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Summary

Seven single conidia isolates of Colletotrichum kahawae varying in pathogenicity were used to inoculate hybrid
progenies from 66 crosses of Coffea arabica cv. Ruiru 11. The objective of this study was to investigate the effect of
pathogen variation on resistance of the Ruiru 11 cultivar. The main effects of crosses and isolates were significant
(p ≤ 0.05) while their interaction effects were non-significant. Partitioning variance components indicated that
the proportion of phenotypic variance for resistance that is due to genetic effects was low. It was concluded
that variation for resistance among hybrid progenies of the Ruiru 11 cultivar was probably due to differences
in aggressiveness of the pathogen as reflected by the significant main effects of crosses and isolates in combination
with other environmental factors which influence disease epidemics. The coffee berry disease pathogen is unlikely
to have adapted to the cultivar because of the non-significant crosses × isolates interaction effects.

Introduction

Coffee is an important export crop and a major foreign
exchange earner for Kenya. It is the second most im-
portant agricultural commodity after tea, contributing
upto 20% of the total hard currency revenue (Opile,
1993). It is further estimated that out of the 70% of
Kenya’s workforce engaged in agriculture, 30% are
employed by the coffee industry. Over 90% of the total
Kenya coffee acreage is under Coffea arabica L. The
rest is occupied by C. canephora (Robusta coffee).
Production of C. arabica is seriously constrained by
diseases. The major diseases are coffee berry disease
(Colletotrichum kahawae), coffee leaf rust (Hemileia
vastatrix) and bacterial blight of coffee (Pseudomo-
nas syringae pv. garcae). Coffee berry disease (CBD)
which is a serious anthracnose of green and ripening
berries causes major losses especially if the weather
conditions are favourable to its epidemics. Control of
the disease by fungicides is expensive and may ac-
count for upto 30% of the production costs (Nyoro
& Sprey, 1986). It has also been reported that con-

tinuous use of Benzimidazole compounds was found
to induce the emergence of fungicide-tolerant strains
(Cook & Pereira, 1976; Okioga, 1976; Javed, 1980).
The strains still persist in the pathogen population
despite the fungicides having been withdrawn imme-
diately the phenomenon was detected. (King’ori &
Masaba, 1991; Mwang’ombe et al., 1992)

An economical and sustainable control may be
achieved by growing resistant cultivars. An Arabica
coffee cultivar, Ruiru 11, developed at the Coffee Re-
search Station, Ruiru, Kenya, and released to growers
in 1985, combines resistance to CBD and leaf rust with
high yield, fine quality and compact growth amen-
able to high density planting. Inheritance studies using
11 C. arabica varieties varying in CBD resistance re-
vealed three major genes of resistance on separate loci
(Van der Vossen & Walyaro, 1980). The highly res-
istant variety, Rume Sudan carries the dominant R-
and the recessive k-genes. The R-locus has multiple
alleles with R1R1 in Rume Sudan and R2R2 in Pre-
toria, which also carries the k-gene. The moderately
resistant variety K7 carries only the recessive k-gene.
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Clone 1349/269 of the variety Hibrido de Timor and
its hybrid derivative Catimor carries one gene for CBD
resistance on the T-locus with intermediate gene ac-
tion. Pathogenicity tests performed with isolates from
Ethiopia and Kenya detected no races but revealed that
pathogen variation was mainly due to differences in
aggressiveness (Van der Graaff, 1978; Masaba & Van
der Vossen, 1980; Omondi et al., 2000). Although
small but significant differential isolate × variety in-
teractions have been reported, the contribution of the
isolates to the interaction effect was found to be too
small to suggest conclusively that races exist (Omondi
et al., 2000). Further studies within C. kahawae at the
DNA level have also revealed limited or total lack of
polymorphism (Sreenivasaprasad et al., 1993; Beynon
et al., 1995; Biratu, 1995; Omondi, 1998).

In a comparative study with isolates from Kenya,
Angola and Malawi, Rodrigues Jr. et al. 1991 observed
that the Kenyan strain had characteristics different
from the Angolan and Malawian strains. Rodrigues Jr.
et al. (1992) concluded that physiologic forms (races)
of the CBD pathogen might exist among the Angolan,
Malawian and Kenyan isolates. Beynon et al. (1995)
and Manga et al. (1997) performed complementation
tests with mutants of C. kahawae in the nitrate assim-
ilation pathway and found several vegetative compat-
ibility groups (VCGs). Formation of hyphal fusions
which have been observed in C. kahawae is a likely
mechanism by which genetic materials may be ex-
changed to create pathogen variation (Mwang’ombe
et al., 1992). The objective of this study was there-
fore to determine the relative magnitude of cultivar,
isolate and cultivar × isolate interaction effects and
their implications on possible pathogen adaptation to
the resistant Ruiru 11 cultivar.

Materials and methods

C. arabica cv. Ruiru 11 is a composite of hybrids ob-
tained by crossing two sets of parents established at
the seed garden of the Coffee Research Foundation,
Ruiru, Kenya. The male parents are outstanding selec-
tions from a multiple cross programme involving CBD
resistant donor parents such as Rume Sudan (RS), Hi-
brido de Timor (HT) and K7 and the high yielding,
good quality but susceptible cultivars such as SL 28,
SL 34, Bourbon (B) and a drought resistant selection
(DRI). The female parents are advanced generations
(F3, F4 and F5) of the cultivar Catimor, ex Colombia,
which has Hibrido de Timor clone 1343/269 as one

parent. Ruiru 11 hybrid progenies were produced from
66 crosses. Each cross was obtained through a hy-
bridization programme using bulked pollen from up to
20 genetically similar clones of each male parent and
several true-to-type progenies of each Catimor mother
parent. The crosses were made during the October
1995–March 1996 seed production season.

Seven monoconidial isolates obtained from both
resistant and susceptible cultivars across the range of
coffee growing districts were used for inoculation. The
isolates were designated according to the phenotype
of the host cultivar, where, R-isolates were obtained
from resistant Ruiru 11 cultivar and S-isolates were
obtained from susceptible SL 28 cultivar. This was
followed by a numerical code for the locality of origin
separated from the serial number of the isolate with a
point. The experiment was arranged in the laboratory
in a completely randomized design with two replic-
ations. Each replicate was represented by 100 hypo-
cotyl seedlings of the crosses and a line of 10 seedlings
of the susceptible SL28 control pre-germinated along-
side the crosses in a plastic box containing sterilized
sand. The boxes measuring 15 cm wide, 22 cm long
and 15 cm deep were filled to half-depth with sand. All
seedlings were inoculated the same day with conidia
suspensions from 10 days old cultures standardized to
2 × 106conidia/ml following the procedure of Van der
Vossen et al. (1976). After three weeks, the seedlings
were scored individually on a scale of 1 (no visible
symptoms), to 12 (whole seedling dead). A mean
grade of infection (G) was calculated for crosses in
each replication as follows:

G = 1/N
12∑

i=1
ini

where, i is the disease class, ni is the number of seed-
lings in class i and N is the total number of seedlings
scored. The mean grade data were subjected to ana-
lysis of variance according to the following random
effects model (Steel and Torrie, 1981): Yijk = µ + ai

+ bj + abij + ek(ij) where, Yijk = mean grade of isol-
ate i/cross j combination in replication k, µ = overall
mean, ai = the effect of isolate i, bj = the effect of cross
j, abij = the interaction effect of isolate i and cross j,
and ek(ij) = the experimental error. The control seed-
lings were only used to observe pathogenicity of the
isolates on the susceptible host. As required in random
models, the isolates and crosses were random samples
from their entire populations. Components of variance
were estimated by equating observed mean squares to
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their expectations. Estimates of phenotypic variance
(σ 2

p) and broad sense heritability (H2) for resistance
were computed according to Falconer (1989) as fol-
lows: σ 2

p = σ 2
c + σ 2

cs + σ 2
e and H2 = σ 2

c / σ 2
p,

where, σ 2
c = variance due to crosses effects, σ 2

cs =
variance due to crosses × isolates interaction effects
and σ 2

e = error variance.

Results

The disease scores and the parentage of the Ruiru 11
crosses tested are presented in Table 1. The control
seedlings were uniformly susceptible to all isolates
with mean grade scores ranging from 10.50 to 12.00.
These results were excluded from the analysis of
variance. Twelve crosses were found in the resistant
classes, 4–6 while majority fell in the medium resist-
ant classes of 7—9 and only four crosses were in the
susceptible classes of 10–12. There were no crosses
in the highly resistant classes, 1–3. The parental mean
scores were in the medium resistant classes of 7–9 ex-
cept for the male parents, SL 28 × B4.691 = (DR1 ×
HT)(RS × SL 28) and SL 28 × B4.609 = (RS × SL
28)SL 28, which were in the resistant classes, 4–6. The
two male parents were apparently under-represented
in the crossing programme.

Results in Table 2 indicate that main effects of
isolates differed significantly (p ≤ 0.05) reflecting
differences in aggressiveness. Variation among hybrid
progenies of the cultivar Ruiru 11 was also significant
(p ≤ 0.05) when tested with isolates varying in patho-
genicity. Despite the significant main effects of isol-
ates and crosses, their interaction effects were how-
ever, non-significant. Estimates of variance compon-
ents indicated that only a small proportion of variation
for resistance was due to genetic effects. The broad
sense heritability estimate was only 0.23. Variance due
to crosses × isolates interaction was estimated as –
0.11, which was interpreted as lack of variance. All
isolates were able to induce compatible reactions with
varying degrees of aggressiveness among the crosses
tested irrespective of the host variety from which they
were obtained (Table 3).

Discussion

Pathogenicity tests revealed that out of the 66 Ruiru
11 crosses tested, 50 crosses fell in the medium res-
istant classes of 7–9 indicating that resistance to CBD

in Ruiru 11 is genetically narrow based. It is expected
that all the Ruiru 11 crosses carry the T-gene from the
Catimor mother parents. Sometimes the T-gene may
also be derived from male parents with Hibrido de
Timor in their pedigrees. In addition, the male par-
ents may impart the R-gene of resistance if they are
derived from crosses with Rume Sudan. However, res-
istance to CBD carried by some male parents derived
from crosses with Rume Sudan and Hibrido de Timor
may not be expressed by some Ruiru 11 crosses be-
cause the male parents are not genetically fixed for
resistance to CBD. This partly explains the variation
for resistance, which is observed among crosses with
similar pedigrees. The male parents which are useful
in imparting good quality and resistance to leaf rust
are continuously being selected to obtain types that
are true-breeding for CBD resistance. The third re-
cessive k-gene is present in some male parents but is
still lacking in the Catimor mother parents. The gene
is being introgressed into the Catimor cultivar so that
it can eventually be expressed in Ruiru 11 progenies.
It is believed that broad-based resistance combining
several genes in one plant may not easily break down.

The observation that the main effects of crosses
and isolates were significant while their interaction
effects were non-significant is an indication that ex-
pression of resistance varied with the test isolates and
the hybrid crosses but there were hardly any races in
the pathogen population. These results are in agree-
ment with the findings of Van der Graaff (1978),
Masaba and Van der Vossen (1980) and Omondi et
al. (2000) that variation among isolates of C. kahawae
was predominantly due differences in aggressiveness.
In the field, variation may also be attributed to envir-
onmental factors, which influence disease epidemics.
In the presence of races, the differential effects of cul-
tivar × isolate interaction is expected to be significant.
This is manifested by the ability of certain isolates to
cause disease on cultivars with compatible resistance
genes while non-compatible cultivars remain resistant.
In this study, the isolates were aggressive irrespective
of the host isolate from which they were obtained. The
isolates obtained from Ruiru 11 trees in the field were
aggressive on laboratory seedlings of the same cultivar
confirming the earlier reports that the hypocotyl inocu-
lation test is highly correlated with field reaction of
mature plants to CBD (Van der Vossen et al., 1976).
The resistant Ruiru 11 cultivar is grown in the same
localities as the susceptible traditional cultivars with
high chances of cross infection hence the high ag-
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Table 2. Analysis of variance on mean grade of infection for hybrid crosses of C.
arabica cv. ‘Ruiru 11’ tested with seven isolates of C. kahawae

Source of variation df Mean square F-value Estimated values of

components of variance

Isolates 6 180.15∗∗ 40.45 σ 2
s = 1.33

Crosses 65 22.97∗∗ 5.16 σ 2
c = 1.32

Isolates × crosses 390 3.95 0.89 σ 2
cs = 0

Error 462 4.45 σ 2
e = 4.45

∗∗ significant at p ≤ 0.05.
σ 2

c = variance due to crosses, σ 2
s = variance due to isolates, σ 2

cs = variance due to
crosses × isolates interactions, σ 2

e = error variance.

Table 3. List of isolates of C. kahawae including their sampling locations, host cultivar and disease scores on Ruiru
11 crosses

Isolates Sampling location Host cultivar Disease score on Ruiru 11

R1.6 Gatanga-Thika District (1670 m, 0.92◦S, 36.93◦E) Ruiru 11 6.43 E

R2.3 Karatina-Nyeri District (1981 m, 0.49◦S, 37.11◦E) Ruiru 11 9.36 A

S2.8 Karatina-Nyeri District (1981 m, 0.49◦S, 37.11◦E) SL 28 8.60 B

R3.4 Kiriaini-Muranga District (1760 m, 0.67◦S, 36.86◦E) Ruiru 11 7.08 D

R4.5 Kangema-Muranga District (1700 m, 0.68◦S, 36.97◦E) Ruiru 11 9.48 A

S9.1 Koru-Kericho District (1615 m, 0.16◦S, 35.22◦E) SL 28 7.88 C

S12.8 Jacaranda-Thika District (1603 m, 1.06◦S, 36.45◦E) SL 28 8.96 AB

Mean disease score of isolates followed by the same letter(s) are not significantly different at p ≤ 0.05 according to
Duncan’s Multiple Range Test

gressiveness of isolates obtained from SL 28 cultivar
as well.

Partitioning variance components revealed that
only a small proportion of the phenotypic variance
for resistance was due to genetic effects. Broad sense
heritability was 0.23. This is consistent with the low
narrow sense heritability of 0.04 previously estim-
ated in the same Ruiru 11 cultivar using offspring-
midparent regression (Omondi, 1994). In contrast, Van
der Vossen & Walyaro (1980) observed high heritabil-
ities for resistance to CBD in a genetically heterogeni-
ous population. The limited genetic variation among
hybrid crosses of the cultivar Ruiru 11 is an indic-
ation that the cultivar combines favourable attributes
of the two parent populations previously screened and
selected for CBD resistance.

Further partitioning of the components of variance
revealed that the variance due to isolates × crosses in-
teraction was –0.11. Theoretically, variance estimates
cannot be negative. However, the occurrence of neg-
ative variance estimates have, been reported several
times in literature (ElRouby & Penny, 1967; Leone
et al., 1968; Lindsey et al., 1962; Omondi & Ayiecho,
1995.). The negative estimates are usually attributed

to some combination of an inadequate genetic model
(no epistatic effects in the model), sampling error,
inadequate experimental design (competition among
individuals) and assortative mating (Lindsey et al.,
1962). In this study, the negative estimate of variance
was interpreted as lack of variance and no estimation
as to the relative importance of each attribute con-
tributing to the occurrence of negative estimates was
performed. In conclusion, the Kenyan population of
the CBD pathogen is unlikely to have adapted to the
cultivar Ruiru 11. It is suggested that pyramiding of
resistance genes could create a stable and broad-based
resistance that could be effective against pathogen
variants.

Acknowledgement

The German Academic Exchange Service (DAAD)
and Coffee Research Foundation are thanked for finan-
cial support for this study. This paper is published with
the permission of the Director of Research, Coffee
Research Foundation, Kenya.



24

References

Beynon, S.M., A. Coddington, B.G. Lewis & V. Varzea 1995.
Genetic variation in the coffee berry disease pathogen, Colleto-
trichum kahawae. Physiol Mol Pl Path 46: 457–470.

Biratu, T., 1995. Studies on Colletotrichum Population of Coffea
arabica L. in Ethiopia and Evaluation of Reactions of Coffee
Germplasm. Ph.D Thesis, University of Bonn, Germany. 231 pp.

Cook, R.T.A. & J.L. Pereira, 1976. Strains of Colletotrichum cof-
feanum, the causal agent of coffee berry disease, tolerant to
benzimidazole compounds in Kenya. Ann App Biol 83: 365–
379.

ElRouby, M.M. & L.H. Penny, 1967. Variation and co-variation in a
high oil population of Corn (Zea mays L.) and their implication
in selection. Crop Sci 7: 216–219.

Falconer D.S., 1989. Introduction to Quantitative Genetics. Long-
man Sci. Tech. Publishers, England. 3rd ed. 438 pp.

Graaff, N.A. van der, 1978. Selection for resistance to coffee berry
disease in Arabica coffee in Ethiopia. Evaluation of selection
methods. Neth J Pl Path 84: 205–215.

Javed, Z.U.R., 1980. Benomyl tolerance in Colletotrichum cof-
feanum, the cause of coffee berry disease. Kenya Coffee 45:
87–91.

King’ori, P.N. & D.M. Masaba, 1991. Distribution and persistence
of Benomyl resistant populations of Colletotrichum coffeanum in
coffee. Kenya Coffee 56: 1071–1074.

Leone, F.C., L.S. Nelson, N.L. Johnson & S. Eisenhart, 1968.
Sampling distributions of variance components 2. Empirical
studies of unbalanced nested designs. Technometrics 10: 719–
738.

Lindsey, M.D., J.H. Lonnquist & C.O. Gardner, 1962. Estimates of
genetic variance in open-pollinated varieties of corn. Crop Sci 2:
105–108.

Manga, B., D. Bieysse, J.A. Moven Bedimo, I. Akalay, E. Bompard
& D. Berry, 1997. Observation sur la diversité de la popula-
tion de Colletotrichum kahawae agent de l’anthracnose des bais
du Caféier Arabica. Implications pour l’amélioration génétique.
Proc. of 17thInternational Conference on Coffee Science, ASIC
’97. Nairobi, Kenya, 20–25 July 1997. pp. 604–612.

Masaba, D.M. & H.A.M. Van der Vossen, 1980. Differential Patho-
genicity of Isolates of the CBD Pathogen. Annual. Report,
1978/79. Coffee Research Foundation, Kenya. pp. 97–171.

Mwang’ombe, A.W., D.M. Mukunya & E.M. Gathuru, 1992.
Some mechanisms implicated in the survival of Benomyl toler-
ant strains of Colletotrichum coffeanum Noack, causal agent of
coffee berry disease. Disc Innov 4: 109–115.

Nyoro, J.K. & L.H. Sprey, 1986. Introducing Ruiru 11 to estates and
small holders. Kenya Coffee 51: 7–28.

Okioga, D.M., 1976. Occurrence of strains of Colletotrichum
coffeanum resistant to methyl benzimidazole-2-ylcarbamate
(carbendazim) and chemically similar compounds. Ann Appl
Biol 84: 21–30.

Omondi, C.O., 1994. Resistance to Coffee berry disease in Arabica
coffee variety ‘Ruiru 11’. Plant Breeding 112: 256–259.

Omondi, C.O., 1998. Genetic diversity among isolates of Colleto-
trichum kahawae causing coffee berry disease and their interac-
tions with varieties and breeding populations of Arabica coffee.
Ph. D. Thesis, University of Nairobi, Kenya. 154 pp.

Omondi, C.O. & P.O. Ayiecho, 1995. Variation analysis of six
Kenyan landrace populations of spiderflower. EA Agric For J 60:
185–191.

Omondi, C.O., P.O. Ayiecho, A.W. Mwang’ombe & H. Hindorf,
2000. Reaction of some Coffea arabica genotypes to strains of
Colletotrichum kahawae, the cause of coffee berry disease. J
Phytopathol 148: 61–63.

Opile’, W.R., 1993. Coffee research in Kenya under the liberalized
coffee marketing system. Paper presented at the senior manage-
ment seminar on liberalization of the coffee industry, Machakos,
Kenya. 2–5 Nov. 1993.

Rodrigues Jr., C.J., V.M.P. Varzea, H. Hindorf & F.F. Medeiros,
1991. Strains of Colletotrichum coffeanum Noack causing coffee
berry disease in Angola and Malawi with characteristics different
to the Kenya strain. J Phytopathol 131: 205–209.

Rodrigues Jr., C.J., V.M. Varzea & F.F. Medeiros, 1992. Evidence
for existence of physiological races of Colletotrichum coffeanum
Noack sensu Hindorf. Kenya Coffee 57: 1417–1420.

Sreenivasaprasad, S., A.E. Brown & P.R. Mills, 1993. Coffee
berry disease in Africa. Genetic structure and relationship to the
group species Colletotrichum gloeosporioides. Mycol Res. 97:
995–1000.

Steel, R.G.D. & J.H. Torrie, 1981. Principles and procedures of
statistics. A biometrical approach. McGraw-Hill Book Company.
2nd ed. 218 pp.

Vossen, H.A.M. van der, R.T.A. Cook & G.N.W. Murakaru, 1976.
Breeding for resistance to coffee berry disease caused by Colleto-
trichum coffeanum Noack (Sensu Hindorf in Coffea arabica L. I.
Methods of preselection for resistance. Euphytica 25: 733–745.

Vossen, H.A.M. van der & D.J. Walyaro, 1980. Breeding for resist-
ance to coffee berry disease in Coffea arabica L. II Inheritance
of the resistance. Euphytica 29: 777–791.


