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ABSTRACT

Background: Coffee Leaf Rust (CLR) is a fungal disease caused by Hemileia vastatrix
Berk. and Br. The pathogen is constantly evolving leading to rapid break down in resistance
of once resistant coffee varieties. To date, more than 49 races of the pathogen have been
characterized all over the world and new races are continuously being characterized some of
which are able to infect Robusta derivatives.

Aim: The objective of this study was therefore to re-examine the status of CLR resistance on
Kenyan commercial resistant cultivars and investigate the pathogenic interaction between H.
vastatrix isolates and their host genotypes.

Methodology: Hemileia vastatrix isolates were collected from naturally infected leaves of
the host coffee genotypes and were inoculated on one Robusta coffee genotype and eight
Arabica genotypes comprising of three Kenyan commercial cultivars (SL28, Ruiru 11 and
Batian) and five museum genotypes (HDT, Mundo Novo, Pretoria, 110/2 and Bourbon) using
leaf disks inoculation method. An infection scale of 1-6 was used to score the virulence of
the pathogen isolates.

Results: There was significant variation among isolates on their virulence against the
different genotypes. SL28, Pretoria and Mundo Novo were the most susceptible to most
isolates while none of the isolates infected Ruiru 11, HDT and Robusta. All the isolates were
able to infect Batian but none reached the stage of sporulation. Isolates from K7, SL34 and
SL28 were found to be more virulent than those from Batian and Blue Mountain. Unlike the
host genotype, the region from which the isolates were obtained was not found to play any
role on the virulence of the isolates.

Conclusion: Although six additional races of H. vastatrix were recently detected in Kenya
some of which are able to infect Robusta derivatives, the study confirmed that Kenyan
genotypes in this group are still resistant against most races of H. vastatrix in Kenya. It was
therefore deduced that either these new races are not yet wide spread in all coffee growing
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areas in Kenya or that there are other major and minor genes conditioning the coffee-rust
interactions besides the SH genes.

Keywords: Coffea arabica; Coffea canephora; Coffee Leaf Rust; SH genes; Kenya.
1. INTRODUCTION

The genus Coffea consists of approximately 130 species and belongs to the family Rubiceae
which has over 6000 species [1]. According to Pearl et al. [2], Coffea species that are under
commercial cultivation are Arabica coffee (Coffea arabica L.) which commands 80% of world
coffee trade and Robusta (Coffea canephora Pierre) which takes the bulk of the remainder.
Coffea liberica and Coffea excelsa contribute less than 1%. Coffea arabica is self-pollinating
thus limiting its genetic variability unlike Robusta coffee which is cross-pollinating [3].
Arabica coffee is known for the production of very high quality beverage but is more
susceptible to major diseases of coffee [4; 5; 6]. Robusta is more tolerant to major coffee
diseases and insect pests but with inferior cup quality [7; 6]. The main coffee producing
regions in Kenya are on deep, fertile and acidic volcanic soils found in the highlands
between 1400 to 2000 meters above sea level. These regions produce high quality, milder
Arabica coffees that are known for their intense flavour, full body and pleasant aroma [8].
Over 90% of the total coffee acreage in Kenya is under Arabica coffee while the rest is
occupied by Robusta coffee [9].

Approximately 350 different diseases infect coffee globally [10]. The major coffee diseases in
Kenya include Coffee Berry Disease (CBD) caused by Colletotrichum kahawae Waller and
Bridge, Coffee Leaf Rust (CLR) caused by Hemileia vastatrix Berk. and Br., and Bacterial
Blight of Coffee (BBC) caused by Pseudomonas syringae pv. garcae van Hall [11]. The CLR
fungus is found in all the coffee-growing countries worldwide, causing losses between 10%
and 40% [12] unlike CBD which is a major constraint to Arabica coffee production in Africa
[13] and BBC which has been described in Brazil, Kenya, Uganda and China [14]. Much of
the world coffee is still produced by traditional cultivars of C. arabica (66%) and C.
canephora (34%), most of which are susceptible to CLR [15]. In Kenya, CLR is the second
most important disease after CBD, and breeding to obtain new resistant coffee varieties has
been a priority [16]. The main damages caused by the disease are premature defoliation,
resulting in a reduced leaf area and withered lateral branches, leading to a gradual
weakening of the infected plant [17] and reduced yields [18].

CLR resistance in the coffee plants is conditioned by at least nine major dominant genes
(SH1-SH9) that act singly or in association [19]. By the same theory, it was possible to infer
9 genes of virulence (v1-v9) in Hemileia vastatrix [12]. This allows coffee genotypes to be
classified in resistant groups according to the physiological races of the rust pathogen [20].
The genes SH1, SH2, SH4 and SH5 are found in pure Arabicas originating from Ethiopia;
the gene SH3 in Coffea liberica; and the genes SH6, SH7, SH8 and SH9 found exclusively
in Robusta and its introgressed derivatives [19; 16]. Previously, only six races of the
pathogen (races I, Il, VII, XV, XX and XXIV) and four virulence genes (v2, v3, v4, and v5)
had been identified in Kenya [21]. Recently, six more races (races lll, XVII, XXIII, XLII,
XXXVI and XLI were recently detected revealing three new virulence genes (v1, v7, v8) and
possibly v9 [16]. This poses a great danger of breakdown of the CLR resistance in resistant
Kenyan cultivars whose resistance is conferred by genes SH6 — SH9. The purpose of this
study was therefore to re-examine the status of CLR resistance on Kenyan commercial
resistant cultivars and investigate the pathogenic interaction between H. vastatrix isolates
and their host genotypes.
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2. MATERIAL AND METHODS

2.1 Coffee Leaf Rust Pathogen Inoculum Collection

H. vastatrix isolates were collected from naturally infected leaves of nine host genotypes
from six coffee growing counties (Table 1). The isolates were from single host coffee tree
that was sampled with a high level of CLR infection. The bulk samples from each host tree
were kept separately, sealed and stored under ice to maintain viability. An isolate constituted
bulk collection of urediniospores from each plant [22].

Table 1: H. vastatrix isolates that were tested for virulence

Isolates Host Genotype County
Isolate 1 SL28 Kiambu
Isolate 2 Blue Mountain Kiambu
Isolate 3 Blue Mountain Kisii

Isolate 4 K7 Kiambu
Isolate 5 SL28 Trans Nzoia
Isolate 6 SL34 Kisii

Isolate 7 SL34 Meru
Isolate 8 Batian Kericho
Isolate 9 K7 Bungoma

2.2 CLR isolates Inoculation and Evaluation

Excised pieces of leaves (1-8 cm diameter) cut with a cork borer, were taken from healthy
full-grown leaves of nine test genotypes (Table 2) and placed in plastic boxes on sterilized
foam moistened with distilled water.

Table 2: Coffee genotypes inoculated with Isolates

Variety Status Origin
1.  Robusta CLR Resistant Gene bank Accession Kenya
2. HDT CLR Resistant Breeders Material Timor Island
3. Ruiru 11 CLR Resistant Commercial Cultivar Kenya
4. Batian CLR Resistant Commercial Cultivar Kenya
5. SL28 CLR Susceptible Commercial Cultivar Kenya
6.  Mundo Novo CLR Susceptible Gene bank Accession Latin America
7. Pretoria CLR Susceptible Gene bank Accession Guatemala
8.  110/2 CLR Susceptible Gene bank Accession Portugal
9. Bourbon CLR Susceptible Gene bank Accession Reunion

The nine genotypes (Table 2) were inoculated with the nine H. vastatrix isolates. Double
distiled water was used as the control. Each treatment was replicated three times in a
completely randomized design. Each leaf disc was inoculated with one droplet of 0-025 mL
H. vastatrix spore suspensions (1 mg spores per mL). The boxes were closed with a
transparent glass cover and kept at 24T without il lumination. Glass lids were removed after
24 h to allow for evaporation of the inoculum. The discs were then slightly rewetted with
distilled water and further incubated for 12 hours light period of approximately 1000 lux
intensity of artificial light, at a temperature of 22 + 2C and relative humidity of above 90%.
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Disease scoring was done 30 days after inoculation using a 6-point scale [23] described
below:

1 = Absence of symptoms

2 = Small chlorotic lesions

3 = Medium chlorotic lesions, without spores formation

4 = Chlorotic lesions, with few urediniospores formation (urediniospores occupying

<25% of the lesion area)

5 = Sporulation occupying between 25 and 50% of the lesion area; and

6 = Sporulation occupying >50% of the lesion area.
From the above scale, the genotypes were classified in three phenotypic groups based on
their level of sporulation: Those whose leaves scored 1-2 (absence of urediniospores) were
considered resistant; those with scores of 3-4 (medium chlorotic lesions, without sporulation
to presence of urediniospores occupying up to 25% of the lesion area) were considered
moderately susceptible; those with scores of 5-6 (urediniospores occupying more than 25%
of the lesion area were considered susceptible.

2.3 Data Analysis

The data was subjected to analysis of variance (ANOVA) using XLSTAT 2014 software
and effects declared significant at 5% level. Students-Newman Keuls (SNKsze,) was used to
separate the means. The data were presented in tables, figures and plates.

3. RESULTS

Inoculated genotypes recorded significant variation in their average reaction to the tested H.
vastatrix isolates (Fig. 1). Mundo Novo, Pretoria and SL28 which were the most susceptible
were not significantly different in their general susceptibility to H. vastatrix isolates. These
were then followed by Bourbon, 110/2 and Batian in that order. Ruiru 11, HDT and Robusta
showed complete resistance to all the isolates recording a mean infection score of 1.0
(absence of symptoms). The genotypes thus fell into two phenotypic groups: Robusta, HDT
and Ruiru 11 were resistant while the rest were moderately susceptible.
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Fig 1. Host genotype interaction with H. vastatrix isolates. The means represented by the
bars marked with the same letters are not significantly different at p=0.05.

The tested H. vastatrix isolates were significantly different in their virulence against the nine
coffee genotypes (P<0.05). The isolates separated into two significantly different groups
based on their general virulence against the nine coffee genotypes that were inoculated.
Isolate 7 which was obtained from Meru County from an SL34 host was the most virulent
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with an infection mean of 2.96 followed by isolates 4 (2.91) and 9 (2.83) from Kiambu and
Bungoma both from a K7 host. These were not significantly different from isolates 1 (2.76)
and 5 (2.80), both of which were isolated from an SL28 host from Kiambu and Transnzoia,
respectively, and isolate 6 (2.70) from SL34 host from Kisii. In the other lesser virulent group
were isolates 2 (2.29) and 3 (2.24) both of which were isolated from Blue Mountain variety
from Kiambu and Kisii, respectively. Their average virulence was statistically similar to that
of isolate 8 (2.38) from Kericho County isolated from Batian host. Double distilled water
which was used as a control remained disease free thus confirming differential
pathogenecity of the nine isolates (Fig. 2). Therefore, isolates from K7, SL34 and SL28 were
found to be more virulent than those from Batian and Blue Mountain. Unlike the host
genotype, the region from which the isolates were obtained was not found to play any role in
the virulence of the isolates.
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Fig. 2: Comparative general virulence of H. vastatrix isolates against nine coffee genotypes.
The means represented by the bars marked with the same letters are not significantly
different at p=0.05.

Different isolates sporulated at different rates on different coffee genotypes (Fig. 3). There
was therefore a significant (p<0.05) interaction between H. vastatrix isolates and the
inoculated coffee genotypes. SL28, Pretoria and Mundo Novo were the most susceptible to
most isolates (Fig. 3) while none of the isolates infected Ruiru 11, HDT and Robusta (Fig. 3;
Plate 1). All the isolates were able to infect Batian but none reached the stage of sporulation.
Isolates 4 and 9 both from K7 were the most virulent on Batian.
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Fig. 3: Interaction between CLR pathogen isolates and the genotypes based on the rate of
sporulation of the isolates on each coffee genotype. The genotype legend is arranged in the
same order the bars appear in the figure.
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Plate 1: Experimental layout and Interaction of CLR pathogen isolates with coffee
genotypes
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4. DISCUSSION

The tested genotypes reacted differently to the tested isolates. This can be attributed to a
differential interaction between the genotypes (SH genes) and the isolates (v genes).
According to (Herrera et al., [20], resistance of coffee genotypes to CLR pathogen varies
and is determined by resistance genes in the coffee genotype (SH1-SH9) and the virulence
genes of the isolate. None of the isolates infected Robusta, HDT and Ruiru 11. Robusta,
HDT and their derivatives belong to resistant group A and are known to contain resistance
genes SH6-SH9 [12]. Therefore, Ruiru 11 and Batian are also considered to contain these
genes introgressed from Robusta through HDT. The resistant spectra in HDT can only be
annulled by a combination of virulence genes (V5-V9) present in different races of the fungi.
Although all the isolates were able to infect Batian, the type of resistance in this cultivar
managed to arrest the pathogen preventing sporulation to take place. It can therefore be
inferred that resistance in Ruiru 11 and Batian is still active against most races of H. vastatrix
in Kenya. Another possibility is that the most recent races to be characterized that are able
to infect derivatives of Timor Hybrid are not yet wide spread in all coffee growing areas in
Kenya. Besides these SH genes, it is likely that other major and minor genes might be
conditioning the coffee-rust interactions [12].

The relatively low resistance in Batian as compared to Ruiru 11 may have been caused by
gene dilution which may have occured in the process of back crossing during Batian
development. Batian may also contain resistance gene SH5 inherited from Rume Sudan
which confers adequate resistance to CLR, especially under field conditions [24]. This is
likely because isolates 4 and 9 both from K7 were the most virulent on Batian. K7 is known
to contain resistance genes SH2 and SH5 [25] and is also considered to have partial
resistance to CLR which is often pathogen nonspecific and involves both constitutive and
induced defence mechanisms [26]. All the other varieties that were tested (Mundo Novo,
Pretoria, SL28, Bourbon and 110/2) were found to be susceptible to all the isolates though at
different magnitudes. Historically, cultivated Arabica coffee is derived from Bourbon and
Typica types [27] most of which contain SH1, SH2, SH4 and SH5 genes and they are known
to confer resistance only to some races of H. vastatrix [28].

The isolates of H. vastatrix portrayed a significant diversity in their pathogenicity on different
coffee genotypes. The differences in pathogenicity of isolates from the same region
portrayed the possibility of having different races in the same region and in the same host
genotype. This agrees with the findings of Gichuru et al., [16] that virulence genes in CLR
pathogen isolates are highly evolving leading to formation of new virulence genes. This
change in the virulence genes is associated with a continued interaction with resistant coffee
genotypes leading to breakdown of once resistant coffee genotypes. Therefore, isolates from
K7, SL34 and SL28 were found to be more virulent than those from Batian and Blue
Mountain. Although this could not be explained, it was evident that different host genotypes
were harbouring different races of the fungi. Unlike the host genotype, the region from which
the isolates were obtained was not found to play any role on the virulence of the isolates.
Mutation of CLR isolates is therefore more predisposed by the host genotype and not the
region. However, the region and its environmental conditions may also play a minor role in
formation of new races by creating conducive environment for recombination.

5. CONCLUSION

From this study, it was evident that resistance of coffee genotypes to CLR pathogen varies
and is determined by resistance genes in the coffee genotype (SH1-SH9) and the virulence
genes of the isolate. Although six additional races of H. vastatrix were recently detected in
Kenya some of which are able to infect derivatives of Robusta and HDT, the study confirmed
that genotypes in this group are still resistant against most races of H. vastatrix in Kenya. It
was therefore deduced that either these new races are not yet wide spread in all coffee
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growing areas in Kenya or that there are other major and minor genes conditioning the
coffee-rust interactions besides the SH genes. The study therefore provided additional
knowledge about the pathogen variability and the status of CLR resistance in Kenyan coffee.
This information will be useful in investigating the pathogen evolution and in designing
strategies for developing new resistant varieties.

REFERENCES

1.

2.

3.

10.

11.

12.

13.

14.

15.

16.

Davis AP, Governs R, Birdsong DM, Stoffelen P. An annotated taxonomic on spectus of
the genus Coffea L. (Rubiceae). Bot. J. Linn. Soc., 2006;152:465-512.

Pearl HM, Nagai, C, Moore, PH, Steiger DL, Osgood R.V and Ming R. Construction of a
genetic map for Arabica coffee. Theor. Popul. Biol. 2004;108:829-835.

Kathurima CW, Kenji GM, Muhoho SM, Boulanger R, Gichimu BM and Gichuru EK.
Genetic diversity among commercial coffee varieties, advanced selections and museum
collections in Kenya using molecular markers. Int. J. Biodivers. Conserv. 2012;4(2):39-
46.

Gichuru EK, Agwanda CO, Combes MC, Mutitu EW, Ngugi ECK, Bertrand B and
Lashermes P. Identification of molecular markers linked to a gene conferring resistance
to coffee berry disease Colletotrichum kahawae in Coffea arabica. Plant Pathol.
2008;57:1117-1124.

Kathurima, CW, Gichimu BM, Kenji GM, Muhoho SM and Boulanger R (2009).
Evaluation of beverage quality and green bean physical characteristics of selected
Arabica coffee genotypes in Kenya. Afr. J. Food Sci. 3(11): 365-371.

Gimase JM, Thagana WM, Kirubi DT, Gichuru EK and Gichimu BM (2014). Genetic
Characterization of Arabusta Coffee Hybrids and their Parental Genotypes using
Molecular markers. Plant Cell Biotechnol Mol Biol. 15(1&2):31-42

Bertrand, B, Guyot B, Anthony F, and Lashermes P (2003). Impact of Coffea canephora
gene introgression on beverage quality of C. arabica. Theor. Appl. Genet. 107:387-394.
Monroy L, Mulinge W, Witwer M (2013). Analysis of incentives and disincentives for
coffee in Kenya. Technical notes series, MAFAP, FAO, Rome.

Gichimu BM and Omondi, CO. Early performance of five newly developed lines of
Arabica Coffee under varying environment and spacing in Kenya. Agric. Biol. J. N.
Am. 2010;1: 32-39.

Mugo H, Irungu LW, Ndegwa PN. The diseases of coffee under the changing climate:
the established situation in Kenya. J. Agric. Sci. Technol. 2012;2:265-272.

Gichimu BM, Gichuru EK, Mamati GE and Nyende AB. Variation and association of cup
quality attributes and resistance to coffee berry disease in Coffea arabica L. Composite
cultivar, Ruiru 11. Afr. J. Hort. Sci., 2013;7:22-35.

Silva MC, Véarzea VMP, Guerra-Guimarées L, Azinheira HG, Fernandez D, Petitot AS,
Bertrand B, Lashermes PH, Nicole M. Coffee resistance to the main diseases: leaf rust
and coffee berry disease. Braz. J. Plant Physiol. 2006;18:119-147.

Gichuru EK, Agwanda CO, Combes MC, Mutitu EW, Ngugi ECK, Bertrand B and
Lashermes P. Identification of molecular markers linked to a gene conferring resistance
to coffee berry disease Colletotrichum kahawae in Coffea arabica. Plant Pathol.
2008;57:1117-1124.

Ithiru JM, Gichuru EK, Gitonga PN, Cheserek JJ and Gichimu BM. Methods for early
evaluation for resistance to bacterial blight of coffee. Afr. J. Agricult. Res.
2013;8(21):2450-2454.

Van der Vossen HAM. The Cup Quality of Disease-Resistant Cultivars of Arabica Coffee
(Coffea arabica). Exp Agric. 2009;45:323-332

Gichuru EK, Ithiru JM, Silva MC, Pereira A.P and Varzea VMP. Additional physiological
races of coffee leaf rust (Hemileia vastatrix) identified in Kenya. Trop Plant Pathol.
2012;37(6):424-427.



313

279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Guzzo SD, Harakava R, Tsai SM. lIdentification of coffee gene expressed during
systemic acquired resistance and incompatible interaction with Hemileia vastatrix. J
Phytopathol. 2009;1:1-14.

Matiello JB, Santinato R, Garcia AWR, Almeida SR, Fernandez DR. Cultura de cafe” no
Brasil. In: Matiello JB (ed) Novo Manual de Recomendac,0”es. MAPA/PROCAFE, Rio
de Janeiro. 2002.

Gichimu, BM. Field Screening of Selected Coffea arabica L. Genotypes against Coffee
Leaf Rust. Afr. J. Hort. Sci. 2012;6:82-91.

Herrera JC, Alvarado G, Cortina H, Combes MC, Romero G, Lashermes P. Genetic
analysis of partial resistance to Coffee Leaf Rust (Hemileia vastatrix Berk & Br.)
introgressed into the cultivated Coffea arabica L. from the diploid C. canephora species.
Euphytica. 2009;167:57-67.

Thitai GNW, Okioga DM. A new physiologic race of Hemileia vastatrix in Kenya. Kenya
Coffee. 1977,42:241-243.

Nunes, CC, Maffia, LA, Mizubuti, ES, Brommonschenkel, SH, Silva, JC. Genetic
diversity of populations of Hemileia vastatrix from organic and conventional coffee
plantations in Brazil. Australas. Plant Pathol. 2009;38:445-452.

Tamayo, PJ; Vale, FXR. DO; Zambolim, L; Chaves, GM.; Pereira, AA. Resisténcia do
Catimor a ferrugem e viruléncia de racas fisioldgicas de Hemileia vastatrix Berk. & Br.
Fitopatologia Brasileira, 1995;20:572-576.

Varzea, VMP, & Marques, DV. Population variability of Hemileia vastatrix Against
Durable Resistance. In E. Zambolim , M. Zambolim & V. M. P. Varzea (Eds.), Durable
Resistance to Coffee Leaf Rust. Brazil, Vicosa. 2005; pp 305.

Teixeira-Cabral TA, Sakiyama NS, Zambolim L, Pereira AA, Barros EG, Silva DG.
Characterization of differential coffee tree hosts for Hemileia vastatrix Berk. et Br. with
RAPD markers. Crop Breed Appl Biot. 2004;4:68-73.

Van der Vossen, HAM. A critical analysis of the agronomic and economic sustainability
of organic coffee production. Exp Agric. 2005;41:449-473

Hindorf H and Omondi CO. A review of three major fungal diseases of Coffea arabica L.
in the rainforests of Ethiopia and progress in breeding for resistance in Kenya. J. Adv.
Res. 2011;2:109-120.

Sera GH, Sera T, Ito DS, Azevedo JA, da Mata JS, D6i DS, Filho CR, Kanayama FS.
Resistance to Leaf Rust in Coffee Carrying SH3 Gene and others SH Genes. Braz.
Arch. Biol. Technol. 2007;50(5):753-757.



