A Euphytica118: 295-303, 2001.
"i‘ © 2001Kluwer Academic Publishers. Printed in the Netherlands. 295

A study of genotype-isolate interaction in cacaofheobroma cacad..):
resistance of cacao genotypes to isolatesiiytophthora palmivora

S. Surujdeo-MaharhjP. Umaharah& A.D. lwaro?
IDepartment of Life Science$Cocoa Research Unit, The University of the West Indies, St. Augustine, Trinidad
and Tobago, West Indies

Received 1 December 1999; accepted 26 June 2000

Key words:black pod, genotype-isolate interacti®hytophthora palmivora, Theobroma cadao

Summary

The resistance of caca®l{eobroma cacad.) leaves to 10 isolates éfthytophthora palmivoréButler) Butler was
investigated in 18 genotypes of cacao in three experiments. Tissue-paper-mount and punch-inoculation methods
were used to distinguish between resistance at the penetration and post-penetration levels based on lesion fre-
quency and size, respectively. There was a 5-6 fold difference in aggressiveness among isolates collected from
different locations in the islands of Trinidad and Tobago for both types of resistance. However, host genotype
isolate interaction effects were not significant for resistance at both the penetration and post-penetration levels.
A strong positive relationship (r = 0.8) was observed in the abilities of isolates to effectively breach the two
types of resistance. This suggests that the same isolate can be used in screening for both types of resistance.
No significant relationship was found between resistance at the penetration and post-penetration levels suggesting
that the resistance mechanisms were different. Subsequent experiments using a wider range of cacao genotypes
from the International Germplasm Collection, Trinidad, confirmed the initial results. These experiments indicate
that resistance found using one isolate would be equally valid using other isol&kgtophthora palmivorarhe
implications of the findings are discussed.

Introduction the health of the cacao tree (Manco, 1974; Opeke &
Gorenz, 1974; Prior, 1981). Although other species
Cacao Theobroma cacad., family Sterculiaceag of PhytophthoraP. megakaryaP. capsisj P. citroph-
is an understorey tree species found in the tropical thora, P. megaspermaP. araceaeand P. nicotiang
forests of Central and South America (Wood & Lass, have also been reporteld, palmivorais the only spe-
1985). Cacao is grown as a subsistence crop in thecies found in all cacao growing countries (Zentmyer,
tropical Americas and Caribbean, West Africa, Asia 1988). Yield losses are estimated to be about 20-30%
and the Pacific. The cacao bean, used in the manu-of the annual cocoa production (Opeke & Gorenz,
facture of chocolates, cocoa powder and cocoa butter, 1974), with losses in individual plantations reaching
has become a commodity of economic importance in levels as much as 90%. Although field sanitation and
many of these countries which derive a major part of use of copper-based fungicides have been reasonably
their foreign exchange earnings from it (Asomaning, effective in reducing the level of infection, the high
1972). cost of fungicides often make them inaccessible to
Phytophthora palmivoraa causal agent of the the peasant farmer, who produces over 50% of ca-
black pod disease, is regarded as one of the most de-cao worldwide (Amponsah, 1988; Tan & Tan, 1990).
structive pathogens of cacao (Opeke & Gorenz, 1974; Breeding for resistance to black pod disease has hence
Thorold, 1975). In addition to pod infection, infections been long regarded as the most economical and ef-
of the leaf, stem and root of cacao are important, as fective control method (Soria, 1974; Rocha, 1974;
they have been shown to have an adverse effect onAmponsah, 1988).
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Iwaro et al. (1997b) demonstrated that resistance re-isolated and maintained on 20% V8-juice-calcium
to P. palmivoraexisted at two levels, the penetration carbonate-agar medium.
level, which controls lesion number and the post-
penetration level, which determines lesion size. The Cacao genotypes
latter level of resistance has been shown to be highly
correlated between pod and leaf (Iwaro et al., 1993; A genetically diverse set of eighteen (18) cacao clones
1997b; Nyassé et al., 1995) and governed predomin- (SCA 6, ICS 1, ICS 41, ICS 66, ICS 84, MO 81,
antly by additive genetic effects in both pod (Tan & [IMC 11, IMC 30, IMC 55, IMC 67, PA 115, PA 128,
Tan, 1990) and leaf (lwaro et al., 1997a). Recently, B14/13, B 53, EET 338, EET 400, JA 64 and UF 29)
a pre-breeding programme was established at the Co-representing various levels of resistance were selected
coa Research Unit, University of the West Indies, St. for this study. These accessions represent Forastero,
Augustine, Trinidad, with the aim to develop gene Refractario and Trinitario cultigroups maintained at
pools with superior levels of resistance that can be the International Cacao Genebank, Trinidad.
distributed to the various cacao-growing countries.

For the pre-breeding programmeto have globalrel- | aaf inoculation tests
evance, the genotype pathotype interaction should

be demonstrated to be negligible. Such studies, how- Mature leaves at the interflush-2 stage, as described
ever, are difficult to conduct due to quarantine re- py Greathouse et al. (1971), were surface sterilised in
strictions. Simmonds (1994) considered resistance of 0.5% sodium hypochlorite for two minutes and rinsed
cacao toPhytophthorao be horizontal. Nevertheless,  three times in sterile distilled water. The surface steril-
some studies (conducted using isolates within a coun- jsed leaves were then placed in plastic trays lined with
try) have shown genotype pathotype interactions  moist paper towels, with the abaxial surface facing
(Chowdappa & Chandra Mohananan, 1993). How- ypwards.
ever, the inoculation methods used in these studies  Resistance at the penetration and post-penetration
did not take into account the different levels of resist- |evels was assessed using the tissue-paper-mount and
ance (penetration and post-penetration). The objective punch inoculation methods, respectively (Iwaro et al.,
of this study was therefore to investigate genotype  1997b).
pathotype interaction between a number of genetically  The zoospore suspension was prepared following
diverse cacao genotypes and isolateB.gfalmivora the method of Lawrence (1978) for use in the penet-
using leaf inoculation tests capable of discriminating ration and post-penetration tests. Tissue-paper-mount
between penetration and post-penetration resistance. inoculation of the leaf samples was done by applying
a 30uL drop of zoospore suspension (80,000 M)
on the leaf surface over which a piece of tissue paper

Materials and methods (area: 1 crf, thickness: 0.23 mm) was placed. This en-
sured a uniform spread of the inoculum throughout the

Collection and establishment of isolatesRof tissue-paper covered area. For the punch-inoculation a

palmivora 4 mm diameter filter paper disc previously immersed

in a zoospore suspension was placed in a punched
Isolates ofP. palmivorawere obtained from natur- hole (diameter, 4 mm) from the abaxial side of the
ally infected cacao pods from diverse locations in leaf. The suspension at a concentration of 200,000
Trinidad (Marper, Cedros, Gran Couva, Tamana, La zoospores mt! constituted the inoculum. A leaf from
Reunion and Santa Cruz) and Tobago (Mount Grace each clone was inoculated with sterile distilled water
and Les Coteaux). Two isolates (CRU | & II) main- as a negative control in each experiment. Following in-
tained at the Cocoa Research Unit, The University of oculation, the trays were covered with polythene film
the West Indies, Trinidad, were also included in the and incubated at 25C.
study. Following a preliminary characterisation based Following a 72-hour incubation period, the tissue-
on the pattern of growth in culture, sporangial shape, paper-mounts were carefully removed and penetration
size and pedicel length, the isolates were identified resistance was determined by counting the number of
as P. palmivora Each isolate was subsequently in- lesions. Post-penetration resistance to infection was
troduced into cacao pods of the genotype ICS 84 to determined based on lesion size, following incuba-
activate them on the same substrate. The isolates werdion for a period of 144 hours. Lesion sizes were
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Table 1. Mean number of lesions and lesion size fol-

determined by using a leaf area meter (M2K, Delta-T lowing inoculation of cacao with 10 isolates &t

Services, Burnwell, Cambridge, England). palmivora(means are averages over 5 genotypes)
Experimentation Isolate Number of  Lesion size (mfin
) ) ) lesions

Three experiments were conducted to investigate gen-
otype x isolate interactions. In the first experiment, Les Cotealnc = 26.6 121
five cacao clones (SCA 6, ICS 1, ICS 84, MO 81 Santa Cruz 22.1 13.8
and IMC 55) were evaluated for resistance at the fﬂedros 2212'5‘ 13'12
penetration and post-penetration levels of infection, arper ' '

. . . . Mt. Grace 20.3 13.2
using ten isolates d®. palmivora The fifty treatment CRUI 135 24
combinations (5 clones, 10 isolates) were arranged ) i
i letely randomised design with four replica- gran Couva - 12.2 I
In a compietely , 9 ! P Tamana 115 9.3
t!ons. The leaves were inoculated at 4 points usmg.the La Reunion 96 86
tissue-paper-mount method and another four points CRUI 46 33
using the punch-inoculation method. This experiment

Lsd (p=0.05)  5.27 3.3

was repeated to confirm the consistency of results
obtained.

In subsequent experiments (Experiments 2 & 3)
two isolates, Les Coteaux and Gran Couva, repres-
enting the high and moderately aggressive categories,the association between resistance at the penetration
were used in penetration and post-penetration tests to@nd post-penetration levels and between aggressive-
study the consistency of reaction of isolates over a Ness of isolates at the penetration and post-penetration
genetically diverse set of cacao clones obtained from levels of resistance. Joint regression analysis was car-
the International Cacao Genebank, Trinidad. The least fied out to test the performance of individual host
aggressive isolate was not used as the reactions wereJenotypes against mean performances of isolates over
barely visible and were difficult to quantify, especially Various genotypes.
in the more resistant genotypes.

In Experiment-2, selected isolates (Les Coteaux
and Gran Couva) were used to inoculate 11 cacao
clones (PA 115, PA 128, IMC 11, IMC 30, IMC
67, ICS 41, ICS 66, B14/13, B 53, EET 338, and
UF 29) using the tissue-paper-mount method. The ex-
perimental design and replication were similar to the
previous one. The experiment was repeated to confirm
the consistency of results.

In Experiment-3, the same two isolates (Les
Coteaux and Gran Couva) were used to inoculate
twelve clones (PA 128, MO 81, IMC 11, IMC 30,
IMC 67, ICS 41, B14/13, B 53, JA 64, EET 338, EET
400 and UF 29) using the punch-inoculation method.
It was not possible to use an identical set of clones
as in Experiment 2 because of differences in flushing
times of clones. Experimental design and replications
were similar to the previous experiments.

Results

Analysis of variance of number of lesions obtained
from the tissue-paper-mount test in Experiment-1 in-
dicated that the number of lesions was significantly
(p <0.001) influenced by cacao genotypes dnd
palmivoraisolates. The host genotypeisolate inter-
action effects were however not significapt£0.05).
The results from the two trials were consistent.

The mean number of lesions showed a 6-fold vari-
ation (4—-26) among the isolates tested (Table 1). The
isolates fell into three categories of aggressiveness,
based on a Duncan’s Multiple Range Test (DMRT).
Isolates from Marper, Cedros, Santa Cruz, Mt. Grace
and Les Coteaux fell into the highly aggressive class
(18-26 lesions), isolates from Gran Couva, Tamana,
La Reunion and CRU Il formed the moderately ag-
gressive category (9-12 lesions), while the isolate from
CRU | formed the least aggressive category (5 le-
The data on number of lesions and lesion size were sions). Similarly, the cacao genotypes tested showed
subjected to analysis of variance to assess the signific-significant differences at the penetration level of in-
ance of treatment effects and interaction between treat-fection, with number of lesions varying between 9 for
ments. A correlation analysis was performed to assessIMC 55 to 21 for ICS 1 (Figure 1). The clones ICS 1,

Data analysis
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Figure 1. Variation in resistance t®. palmivoraat the penetration level of infection in five cacao genotypes (mean number of lesions are
averaged over the 10 isolatesPipalmivorg. Bars indicate LS os).
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ICS 84 and MO 81 produced mean numbers of lesions relative performance of genotypes over the 10 isolates
between 18 and 21 and were classified as susceptiblewere similar (Figures 3 & 4). Based on the intercepts,
Clone SCA 6 gave an intermediate reaction. the five genotypes tested fell into three categories of
Analysis of variance of lesion sizes obtained from resistance.

the punch-inoculation tests in Experiment-1, indicated Figure 4 provides a comparison of the relative

that lesion size was significantly ( <0.001) influ- consistency of reaction of the five genotypes tested
enced by cacao genotypes aRdpalmivoraisolates in response to the 10 isolates for lesion size, using
(Figure 2). The host genotypeisolate interaction ef-  data from the two repetitions. Joint regression analysis
fects were again not significant€ 0.05). The results ~ showed that the regression lines for ICS 1 and ICS
from the two trials were consistent. 84 and those for SCA 6 and MO 81 were the same.

Lesion sizes showed a 5-fold variation among the
isolates tested and varied between 3 and 14°mm
(Table 1). Again, the CRU I isolate was the least ag-
gressive giving a mean lesion size of 3 firtsolates
from Marper, Santa Cruz, Mt. Grace and Les Coteaux
fell into a highly aggressive category (10-14 B)m
while the rest formed a moderately aggressive cat-
egory (7-9 mr), based on DMRT. The cacao clones
also varied significantly in their susceptibility at the
post-penetration stage (Figure 2), with all genotypes
showing significantly more resistance than IMC 55.

The mean number of lesions for each of the 10

Again all the regression lines were parallel, indicated
by non-significance of slopes, which suggested that
the relative genotypic performances were consistent
over the 10 isolates tested. Based on the intercepts,
the genotypes can be grouped into three categories of
response. These findings confirm the results of the
analysis of variance, which indicated no significant
genotypex isolate interaction.

A correlation analysis between number of lesions
and lesion size (Figure 5) showed no significant cor-
relation (r = 0.33,p <0.05) between resistance at
the penetration and post-penetration levels of infec-

isolates, averaged over all genotypes, was regressedion. Despite the lack of correlation between number
against those for each individual genotype in the two of lesions and lesion size the aggressiveness of isolates
trials, to determine the consistency of performance of at the penetration level of infection was highly correl-
genotypes over isolates. Linear regression lines were ated (r = 0.8) to aggressiveness at the post-penetration
able to explain the performance of individual geno- level of infection (Figure 6), indicating that the ag-
types over mean values of aggressiveness for isolatesgressive isolates were able to breach resistance at
A joint regression analysis showed that the regression both penetration and post-penetration levels equally
lines for SCA 6 and IMC 55 were the same, and those effectively.

for ICS 1 and ICS 84 were the same. The parallelity of Similarly, the analysis of variance for number of le-
the lines for all the genotypes tested, indicated by the sions and lesion size in Experiments 2 & 3 respectively
non-significanceg <0.05) of slopes, showed that the indicated that both penetration and post-penetration
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Figure 2. Variation in resistance tB. palmivoraat the post-penetration level of infection in five cacao genotypes (mean lesion sizes are averaged
over 10 isolates). Bars indicate L&s).
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Figure 3. Relationship between aggressiveness of isolates (mean number of lesions over genotypes) and resistance of individual cacao geno-

types to 10 isolateB. palmivora
Fitted line equations: SCA 6 and IMC 55: Y =-4.5+0.932 %, ICS 1 and ICS 84: Y =4.75 + 0.985 x, MO 81: Y = 2.44 + 0.985 x.

responses were significantly (< 0.001) influenced  susceptible at the penetration and post-penetration
by the respective host genotypes aRdpalmivora levels (Table 2).

isolates (Table 2). In addition, host genotype

isolate interaction effects were again not significant

(p <0.05) and the results over the two trials conducted

were consistent. The two isolates (Les Coteaux and Discussion

Gran Couva) were able to invoke a wide range of re-

sponses in the genotypes tested both at the penetrationry,o study showed that there was significant vari-

and post-penetration levels. Among these geno_typesatiOn in aggressiveness among isolatesPbi/toph-
tested, PA 128 and ICS 41 were the most resistant {44 palmivorain Trinidad and Tobago, with a 5-6

at the penetration and post-penetration levels, respect-ty|q gifference observed between the most aggress-
ively. Genotypes IMC 30 and EET 338 were highly e ang least aggressive isolates. Under the conditions
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with 10 isolates of. palmivora
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Figure 6. Relationship between aggressivenes$.gpalmivoraisolates at the penetration and post-penetration levels of infection in cacao
leaves (scatter plot show means over replicates).

Table 2. Mean number of lesions and size following inocula-
tion of cacao germplasm with two isolatesRopalmivora(Les

Coteaux and Gran Couva)

study the selection of leaves at the same develop-
mental stage and from plants grown under similar
environmental conditions would have helped to min-

Clone Mean number of lesions  Mean lesion size imise the influence of the environmental factors. Sim-
per cnf (mn?) ilarly, the isolates were passed through pods of the
IMC 30 554 16.9 same cacao clone (ICS 84) to minimise any epigenetic

B 14.13 432 12.2 influences on pathogen aggressiveness. In addition,
EET338  43.0 17.0 the environment under which the experiments were
UF 29 425 14.8 carried out was kept at constant relative humidity and
ICS 66 36.3 - at 25°C to standardise the environmental influence
IMC 11 28.2 12.1 on pathogen aggressiveness. These point to a genetic
B 53 23.5 12.8 basis for the variation observed in aggressiveness. The
IMC 67 19.5 11.5 constancy of ranking of isolates over replicated trials
PA 118 17.4 - and over the three experiments in this study, further
ICS 41 15.2 9.3 provides strong evidence to this claim.
PA 128 3.7 123 Some studies have demonstrated similar variation
MO 81” - 151 in aggressiveness among isolatesopalmivoraori-
A 64 - 16.9 ginating from different geographical locations based
EET400 - 14.8 on pathogenicity tests on pods and stems (Orellana,
S.E 5.08 12.0 1959; Zentmyer, 1972; Ram & Ram, 1973). Rates
4 Genotypes tested at penetration level only. of spread of lesions on podsf amount of mycelial
b Genotypes tested at post-penetration level only. growth and degree of sporulation have been used to

of experimentation in this study, this variation can be
attributed predominantly to genetic causes.

The development of disease is a function of host,
pathogen and the environment (Agrios, 1988). In this

guantify the aggressiveness of the isolates (Spence,
1961; Turner, 1965; Akinrefon, 1971; Fagan, 1984).
Iwaro et al. (1997a) demonstrated different mechan-
isms and genetic bases for resistance at the penetration
and post-penetration levels of infection and developed
inoculation methods that can effectively distinguish
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between resistance at these two levels. Results from  Although the present study is based on leaf resist-
the present study confirm and further validate the find- ance, the results can be extended to post-penetration
ings of lwaro et al. (1997a) that resistances at these resistance in the pod, since the mechanisms of post-
two levels are distinct. penetration resistance in both pods and leaves as

There was a strong correlation between aggressive-well as their genetic basis are very highly correl-
ness measured at the penetration and post-penetratiomted (Nyassé et al., 1995; Ilwaro, 1997b). Hence, it
levels over a range of genotypes, in this study. This would be possible to conclude that post-penetration
indicates that although the mechanisms and geneticsresistance in pod is also likely to be race-nonspecific.
of resistance are different at the penetration and post-  The non-significance of the host genotypésol-
penetration levels of infection there was a general cor- ate interaction has important implications in cacao
respondence in the abilities of isolates to breach thesebreeding for Phytophthoraresistance. Firstly, the
barriers. This augers well for screening cacao geno- levels of resistance of cacao genotypeB.tpalmivora
types for resistance f& palmivorg since it eliminates  can be identified using any of the isolates since res-
the need to use two different isolates to effectively as- istance has been shown to be race-nonspecific in this
sess resistance at the penetration and post-penetratiostudy. However, the use of the most aggressive isol-
levels. ate could lead to the identification of useful levels of

Both the analysis of variance and joint regression resistance against the pathogen. Secondly, if the rela-
analysis confirmed the absence of host genotype tionship between genotypes and isolates observed in
isolate interactions at both the penetration and post- this study turns out to be universal for d&hytoph-
penetration levels of infection in the first experiment. thora isolates and cacao genotypes throughout the
The subsequent experiments were conducted to furtherworld; then the varieties bred fd?. palmivorares-
validate this finding by using a genetically more di- istance in one location would also have resistance
verse group of genotypes, representing a known rangeto P. palmivorain other parts of the world. Indeed
of resistance phenotypes selected from the Interna-some similarity in the ranking order for resistance to
tional Cacao Genebank, Trinidad. These experiments P. megakaryan Cameroon and that fd?. palmivora
together demonstrate the absence of host genotype in Ivory Coast (Van der Vossen, 1997) and between
isolate interactions at both the penetration and post- P. palmivoraandP. capsiciin Trinidad (lwaro et al.,
penetration levels of infection. These findings are 1998) have been observed. This would justify a pre-
contrary to those of Ram & Ram (1973) and Chow- breeding programin one location, to accumulate genes
dappa & Chandra Mohananan (1993) who showed for Phytophthoraesistance from which genetic mater-
significant genotypex isolate interactions using isol- ial can be distributed to other locations. The resistant
ates ofP. palmivoraandP. capsiciin cacao usingapod germplasm should be incorporated into local breeding
inoculation procedure. The method used in these stud- programs for adaptation to specific environments.
ies however did not differentiate between penetration
and post-penetration resistance.

The results however enhance and support the views ocknowledgements
of Tan and Tan (1990) and Simmonds (1994), who,
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that resistance is most likely of the race-nonspecific ant.

type. Although additive genetic effects have gener-
ally been associated with race-nonspecific resistance,
occasionally, they have been found to be associated
with the race-specific kind of resistance (Vander-
plank, 1982). .T.hls SFUdy prowaes direct e.VIdenC.e for Agrios, G.N., 1988. Plant Pathology. 3rd ed. San Diego, California:
race-nonspecific resistance using a genetically diverse ~acagemic Press Inc.
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