation the puctured and unpuctured berries had active
speculation in treatments containing up to 1000 and 250 pg/ml benomyl
respectively. Application of benomyl appeared to have little or no effect
on the action of strains Tj and T~. However, at higher benomyl
concentrations the number of unpuctured berries with active spcrulation
decreased. On the seventh day after inoculation, the puctured berries
inoculated with strains T] and TO hud active spcrulation in 0.25 - 125 pg/ml
benomyl treatments and unpuctured berries in 0.25- 10 pg/m! benomyl
treatments. On the rcnth day, active sporulation occurred in treatments
with up to I0CO and 125 ;jg/mi benomyl for puctured and unpuctured
berries respectively. On the 25th day after inoculation both puctured and
unpuctured berries had active sporulation in treatments containing up to

1000 pg/m! benomyl. Stalk infection of detached berries was negligible.

4.2.5. Pafhogcjniclty of benomyl sensitive and tolerant strains as

determined by hypocotyl infection tests:

Pathogenicity of all the three strains was also tested on fungicide
free hypocotyls of six coffee varieties. Disease index (| = no infection
up to 12 ~ maximum infection) was for all strains averaging 6.0 for strci.n
S, 6.1 for strain Tj und 5.8 for strain T. as given in Table 3 a. All tire
tolerant strains, Tj and T , were pathogenic as indicated by the development
of typical lesions similar to those of the sensitive strain, S, on the
hypocotyls of SL 20, a susceptible variety to C. coffeanum (Pictes 5 a
ond b). The differences among the varieties were highly significant at
P= 0.001. The interaction between strains end varieties and differences
among strains in terms of symptom development over all varieties were not

significantly different at P = 0.C5.



Table 3: Pathogenicity of benomyl sensitive (S) and
tolerant (T1 and T,) strains of C. coffeanym

on hypocotyls of different coffee varieties:

(a) Infection mean grades
STRA Il NS Variety
VARIETIES 3 T
1 T2 means
Pretoria 6.3 6.3 4.5 5.7
Padang 4.4 4.3 4.2 4.3
K 7 4.9 4.6 4.6 4.7
Catimor 4.3 5.0 4.7 4.7
Rume Sedan 4.7 4,3 4.8 4.6
SL 28 11.7 11.6 12.0 11.8
Strain Means 6.1 6.0 5.8
5% level |9 |€V€|
LED (Varieties) 0.94 1.26
LSD (Strains) 0.66 0.89

() AR TABLE

SS df NB F value
Reps 2.13 2 1.07 1.1233 N.S,
Varieties 371.20 5 74.24 78.3235%**
Strains 0.74 2 0.37 0.3917 N.S.
Var x strains 7.71 10 0.77 0.3129 U.S.
Error 32.23 34 C. 95

Total 41-1.01 53



Plate 5 a: . Grade | of the disease index used for recording CBD

infection on hypocotyls of the coffee seedlings.

Plate 5 b: . Grade 12 of the disease index used for recording CBD

infection on hypocotyls of coffee seedlings;

*






Table 4:

Strain

(1)
Sx T
X T
Tj X T

Control x T

Means
V x T

Means (T)

Means (1)

Variations

Variety
(V)

Padang
Pretoria
K 7

SL 34

SL 29
H.D.T
Ruroe Sudan
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Table of means

of C.

i me of
17/6 25/6
16.6 38.2
30.8 50.5
23.6 40.8
5.4 5.6
7.1 18.1
5.0 10.7
15.0 29.3
16.5 41.9
23.2 45.8
25.9 34.1
41.0 56.0
19.1 33.8

D (Strains)

D (Time)

D (Variety)

D (1 xT)

D (1 xV)

D (V xT)

2/7

39.

45
46

16.

11
34
44
49
35

51.

34.

® ®» w o

RO wkRPOW

(o]

(% berry

record

9/7

43.
44.
47.

8.

19.

12

30.

45

46.

38

59.

w
(o]
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9
1
8
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in pathogenicity of benomyl sensitive

(M)

16/7
41.6
46.2
46.7
10.1
16.2
14.1
34.4
44.6
49.0

34.8
59.8

36.1

23/7
40.4
40.5
40.0
12.9
15.7
14.0
29.7
44.2
40.1

27.4
63.0

33.5

5t level

JUS4
2.17
2.17
4.34
4.34
5.74

(S) and tolerant

infection means)

(TA and TA) strains

coffeanum on berries of different coffee varieties:

me ans (1 xV)

S

28.1
16.7
31.2
38.0
38.6
27.4
53.6

31.9

Ti T2 Lontrol

23.1 10.6 2.9
11.5 6.8 4.4
43.3 21.5 4.8
43.2 43.7 13.1
47.5 55.9 3.2
32.7 43.7 10.0
59.5 64.6 12.3

37.3 35.3 7.2

1% level
2.17
2.87
2.87
5.73
5.73
7.58

Means (V)

13.7

9.8
25.2
34.5
36.3
28.4
47.5
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4.2.6. Pathogenicity of benomyl sensitive and tolerant strains

on mature trees:

A summary of the results of field scores for coffee berry infection
is given in Pig 4 and Table 4. Summary of the prevailing weather conditions
such as temperature, relative humidiry and rainfall at the time when the
experiment was in the field is given in appendix 7. Differences among
strains in terms of berry infection among coffee varieties and also among
the times of recording were highly significant at P*“ 0.01. All the three
strains caused characteristic field coFfee berry disease (CBD) symptoms on
the inocuicred berries (Plate 6). Rume Sudan variety gave exceptionally
high scores of percent berry infection when inoculated with the three
strains. Strain T.« gave lower percent berry infection when used for
inoculating Padany, Pretoria and K 7 varieties compared to 'trains Tj
and S. Strain gave higher percent berry infection when used for
inoculating Hybrido De Timor variety compared to strains T, and S.

There were some variations in overall mean percent berry infection among
the strains when used for inoculating SL 22 and SL 34 varieties. The
overall percent means for berry infection of SL 28 and SL 34 varieties
were 36.46% and 35.73%, 39.8% and 41.92% and 40.16% and 45.88%
for strains S, T|] and T~ respectively. In some cares percent berry
infection of the varieties declined possibly due to berry fall after CBD

infection.

To determine if tolerance was retained or lost upon infection
of the host plant, conia'ia from lesions produced by the tolerant strains,
Tj and T, were tested cn benomyl amended MPA. Myceiia produced
by the new conidia were found tolerant at 10 pg/m! benomyl as these of
the original inoculum, thus iolercnce was transmitted throughout

consecutive infections of berries.
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Plate 6: Coffee berry disease symptoms on green berries under field

conditions.
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Growth chorsctcris*ics of the different strains

in different medio:

4.3.1. Mycelial growth characteristics:
)

Data on radial mycelial growth are given in Table: 5 a, b end
c onel appendix 8. On the 27 different media used, the radial rr.yccfia!
growth was not identical in the three strains. On most of the the media
the three strains were similar in appearance. The change from white to
any other colour appeared to coincide with the formation of the first
conidia. Pigmentation and radial mycelial growth were recorded in two
week old cultures. The mycelial growth of all strains wos characterised
by very sparse blackish mycelial mat in medium | where only agar (Oxoid)
was used. Strains Tj and S had very limited radial mycelial growth of
30 mm and 29.2 mm respectively compared with 39.5 mm for strain T«
Ali strains had compact mycelial growth in medium 2 which was MEA.
Block grey, with blue tint, coloration of myceiia with a whitish growth
mcrgiri was observed in all strains. All strains grew readily in this
medium giving 77.3 mm, 79 mm and 78.7 mm diameters of fungal colony
of S, Tj and 7 respectively. Aii strains hed grey black re black myceiia
with indistinct growth margins in medium 15 which was the coffee berry
extract. Aii strains had extensive non compact mycelial mats. Strain
T~ had radial myceiia! growth measuring 80.3 mm compared to 73.8 mm
and 78.7 nmm for strains S and Tj respectively and the difference was

highly significant at P = 0.0! as shown in appendix 8 a.

4,3 1.1, Influence of carbon source on mycelial growth:

The mycelial growth of all strains were more compact in media
containing simple carbohydrates compared to the more complex ones.
The pigmentation produced by the three strains when different media were
used showed slight variation from the coloration observed when the strains
were grown on MEA. The most markedcobur variations were observed
when the three strains were grown cn media 20 and 2!. When medium 20
was used, a brown color was produced by the three strains below the grey

to blue grey mycelial mat. Slight cobur variations were observed when
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the three strains were grown on medium 21. A pinkish colourwas produced
by the three strains in their central mycelial mat and the mycelial colour
changed gradually to dark grey then blue to a white conspicuous growth
margin. A browncolcur was also produced by the three strains below the

mycelial mat.

Table 5 a: Radial mycelial growth of strains 5, Tj

and T0 on four sources of carbon

Radial mycelial growth (mm)

Strain G lucose  Sucrose Starch Cellulose Total Mean
S 45.86 57.75 55.58 48.47 207.66 51.92
T’l 62.72 62.61 53.70 40.89 219.92 54.98
12 59.53 63.19 50.56 45.61 218.89 54.72

Total 168.11 183.55 159,84 134.97 646.47

Mean 56.04 6!.18 53.28 44.99 53.87

Se (carbon) 3.26

Se (interactions) 5.65

Se (strains) 2.83

Radio! mycelial growth of the three strains was most extensive on

media containing sucrose. Radiol mycelial growth of strains T| and T,,

v/as more extensive on medio containing glucose compared to strain S
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which had slightly limited radial mycclia! growth. Reduced radial mycelial
growth in strains T, and was observed on media containing sjtprch and
cellulose compared to the more extensive radial mycelial growth of strain

S.

4.3.1.2. Influence of nltrogensource on mycelial growth:

All the strains were capable of utilizing organic and inorganic

nitrogen. However, utilization of nitrogen was varied.

Table 5 b: Radiol mycelial growth of strains 5, 7. and

on three sources of nitrogen:

Radio myce ial growth (mm)

Strain Potassium nitrate Ammonium nitrate Peptone Total Mean

$ 49.2! 37.93 68.56 155.75 5!.92
T. 56.42 40.48 68.04 164.94 54.98
i

T2 53.60 40.44 70.13 I&U7 54.72
Total 159.23 118.90 206.73 484.86
Mean 53.08 39.63 68.91 53.87
Se (nitrogen) 2.83
Se (interactions) 4.90

¢

Se (strains) 2.83
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Radiol myceliai growth of the three strains of the same fungus
varied somewhat on differenl culture media. Reduced radial njycelia!
growth was observed on media containing inorganic nitrogen while
media containing organic nitrogen had enhanced mycelial grev/th.
Radial mycelial growth was much more affected when the strains were
growing on media containing ammonium nitrate (media 7, 8, 9, 10, 20,
21, 22 ar.d 23) as the source of nitrogen compared to potassium nitrate
(media 3,, 4, 5, 6, 16, 17, 18 and 19) and the difference was highly

significant at P = O.0Oi as shown in appendix 8 a.

4.3.1.2. influence of heavy metals, viz, zinc, iron and copper.

on mycelial growth of strain-. S, T, und T0

Table 5 c: Radial mycelial growth of strains S, . end T,

on media with or without zinc, iron and copper:

Radial mycelial growth (mm)
Strain Heavy nletais Total /'=can
+
S 48.83 55.00 103.83 51.92
Ti 52.08 57.88 109.96 54.98
h 49.56 59.89 109.45 54.73
Total 150.47 172.77 323.24
Mean 50.16 57.99 53.87
Se (Heavy metals) 1.63
Se (interactions) ,4.00

Se (strains) 2.83
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Reduced mycelial growth for all strains was observed on media containing
zinc sulphate, ferrous sulphate and copper sulphate while media without
these elements had enhanced mycelial growth and the difference was

highly significant at P = 0.01 as shown in appendix 8 a.

4.3.2. Sporulation:

Significant differences in conidial production were found among
the strains and also among the formulated media of P ~ 0,001. Some
me- iu enhanced conidial production of the strains while the others
depressed it and this interaction between strains and media v/as highly
significant at P = 0.001 as shown in the appendix Ob. Generally, all
strains sectored in culture. The sectors differed frem the original strains
mainly incobur which ranged from pink to light pink then to white
compared to the normal blackish greycclour®s shown in Plate 7.
Occasionally distinct zonatier occurred on mycelial mat cf these strains

as shown in Plate 8.

4.3.217. Influence of carbon source on .sporelotion of the tinee sttcins:

Table 6 a: The influence of carbon source on sporulaticn

of strains S, T] and ™

2
Ccnidia / mm X 1000

Strain Glucose Sucrose Starch Cellulose Total Mean
S 21.14 23.19 17.02 5.77 67.12 16,/0
Ti 25.22 28.62 16.59 4.12 74.55 18.64
T,2 27.47 29.27 19.72 4.46 80.92 20.23
Total 73.83 81.08 53.33 14.35 222.59

Mean 24.61 27.03 17.78 4.78 18.55

Se (carbon) 141

Se (interactions) 2.50

Se (strains) 1.22



A

Sectoring of strain T, of C. coffeonum on fhatt extract agar.
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Plate 3: Zonation of strain T,, of C. coffeanvm on malt extract agar.
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Conidial production in all the strains was enhanced in media
containing simple carbohydrates, glucose and sucrose, compared to the
moie complex ones, starch an(i cellulose (Tabic 6 a). In all strains
higher numbers of conidia/mm n were recorded in media 3, 4, 7, 8,
I, 12, '6, 17, 20, 21, 24 and 25 containing glucose and sucrose
compared to media 5, 6, 9, 10, 13, 14, i8, i9, 22, 23, 26 and 27
containing starch and cellulose as shown in appendix 10 a. Various
carbon sources effected conidialproduction of ail the strains differently
and trie difference among the carbon sources was highly significant at
P~ 0.G0 (appendix I'). Differences in conidial production among the
strains was significant at P ~ 0.05. The interaction between carbon

sources and conidial production of strains was not significant at P = 0.05.
4.3.2.2. Influence of nitrogen source on sporulation of the three strains:

Table 6 b: The influence of nitrogen source on sporulation of

strains S, T,I end T,,:

Conic’'ia/ nmm X 1000

Strain Potassium nitrate ~ Ammonium nitrate Peptone  Total Mean

S 17.93 1141 21.01 50.35 16.73
Ti 19.13 10.16 26.62 55.91 13.64
T2 21.18 11.30 28.20 60.68 20.23
Total 58.24 32.87 75.83 166.94
Mean 19.41 10.96 25.28 13.55
Se (nitrogen) 1.22

Se (interactions) 211

Se (strains) * 1.22
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In ali strains the conidia! production was reduced in media containing
inorganic nitrogen while in media containing organic t*4trogen
sporulaiion was enhanced (Table 6 b). In all strains higher numbers cf
conidia/mm were recorded in media !i; 12, 13, 14, 24, 25, 26 and
27 containing peptc.ie compared to medio 3, 4, 5, 6, 16, 17, 18 and 19
and media 7, 8, 9, iO, 20, 2i, 22 and 33 containing potassium nitrate
and ammonium nitrate respectively (Table 6 b and appendix 10 a).
Sporulation war much more reduced when all the three strains were grown
in media containing ammonium nitrate compared to media containing

po Ujs'u ' nitrate. The differences among nitrogen sources were highly

significant at P = 0.001 The interaction between strain and media was

net significant at P = 0.05 (appendix i!),,

4.3.2,3. Influence of heavy metals, viz iron, zinc and

copper, on spomlaticn of three strains;

Table 6 c: Sporulation of strains S, Tj and T on medio with

or without zinc, iron and copper:

Conidia / inrrf , X 1000
Heavy mete Is Totc.1 Mean
Strain +
S 17.31 16.26 33.57 16.79
Ii 20.26 17.02 37.28 18.64
i
20.81 19.65 40.46 20.23
T2
Total 53.38 52.93 111.31
Mean 19.46 17.64 18,55

Se (Heavy metals) 0.70
So Mnteractions) 1.72

Se (strains) 1.22
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Enhcnced conidiol production for al! strains vras observed on media
containing idrie sulphate, ferrous sulphate and copper sulphate while
media without these elements had reduced spoliation. The*difference
between media with or without these elements was significant at

P- 0.05. The interaction between strain and media was noi significant

at P- 0.05 (appendix il).

4.4. Conidle! germination and germ tube characteristics

of sensitive and tolerant strains:
4.4.1, The effect of conidlal concentrations on germination:

The effect of conidiol concentrations on germination is given
in Table 7. Conidic from ihe benomyl sensitive strain (S) and tolerant
strain (Tj and T_) shewed variation in germination. Strain 3 tied 75 - 80%
gemmation ct 72 hr compared to 80 - 36% and 25 - 29% tor strains Tj
and T, respectively. Percent germination in aii strains increased as
con'dioi concentration increased. For instance of 72 hr, strain S had 49%,
57.6%, 60.5%, 67.3%, 74.7%, strain Tj showed 7.8%, 10.4%, 19.1%,
27%, 31.9% and strain T,: showed 5.9%, 9%, 18.2%, 20.7%, 28.3%
germination at 1OA 2 X 10a't|', 5x 104, |50 and 2 x 1C5 conidia/ml
respectively. Lag period of germination was also influenced by conidiol
concentration although generally the benomyl tolerant strains shewed a
delay in germination. At 24 hr, strain S showed germination at ail
conidiol concentrations compared to strain T. and T. which showed no
germination at 104 conidia/ml but showed |O\:}V perce‘rln germination at all
other conidiol concentrations. At 8 hr, strain S showed germination at
all conidic! concentrations compared to strain T. for which no germination
was recorded at 10 , 2x 10 , 5x 10 conidia/ml except at 10 and 2 x 10
conidia/ml. Strain T showed no germination at 8 hr. Conidiol concentration
end tirroof incubation influenced percent germination cf ail strains and

their interaction was highly sig*nificant at F=0.01, The overall percent

germination means for interactions between conidial concentration and
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strains were 26%, 29.9%, 37.6%, 45% and 49.4% for strain S; 2.9%,
4.4%, 7.7%, 12.9% and 14.9% for strain T.; and 2.4%/ 3-5%, 6.6%,

8.4% and il.8% for strain T at 10 , 2x 10/ 5x IO g™ ang . x 10~

conidia/ml respectively. Strain S showed !'0.9, 29.5, 33.5, 51.9 and
61.9 overall percent germination means compared to 0.5%, 1.9%, 8.3%),
12.9% and 19.2% for strain T| and 0%, i.6%, 5.2%, 9.4% and 16.4%

for strain 7,. at 8, 24, 30, 48 and 72 hr respectively.
4.4.2. The affect of conidia woshing on germination:

The effect of conidia washing on germination is given in Table 8 end
Fig. 5. Percent germination in all strains was affected by washing of
conidia. Strain S showed 44.4 and 15.1 as overall percent germination
-means compared to 13.3% and 5.6% for strain fj and C.5% and 3.!% for
strain T~ where conidia wore unwashed and washed respectively. At 72 hr,
strain S showed 69,4% and 41.3%, strain Tj showed 20,6% and 14.4% and

strain T2 showed 20,1% and 7.4% conidia! germination for unwashed and
washed conidia respectively(ug, 5). These differences between unwashed and
washed conidia were highly significant at P - 0.0!. Conidia washing did

not affect the lag period of germination of strains 5 and 'iC although,
generally, strain TAshowed a delay in germination. Strain S showed
germination at R Sir while strain T~ showed germination at 24 hr for

both unwashed and washed conidia. Strain Tj shewed germination at 8 hr

and 24 hr for unwashed and washed conidia respectively.
4.4,3. The effect of external source of glucose on percent germination:

The effect of external source of glucose on germination is given
in Fig 6. Washed conidia from benemyi tolerant (T] and Tj) and
sensitive (S) strains showed variation in total percent germination at 72 hr.
In distilled sterile water toial percent germination of conidia for all
strains was lower compared with germination in various dilutions of glucose

cs shewn in Fig 6 and the differences were highly significant ut P = 0.0!.



Table 8:

Strain

(1)

The

(%)

S x washing

T x washing

T x washing

Washing

Means

V,'ashing

Means

strains

X Hrs

influence

of sensitive (S) and tolerant (T
of C. coffeanum:
Time (W) spore Washing Means
(Hrs) unwashed washed S
44 .41 15.14
13.32 5.56
8.47 3.10
8 6.76 0.38 9.94
24 15.26 3.73 23.02
30 20.95 5.14 25.22
48 28.65 9.40 35.37
72 38.70 21.01 55.31
22.07 7.93
29.77
5% level
{Strains) 0.55
(Washing) 0.47
(Time) 0.71
(Hrs x W) 1.0
(L x hrs) 1.22
(1 xw 0.77
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of <conidia cashing on gnermination

and T ) strains

1 x T)
T1 T2
Means
(Hrs)
0.78 0.00 13.57
4.00 1.47 9.50
9.68 4.22 13.04
.12.26 9.46 19.03
20.46 13.73 29.85

9.44

1% level

0.73
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Tola! percent germination or strain S conia'ia increased with addition of
gluccse to 2% concentration and then declined. Strain T.I #;snhowed
increased total percent germination with increase of glucose concentration
to 1.5% stabilized ai 2% and 2.5% glucose concentration and declined
at 3% glucose concentration. Strain showed increased total percent
germination with increase in glucose concentration to 1.5%, stabilized
at 2% and declined in total percent germination starting from 2.5So
glucose concentration. There were significant differences at P = 0.00!
among strains and also various glucose dilutions. Glucose dilutions had
sig ‘'ficanf effect on conidia! germination of all strains and this
interaction between strains and glucose dilutions was highly significant

at P 0.001 as shown in appendix 12.

4.4.4. The effect of different benomy! concentrations on

germvnation;

The effect of benornyl on germination is given in Fig. 7 and
appendix 13. Lag periods of germination and percent germination of
al! strains were affected by increasing concentration of benornyl. At
24 hi, strain S showed no germination at 2 pg/ml benornyl compered to
strains T] and which showed no germination at 25 and 100 pg/m!
benornyl respectively. At 72 hr, strain S showed 78.5% and 0.9%
germination at 0 and 2 pg/ml benornyl respectively. Strain T,i shewed
30.2% and 8.3% germination at 0 and 100 pg/m! benomy! at 72 hr.
Strain T~ showed 23% and 5.3% germination at 0 and 100 g/mi benornyl
at 72 hr. There was no germination of conidia from strain S at 5 pg/mi
benornyl and conidia of both strains Tj and T~ showed no germination at
500 pg/ml bonomyl at 72 hr. The differences among strains and also
benornyl concentrations were highly significant ai P = 0.0!. Benornyl
concentrations had tremendous influence on conidia! germination of all

strains and this interaction was highly significant at P - 0.01 (appendix 13}.

®

Plates 9a, b, c and d show the type of germination encountered
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Fig. 7. the effect OF BENOMYI ON GERMINATION OF STRAINS s.T|
AND Ta OF £1 COFFEANUM AT 72 HR.

BENOMYL CONCENI RATION — Mg/ml



Plate 9 a: Germinating conia'ia of strain 5 of C. coffecnum

with one or two germ tubes with appresoria.

Note: Plate 9 c - f: Magnification i2.5 x 40.

%
Piate 9 b: Germinating conidia of strain S of C. coffaanum with c-enn

tubes bifurcated forming more than one oppress or?urn.



Plate 9 c: Germinating conidium of strain °f C. coffeanum

with appreSorium without germ tube.

Plate 9 d: Germinating conidium of strain T] of C. coffeanum

with more than two germ tubes.
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Plate 9 e: Germinating conidia of strain T] of C. coffeanum

with bilobed appre Soria

Plate 9 f: Germinating conidia of strain T0 of C. coffeanum with

long germ tubes with or without appreSorium
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in the conidial germination experiments. In germination of conidia of all
strains one or two germ tabes with appreSoria were produced as shown in
Plate 9 a. Occasionally the gemi tubes bifurcated to form more than one
appre”orium (Plate 9 b). Also apor< Soria formed without geim tubes as
shown in Plate 9 c. In rare cases conidia formed more than two germ
tubes end appreSoria become irregular in shape in distilled sterile water
as shown in Plate 9 d. Conidial germination of tolerant strains in high
concentrations end that of sensitive strain in lew benomyi concentrations
wc's characterized by no or smaller germ tubes. AppreSoria formed on the

shortened germ tubes or wore formed directly on conidia (Plate 9 c).

4.4.5. Conidio viability:

Summarised data on this experiment is given in Table 9.
Germination of benomyi tolerant strains (Tj and T) conidia harvested
from 30 day old non-amended MEA cultures was more or less 50% less
than that of benomyi sensitive strain ($) from similar nen-amended MEA
plates. In the presence of benomyi in MEA. germination of harvested
conidia of strain 5 was highly reduced and no germination was observed
for conidic harvested from amended MEA with 2.5 or more pg/ml
benomyi. Conidial germination cf benomyi tolerant strains was not
inhibited by Increasing concentrations of benomyi. However, ai 500 pg/m
benomyi, conidial germination of strain was reduced considerably end
at (000 pg/rnl benomyi 1.7 and !.2% germination was recorded for strains
(] and respectively. Generally, the percent conidial germination of
cii strains was slightly lower than that of ccr.idia harvested from 10 day old
cultures and at the same conidial concentration. Highly significant
differences were found among the strains end ciso benomyi concentrations

at P=0.01.

4.4.6. The effect of temperature on germination of conidia and

1 apprcs.oricl formation: =

Varying temperatures-affected lag period, germination rate,



Table 9:

ccnc. j-lg/mi

25
50
loo
125
250
500

1000

Strain means

Germination of C.
sensitive

on benomyl

58.9

37.5

33.9

21.6

1.6

0.0

0.0

0.0

0.0

0.0

0.0

0.0

10.2

LSD

LSD

coffeanum conidia harvested from

and tolerant

Strains

T

25.0

26.1

26.0

26.6

25.1

26.5

26.2

25.5

25,2

25.0

22.7

22.8

22.7

21.0

23.3

(Strains)

and T ) strains grown

amended malt extract agar for

% germination

T,

21.4

21.4

23.3

21.9

22.7

22.7

23.5

23.1

22.2

21.5

20.9

21.0

12.8

19.2

5% level

0.40

(Concentrations) ¢.90

one month

Benomyl cone

means

35.1

20.3

27.7

23.4

16.5

16.4

16.6

16.2

15.8

15.5

14.5

14.6

11.8

1.0

1% level
0.54
1.20



total percent appro Serial formation and type of conia'ial germination of the
three strain?. Summarised data is given in Fig 8 and cppendi*-J4. At

5 C, germination of conidia of strain S was observed ai 48 hr while
germination for strains T] and was observed at 72 hr. At 10, 15, 20,

25 and 30 C, conidia! germination and appre Sorial formation of strain

S were noted at 8 hr. These phenomena were varied for lolerant strains,

T, and T(). At 10 and I15°C strain Tj showed conidlal germination and
appreSorial formation at 24 hr while at 20, 25 and 30°C, conidia!
germination and appreS:orial formation v/ere noted at 0 hr. Conidia!
germination and appreSorial formation of strain were observed at 24 hr
ct 10, !5, 20, 25 end 30 C (appendix i-4). Total percent appreSorial
formatso*i voried according to temperature and strain at 72 hr. A* 72 hr,
each strain achieved a peak of percent appreSorial formation ot different
temperatures. The highest percent appreSorial formation for strain S was
65.3% ai 20 C, strain Tj was 31.3% at 25°C and strain T was 29.9% at
I5°C. The effect of temperature cn type of germination of the three strains
is shown in Plates 9 a- cand 9 e- f. At 5°C, all strains showed direct
germination of conidia where no germ tube was formed but appre Soria
formed directly on conidia (Plate 9 c). At 10, 15, 20, 25 and 00 C,
direct germination, germinated conidia with one gem tube with or without
cppreSorium and germinated conidia with two germ tubes or more with or
without apprsS.oria v/ere observed for all strains (Plates 9 ¢, a, ond d).

In some caie$ the germ tube bifurcated to form more lhc.n one oppre$orium
(Plate 9 b). In rcrc cases the cpprcSeria were bilebed, irregular in shape
and formed ether appreSoria (Plate 9 e). However, at 30"C most of the
germ rubes of the conidia of all strains were without opprersoria and if
appresoria formed they were on lona germ tubes (Plate 9 f). There were
significant differences between tolerant strains (Tj and T?) and sensitive
strain (S) at P- 0.01. The effect of temperature on appre$oricl

formation of ail strains was significantly different at P = 0.05.
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4.4.7. The effect of different benomyl concentrations

on apprc.Sorial formation:

The effect of benomyl dilutions on percent appreSorial formation
of ail strains is shown in Table 10. Strain S showed 64.3% appreSorial
formation at 0 pg/ml benomyl compared to 0.9% and 0% appre$nria!
formation ot 2.5 and 100 jig/mI| benomyl respectively. Strain Tj
showed 27.2% appresorial! formation at 0 pg/ml benomyl compared to
22.9% and 5.7% appreSorial formation at 2.5 and 100 pg/ml benomyl
respectively. Strain showed 19.3% in distilled sterile water compared
to 22,9% and 16,2% appresoria! formation at 2.5 and !'00 pg/m! benomyl
respectively. Strain showed an increase in percent appreScrial
Formation with increase in benomyl concentrations up to 10 pg/ml benomyl.
Highly significant differences were found between tolerant (T,I and Tt)
strains and sensitive (S) strain ai P- 0.0!. Increasing benomyl concentrations
hed significant effect on percent appreSoria of strain S at P~ 0,0!. Only
at higher concentrations, in the cose of strain T. at 50 to 1000 pg/ml
benomyl and strain T,, at 100 to 1000 pg/ml benomyl, did benerny! affect
percent appresoria formed significantly at P- 0.Cl. The effect of
benomyl on type of conidia! germination cf all strains is shown in Plates
S a- cande. Indistilled sterile water conidia of all strains produced
oppresoiia directly without germ tubes (Plate 9 c), on germ tubes (Ploies
9 g and b) end in some cases they formed appresoria which were irregular
in,shape and formed on one another (Plate ? e). Strain S fon ied
appre soria on shortened germ tubes at 0.5 - ! p g/mi benomyl while at
2- 2.5 pg/ml benomyl appreSoria were reduced in size and mainly
formed directly without germ tubes. Type cf germination of strains T. and
T~ were unaffected at low benomyl concentrations whilst in 100 or 125 pc/ml
benomyl solutions appresoria formed on shortened germ tubes. At 250pc/ml
benomyl, small appresoria of strains 7] and T mostly formed directly

without germ tubes.
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Table 10: The effect of benomyl dilutions on % appro.$..orial
formation of sensitive (S) and tolerant {(P’I and TZ)

strains of C. coffeanum:

Benomyl cone. STRAINS
Hg/ml S 1 T2 Benomyl
cone.
means
0 64.33 27.23 19.30 36.95
C.25 17.53 28.39 21.99 22.64
G.5 7.87 29.42 22.18 19.83
1 5.93 26.72 24.83 19.16
2 3.76 23.46 21.49 16.24
2.5 0.89 22.94 22.87 15.57
5 0.51 21.18 22.68 14.79
10 0.0 21.71 21.26 14.33
25 0.0 19.28 18.46 12.58
50 0.0 16.20 19.77 11.99
100 0.0 5.73 16.21 7.32
125 0.0 2.77 7.65 3.47
250 0.0 0.0 2.14 0.71
500 0.0 0.0 0.0 0.0
1000 0.0 0.0 0.0 0.0
Strain means .. .. 6.72 16.34 16.06
5% level 1% level
LSD (benomyl cones) 0.95 1.26

.
LSD (strains) 0.42 0.56
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Plate 10: Mycelial growth of benomyl tolerant strain (T]) of
C. coffeanum on malt extract agor amended with
2.5 and 500 ji*m| (a and b) respectively 14 days

after inoculation.



4*5. The effect of different benomyl concentrations on mycelial growth,
sperulating capacity and coriidial size of benomyl sensitive and
tolerant strains:

4.5.1. Mycelial growth:

The effect of benomyl on mycelial growth of the three strains Is
given in Fig 9. No considerable variation in colony diameter was
apparent in both sensitive and tolerant strains on MEA without benomyl.
However, myceiial growth of strain S was strongly inhibited by benomyl
concentrations of | gg/ml and higher. Where little or no growth was seen
aftei two weeks ihe inoculum discs were transferred to fresh plates of the
medium and re-incubated fora further two weeks to determine whether
the treatments were fungistatic or fungicidal, Growth of strains Tj and

was r.or greatly affected on MEA amended with benomyl up to 100 pg/m!

but vrcs greatly reduced on MEA amended with 500 and 1000 jig/ml
benomyl (Fig 9 and Plate i0). In rare cases very light pink to pink ond
whitish sectors of growing cultures cn MEA were observed (Plate 7).
Occasionally distinct conations occurred on myceiial mats (Plate 8). The
differences among strains and also benomyl concentrations were highly
significant at P - 0-001 as shown in appendix !5. Benomyl concentrations
had gieat influence on radial mycelial growth of the strains and this

interaction was highly significant at P - 0.001.

The re-incubation of strain S inoculum discs, from MEA with
increasing concentrations of benomyl, after two weeks indicated that
benomyl could either be fungistatic or fungicidal in action on mycelia
depending on concentration. Benomyl concentrations of 0.25 to 500 pg/ml
were fungistatic. However, radial mycelial growth of strain S was
gradually reduced with increasing concentrations from 10 to 500 jjg/ml
benomyl. As 1000 jig/ml concentration, benomyl was fungicidal on
mycelia and inoculum discs from MEA amended with this concentration had

no growth on nor—amended MEA when re-incubated.

4.5.2. Sporulaiing capacity:

®

The effect of benomyl on sporuiation of all strains is given in
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Table 11; The effect of benomyl on sporulating capa(‘:&ty of
sensitive (S) and tolerant (T and ) strains of

C. coffeanum

Benomyl Strain conidial count (x looo)/mm
cone. Jig/ml S T1 Benomyl cor

T2 1 means

0 25.4 31.5 32.7 29.8
0.25 8.6 31.3 32.4 24.1
0.5 4.5 32.0 32.5 23.0
1 2.7 31.4 32.6 22.2

2 2.9 31. 3 32.0 21.1
2.5 2.8 31.4 31.8 21.1
5 0.0 31.8 31.8 21.2

10 0.0 32.3 33.0 21.7
25 0.0 32.3 39.4 23.9
50 0.0 43.7 43.4 29.0
ICO 0.0 - 45 .4 48.9 31.4
125 0.0 42 .4 54.0 32.1
250 0.0 40.9 40.8 27.3
500 0.0 29.0 34.0 21.0
1000 0.0 14.8 32.8 15.9

Strain 3.1 33.4 36.8
5% level 1% level
LSD (Concentrations) 1.2 1.6

(4
LSD (Strains) 0.5 0.7
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Table il. Initially when conidia were used in sporularion experiment no
colonies grew on MEA with 500 and 1000 pg/ml benomyl. The method
of inoculating MEA plates, with increasing concentrations cf benomyl,
was changed to use of mycelial discs of a given strain. Sporulation of
sensitive and tolerant strains differed by a magnitude of approximately
6,000 conidia/mm2 after 2! days of incubation on MEA plates
without benomyi. Strain S produced 25.4 x 103 ccnidia ;mm"

compared to 31.5 x !03 and 32,7 x 103 conidia/mm’g . produced by
strains 7j and T/ respectively in MEA plates without benomyl. There was
a stimulation conidia! production up to 250 pg/ml benomyl for strain
Tj end up to 500 pg/ml benomyl for strain T~ as shown in Table il.
Increasing benomyl concentration greatly reduced conidia! production of
strain S. There were significant differences between sensitive (S) strain
end tolerant (T, and T.) strains and also among benomyl concentrations at

P =0.01. Sectoring and zonciion was occasionally observed.
4.5.3. Conidial size:

Microscopic observation showed that the size of conidia was not
reduced v/hen strains T] and \* were grov/n on MEA amended with
increasing concentrations of benomyl (Table 12). Strain S did not grow on
MEA containing 5 jja/ml benomyl and thus it was not possible to obtain
any conidia from MEA with higher benomyl concentrations to mea o
conidioi size. The conidia! size for all strains from nen-amended //.£A
ranged from 9.78 to 22.82 by 3.26 to 9.78p. This variation in
conidial size was observed in all benomyl concentrations for strains Tj

ond T and in iow benomyl concentrations for strain S.
4.6. The effect of subculturir.g benomyl tolerant strains:
4.6.1. Mycelial growth:

Table 13 gives a summary of the results of radial mycelial growth
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Table 12: The effect of benomyl .on conidial size
of sensitive (S) and tolerant (T~ and
strains of C. coffeanuia:
Benomyl Strains
Cone. S T1 T2
p.g/ml W L W L W L
0 5.7 15.9 5.3 16.3 5. 15.1
0.25 5.7 17.1 4.9 15.5 6.1 14.3
0.5 5.3 15.9 5.3 15.9 5.3 15.5
1 3.5 16.3 4.9 15.1 5. 15.1
2 5.3 14.6 7.3 15.1 6.1 14.5
2.5 6.0 15.3 5.7 B3 5.7 16.3
5 0.C 0.0 5.3 15.1 6.i 13.3
10 0.0 0.0 5.7 16.7 6.9 17.1
25 0.0 0.0 5.7 14,7 6.5 14.7
50 0.0 0.0 6.5 15.5 6.5 16.7
100 0.0 0.0 5.3 15.8 5.7 16.7
125 0.0 0.0 5.7 15.5 6.9 17.5
250 0.0 0.0 5.3 15.9 5.7 15.5
500 0.0 0.0 6.0 16.0 5.2 15.6
1000 0.0 0.0 5.6 15.4 5.8 15.4
Strain 2.3 6.4 5.6 15.7 6.0 15.5
means
Note: W width: L - Length
50 level
Width: L S D (strains) 0.38
L S D (benomyl 0.84
cone.)
Length:L s D (strains) 0.64
L s D (benomyl 1.43
cone.)

()
)
Bencmyl cone.
means

W L
5.4 15.8
5.6 15.6
5.3 15.8
5.6 15.5
6*3 14.8
5.8 16.4
3.8 9.5
4.2 11.3
4.1 9.8
4.3 10.7
3.7 10.7
4.2 11.0
3.7 10.5
3.7 10.6
3.8 10.2
1% li

0.50

1.11

0.84

1.89



Table 13:

Strain

(1)

S

Means
(F.C.xSubc.)

sensitive (S)

Subculturing

Subc.1
Subc.2

Means (IxF.C.)

Subec.l
Subc. 2

Keans (IxF.C.)

Subec.l
Subc.2

Means (IxF.C.)

Subc.l
Subc.2

Means (F.C.)

0.0

CC.17
79.50

79.83

77.00
77.67

77.34

79.00
79.67

79.33

73.72
79.28

79.00

The effect of a series of subculturing on mycelial

growth

and tolerant (T and T2> strains of C.

Benomyl concentrations -

0.25

11.33
11.83

11.58

78.33
79.00

78.67

79.50
78.83

79.17

56.39
56.56

56.47

LSI)
LSD
I.SD
LSD
LSD

0.5 2.5
5.00 0.72
5.67 0.75
5.33 0.73
78.33 79.17
79.33 79.67
73.83 79.42
78.33 79.33
80.67 79.33
79.75 79.33
54.06 53.07
55.22 53.25
54.64 53.16
(Strains)

5

0.0
0.0

0.0

79.67
79.00

79.33

8i. 17
81.17

81.17

53.61
53.39

53.50

(?ungici.ie cone.)

(Subculturing)

(Subc.
(Subc.

x 1)
x F.C.)

Ug/ml
10

0oto

0.
0.

60.
83.

82.

79.

77

78.

53.
.50

53.

53

0
0

83
33

08

17

17

17

42

(mm) of benomyl
coffeanum:
(F.C.)
100 125 250
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
31.17 31.17 22.67
30.83 30.16 23.33
31.00 30.67 23.00
32.00 28.00 22.33
32.00 25.67 23.17
32.00 26.83 22.75
21.06 19.72 15.00
20.94 18.61 51.50
21.00 19.17 15.25
5% level
0.45
0.82
0.37
0.64
1.16

1000

0.0
0.0

0.0

14.03
15.67

15.25

21.50
22.50

22.00

12.11
12.72

12.42

Ixsubc
Means

9.72
9.78

57.32
57.92

58.08
57.98

Strain
Means

9.75

57.62

58.03

Means(Subc.)

41.71
41.89

1* level

0.60
1.09
0.49
0.84
1.54
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of the three strains, on benomy! amended MEA, after severe! transfers on
non-amended MEA. Tolerance of strains T|] and was nol reduced by
proionged growth on non-amended V.EA, Subculturing had no significant
effect at P = 0.05 on the response of the strains to benomy!. Strain S had
very limited radial myceiial growth of 0.72 mm Gnd 0.75 mm, ai 2.5 jig/ml
benomyi, when subcultured once end 12 times on MEA. respectively. Strain
Tj had radial mycelial growth measuring 31,17 nm and 30.83 mm, at

100 jig/mi benomyi, when subcultured once and 12 times cr. MEA. respectively.
Strain T.t hau radial mycelial growth measuring 32 mm, at 100 jiig/ml
benomyi, when subcultured both once and 12 times on MEA,. According tc
these observations, benomy! tolerant strains, Tj and T retained lheir
tolerance to benomyi a' the same level for six months after 12 transfers on
benomyi free MEA. There v/erc significant differences between tolerant
strains and sensitive strain and also among benomyi concentrations at

P=0.01.
4.0.2. Sporuicting capacity:

Table 14 is a summary cf. the results of sporulating capacity cf
the thiee strains. Although strains T| and grew at high concentration
of benomyi, the spoliation phenomenon was affected by increasing
concentration of bencmyl. From 10 tc 250 jig/mi benomyi, ccnidial
production was stimulated and then showed a decline at 1000 jag/ml
benomyi. In all the three strains, conidial production was low for all
the repeatedly subcultured "isolates" cn fungicide free MEA. There
v/eie significant differences among the strains and between subcuituring

ai P=0.01. The interaction between subcuituring and strains was

highly significant at P = 0.01.
4.6.3. Conidiai germination:

Table i5 gives a summary of the results of appre Soria! formation
*

the three strains in several benomyi dilutions. Strains T. and T were



Table

Strain

1)

S

Means
(F.C.

14: The effect of a series of sutculturing on sporulating capacity of benomyl sensitive (S)

X Subc.)

Subculturing
(Subc.)

Subec.l
Subc. 2
Means (IxF.c.)

Subec.l
Subc.2
Means (IxXF.C.)

Subec.I
Subc.2

Means (IxF.C.)

Subec.l
Subc.2

Means (F.C.)

and tolerant (T,

25.4
25.2
25.3

38.0
35.8
36.9

38.2
35.0
36.6

33.9
32.0

32.9

and T~) strains of C.

2
Table of means (conidia/nun

Benomyl concentrations (F.c.) -

.25

8.4
8.1
8.2

37.3
36.1
36.7

38.2
36.8
37.5

28.0
27.0

27.5

LSD
LSD
LSD
LSD
LSD

37.4
36.1
36.8

37.8
35.6
36.7

27.7
25.3

26.5

(Strai

(Fungicide cone.)

2.5

0.0
0.0
0.0

37.7
36.4
37.0

36.8
35.6
36.2

24.8
24.0

24.4

ns)

5

Cc.0
0.0
0.0

38.2
36.3
37.3

37.5
35.7
36.6

25.2
24.0

24.6

(Subculturing)

(Subc. x 1)

(Subc.

x F.C.)

10

0.0
0.0
0.0

41.6
37.3
39.5

44.5
35.4
39.9

28.7
24.2

26.5

coffeanum:
X 1000)
*g/ml
300 125
0.0 0.0
0.0 0.0
0.0 0.0
58.7 63.0
42.4 44.3
50.5 53.7
67.6 57.2
65.3 48.8
66.5 53.0
42.1 40.1
35.9 31.0
39.0 35.5
5% level
0.18
0.32
0.14
0.25
0.45-

250

0.0
0.0
0.0

69.1
35.4
42.2

47.7
42.0
44.9

32.3
25.8

29.0

1000

0.0
0.0
0.0

25.0
13.8
19.4

35.4
28.4
31.9

20.1
14.1

17.1

Means
IXSubc.

4.2
3.7

42.6
35.4

44.1
39.8

il% level

0.23
0.42
0.19
0.33
0.60

Means
strain

4.0

39.0

42.0

Means (Subc.)
30.3
26.3



Table 15s

Strain

1)

S

T1

T2

Means
(F.C.xSubc.)

Hie effect of a series of subculturing on conidial germination and appreS'.orial formation

of benomyl sensitive (S) and tolerant (T, and T») strains of C. coffeanums

Subculturing

Table of means (% appre.Serial

Benomyl concentrations (F.C]

(Subc.) (0] .25 .5
Subc.1 74.0 18.2 9.2
Subc.2 58.1 8.0 6.4
Means (IxF.C.) 66.1 13.1 7.8
Subc.1 30.5 30.1 30.5
Subc.2 20.2 20.4 20.9
Means (IxF.C.) 25.4 25.2 25.7
Subc.l 23.2 23.2 229
Subc.2 18.5 19.5 19.9
Means (IxF.C.) 20.9 21.3 21.4
Subc.1 42.6 23.8 20.9
Subc.2 32.3 16.0 15.7
Means(F.C.) 374 19.9 18.3

LSD (Strains)

LSD (Fungicide cone.)

LSD (Subculturing)

LSD (Subc. x 1)

LSD (Subc. x F.C.)

2.5

1.0
2.1
1.5
21.6
23.4
22.5

22.4
18.9

20.6

15.0
14.8

14.9

- ng/m
5 10 100 125
0.0 0.0 0.0 0.0
0.0 0.0 0.0 o.0
c.o c.o0 0.0 o.o
21.4 21.2 7.2 4.7
22.6 21.3 10.8 8.3
22.0 21.0 9.0 6.5
20.4 18.1 9.8 6.5
18.3 16.4 11.7 9.3
19.3 18.3 10.7
13.9 12.8 5.7 3.8
13.b 134 7.5 5.9
13.0 13.1 6.6 4.8
5% level
0.22
0.41
0.18
0.31
0.5?

formation)

250

0.0
0.0
0.0

1.7
2.9

1.1
1.4

1.2

1000

0.0
0.0
0.0
0.0
0.0

0.0

0.0
0.0

0.0

1% level

0.29
0.54
0.24
0.42
0.76

Means
1 X Subc.

10.3
7.5

16.8
15.1

14.8
13.6

Means

Strain

8.9

16.0

14.2

Means(Subc.
13.9
12.1
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subcultured on fresh fungicide free MEA about twice each month for six
months without loss of tolerance. Conidia of strains Tj and T~ were able

to form appreSoria in up to 250 pg/ml benomyl concentration while
conidia of strain S formed oppreS”o 'n UP to 2.5 pg/ml benomyl
concentration. The formation of cppreSoria v/as lower for all the
repeatedly subcultuu-d "isolates? on fungicide free MEA compared to the
"isolates" subcultured once on fungicide free MEA at lower benemyl
concentration. However, as benomyl concentration increased the repealed
subcultures "isoictes" formed high numbers of appreSjCria = As reported
earlier on germination, most conidia of the three strains became uniseptate
and one v. two germ tubes were formed. In distilled sterile water, it was
noted that oppressoria formed ori long germ tubes in the case of ol!
repeatedly subculiured "isolates" compared to al!! "isolates" subcultured
only once. This phenomenon was observed in strains Tj arid TO in the lower
benomyi concentralions. Appro c-rio of strain S formed on shortened germ
tubes at 0.5 to ! pg/mi benomyl while ai 2 to 2.5 pg/ml benomyl

apprt Soria were reduced in size and formed mainly directly without germ
tubes. At 250 pg/ml benomyl appre$oria of strains Tj and T,

repeatedly subcultured and subcullured once, mostly formed directly
without germ tubes ond with their sizes reduced. There were significant
differences among the strains ond interaction between subculturing ond
strains at P - 0.01. There were significant differences among the fungicide

concentrations and also between subculturing at P - 0.01.

4.6.4. Berry infection:

All {he benomyl tolerant strains, repeatedly subcuitured and
subcultured once on fungicide free MEA, were pathogenic as indicated
by the development of typical sporulating lesions similar to those of the
sensitive strain on detached berries of SL 28 (Plate 1). Table 16 gives a
summary of the results of percent berry infection of detached berries of
SL 28 inoculated with "isolates" of C. coffeanum . The differences

*

between strains, time of recording infection and subcuituring were highly



Strains

in

Ti

T2

Table 16:

Subcultuxing

Subc.

S (Subc 1)
SB (Subc 2)
1xD

Ti(Subc.1)

T B(Subc 2)
I XD

(Subc 1)
T~B(Subc 2)
1xD

Sub 1 x D
Subc 2 x D

D(Mean)

LSD
LSD
LSD
LSD
LSD
LSD

Pathogenicity of benowyl tolerant and sensitive strains of C.

]
Di 2
0 9.3
16.0
0 12.7
0 20.0
0] 44.0
32.0
0] 16.0
29.3
0] 22.7
0] 15.1
0 29.8
0 22.4
(Strains)
(D)
(1x D)
(Subc.)
(Subc x 1)
(Subc x D)

repeatedly subcultured for 6 months on fungicide free KrJ*:

D3

45.3
70.7
58.0

74.7

85.3
80.0

44.0
68.0
56.0

54.7
74.7

64.7

Table of means (\ berry infection)

Dx Ds
49.3 73.3
81.3 90.7
65.3 82.0
80.0 06.7
90.7 92.0
85.3 89.3
58.7 71.3
74.7 89.3
66.7 81.3
62.7 77.8
82.2 90.7
72.4 84.2
5% level
3.0
4.9
8.4
2.4
4.2
6.9

rime of recording Infection

3]

74.7
90.7
82.7

86.7

94.7
90.7

77.3
90.7
84.0

79.6
92.0

85.8

(D)

r7

78.7
90.7
84.7

86.7

96.0
91.3

89.0
94.7
87.3

0.0

93.8
87.8

81.3
90.7
86.0

86.7

96.0
91.3

81.3
94.7
88.0

83.1
93.0
08.4

1 x Subc.

51.5
66.3

6.6.2

74.8

53.8
67.7

1% level

3.9
6.4
11.1
3.2
5.6
9.1

eofiear.um

Strain  (Means)

58.9

70.0

60.8
Subc (Mean )
56.8
69.6
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significant at P = 0.01. The interactions between subculturing and strains
and subculturing and time of recording infection were also highly

significant at P = 0,01.

4.7. Anastomosis:

4.7. |. Conidiai germination:

Germination of the conidio started by forming a clear pseudoseptum
in the centre. Germ tube fusion was noted for all the three strains although
it was not very frequent. A few chlamydospores formed after the germ tube
extension stopped. However, os the hyphae started branching out hyphal
fusion was noted. It war, observed that conidia of benomyl tolerant strains
showed slight delay in germination compared to conidia of benomyl
sensitive strain. Conidiai production was noted on the fourth day of

incubation for the benomyl sensitive strain on plain agar slide (Plate 11).

4,7.2. Hyphol growth:

After 14 days of incubation, hyphai fusion was well distributed
within the mycelia of all the three strains and conidia were borne singly
on conia'icphores (Plates 13 and Il). The condiophores were more
heavily stained as compared to the vegetative hyphae. All the strains

hod many chlamydospores formed both terminally and intercaiarily (Plates

12 a and b).
4.8. Cross-tolerance:
4,8. i. Mycelial arowth:

From the results shown in Table 17, it appeared thet the benomyl
tolerant strains were also tolerant o other benzimidazole fungicides,

Derosal and Bavistin. Mycelial growth of strains Tj and 7™ was less
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Plate II: Conldial production of strain S of C. coffeanum



cf C. coffeanum .

1? b* P.orrnrif*cn of “ntorco !pry “*hlorMv<~(ogoom™* of stro:n T§

of C. coffeanum™.



Plate 13 Hyphal fusion of strain T] of C. coffeanum



Table 17s

LSD
LSD

Cross-tolerance:

Mycelial growth (mm of sensitive (S) and

tolerant (T~ and T2) strains of C. coffeanuir.;

(Fungicides)

(Fungicide Cone.)

LSD (I xF)
LSD (I xF.C)

LSD

(F x F.C)

0.55
0.78
0.95
1-35
1.35

1.03
1.26
1.*78
1.78



inhibited on MEA with 1000 pg/m! ci.i. Derosal or Bavistin than on MEA
with 1000 g/ml benomyl after 14 days of incubation. Strain T] showed

5 mm in MEA amended with Benlale compared to 25.67 nm and 24,83 mm
in MEA amended with Bavistin and Derosal respectively at the same
concentration of 1000 pg/ml o .i. Strain had 13.33 mm in MEA with
Benlate compared to 30.67 mm and 30 nm in MEA with Bavistin and
Derosa! respectively at similar concentration of 1000 pg/mi a.i. Strains
T, and were even less inhibited when growing in MEA with 1000 pg/ml
a.i. Derosal or Bavistin than strain S in MEA with | pg/ml a.i, Derosal
or Bavistin after 14 days incubation. However, myceliai growth in the
presence of benzimidazole fungicide declined gradually as concentrafions
were increased. There were significant differences between sensitive
strain, S, end tolerant strains, Tj and 7~, at P = 0.01. There were
significant differences ct P = 0.01 between benemyl and other benzimidazole
fungicides, Derosal and Bavistin. The three fungicides did not influence
mycelial g;awth of strain S differently. However, with increasing
concentrations, benomyl greatly reduced radial mycelial growth of strains
T, and 7™ compared to Derosal and Buvisitin and ihese differences were
highly significant ct P= 0.01. Occasionally sectoring and reaction of

growing cultures in MEA was noted.

4.8.2. Sporulation;

The effect of benzimidazole fungicides on sporulation of the
three strains is given in Table 18. Strain T~ showed a higher ievel of
sporulation ability in Derosal and Bavistin than in Benlate amended MEA
with increasing fungicide concentrations from 10 to 1000 pg/ml a .i.
Tolerance in conidial production to Derosal attained a higher level in
strain T ( than to Benlate and Bavistin as shown in Table 18. Ccnidiai
production of strain S wes also sensitive to Derosal and Bavistin and no
sporulation was recorded in MEA amended with 10 ug/ml a.i. of the
benzimidazole fungicides. Sporulation of strains Tj and TO was, generally,

not adversely affected by increasing concentrations of Derosal or



Strain

(1)

Means
1 x F.C

T1

Means
1 x F.C

Tj
Means
1 x F.C

Means
F.C. XF.

Means
F.C

Table 18:

Fungicide
(F)
Benlate
Bavistin
Derosal

Beniate
Bavistin
Dezosal

Beniate
Bavistin
Derosa).

Benlate
Bavistin
Derosal

Cross-tolerance

25.35
24.98
25.30

25.21

31.87
31.84
31.64

31.78

32.11
31.74
32.24

32.03
29.78

29.52
29.72

29.6;

I. S D (Strains)
LSD (Fungicides)

LSD (Fungicide Cone.)

LSD (1xF)
LSD (Ix F.C)
LSD (F.x r.C.)

Sporulating capacity of sensitive (S) and tolerant

(T~ and T2)

strains of C.

coffeanum:

2
Table of means (conidia/mm

Fungicide concentrations

1

2.68
3.31
5.15

3.71

31.35
32.13
31.48

31.65

32.37
32.68
45.54

36.86
22.13

22.71
27.39

24.98

10

oo o
ooo

36.65
44.87
45.34

42.29

33.81
38.42
66.27

46.17
23.49

27.77
37.20

29.49

(F.C.
100 250
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
54.53 46.68
50.44 44.76
70.09 56.41
58.35 49.28
60.70 39.75
67.81 53.93
79.22 77.14
69.25 56.94
38.41 28.81
39.42 32.90
49.77 44.52
42.53 35.41
5% level
0.49
0.49
0.69
0.85
1.20
1.20

X 1000)

ng/ml
1000

0.0
0.0
0.0

0.0

17.83
26.61
55.96

33.47

29.88
55.04
56.47

47.40
15.90

27.48
37.48

26.96

Means(IxF)

4.67
4.72
5.07

36.49
38.44
40.49

38.10
46.74
59.48

1% level
0.65
0.65
0.91
1.12
1.50
1.58

Means(strains)

4.82

41.14

46.11
Means (F .)

26.4?
29.97
37.68



- APp-

Bavistin as shown in Table 18. There were significant differences among
the strains and also among fungicides at P = 0.01. The three fungicides
did not affect sporulation of strain S differently. However, the three
fungicides showed varied influence on sporulation of strains T] and ™
and these differences were highly significant at P = 0.01. In rare cases

sectoring and zonatiGn of growing cultures in MEA was observed.

4.9. Competitive behaviour of benomyl sensitive

and tolerant strains:

Mixed inoculation tests of benomyl sensitive (S) and tolerant
strains (T. and T*) were carried out on detached berries. In re-isolations
from !19 berries infected with a 11 mixture of 5: Tj only 14 berries
(approx. 12%) yielded a pure benomyl toieranl population while 105
berries (approx. 88% )-yielded a mixed population. A similar pattern
was observed in berries inoculated with a mixture of strains S and
Out of 112 berries, 14 berries (12.5%) yielded a pure benomyl tolerant
population and 98 berries (87.5%) yielded a mixed population. Re-
isolotions made from ber.ies inoculated with mixture of conio'ia from
tolerant and sensitive strains did no! yieid pure benomyl sensitive
population. Significant differences of strain mixtures at P = 0.001 could
be due to differences in ratios of benomyl sensitive and tolerant strains
re-isolated. However, the interaction between strain mixtures and

batches was not significantly different ct P = 0.05 (Table 19).

4.10. In vilro control of benomyl tolerant strains

4.10.1. Effect of fungicides and their combinations on conidiai

germination of benomyl tolerant and sensitive strains:

Conidiai germination of the three strains in various dilutions of
benomyl, captafc! and Copper JNordox end their combinations is given in

Fig 10 and Table 20. There were significant differences among strains
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Table 19: Competitive bahaviour of benomyl tolerant and

sensitive strains of C. coffear.um:

Table of means

Strain Batch Percent infection
Mixture means
S: T 1 56.4

2 79.6

3 68.9

Mix x Batch

Mean 68.3
[ ]

S: T2 1 78.1

2 72.4

'3 66.4

Mix x Batch

Means 72.3

5% level 1% level
LSD (Mixture x Batch

Means) 6.8 9.0
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Table 20s The effect of benomyl and other fungicides on conidial germination of
sensitive and tolerant (T~ and T ) strains of £. coffeanum:
Table of means (% germination)
Strain Fungicide fungici 3e concentrations - g/m.l 1 Me ans (1xF)
F 0 0.25 1 10 500 S
(1) (F) 100 1000 11 2
S x F.C. 74.7 18.4 12.2 4.6 1.1 0.0 0.0
™™ x F.C. 28.0 23.7 20.4 14.8 7.4 2.2 0.6
T2 x F.C. 204 16.8 15.2 13.3 4.4 0.7 0.0
«
Means Benlate 41.5 21.3 18.3 15.8 3.3 0.0 0.0 13.4 17.3 12.2
F x F.C. Captafol 40.7 20.8 11.3 2.3 0.3 0.0 0.0 14.2 11.3 6.8
Copper 41.8 26.0 24.2 23.3 14.2 4.0 1.1 22.0 22.3 13.4
Ben-tCapt. 40.8 5.3 2.4 0.6 0.0 0.0 0.0 10.8 5.4- 4.8
Ben + Copper 40.4 24.3 23.6 12.6 3.6 0.8 0.0 18.9 13.1 13.3
Means (F.C.) 41.0 19.6 15.9 10.9 4.3 1.0 0.2
Means (1) 15.9 13.9 10.1
5% level 1% level
L S D (strains \ 121 1.59
L 3 D (Fungicides) 1.56 2.05
L S D (Fungicide Cone.) 1.84 2.42
LsD @xpF 2.70 3.55
LsDb@axFr.c. 3,19 4.20
LsD (FxF.C) 4.12 5.42

Means

14.3
10.8
19.2

7.0
15.1

(F)
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one! olso among fungicides wiih their combinations at P = 0.01.

Significant differences were found between fungicide concentrations at
lower levels, 0 - IGO0 concentrations, at P = 0.01 but not at 500 and

1000 pg/ml a.i. of fungicide as shown in Table 20. The interactions
between strains and fungicide concentrations were found fo be significantly
different (P = 0.05) at 0 - 100 pg/mi concentration levels but no
significant differences were found between 500 - 1000 pg/ml concentration
levels. Benomyl end captafo! at !Q pg/m! and above prevented conidial
germination of strain S. Benomyl plus captafo! and benomyl plus Copper
Nordox at i and 100 pg/mi and above respectively prevented cor.idial
gerr.iinalion while Copper Nordox at 500 and 1000 pg/ml prevented
conidial germination of strain S. Concentrations of 0.25 pg/m! of
fungicides did not effect type of germination of strain S and types of
germination were as reported earlier in distilled sterile water. At | pg/ml
benomyl, uppre$oria formed directly on conidia or on highly reduced
germ tubes, At | j~/ml benomyl plus Copper Nordox, conidia of strain S
formed long germ tubes with or without «ppre$:oria, At 10 pg/rr.i benomyi
plus Copper Nordox, very few conidia formed long germ tubes without
appreSoiio otherwise mosi germinated conidio had cporeSoria without
germ tubes. At higher concentrations of Copper Nordox (10- 100 pg/ml),
conidia of strain S formed long germ tubes and only a few had aopreS'oria.
At concentrations of | pg/ml of fungicides and below, conidial
germination of strains Tsand T was nor adversely affected and types of
conidial germination reported earlier were observed. At 10 pg/ml of
benomyl, Copper Nordox and benomyl plus Copper Nordox did not inhibit
conidia! germination of strains T] and T~. However, at concentration of
100 pg/m! and above percent conidial germination became reduced
considerably. Percent conidial germination of strains Tj and T decreased
sharply with increasing concentrations of cGptafo! and benomyi plus
captafo!. At 100 to 500 pg/ml Copper Nordox, conidia of strains Tj and
T,, formed long germ tubes wiih just a few of them having appreSoria

while a! 1000 p g/mi, ccnidia of straLn T. hed shortened germ tubes and a

I
few of them had appresoria, This experiment did indicate that conidial
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germination of strains T] end T~ was effectively inhibited by benomyl plus
captcfol at 100 pg/ml concentration followed by capfafo! alone at

[
100 pg/ml concentration.

4.10.2 Mycelial growth:

Summaries of the results of radial mycelial growth of the three
strains in MEA amended with, benomyl, captafol and Copper Nordox and
their combinations are given in Fig !i and Table 2!. Differences among
the strains/ fungicides arid fungicide concentrations were highly significant
at B~ 0.001. Interactions between strains end fungicides and between
strains and fungicide concentrations were highly significant at P - 0.00!.
The interactions between fungicides and fungicide concentrations were
significantly different at P ~ 0,,0i. In al cases third order interaction was
used to tesi their differences. However, benomyl, benomyl plus captafol
or.d benomyl plus Copper Nordox had greet effect on radial mycelial
growth of strain S and the interactions were not significantly different
from one another at P = 0.0b (Table 2!). Mycelial growth of strain S was
still strongly inhibited by benomyl up to | pg/ml and no mycelial growth
occurred at 10 pg/ml benomyl. At very low concentiations of 0.25 jig/ml
of combinations of benomyl plus captafol and benomyl plus Copper Nordcx,
mycelial growth of strain S was strongly inhibited. Mycelial growth in
the presence of captafol and Copper Nordox declined more rapidly and
gradually as concentrations were increased respectively. However,
neither fungicide was as active as benomyl at low concentrations against
strain S. Strains T] and T,, were able to grow on MEA amended with
captafol and Copper Nordox and their combinations although differences
in radial mycelial growth according to fungicide concentrations were
found. Radial mycelial growth of strains T|] and on MEA amended
with captafol decreased sharply between 0.25 ar.d 10 ug/ml and was
highly suppressed at 100 to 1000 gg/ml captofo! and benomyl plus captafol.
Radial mycelial growth of strains T] and T on MEA amended v/ifth Copper

Nordox, benomyl and their combination declined more gradually as
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Table 21: Effect of benomyl and other fungicides on mycelial growth of sensitive

Strain Fungicide
(1) (F)

S x F.C.

Tx X F.C.

T2 X F.C.

Means Benlate

F x F.C. Captafol
Copper
3en+Capt.
Ben+Copper

Means (F.C.

Means (1)

and tolerant

Fungicide ccncentrations

0

82.30

83.13
83.53

83.22
83.67
82.67
82.28
83.11
82.99

-
nwnmnu nunon

lvBlvBvivviv]

0.25

29.56
74.03
81.83

55.89
59.50
83.28
55.28
55.09
61.81

Strains)

Table of means

1

27.12
71.13
80.03

55.47
53.17
81.44
51.83
55.22
59.43

Fungicides)

Fungicide cone.)

1 X F)

1 x F.C.

F xF.C.)

)

(T and T2> strains of C.

coffearium:
(mm)
(F.C) - pg/ml
10 100 500 1000
19.83 17.87 11.08 0.0
62.27 43.63 22.00 6.54
70.83 44.70 22.87 6.47
55.17 29.89 16.11 12.33
25.44 10.28 5.44 2.17
82.06 78.39 42.22 0.85
37.78 4.56 2.06 0.89
54.44 53.89 27.33 5.44
50.98 35.40 18.63 4.34
5% level
2.22
2.86
3.39
4.96
5.87
7.57

Means

S

12.23
34.55
63.55
11.55
12.21

26.82

(S)

(1*F
Ty Ty
59.74 60.07
27.98 40.19
64.67 65.02
41.50 47.52
65.21 65.95
51.82 55.75

1% level

2.91
3.76
4.45
«6.52
7.71
9.95

Means (F)

44.01
34.24
64.42
33.53
47.79



concentrations were increased. This experiment shows that captafol alone

and bencmyl plus capiafo! were most effective in suppressing radial

mycelial growth of strains Tj and TO. However, radial mycelial growth of strei
Tj and was more inhibited on MEA amended with capiafol alone than

when on MEA amended with benomyl plus captafol. These differences

were significant at P = 0.0i. Occasionally sectoring and zonation of

cultures occurred.
4.10.3. Sporjlaticr.:

i ig 12 end Table 22 show conidict! production of strains S, Tj and
T? on MEA amended with benomyl, captafol and Copper Ncrdox end
their combinations. The different fungicides and interaction between
fungicides and fungicide concentrations did ndt appear to have any
significant effect on ccnidio! production of strains T,I and Tt(.)' Differences
among strains, fungicide concentrations and interactions borween strains
end fungicides were highly significant at P = 0,001. The interaction
between strains and fungicide concentrations was significantly different
at P- 0.01. Ccnidia! production of strain S was greatly affected by
increasing concentrations of benomyl, benomyl plus captafol and benomyl
plus Copper Nordcx. Captafol and Copper Nordox alone did not affect
conidial production at low concentrations and at 10 and 100 pg/Vnl
captafol, conidial production was enhanced. Although radiol mycelial
growth of this strain (S) was greatly reduced at higher concentraiions of
500 and 1000 pg/ml captafol, there was a tendency of stimulated growth
ori the inoculum discs giving bunched appearance. Possibly this type of
growth contributed In increased conidial production. This bunched
appearance of mycelia on MFA amended with captcfol was clso noted
for strain Tj and T Conidial production of strain S was greatly enhanced
on MEA amended with ccprafol and Copper Nordox than when on MEA
amended with benomyl. benomyl plus captafol, benomyl plus Copper
Nordox. These differences W?re significant at P = O.0i. Conidial

production of strains T, and TO in the presence of fungicides was enhanced
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Table 22: Effect of benomyl and other fungicides on spcruiation of sensitive ()

and tolerant (T* and T7) strains of C. coffeanum:

Table of means (conldia/ram /ml x 1000)

Strain Fungicide Fungic.ide concentratisns (F.C) - Hg/ml Mean (1 x F)
(i) (F) 0 025 ] 1 10 100 500 1000 S T1 T2
S x F.C. 24.2 16.8 13.8 15.3 12.5 2.6 1.0
Tj x F.C. 34.9 37.4 39.0 46.9 41.9 31.7 14.1
T- x F.C. 36.9 37.5 39.4 42.7 53.0 40.9 22.5
Means (F)
Means Benlate 32.0 27.8 25.4 26.7 36.9 34.9 16.1 5.4 37.8 42.5 28.5
F x F.C. Csptafol 31.8 35.1 37.4 48.5 43.1 23.6 10.9 27.5 30.4 40.9 32.9
Copper 31.9 31.6 32.9 33.5 36.0 22.9 12.2 17.3 37.6 31.2 28.7
Ben + Cap. 32.2 26.9 25.5 33.0 31.1 16.8 9.9 4.9 32.7 375 25.1
Ben+Copper 32.0 31.3 32.5 33.1 32.0 27.0 13.6 6.5 37.1 42.8 28.6
tleans (F.C.) 32.0 30.5 30.7 35.0 35.8 25.0 12.5
Means (1) 12.3 35.1 39.0
5% level 1% level
LSD (Strains) 1.8 2.3
LS D (Fungicides) 2.3 3.0
LS D (Fungicide Cones) 2.7 3.6
LSD (1 xF) 4.0 5.2
LSD (1 XF.C.) 4.7 6.2

LSD (F x F.C.) 6.1 8.0



at between 0.25 and iOO (j,g/ml and showed a gradual decline with
increasing concentrations of some fungicides and funghride combinations.
Strain maintained higher conidial production on MEA amended with
500 and 1000 jj.y/m! benomy! and benomyl plus Copper Nordox. Strain
Tj produced high number of conidio per ml at 500 pg/ml benomyl and
Copper Nordox alone and then declined oi 1000 jag/ml. Conidial
production of strain Tj was slightly less on MEA amended with capfafo!
than when on MEA amended with benomyl plus captafol. However, these
differences were not significant at P - 0.C5. Conidial production o?
strain was more on MEA amended with captafoi than when on MEA
amended with benomyl plus cnptafcl. These differences were not
significant at P = 0.05, Ccridiai production of strain TO was effectively

reduced on MEA amended with Copper Nordox (Table 22).
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5. DISCUSSION

Hie appearance of tolerance in a pathogen population may, when
it is not recognised at an early stage, result in failure of disease control
and consequently serious crop losses. Sometimes the use of an originally
effective fungicide has to be restricted or even abandoned. Such a
situation may put growers in a difficult position, if no adequate substitutes
are available, and it may further reduce the financial returns of the
company that developed the fungicide invariably  at high cost, Benomyl
pros cJ to Le very effective against coffee berry disease (CBD) and thus
wus widely used on coffee ~Bokcr 1?/u; CvKioga emu i7iu>rnge, 19/4).
However, Cook (1975 u) detected tolerance by the CBD pathogen to
carbendazirn and cypcndazol in_vitro end where they had been used
continuously a.id exclusively, CBD control failed (Okiogc, I'76).

Because of the widespread occurrence of the tolerant strains and their
lorge differences in sensitivity fo benomyl it became necessary to carry
cut mere investigations on the pathogen, ii should be yvoted that the word
tolerance used in this study is applied in tire same context as that referred
to by ' AC panel of Experts of pest resistance to pesticides (1*779). The
tolerance in C. coffeanum strains isolated in this study seems tc be of
permanent nature. So far in Kenya, the perfect stage of C. coffeanum
has net beer, identified. Thus no genetic study involving identification

of genes conferring benomyl tolerance and sensitivity was undertaken.

5.1. Pathogenicity = sensitive and tolerant strains:

The benomyl tolerant strains tested were pathogenic. Hypocotyl,
detached berry and attached berry infection tests indicated that the strains
T] and T£ were as pathogenic as the sensitive strain (S). Okioga (1976)
end .laved (I19G0) observed that the tolerant C. coffeanum variants were
no less polhogenir than the common sensitive strain on detached coffee
berries. Similar observations have been reported in other fungi (Boiler

end van Zaayen, 1975; Shabi and Keton, 197?; Shalta and Sinclair, 1962;
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Sozzi and Gessler, i960; Talboysand Davies, 1976). Nevertheless, in
some cases, tolerant strains are less pathogenic (Domsch, 1964; Wuest

et a]., 1974). Jones and Ehret (1976) observed that two benomyl tolerant
isolates were similar to two sensitive isolates in virulence while a third
benomyl tolerant isolate was less virulent. After 4 hr, some conidia of
strain S germinated and formed appreSoria. Some conidia of strains Tj
and TV germinated and formed appreSoria at 8 and 24 hr respectively.
The appreSorial! formation was observed at epidermal junctures and on
epidermal cuticie and not on the stomata in ail the three strains. Bock
(1956), working with other CBD fungus isolates, reported that appreSoria
formed when conidia were in contact with the berry surface. Similar
observations were made by Hasselbring (1906) on Glceosporiun
fructigcnum, Dey (1919) on Colletoirichum lindermuthiarium and Dey
(1933) on Coiletoirichum g’oeosporioides. Pathogenicity of the three
strains was effected by various temperatures, conidial concentrations and
benomyl concentrations. Seven day* after inoculation, sticin 5 and Tj
initiated berry infection, with active sporulction, at 15, 20 and 2~/C
but strain initiated berry infection, with active sporulction, at 20
and 25°C. However, at ihe 25 th day after inoculation all Ihe three
strains achieved high percent berry infection (above 60%), with active
spoliation, at 15, 20 and 25°C. Thus, the effect of temperature on
pathogenicity could not be used os a criterion to differentiate benomyl
tolerant (T. and T*) from sensitive (S) strains. Seven days after
inocuialion, strains S, T. and T, initiated berry infection, with active
sporulction, with 5x 1(?’\ , 5x 10 and 2x 105 conidia/ml respectively.
Twenty five days after inoculation, the ihree strains had initiated
infeciion, with active sporulction, on a few berries with the lowest
concentration of !O3 ccnidia/ml. There was ar. increase, at ZOOC + 0.5,
in percent berry infection with increasing concer.fration and there were
indications that the optimum infection density was above 10" conidia/ml
for the three strains. The various conidial concentrations on detached
berry infection couid not distinguish the benomyl tolerant from sensitive

strains. Beck (1956), working with other CBD fungus isolates, found i'nat
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the optimum infection density was above 10 conidia/ml under laboratory
conditions. However, Griffiths and Furtcdo (1972) were cble to use very
small quantities of conidia including one conidium per berry in a berry
infection technique for assessing the C. coffocnum . Application of
benomyl delayed the onset of infection on berries inoculated with strain
S. The observations were in agreement with findings on Verticiilium
dahliac (Talboys et ai., 1975; Talboys and Davies, 1976) where bencmyl
treated ‘-frowherry plants had delayed infection when inoculated with
benomy! sensitive isolate. In this study, berries inoculated with strains
T] end T,, and treated with benomyl began to show symptoms earlier.
Theie was also a consistent but non significant increase in berry infection
in berries treated with low concentrations of benomyl. A comparable
response was noted by BoMen and van Zacyen (1975) after benomyl
treatment of mushrooms infected with a benomyi tolerant fenn of
Verticiilium maithousei. Similar observations were made by Talboys and
Davies (1976) on benomy! treated strawberry plants inoculated with a
form of V. a'chliae. Javed (1960) repoited ihat benomyl tolerant and
sensitive isolates of C. coffeanum were able to infect the punctured
detached green berries which had been treated with iow

concentrations of benomyl. Tolerance could be defected by the increased
ability of the fungus 1o perform its normal functions of sperubrion, spore
germination, vegetative growth and infeciion in the presence of benomyl.
Studies with other fungi have shown that stable benzimidazole tolerant
strains arose initially by mutation from the normal strains (Dekker, 1972).
This probably occurs naturally, perhaps at low frequency even in ihe
absence cf benzimidazoles. Infact a benomyl tolerant isolate of V.
maithousei, a pathogen of Agaricus bispoius, was collected in 1958
before benomyl was introduced (Wuest et a_l.,, 1974). However, the actual
presence of benomy! appeared to promote the production in vitro of
stable tolerant variants of V. dahliae (Talboys and Divies, 1976). In the
case of C. coffeanum , benomy! toiorant strains appeared to be as
aggressive as Ilhe normal sensitive ’strain and there seemed no reason why

they should rapidly disappear from the population. The exxiusive use
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of benomy! fungicide for the control of CBD in coffee bushes enhanced
the establishment of the tolerant strains through selection pressure. The
detached green coffee berry infection tests, in the presence of
increasing concentrations of benornyl, differentiated benomy! tolerant

from sensitive strains.

5.2. Conidio! germination and germ tube characteristics, mycelial
growth Gnd <porid.;iiion of benornyl sensitive and toierani

strains:

It was observed that the rate of germination and total percent
germination of the three strains was increased with increasing ccnidial
concentrations. The log period of germinalion for strains Tj and was
prolonged at lower conidio! concentrations. Conidial concentration
did not affect the lag period of germination of strain S. However,
generally, conia'ia of strains Tj and T~ took slightly longer time to
germinate in distilled sterile water compared to conidio of strain S.
Germination may be considered as a growth process in which some oral!
the necessary nutrients are present in the spore. One could expect iv/o
extreme types of relation to external source of nutrients - complete
independence in some fungi and complete dependence on one or more
nutrients in others. According to these findings, oil the three strains
exhibited partial dependence on externa! nutrients in that conidio
germinated after washing although total percent germination was much
lower. Compared to germination in distilled sterile water, glucose
dilutions increased germination rate and percent of washed conidia of
strains S, fj and 1 by 79.33%, 362.91% and 352.75% respectively at
2% glucose concentration. Firman and Waller (1977) reported that this
effect increases as the intrinsic viability of the conidia decreases. Thus,
a spore germination percentage of 57,5 was increased with the addition
of 1% dextrose by 20% Nvhereas one o* 5.5 was increased by 610%,
Improved nutrition also broadened the temperature range over v'hich

optimum germination occurred and raised the maximum to 35°C (Nutman and



Roberts, i960 b). Benomyi sensitive strain S failed to germinate in

5 pg/rr.l benomyi whereas benomyi tolerant strains T] and Ty~
germinated almost normally in up to 250 pg/ml benomy! solutions.
..Observations were made earlier by Javed (1960) that a few conidia of
benomyi sensitive isolate were able to germinate in low concentrations
of benomyi. Penrose arid Koffman (19/7) reported that benomyi

sensitive isolates of Scierotinio fructicoia germinated abnormally on

i j-tg/jrl benomyi whereas benomyi tolerant isolates germinated almost
normal!l/ o\ 100 pc/mi benomyi. Similar observations were made earlier
by Whan (‘976) on the same fungus. Conidia of strains T] and 1/ formed
appro Soria at 250 jxg/ml benomyi solutions but the percent appreSc rial
formation was significantly reduced compared to :'not in distilled steriie
water controls. Percent appresoriai formation of conidia of strains T|
and varied with increasing benomyi concentrations. Conidia of strain
5 formed appres-orio only up to 2.5 .pg/ml benomyi. Conidia! germination
end apprc.$cric! formation of strains S, T and T0 was affected by each
temperature regime differently. Germination of conidia ot all strains
occurred at ali temperature regimes, 5 to 30°C, although there were
variations in log period, germination rate, total percent germination,
total percent appresoriel formation and type of germination. The

effect of temperature on conidia! germination arid app.e$orial formation
could not be used-as o criterion to distinguish benomy! tolerant from
sensitive strains. The tolerant strains, at c given time and particular
temperature, had lower percent oppre$oria compared to stialn S.
However, the optimum range of temperature for appreforiol formation
for all strains was 15 to 25°C. At 30°C, germinated conidia of the three
strains had long germ tubes and conidia! germination to the stage of
appre s”ricl formation took much longer. Nutrnan and Roberts (1960 b)
reported that the germination of C. coffeanum conidia in water was at
about 22°C but in the presence of nutrients resulted in a broader optimum
up to 27°C. They observed that maximum temperature for germination
was cbout 3C°C but up to 35°C with nutrients and a minimum of i5°C.

Nutrnan and Roberts further observed that at optimum temperatures,
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conidial germination end appreSorial formation could occur within 4 hr.
Conidia of strains T] and transferred from colonies growing on MEA
amended with increasing benomyl concentrations did rot lose viability.
The conidia germinated in distilled sterile wafer at a lower percentage
comjXJred to conidia from non-amended MEA plates. No germination was
observed for conidia of strain S harvested from MEA amended with 2.5 or
more pg/m! benomyl. Javed (1930) observed that conidia of benomyl
tolerant strains harvested from MEA amended with low benomyl
concentrations did not lose their viability and were able to germinate

in distilicd water. Similar observations were made on Msniiiiiia
fructicola (Jones and Ehret, i976) and V. maithouse? (Wuest et aj.,
19/4), Benomyl may be systemic within the fungus as has been
demonstrated in green plants (Peterson and Edgington, 1971). If benomyl
is systemic this may ctfect the reproductive ability and physiology of trie
fungus by impairing conidia! formation. However, one can assume that
little, if any, benomyl was present in the supernatant. This could have
been passible because of the low water solubility of benomyl, especially
with increasing concentrations, which lead to sedimentation in MEA
culture plates. This coupled with the amount of water added to prepare
concentrations of conidia harvested from benomyl amended MEA lends
credence to the finding that increasing concentrations of benomyl in MEA

cultures affected total percent germination of conidia of the three strains.

Trie three strains of C. coffeanum exhibited various colorations
and a marked mycelial growth response in culture to every formulated
medium. The color change on various media was either very distinct or not
so distinct. Variations iri mycelial coloration of CBD pathogen had been
reported earlier by McDonald (1926) on a limited number of media. If
the quantitative amount of mycelial growth and conidia! production
supported by a given medium is ussumed to reflect its nutritional value to
the fungus and to the survival of the fungus in nature, then certain
nutrients ere of much greater nut’ritional value. For example organic

nitrogen and simple carbohydrates stimulated growth of the three strains
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by increasing radial mycelial gr(/iwth ond conidial production. The
highest conidial production /mm " of strains T] and was in rppdium 12
containing sucrose as the source of carbon and peptone as a source of
nitrogen. Conidial production of strain S was greatly enhanced in
medium il containing glucose cs carbon source and peptono as nitrogen
source although there was substantia! number of conidia produced /
rrm2 in medium !2. Ail the three strums had good radial mycelial
growth in medium containing coffee berry extracts oithough conidial
production was slightly suppressed. The various media used in this
study could not distinguish benomyl tolerant from sensitive strains.
There were no significant differences in radio! mycelial growth among
the strains, it was also noted that conidial production /mm" of strain

S seemed to be significantly lower than that of strains Tj and T~. The
essentiality of heavy metals, such as zinc, iron and copper, in the
nutrition of the three strains was demonstrated in these experiments.
Significant- differences were found in radial mycelial growth and
conidia! production/mm ir, all strains growing on media amended with
heavy metals, zinc, copper arid iron, compared to nhormamended media.
However, tlre interaction between heavy metals and strain was not
significant. Thus, the inccrj? oration of heavy metals in media could not
distinguish benomyl tolerant from sensitive strains. The importance of
heavy metals iri the nutrition of fungi had been recognised since the
very first studies dealing with the cultivation of filamentous fungi on
synthetic media. Paulin's (186?) classical researches (cited by Foster,
1939) on the growth of Ascophora nigrans (Aspergillus niger) clearly
demonstrated that in addition to the usual mineral nutrients such as
potassium, magnesium, phosphorus etc certain other elements, notably
zinc and iron, must be furnished in the medium in order to obtain the
maximum dry weight of the fungus. The amounts of heavy metal ions
which are effective in obtaining maximum growth of fungi are so minute
compareATo the more femiliar mineral constituents of synthetic media

that the term "trace" elements is often applied to them. The relation

of nutrition and parasitism of CBD pathogen is highly speculative, it



Is possible that nutritional status of coffee berries may exert some
influence on the susceptibility of the berries to the CBD. Aj no studies
were undertaken of the nutritional status of coffee trees, the data
reported here are inconclusive as to the role played by various nutrients
status of the host in determining the inception of the CBD. The ability
of C. coffeonum strain: to produce color variants by sectoring in
culture was also observed, in other isolates, by Ckioga (1976), Strains
fi and 7 grew normally on MFA with os high as 1000 pg/ml benomy!
although the colony diameters were reduced gradually with increasing

concentrations whereas strain S showed little mycelial growth ai low

benomy) concentrations, .laved (1930) reported that tolerant isolates

of C. cotfecnum continued to grow on MEA with 1000 jig/rn! Benlate.
S’miiur observations were reported in othei fungal pathogens,

Sclorotinia fructicoia (Pc-nroso and Koffm.cn, 1977; Whan, 1976),
Penic'iiium spp. (Bollen, 197i), Verticil liuri fungicola (Bollen and

von Zcayerr, 1975), Botrytis cinereo (Geeson, 1976; Bollen and Scholten,
971), Monilir.ia fructicoia (Jones and hhret, 1976), rosarium C'xysporum
f.sp, lycopersici (Sozzi and Gessier, 1980), Verticillum malthousei
(Wuest et al., 1974). The strains showed marked variations in cporulation.
The presence of up to 250 pa/ml benomy! in MFA stimulated cortidia!
production of strain T. This phenomenon of variations in spcrulation ha:
been reported before (Jones and El.ret, 1976; Wuest et a)., 1974). It was
also observed that mycelial growth of strains T|] and T was less sensitive
to benomyl than conidial germination. It was not possible to grow
colonics on MEA amended with 500 and 1000 pg/m! benomy! using
conidia for inoculation. None of the benomyl tolerant strains, Tj and
T~, showed partial or intermediate tolerance to benomyl. Incorporation
of various benomyl concentrations in MEA differentiated benomy!
tolerant from sensitive strains. There were significant differences in
radial mycelial growth and conidia! production/rnm between benomyl
tolerant and sensitive strains. It was ciso noted that conidial Droducticn/
mn2 of strain S on non-amendgd MEA seemed to be lower than that of

strains Tj and 7. Conidia! measurements and microscopic observations



showed no evidence of reduction in size or change in morphology of
conidia when the three strains were grown on benomyl emended MEA.
Similar observations were mode by Littrel (1974) with Cerco>pora
orrchidicola. This is not in agreement with observarions by Gnffee (1973)
with Coiietotrichum musae and Javed (1960) with benomyi tolerant isolates
of C. coffeanum in which conidial size was reduced by culturing on a
benomyi amended medium,, Strains T] and were also tolerant to two
ether benzimidazole fungicides (Derosal and Eavistin). Their tolerance

to these two fungicides, in terms of mycelio! growth and spcru'ation, was
more striking with increasing concentrations than to that of benomyi.
Cross tolerance of tolerant isolates of C. coffeanum has been reported
earlier (Cook and Pereira, 1977; Okioga 1976). The occurrence of cross
tolerance to other benzimidazole fungicides exhibited by the two strains
was similar k> observations made on other benomyi tolerant fungi (Bollen,
i971; Bolien and Scholten, 1971; Bollen and van Zaayen, 1975; dark
_etal., 1974; Giarmopolitis, 1978; Jones and Ehret, >976; Littrel!, 1974;
Muirhead, 1974; Penrose end Koffmcn, 1977; Smiley and Howard, 1976;
Warren ev aj_., 1974; Wicks, 1974). Tolerance and cross tolerance ha*
been reported in Rhirocrcnig bataticcla to non-benzimidazole fungicides

(Anikumar end Sastry, 1979).

5.3. The effect of subculturing benomyi tolerant strains:

Strains Tj and T were subcultured ter six months without loss
of tolerance. Subculturing affected conidial production of strains S, T|
and T/ although strains Tj and TO were able to grow and produce conidia
at 1000 pg/ml benomyi.. Conidial production was low for all the
repeatedly subcultured "isolates" compared to "isolates" subcultured oniy
once on fungicide- free MEA. The loss in the ability to produce conidia
could be attributed to subcultur ing rather than the initial treatment with
benomyi. Cor.idia of strains T, and T germinated and formed appreSoria
in up to 250 wymi benomyi concentration. Stability of benomy!

tolerance has been reported on other fungal pathogens, Bollen (1971)



reported ihat the strains of Penicillium spp. retained iheir resistance at
the same level for at least three months after repealed subcuituring on
fungicide free agar. Resistance of isolates of Sotrytis cincrca was
retained for at least 20 weeks afier repeated subcuituring on fungicide
free cgcr (Bolien and Scholten, i9/i)- Tolerance of two benomyl
tolerant isolates of Moniliriia fruciicola was unchanged after 13 passages
through benomy! free substrates including four passages through peach
fruit (Jones and Ehre*, 1976), Ccrbendozim resistant isolates of Vcnturia
pinna retained tolerance after subcuituring for over one year (Shabi and
Kcitan, 1979). Subcuituring did not seem to affect- pathogenicity of the
three strains on detached berries of LS 20. However,, infectivity on
detached berries was slightly reduced. This could be due to the much
longer germ tubes formed before appre Soria! formation in germinating

eonidio of repeatedly subcultured "isolates".

5.4. Development of telerance:

Germ tube and hyphal fusions were observed in all the three
strains. According to Aiexopoulos (1962) there are several ways in which
a heterokcryotic mycelium may be formed. The most common perhaps is
by anastomosis of somatic hyphae of different genetic constitutions.
Genetic studies of fungicide resistance have been carried out by various
research workers (Georgopoulos, 1977). For these studies fungi with a
perfect stage were used, which allowed genetic analysis fer the
recognition of genes conferring resistance. Studies were carried out
with non-pathogens, such as Emiricella niduians (irnperf. Aspergillus
nidulans), Neurospora crosso and Sac.charomyces cerevisiae, and with
pathogens, such as Venturia inaeauaiis, Ustilago maydis, U. horde?
and NecjT'a hoemotococco. Genetic aspects of fungicide resistance in
imperfecti fungi can be studied when the fungi have a parcsexual cycle.
The resulting heterokcryotic mycelium will aiso be having genes for
tolerance and possibly will confer«tolcrance to benomyl in new mycelia

formed from the germinating ccnidia. Thus tolerance to benomyl will
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persist in 'he population of the. pathogen. Such studies wouid have direct
practical importance, since the CBD fungus tolerant strains were found

to be cross-resistant to other benzimidazole fungicides with similar
mechanism of action. Mixed inoculation tests with different strains in vivo
gave no indication of a decline of tolerant strains. This study showed that
in the absence of selection pressure by benomyl, the tolerant strains v/ere
not weaker and tended to take over. This could be partly explained by

the fact ihot anastomosis of germ tubes and somatic hyphae of the strains

of C. coffeonum and high conidial production by tolerant strains, T] and

T., r could have made tolerant strains better competitors. Similar
observations have been made on other fungal pathogens for example Fusarium
oxyspoium f.sp. lycopersici (Sozzi and Gessler, 1980), Cladosporium
cucumerinurn (Dekker, 1969), Monilinia fructicoia (Jones and Ehret, 1976),
Venturia piring (Shabi and Katar., i97/9), Botrytis cinerea (Miller and Jeves,
1979). This is not in agreement with Domsch (1964) who reported that tolerant
strains v/ere poor competitors. Samples taken fiom attached
berries in the field after 5i months of inoculation showed little decline

in the incidence of tolerant strains in the absence of benomyl. Tolerance
seemed to be stable in vivo in the absence of benomyl. This suggested a
permanent change in the genetic material rather than conditional adaptation.
Dovacs et™al (1976) reported that four years after cessation of benomyi
applications the frequency with which tolerant strains of Cercospora
beticola Sacc. were isoluted from sugar beet hed not changed. Similar
observations were made by Miller and Jeves (1979) on Botrytis cinerea in
glasshouse tomato plants. It seems therefore, that tolerant strains of

C. coffeanum are able to compete successfully with sensitive strains.

The observations that both tolerant and sensitive ccnidia could be present
within the same lesion is important, A false impression of the prevalence

of benomyl tolerance within a crop could be obtained if lesions were only
screened for ‘me presence or absence of tolerance. The lesions with both
tolerant end sensitive strains of the fungus may have resulted from the
movement of conidia within the coffee bush, from two or more distinct

strains grov/ing in close association or from a single heterokaryctic strain.
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Strains heterokaryotic for benomyl tolerance have been demonstrated
(Pourtois et aj., 1976). if present, these strains could be important in
maintaining a pool of tolerant nuclei in the population in the absence of

selection pressure.

5.5. In_vitro control of benomyl tolerant strains:

Although the three strains exhibited significant variations in
mycelial growth, spoliation and conidia! germination, strums Tj and
were as vigorous as strain S and tolerance was stable In vitro arid in vivo .
Strains T, and T hove shown sensitivity to standard fungicides, captafci
80% w.p. end copper 50% formulation. The sensitivity was only observed
at concentrations of 500 and i0C0O Mg/m! a .i, captcfol and copper 50%
formulation. This study indicated that there was no synergism, under
laboratory conditions, between benorny! and cc-ptafol or Copper Nordox.
In the presence of benomyl, alone or in combination, mycelial growth,
sporulatior. and conidia! germination of tolerant strains were not adversely
affected. Sporulation, mycelial growth and conidial germination of
strain S were strongly inhibited by benomyl, benomyl plus captafci and
benomyl plus Copper Nordox concentrations of 1 pg/ml and higher.
Neither captafol nor Copper Nordox was as active as benomyl ci lew
concentrations against strain S. Similar observations were made by Jones
and Ehret (1976) cn sensitive strain of Monilinia fructicoia. Presumably
tolerant strains v/ouia' decline if they were less aggressive or if they had
increased sensitivity to standard contact fungicides as shown by benomyl
tolerant strains of VerticilHum molthousei (Lambert and Wuest, 1975) ana’
Cercospora beticoia (Ruppel, 1975). Grov/ers who decide to use ths
combination treatments should be advised to monitor CBD carefully in
their coffee trees and to switch immediately to an alternative material if
CBD begins to develop to high leveis. Conflicting observations in the
control of tolerant strains have been reported. Sutton (1973) reported that
strains of Ventaria Inoequalis tolerant to benomyl were not controlled

under orchard conditions with combination treatments at reduced rates of



benomyl and either Cciplan or Zinc ion - Maneb Complex. However,
under the same conditions full rates of dodine or captafo! were quite
effective against tolerant strains of V. inaecualis. Chandler aj.
(1973) reported that benomyl used alone was ineffective against benomyl
tolerant Cladosporium carpophilum but effective against . fructicola .
They further observed that benomyl continued to be very effective against
C. carpophilum wh 're tolerance had not developed. The non-systemic
standard fungicides, captafo! 80% w.p. and copper 50% formulation,
which acted to prevent germination and affected germ tube growth

res; ctivcly might effectively control benomyl tolerant strains at high
concentrations, Penrose and Kcffman (1977) reported that non-systemic
fungicides, Capton and glycophene, which act to prevent germination
were effective in controlling benomyl tolerant strains or Sclerolinio

fructicola.
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CONCLUSJONS

Tolerance in C. coffeanum strains isolated in this sfudy’seemed to be

of permanent nature. The benomyi tolerant strains, T. and 7’.” tested
I i

were as pathogenic as the sensitive strain, S. The appressorial formation
was observed at epidermal junctures and on epidermal cuticle and not on
the stomata in oil the three strains. At the 25th day after inoculation ail
the three strains achieved high percent berry infection (above 60%), with
active spoliation, at 15, 20 and 25°C. The effect of temperature on
pathogenicity could not be used as a criterion to differentiate benemy!
tolerant-fcom sensitive strains. There was an increase, at 20°C + 0.5, in
percent berry infection with increasing concentration and there were
indications that the optimum infection ofensity was above 105 corva'ia/mi
for the three strains, the various conidial concentrations or. detached
berry infection could not distinguish the benomyi tolerant from sensitive
strains under laboratory conditions. Application of benomyi delayed the
onset of infection on bc-rries inoculated with strain S. Berries inoculated
with strain T] and T~ ar.d treated with benomyi began io show symptoms
earlier. The detached green coffee berry infection tests, in the presence
of increasing concentrations of benomyi, differentiated benomyi tolerant
from sensitive strains. Bonomyl tolerant strains appeared to be as ogrressive
os |lhe sensitive strain and there seemed no reason why they should rapidly
disappear from the population. Conidic of strains T] and | 2 took slightly
longer time to germinate in distilled sterile water compared to conia’io of
strain S. The rate of germination end total percent germination of the
three strains was increased with increasing conidial concentrations.. Ail
the strains exhibited partial dependence on external glucose in that
conidia germinated after washing although total percent germination was
much lower. Compared to germination in distilled sterile wafer, glucose
dilutions increased germination rate and percent of washed conidia of
strains S, T] and T~ by 79.33%, 362.91% and 382,75% respectively at

2% glucose concentration. Strain S failed to germinate and form

appressoria in 5 pg/ml benomyi whereas strains Tj and T* germinated and



formed appreSoria normally in up to 250 g~ Tril benomyi. Conidiai
germination of all strains occurred at 5 to 30~C, although there were
variations in lag period, germination rate, total percent gey\:mination,
total percent cppresoiial formation, and type of germination. The effect
of temperature on conidiai germination and oppresorial formation could
not be used as a criterion to distinguish benomyi toierant from sensitive
strains. Ccnidia of strains T,t and 72 transferred from colonies growing on
MEA amended with increasing benomyi concentrations did not lose viability.
No germination was observed for conidia of strain S harvested from MEA
amended with 2,5 or more gg/mi benomyi. The three strains exhibited
various colourations and a marked mycelial growth response in culture

to every formulated medium. Organic nitrogen, peptone, and simple
carbohydrates, glucose and sucrose, stimulated growth of the three strains
by increasing radial mycelial growth and conidiai production, All the
strains had good radial mycelial growth in medium containing berry extracts
although conidiai production was slightly suppressed. The various
formulated media, with or without zinc, copper and iron, could not
distinguish benomyi tolerant from sensitive strains. Strains T] and

grew normally on MEA with cs high us iOOO pg/m! benomyi although the
colony diameters were reduced gradually with increasing concentiations
whereas strain S showed little mycelial growth at low benomyi
concentrations. It was also noted that conidiai production/mmz' of strain
S on non-amended M>EA seemed to be lower than that of strains Tj and T. .
Conidiai measurements and microscopic observations showed no evidence
of reduction in size or change in morphology of conidia when the three
strains were grown on benomyi amended MEA, incorporation of various
benomyi concentrations in MEA differentiated benomyi tolerant from
sensitive strains, benomyi toierant strains, Tj and showed cross
tolerance to two other benzimidazole fungicides, Derosal and Bavistin.
Strains Tj and were subcultured for six months without loss of tolerance.
Subculturing did not seem to affect pathogenicity of the three strains on
detached berries of SL 23. G%rm tube and hypiial fusions v/ere observed

in ail the three strains. Mixed inoculation tests with different strains



jin vivo gave no indication of a decline of tolerant strains and in the
absence of selection pressure by benomyl the tolerant strains were-not
weaker but tended to take over. Samples taken from inoculated attached
berries in the field after 5i months of inoculation showed little decline in
the incidence of tolerant strains in the absence of benomyl. This suggested
a permanent change in the genetic material rather than conditional
adaptation. Strain T, and ” showed sensitivity to standard fungicides

viz. captafol 80% w.p. and Copper Nordox 50% w.p. at 500 to

1000 pg/m! a.l. under laboratory conditions. Neither captafol 80% w.p.
no Copper Nordox 50% w.p. was as active as benomyl at low concentrations
against strain S. The ncn-systemic fungicides, captafol 80% w.p. Gnd
Copper Nordox 50% w.p. which acted Jo prevent germination and affected
germ tube growth respectively might effectively control benomyl tolerant
strains at high concentrations. Growers who decide to use tire combination
treatments should be adviced to monitor CBD carefully in their coffee

trees and ro switch immediately to an alternative fungicide if CBD begins

to develop to high levels.
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Appendix i:

CY

(b)

©

Staining reagents:

#h
Farmer:' fiuid:
Absolute evncinal 400 ml
Glacial acetic acid 200 ml
Lar.tophenol:
Distilled water 20 ml
Glycerine 20 ml
Lactic acid 20 ml
Phenol (Pure crystals) 20 9
0.! Acid Fuchsin in Lactcphencl:
95% eihanol 99 ml
Acid fuciisin (powder) 19

To 10 ml of the above, 90 m! of iacfopheno! \wcs added.



-Appendix 2: Preparation of Cnrnoy's fluid ond Heidenhain's

iron-alum haematoxvlin solution:

(a) Comoy's fluid:

Foimula 6:3:1 (alcohol-chloroform - glacial acetic acid)
30 ml of chloroform was added to 60 ml of anhydrous
ethyl alcohol and finally !0 ml of glacial acetic acid
wa; added. To 95 ml of this solution 5 ml of NHCL

v/as added.

Heidctilin's iion-a'urn haematoxylin soiuiic.i:

2 g of haematoxy lin was dissolved in 100 ml 45%

acetic acid (solution A)

0.5 g Ferric alum was in 45% acetic acid (solution B)

These ftedi solutions A and B were mixed ! day before

use in a rofio of !;!
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Appendix 3: A list of media used for growth of Colietotrich’jnn

Coffeanum

Plain Agar:

Agar 6 g
Distilled water 400 m|.

Malt extract agar (MEA) (3.4%):

MCA 13.6 s
Distilled water oo
Agar By
Glucose 109
Potassium nitrate 0.8 g
Potassium phosphate 0.4 g
Magnes*urn culphate 0.2 g
Zinc sulphate 0.004g
Ferrous sulphate 0.004 g
Copper sulphate 0,0004 ¢
Distilled ./ater 400 ml.
Agar By
Sucrose 20 g
Potassium nitrate 0.8 g
Potassium phosphate 0449
Magnesium sulphate 0.2 g
Zinc sulphate 0.004 g
Ferrous sulphate 0.004 g
Copper sulphate 0.C004 ¢

Distilled Wate‘r 400 mli



B

Agar

Starch

Potassium nitrare
Potassium phosphate
Magnesium suiphate
Zinc sulphate
Ff.rrous sulphate
Copper sulphate

Distilled water

Agar

Cellulose

Potassium nitraie
Potassium phosphate
Magnesium suiphate
Zinc sulphate
Ferrous sulphate
Copper sulphate

Distilled water

Agar

Glucose

Ammonium nitrate
Potassium phosphate
Magnesium suiphate
Zinc sulphate
Ferrous sulphate
Copper sulphate

Distilled water

Agar
Sucrose

A,mmonium nitrate

89

30.0

0.8 g
0.4 ¢
0.2 g
C.0C4 g
0.0(34 g
0.0004 ¢
400 ml.

849

30 g

0.8 g
0.4 9
0.2 g
0.004 g
0.004 g
0.0004 g

400 ml.

89

109

0.8 g
0449
0.2 g
0.004 g
0.C04 g
0.0004 g
400 m!.

849
20 a

0.8 g



10.

MIC

Potassium phosphate
Magnesium sulphate
Zinc sulphate
Ferrous sulphate
Copper suiphafe

Distilled water

Agar

Starch

Ammonium nitrate
Potassium phosphate
Magnesium sulphate
Zinc, sulphate
Ferrous sulphate
Copper sulphate

Distilled water

Agar

Cellulose
Ammonium nitrate
Potassium phosphate
Magnesium sulphate
Zinc sulphate
Ferrous sulphate

Copper sulphate

Distilled water

Agar

Glucose

Peptone

Potassium phosphate
Magnesium s'Johate

Zinc sulphate

0.44¢
O.ag
0.004 g
0.004 g
0.0004 g
4C0 ml.

8S

30 g

0.8 g
0.4q¢
0.2 g
0.004 g
0.004 g
0.0004 g

400 ml.

&g

30 g

0,8 g
0.4 ¢
0.2 g
0.004 g
0.004 g
0.0004 g
400 ml.

89

109
0.8 g
0.4 9
0.2 g
0.004 g



12.

13.

14.

IHD

Ferrous sulphate
Copper sulphate

Distilled water

Agar

Sucrose

Peptone

Potassiuin phosphate
Magnesium sulphate
Zhc sulphate
Ferrous sulphate
Copper sulphate

Distilled water

Agar

Starch

Peptone

Potassium phosphate
Magnesium sulphate
Zinc sulphate
Ferrous sulphate

Copper sulphate

Distilled water

Agar

Cellulose

Peptone

Potassium phosphate
Magnesium sulphate
Zinc sulphate
Ferrous sulphate
Copper sulphate*

Distilled worer

0.004 s
0.0004 g

400 ml

89

20 g

0.0 g
0449
0.5¢g
0.004 g
0.004 g
0.000'i g

400 ml.

89
30 @&
0.8 g
0.4 9
0.2 g
0.004 g
G.004 g
0.004 g

400 ml.

89

30 g

0.8 g
0.4 9
0.2 g
0.004 g
0.004 g
0.0004 g

400 ml



15.

hie

Similar media were prepcred from numbers 3 to !4 but these media

were without zinc sulphate, ferrous sulphate and copper sulphate.

Cherry agar:

The extract:

A kg of ripe cherry of SL 23 coffee variety was surface sterilized
for 5 minutes using !% calcium hypochlorite then washed in 5
changes of distilled sterile voter and then put in a Waring blendor.
1000 ml distilled water was added and the cherry was macerated
thoroughly. The resulting mixture was expressed through cheese
clorh. The expressed extract was retained while the pulp and bean
remains were discarded. The extract was sterilized cf 110 C for

| hour.

The medium:

Cherry extract 120 ml
Distilled water 230 ml

Agar 84g..



Appendix 4:

sensitive

and tolerant

(S)

(T

1

The effect of. temperature on pathogenicity cf

and TZ)’ strains

to detached berries of SL 23 coffee cultivar

tn
at the 25- day from inoculation;

Strains

Temp.(T)

Days (D)

Pooled Error

Total

ANOVAR TABLE

SS df MS F Value
91.8222 2 45.9111 1.7352
L40672.1777 4 35168.0444 1329.142.4%**
>26855.6444 7 32407.9492 1224.8273***
1979.2883 8 247.4111 9.3507***
440.0888 14 31.4349 1.1881
53181.6838 28 1899.3460 71.7840***

7831.9112 296 26.4592
431052.6222 359 ikeaan ii



Appendix 5:

(S) and tolerant

The effect of conidial

(T~ and f

coffeanum on detached berry

coffee

Strains

Bays (D)

Spore Conc.(S.C.)

Strains x D

Strains x S.C.

D x S.C.

Strains x D x S.C.

Error

Total

cultivar at the 25"— day from

-

strains of C.

AJOVAR TABLE

SS

4667.

280050.

365831.

6016.

10257.

133788.

12934.

5066.

827614.

9110

3109

4662

8889

8658

7987

6652

6711

5778

df

14

18

63

126

480

719

M

2333.9555
41292.9015
40647.94C6

429.7777
569.8814
2123.6317
102.6560

1C.555S

concentration of sensitive

infection of SL 28

inoculation:

F Value

22.7357'"***

402.2454***

395.9626***

4.1866** *

5.56514***

20.6869***
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Appendix 6: Pathoger.iciry of bencnyl sensitive and tolerant
o

strains of c, coffegnuin to detached berries of

SL 28 in the presence of benomyl:

(a) Table of means (strains x ben. Cones)

Benomy L cBD S t r a i n s Benomyl
Cones (pg/ml) S T1 X Cone. Means

0 67.75 60.75 54.75 61.08
0.25 50.58 61.08 54.08 55.25
0.5 42.50 61.00 55.50 53.00

1 39.58 60.08 54.00 51.22

2 35.67 57.58 49.33 47.19
2.5 43.92 68.25 58.25 56,81

5 39.67 69.08 55.00 54.58

10 38.67 66.33 52,17 52.39

25 35.00 61.08 47.08 47.72

50 25.33 55.42 43.42 41.72
100 24.75 30.58 41.75 35.03
125 23.00 33.92 41.50 34.47
250 14.67 37.00 37.33 25.67
500 14.67 30.67 29.58 24.97
1000 12.25 31.42 28.33 24.00
pStrain Means 33.07 53.15 46.81

5% level 1% level
LSD (Strains) 1.82 2.39

LSD (Ben. Cone.)4.07 5.35



VIB

Appendix 6:
(b) Table cf means (Days of recording x ban.Cones)

Benomyl

Benomyl Day s o f r e coreline (D) Cone.
Cone (]ig/nl) D4 D7 D10 D13 D16 D19 D22 D25 Medn3
0 0.00 16.67 52.67 65.78 78.67 04.22 94.00 95.67 61.08
0.25 0.00 12.22 38.22 54.44 69.78 81.56 89.11 96.67 55.25
0.5 0.00 9.56 35.78 54.89 68.44 78.22 87.11 90.00 53.00
1 0.00 9.70 32-67 49.56 64.44 76.67 86.00 90.67 51.22

2 0.00 8.00 24.89 45.11 57.11 71.11 82.89 88.44 47.19
2.5 0.00 11.56 52.44 66.22 73.56 80.67 84.22 85.78 56.81
5 0.00 10.44 50.09 62.44 69.56 78.22 81.11 84.00 54.58
10 0.00 0.67 46.00 59.78 67.33 76.00 79.33 82.00 52.39
25 0.00 7 90 40.00 50.44 60.22 70.09 74.57 78.22 47.72
59 o.oc 5.33 34.67 45.33 53.11 60.22 65.33 69.78 41.72

i 00 0.00 2.00 21.56 36.89 45.89 52.44 57.73 62.67 35.03
125 0.00 1.33 20.89 34.22 46.00 53.32 57.78 62.22 34.47
250 0.00 0.00 16.00 27.78 41.11 4600 52.00 54.44 29.67
500 0.00 0.00 11.56 24.00 31.11 38.22 45.11 49.78 24.97
1000 0.00 0.00 11,33 24.00 31.11 36.67 42.00 46.85 24.00

Day Means 0.0 6.86 32.64 46.73 57.23 65.63 71.9C 75.Sf

5% level 1% level

L S D (Days) 2.97 3.91

LSD(Ben.Cone) 4.07 5.35
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Appendix 6: Pathogenic!'cy of benomyl sensitive and tolerant
strains of coft'eanurn to detached berries of

cli 28 in the presence of benomyl:

(c) Table of means — % infection (benomyl cone, X
a n
unpuctured/purgtured berries):

Benomyl Ber rres Ben.Cone.
Cone.-jrg/ml U P Means
0 51.83 70.33 61.08
0.25 43.50 67.00 55.25
0.5 42.06 63.94 53.00
1 40.28 62.17 51.22
o 38.22 56.17 47.19
2,5 40. 61 73.00 55.31
5 38.78 70.39 53.58
10 35.83 63.94 52.39
25 28.33 67.11 47.72
50 21.33 62.11 41.72
100 17.22 52.83 35.03
125 13.61 55.33 34.47
250 10.83 43.50 29.67
500 6.50 43.44 24.97
1000 3.56 44.44 24.00

U/P Means 28.83 60.28
5% level 1% level
LSD (U/P) 1.49 1.96

LSD (Ben.Cone.) 4.07 5.35



Appendix 6

(d)

Berries

Unpuctured
- /p\

Puctured

(P)

D Means

VID

Pathogenicity of benorayl sensitive and tolerant strains
°f —e« L-offeariym to detached berries of Sk 28 in the

presence of benomyl;

Table of means (Days of recording x Unpuctured/

n
purctured berries)

Day s o f recording CD us/pP

D4 D7 DIO D13 D16 D19 D22 D25 Means

0.00 2.28 14.37 24.27 34.79 44.59 52.47 57.90 28.83

0.00 11.44 50.90 69.19 79.67 86.67 91.32 93.G7 60.38

0.00 6.86 32.54 46.73 57.23 65.63 71.90 75.88

5% 1level 1% level

LSD (UP) 149

L DS (D) 2.97 3.91
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Appendix 7: The weather conditions (temperature relative
humidity (R.H) and rainfall) at the time when

field inoculations were carried out at CPS,

Ruiru:
(a) Month: =mJue (b) July
Temperature(c) R. H. Rainfall Temparature(c) R.H. Rainfall
Dates max. min. M A (mMm max. min. M A (nm)
1 13.5 97 72 8.3 % 77
2 «22.6 13.8 88 69 0.3 22.C 10.0 93 72
3 24.2 14.2 98 71 3.1 234 7.2 86 67
4 23.3 14.2 91 81 1.4 23.3 7.5 82 75
5 23.4 12.8 97 92 0.2 22.5 13.4 36 61
6 23.3 14.6 96 79 24.7 12.2 9% 76
7 23.4 15.2 83 82 20.6 13.3 87 81
8 24.4 14.6 93 66 23.2 11.4 83 58
3 24.3 14.7 93 80 26.4 2.5 78 78
10 24.7 13.7 90 73 0.5 23.7 13.4 °0 71
11 23.0 145 95 76 0.5 23.2 13.5 84 96
12 23.3 11.0 84 61 21.2 14.0 94 81 5.6
13 24.7 9.4 79 58 22.7 14.3 97 98 3.5
14 24.6 9.0 79 78 22.4 14.1 91 80 1.1
15 245 12.3 83 64 23.4 13.6 9% 84 0.4
16 25.7 9.4 95 73 21.3 13.4 92 98 Tr
17 25.8 14.1 94 83 20.3 10.7 98 65
18 23.E 14.4 94 75 0.1 25.3 14.0 98 96
15 24.1 12,5 79 69 6.2 2.8 94 84 0.3
20 23.0 12.1 Bl 65 20.2 11.2 92 86 0.3
21 24.5 8.6 91 72 7.8 10.4 94 75
22 24.8 10.8 83 81 19.5 9.6 90 71
23 25.8 10.9 91 65 19.1 12.0 90 66
24 26.3 14.7 68 80 20.4 8.0 84 66
25 23.8 12.0 87 71 25.7 5.8 86 64
26 23.9 11.7 75 66 23.4 11.8 81 69
27 24.3 11.4 98 3 Tr 23.3 13.0 91 79
28 22.5 9.9 93 87 Tr 19.7 13.1 92 73
29 22.7 14.2 86 69 20.1 8.2 85 74
30 25.3 13.2 87 77 24.8 10.5 78 83

*

31 23.2 11.8 87 74
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Appendix 8 a: Radial mycelial growth of strains S, and

of C. coffeanum on various formulated media:

Table of means (mm)

Media s S : r a i n S
1 T2 Media Keans

1 29.17 30.00 39.50 32.89
2 77.33 79.00 78.67 78.33
39.00 66.50 65.33 56.94
4 55.67 66.67 70.50 64.28
r 42.83 56.67 17.33 38.94
G 40.17 20.83 30.83 30.61
y 30.50 37.83 36.67 35.00
8 37.67 36.17 40.33 38.06
9 36.17 22.50 20.17 26.28
10 30.00 30.83 30.83 30.56
11 66.50 77.67 66.67 70.28
12 73.67 82.67 83.67 80.00
13 77.83 75.93 77. 83 77.17
56.00 50.83 54.50 53.78
15 73.83 78.67 80.33 77.61
1G 38.83 66.50 G5.00 56.78
17 78.67 75.17 71.00 74.94
18 48.83 56.17 62.00 55.67
19 49.67 42.83 46.83 46.44
20 26.33 44.83 46.17 39.11
21 22.67 31.83 29.83 28.11
22 60.00 58.67 60.33 59.67
23 60.50 61.17 59.17 60.28
24 74.00 83.00 77.33 78.11
25 78.3.7 83.17 83.83 81.72
26 67.83 52.33 65.67 61.94
27 54.50 38.83 51.50 48.28

Strain Means 52.83 55.82 55.99

5% level 1% level

L S D (Strains) 0.54 0.71

A S D (Media) 1.62 2.13



Appendix 8 b: Radial

of C«

Strains

Medium

Strain X Medium

Within error

Total

VIilB

mycelial growth of strains S, and T~

coffeanum on different formulated media:

ANOVAR TABIE

SS df MS F Value
811.5576 2 256.7788 83.3314***
79099.7056 26 3042.2963 988.0152***
9340.9423 52 179.6335 58.3377***
498.8335 162 3.0792

89453.0391 242



Appendix 9:

Source of

variations

Strains

Carbon Source

Nitrogen Source

Cations

Ct

Ct

Error

Total

Influence of carbon, nitrogen and heavy metals on

growth of strains

radial mycelial

of C. coffeanum:
ANOVAR TABLE
SS df
138.4668 2
2473.8086 3
10308.8965 2
993.7625 1
1184.8106 6
124.2938 4
76.2696 2
4234.0914 6
489-5779 3
978,4983 2,
3836.2878 40

.

24838.7638 71

69.2334

824.6029

5154.4483

993.7625

197.4684

31.0735

38.1348

705.6819

163-1 9 26

489.2492

95.9072

and

0.7219 N S

8.5979 =

altd

53.7441

-\so>

10.3617

2.0590 N S

0.3240 N S

0.3976 N S

7.3580
1.7016 N S
5.1013 ~
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Appendix 10 a: Sporulating capacity of strains S, T1 and

of C. coffeanum on different formulated media-.

Table of means (conidiaZitmT ) x 1000

S t r a. 1 n s

Media s Ti T2 Media Keans
1 0.52 0.85 0.52 0.63
2 25.27 31.62 35.03 30.64
3 24.29 32.28 36.60 31.05
A 25.14 36.14 39.15 33.48
5 23.83 14.99 21.21 20.01
6 4.78 3.80 4.13 4.23
7 13.62 8.97 10.34 10.98
8 12.64 9.49 12.05 11.39
9 9.89 6.02 8.38 8.10

10 3.86 3.27 3.34 3.49
11 31.43 36.21 36.01 34.55
12 28.09 52.83 39.67 40.20
13 21.47 33.78 29.27 28.17
14 8.64 5.30 9.56 7.84
15 15.45 13.55 14.60 14.53
16 15,84 24.22 23.44 21.17
17 23.44 24.29 25.47 24.40
18 20.69 13.68 15.65 16.67
19 5.43 3.60 3.80 4.28
20 14.47 19.50 21.80 18.62
21 19.58 19.77 20.23 19.85
2 11.92 13.49 11.92 12.44
23 5.31 0.72 2.36 2.79
24 27.24 30.05 36.60 31.29
25 30.25 29.20 39.02 32.82
26 14.34 17.55 31.88 21.26
27 6.61 8.05 3.60 6.09

Strain Means 16.45 18.27 19.84

5% level 1% level
LSD (Strains) 0.14 0.18

LSD (Media) 0.41 0.54



XB

APPANndix JO0 b: Sporulatina capacity of strains S, T and T «cf

£+ c.offeanum on aifferent formulated media:

ANOVAR TABLE

SS df MS F Value
Strains 466.9871 2 233.4935 1237.3794%%*
Media 31561.9994 26 1213.923C 6433.0843%%%
Strains x media 2881.5823 52 55.4150 203.6672***
Pooled error 30.5782 162 0.3887

Total 34941.1471 242



Appendix 11

Source of

variation

Strains

Carbon Source

Nitrogen Source

Cations

Error

Total

Sporulating capacity of strains S,
C.

and T2 of

coffeanum on different formulated media:

ANOVAR TABLE

SS

142.6583

5375.0972

2486.8221

59.3505

157.5562

135.4991

18.2923

639.6922

7.9643

412.3278

712.0j28
10147,2928

df

40
71

71.3292

1791.6991

1243.4111

59.3505

26.2594

33.8748

9.1462-

106.6154

2.6548

206.1639

17.8008

4.0071

100.6527

69.8514

3.3341

1,4752

1,9030

0.5138

5.9894

0.1491

11.5817

isisit

isisit
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Appendix 12: The effect of glucose as external source of
carbon on percent germination of conidia of
sensitive (S) and tolerant (Ti and T#*)

strains of C. coffeanum on glass surfaces:

ANOVAR TABLE

SS df MS F Value
Strains 603.4276 2 301.7138 336.246%***
Glucose cone. 15340.1365 6 2556.6994 2849.314%***
StrainsxGlueose cone. 1962.3392 12 163.5282 182.245%%%
Error 37.5000 42 0.8973
Total 17943.5935 62



Appendix 13:

Strain

(1)

MeansdXF.C)

T1

Means(1XF.C)

T2

Mearst1XF.C)

Means

F.C.XHrs

Meari
(F.C.)

Table of means (% germination)

Hours of
incubation (Hrs)

9
24

24

72

0

13.1
36.5
54.5
78.5

45.7

1.6
3.0
19.8
30.2

13.6

0.0
2.0
13.0
23.0

4.9
13.8
29.2
43.9

22.9

The effect of benorrylon conidial gemination of strains and T2

Benomyl concentration (F.C.) - Mg/al
0.25 0.5 1 2 25 5 25 50
0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3.8 0.8 0.1 0.0 0.0 0.0 0.0 0.0 0.0
13.6 49 28 0.0 0.0 0.0 0.0 0.0 0.0
22.9 74 6.5 25 0.9 0.0 0.0 0.0 0.0
10.2 3.3 2.a 06 0.200 0.00.00.0
1.8 1.3 0.9 0.0 0.0 0.0 0.0 0.0 0.0
2.7 25 19 15 1.2 0.5 .4 0.0 O.0
19.8 18.4 16.7 15.1 16.213.2 12.6 7.6 5.8
30.8 29.2 28.1 26.2 25.424.0 21.719.817.2
13.8 12.9 11.9 10.7 10.7 9.5 8.7 6.9 5.8
0.0 0.0 0.0 0.0 0.0 0.0' 0.0 0.0 0.0
2.0 1.7 1.8 1.3 1.7 1.5 1.3 0.9 0.8
14.1 12.6 11.211.3 13,5 12.111.810.1 6.9
24.5 23.2 21.520.9 23.2 22.C20.820.6 16.8
10.2 9.4 9.6 84 9.6 3.9 a.57.9 6.1
0.9 0.4 0.3 0.0 0.0 0.010.0 0.0 0.0
2.8 1.7 1.3 0.9 1.0 0.7 0.6 0.3 0.3
15.8 12.0 10.2 8.8 9.9 8.6 8.2 59 4.2
26.1 19.9 18.716.5 16.5 15.314.213.5 11.3
11.4 8.5 7.6 6.6 6.8 6.1 5.7 4.9 4.0

3% level

LSD(strains) 0.11

LSD(Hrs) 0.13

1.SD(F.C.) 0.25

LSD(IXHrs) 0.22

LSDfr.C.XHrs) 0.49

LSDdXF.C.) 0.43

of C.
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0.0
1.2
2.4

0.9

1%

250

0.0
0.0
0.0
0.0

0.0

0.0
0.0
0.5
0.9

0.4

level

0.15
0.17
0.32
0.29
0.65
0.55

500
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0.9
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Appendix .14:

Strain

(1)

Means(IxH)

T

Means(IxH)

Means (IxH)

Means
TxH

Means (H)

XV

formation of strains S,

coffeanum:

and

The effect of temperature on appre-S oriai

C.

Table of means (% appre;$ oriai formation)

Temp. Hours of incubation (K)

(M °c 8 24 48 72

5 0.0 0.0 1.4 7.4

10 0.6 4.5 11.4 17.8

15 2.3 10.0 1J.2 27.2

20 24.1 35.4 43.7 65.3

25 20.4 35.1 54.6 60.6

30 5.9 12.1 30.4 31.3

9.1 16.2 26.8 34.9

5 0.0 0.0 0.0 0.8

10 0.0 3.5 6.4 8.6

15 0.0 12.3 17.6 21.4

20 7.9 14.5 20.1 29.4

25 4.8 15.3 24.4 31.3

30 0.4 3.1 10.4 11.3

2.2 8.1 13.2 17.1

5 o.C 0.0 0.0 3.5

1C 0.0 1.9 10.7 15.3

15 0.0 6.4 15.4 29.9

20 0.0 17.7 24.8 27.2

25 0.0 8.9 14.8 17.5

30 0.0 4.2 6.8 11.0

0.0 6.5 12.1 17.5

5 0.0 0.0 0.5 3.9

10 0.6 3.3 9.5 14.1

15 0.3 9.5 17.4 26.2

20 10.7 22.5 29.5 40.6

25 8.4 19.8 31.3 36.4

30 2.1 6.5 15.8 17.9

3.8 10.3 17.3 23.2

5% level

I. S D (Strains) 1.9
LS D (Hours) 2.2
LS D (Temps) 2.7
LSD (IxH) 3.8
LSD (IXT) 4.6
LSD (fixT) 5,3

Means
1 x T.

2.2
8.8
14.7
42.1
42.7
19.9

0.2
4.6
12.8
18.0
19.0
6.3

0.9
7.1
12.9
17.4
10.3
5.5

1% level
2.5
2.9
3.5
4.9
6.)
7.0

Means
strain

21.7

10.1

9.0

Means (T)
1.1
6.9

13.5
25.8
24.0
10.6
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Appendix 15: The effect of benomyl on mycelial growth of

sensitive (S) and tolerant (T and T#) 'Strains

of C.

Reps

Strains

Benornyl Cone.

Strains x Een. Cone.

Error

Total

coffeanum:

AHOVAR

SS

319.1027

58157.5897

44265,4756

14283.8802

968.3755

117994.4240

TABLE
df MS F Value
2 159.5514 14.4990

2 29078.7948 2642.5017***-

14 3161.8196 287.3266***
28 510.1385 46.3582***
88 11.0042
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