MORPHOLOGICAL CHARACTERIZATION OF Cercospora cof-

fiecola ON ROBUSTA COFFEE BERRIES IN UGANDA

BY
ANYIJUKA MARK
BSc Science Technology - Biology (Hons), KyU.

REG NO: 21/U/GMCS/14029/PE

A DISSERTATION SUBMITTED TO THE DIRECTORATE OF RE-
SEARCH AND GRADUATE TRAINING IN PARTIAL FULFILMENT
OF THE REQUIREMENTS FOR THE AWARD OF MASTER OF SCI-

ENCE IN CROP SCIENCE OF KYAMBOGO UNIVERSITY

OCTOBER 2025



DECLARATION

I, ANYIJUKA MARK, do hereby declare that this work is original and has

not been presented to any university or institution for any award.

SIgnature: .......oooiiii e Date: ...ooiiiiiii



APPROVAL

This dissertation has been supervised by us and it is hereby approved to be

submitted for examination.

Signed: ....ooooviiiii Date: .....coooviiiiiiin,

Dr. AKELLO JULIET

Signed: .....oooviiiiii Date: .....cooeviiiiiiiint.

Dr. NUWAMANYA EPHRAIM

Signed: ....ooviiiii Date: ...

Dr. KAGEZI GODFREY



DEDICATION

This piece of work is dedicated to my family, friends, and workmates for their
unwavering professional financial, and moral support which motivated pursuit

of this degree.



ACKNOWLEDGEMENT

| wish to express my sincere gratitude to my academic supervisors; Dr. Juliet
Akello, Dr. Ephraim Nuwamanya, and Dr. Godfrey Kagezi for their guidance
and mentorship during this research study. I am also grateful to the staff of Na-
tional Coffee and Cocoa Research Institute (NaCORI) for the moral and tech-
nical support.

Sincere appreciation goes to United States Agency for International Develop-
ment (USAID), and Feed the Future and the Enhancing Resilient and Adaptive
Agricultural Livelihoods in Uganda (ERAAL) for the sponsorship that enabled
me to conduct this study. Kyambogo University is also appreciated for grant-
ing me a chance to train from there. Further appreciation goes to the manage-
ment of NaCORI most especially the Plant health management (CPhM) for all

their guidance towards my studies.



TABLE OF CONTENTS

DECLARATION ..ot i
APPROVAL ...t i
DEDICATION ...ttt \Y
ACKNOWLEDGEMENT ..ottt Y
LIST OF TABLES. ... ..ot X
LIST OF FIGURES.......co o Xi
ABSTRACT . Xiv
CHAPTER ONE: INTRODUCTION ...t 1
1.1 BACKGIOUNT ...ttt 1
1.2 Problem Statement............cooviiiiieiieiiee e 4
1.3 Objectives of the StUdY ...........ccocviveiiiiiii e, 5
1.3.1 General ODJECIVE ......ccviieiiiie e 5
1.3.2 SPECIfiC ODJECHIVES ....ccvvvieiiiic et 6
1.3.3 HYPONESES ...t e 6
1.4 Significance of the STUAY ..o 6
1.5 JUSEITICAEION ..o 7
CHAPTER TWO: LITERATURE REVIEW ..., 8
2.1 Importance and description of coffee ...........ccoevvveiiiiii i, 8
2.2 Constraints to coffee production.............ccceeeviiiiie i, 9
2.3 Fungal diseases constraining Robusta coffee production .................... 9

Vi



2.4 Taxonomic Insights and Agricultural Importance of Cercosporoid

FUNGI et e e e et e e e e e e e e nee e e e 10
2.5 Economic importance of genus Cercospora to Agriculture. ............... 10
2.6 Distribution of Cercosporoid fUNGi..........ccccveieiiiieiiiiiicieeee e 11
2.7 Phylogeny of the Genus CercoSPOra.........ccceeuvueeeirieeeiniieeeiieeenieeenns 11
2.8 Distribution and host range of Cercospora coffeicola....................... 13
2.9 Symptom variability of Cercosporiosis in Robusta coffee ................ 14

2.10 Infection process and symptom expression of Cercosporiosis in

RODUSEA COTTRE ... 16
2.11 ldentification and differentiation of Cercospora coffeicola............. 18
CHAPTER THREE: MATERIALS AND METHODS ..........c..c...... 20

3.1 Identification of Cercospora coffeicola morphotypes on berries of

RODUSEA COTTRE ... 20
311 STUAY AT ...ueiieiiiie et ettt 20
3.1.2 Study design and sampling technique............cccccoovveiiic e, 20
3.1.3 Symptom identification and assesSmMent ............cccceevvveeiiieeeiineenn, 21
3.1.4 Pathogen isolation and identification.............cccooovviiiiieiiie i, 21
3.1.5 Data @NAIYSIS....cciuvieiiiiiieiiie et 22

3.2 Determination of Cercospora coffeicola isolates virulence on Robusta

coffee berries IN Uganda..........cocvviiiiiiiiiieie e 23
3.2 L SEUAY AT ...ccc ittt 23
3.2.2 Experimental deSign..........cooieiiiiie e 23

vii



3.2.3 Establishment of experimental trial and selection of plant materials

3.2.4 Selection of C. coffeicola isolates, preparation of inocula, and

INOCUTAETION ... s 24
3.2.5 Data COHNBCHION ... 25
3.2.6 Data @NaAIYSIS....ccuvveeiiiee it 25
CHAPTER FOUR: RESULTS ...t 26

4.1 Morphological identification of coffee red blister disease (CRBD)
pathogen, Cercospora coffeicola morphotypes on Robusta coffee in the

three major Robusta coffee growing regions of Uganda......................... 26

4.1.1 Coffee Red Blister Disease (CRBD) incidence in the three major

Robusta coffee growing regions of Uganda..............ccccceevvieeiiiee e, 26

4.1.2 Coffee Red Blister Disease (CRBD) metrics in the major Robusta

coffee growing regions of Uganda ...........cccecveiieniienie e 26
4.1.2.2 Lesion Relative Area per BEITY .......ccooiveiieiieiiieneese e 28

4.1.3Coffee Red Blister Disease (CRBD) metrics

4.1.3.1 Number of 1eSIoNS Per Derry ..........oeovvveeeiiiiieee e 29

4.1.4 Morphological characterization of CRBD Symptoms on Robusta

COTTRE DBITIES e 30

4.1.5Colony characterization of Coffee Red Blister Disease (CRBD)

4.2 Pathogenicity of the Coffee Red Blister Disease (CRBD) isolates.... 36

viii



4.2.1 Effects of selected Cercospora coffeicola isolates on berries of

Coffee Wilt Disease resistant (CWD-r) Robusta coffee varieties............ 36

4.2.2 Coffee Red Blister Disease (CRBD) progress on Coffee Wilt

Disease resistant (CWD-r) Robusta coffee varieties.............cccccevveeennnen. 37
CHAPTER FIVE: DISCUSSION .......coooiiiieeeeeeeeiieee e 40

5.1 Prevalence of Coffee Red Blister Disease (CRBD) in the major

Robusta coffee growing regions of Uganda............ccccceevviiiiiiiieninnnnns 40

5.2 Morphological characterization of Coffee Red Blister Disease (CRBD)

(0] (T o7 T R SURRSUPRUPIN 42
5.3 Colony characterization .............ccccceeeiieeeiiie i 43
5.4 Pathogenicity of selected colony morphotypes..........cccccvveevveeeinenn, 45

CHAPTER SIX: CONCLUSIONS AND RECOMMENDATIONS.. 48

8.1 CONCIUSIONS ...t 48
6.2 RECOMMENAALIONS ......c.viiiiiiiiiiiieieee e 49
REFERENCES ... 50
APPENDICES ... 73



LIST OF TABLES

Table 1: Coffee Red Blister Disease (CRBD) metrics across the three

major Robusta coffee growing regions of Uganda.............cccccccveeeivvennee 27

Table 2: Symptom classification description of Coffee Red Blister Disease
(CRBD) on coffee berries sampled from the three major Robusta coffee

growing regions Of Uganda...........ccuveeieeeeiiieiiiie e 32

Table 3: Variability in symptom morphology classification of Coffee Red
Blister Disease (CRBD) lesions on coffee berries sampled from the three

major Robusta coffee growing regions of Uganda............c.ccccecvveivennnnns 33

Table 4: Colony characteristics of Cercospora coffeicola fungal

morphotypes after culturing on potato dextrose agar for 14 days at

Table 5: Disease index (%) of Cercospora coffeicola isolates on the
selected Coffee Wilt Disease resistant (CWD-r) Robusta coffee

VAL . . .. oottt 37

Table 6: Coffee Red Blister Disease (CRBD) progress rate (1) in logit per
day and adjusted coefficient of determination (R*) on selected Robusta

FoT0) i L= R TP 38



LIST OF FIGURES

Figure 1: The top coffee producing districts in Uganda. ...............cceeneee.. 2

Figure 2: Study districts in the three major Robusta growing regions of

Figure 3: Location of National Coffee Research Institute (NaCORIl),.... 23
Kituuza, Mukono district, Uganda ............ccccceeviiieiiiee e 23
Figure 4: Coffee Red Blister Disease (CRBD) lesion incidence.............. 28
Figure 5: Coffee Red Blister Disease (CRBD) lesion area per berry....... 29

Figure 6: Number of Coffee Red Blister Disease (CRBD) lesion per berry.

Figure 7: Coffee Red Blister Disease (CRBD) infection progress for 3
isolates L1C, M1C, and N1C (each representing Morphotypes II, 111, and
IV, respectively) on Robusta coffee varieties KR10 (a), KR6 (b), and KR3

(), at 65 days post INOCUIALION. ............cccvvvieiiiiecie e .39

Xi



LIST OF ACRONYMS

ANOVA Analysis of Variance

AUDPC Area Under Disease Progress Curve

BES Brown Eye Spot

CBD Coffee Berry Disease

CLR Coffee Leaf Rust

CRD Completely Randomized Design

CWD Coffee Wilt Disease

DDP District Development Plan

DI Disease Index

DNA Deoxy ribonucleic acid

GDP Gross Domestic Product

IAC Agronomic Institute of Campinas, Brazil
ICO International Coffee Organisation

ICPP Inter-Government Panel on Climate Change
KR Kituuza Robusta

MT Metrix Tonne

NaCORI National Coffee and Cocoa Research Institute
NARO National Agricultural Research Organisation
PDA Potato Dextrose Agar

PhD Degree of Philosophy

RBD Red Blister Disease

SM Symptom Morphotype

TWA Tap Water Agar

xii



UCDA

UFLA

USA

USAID

VCG

Uganda Coffee Development Authority

University Federal de Lavras

United States of America

United States Agency for International Development

Vegetative Compatibility Groups

Xiii



ABSTRACT

Coffee contributes enormously to Uganda’s economy; however, farmers cur-
rently lose over 50% yield of the crop to coffee red blister disease (CRBD), a
fungal infection caused by Cercospora coffeicola. Currently, the pathogen pos-
es the greatest challenge to Robusta coffee production though its ecology is not
fully studied. This study aimed at characterizing C. coffeicola on berries of
Robusta coffee in Uganda. A total of 47 Robusta coffee farms were randomly
sampled from seven (7) districts which were purposively selected from three
(3) Robusta coffee growing regions. Fifty (50) coffee berries were sampled
along a transect at each farm and assessed for RBD symptomatology variabil-
ity. The Coffee Red Blister Disease (CRBD) was found in all the sampled re-
gions and districts of Uganda with a prevalence rate of 38%. The highest
CRBD prevalence (47%) was observed in central Uganda and was significant-
ly different from that of Southwestern region (16%) (P <0.0001). On average,
the lesion incidence on diseased Robusta coffee berries was 10.6%. The high-
est lesion incidence was recorded in central region (13.1%) followed by mid-
eastern region (12.0%) and least in the southwestern region (6.1%). CRBD le-
sion area coverage on the coffee berry averaged at 27.3% but varied signifi-
cantly across the regions (P=0.0069) and districts (P<0.0001). Berries collected
from mid-eastern and central regions recorded a statistically higher lesion area
coverage (30%) than southwestern region (21.8%). The average number of
CRBBD lesions per coffee berry ranged from 4.4 to 8.4. Luuka district with 10
lesions per berry registered the highest number of lesions and lowest Isingiro
district (0.5). The pathogen, C. coffeicola, was isolated from infected berries
and the isolates assessed for morphological variability. Based on the isolates’
pigmentation, radial growth, colony elevation, sporulation ability, and shape,
the assessment resulted into six symptom morphotypes (SM) that were ran-
domly assigned the capital letters of the alphabets “A” to “F”. Isolated C. cof-
feicola fungi grew linearly on PDA at a rate of 2.9 to 3.6 mm/day to attain a
diameter of 27 to 70 mm in 5-14 days. Morphotype IV (colony radius =
44mm/day) had the highest growth rate, while morphotype V had the slowest
growth rate (colony radius = 35mm. Morphologically, the morphotype colonies
were peripherally flat with slightly raised front view and umbonate to radially
folded centers. Pathogenicity tests that were conducted on one susceptible Ro-
busta coffee variety (KR6) and two tolerant varieties (KR3 and KR10) using
three distinct morphotypes, L1C (Morphotype II), M1C (Morphtype III) N1C
(Morphotype IV) revealed that all the isolates were pathogenic to the three se-
lected coffee varieties. L1C caused the most cercosporiosis to KR 6 (DI =
41%) while MI1C caused the least disease (DI=1.3%) on KR3. N1C did not
infect KR10. KR6 had the highest disease index of 41.2%, while the resistant
variety, KR10 had the lowest (6.8%). In conclusion, there is variability in the
C. coffeicola pathogen complex across the Robusta coffee growing regions, as
exhibited through symptomatology of the disease on berries. This study pro-
vides baseline information on CRBD symptomatology and pathogenicity to
inform further research on the disease. This information can guide target
CRBD management strategies as well as development of new CRBD resistant
varieties.
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CHAPTER ONE: INTRODUCTION

1.1 Background

Coffee remains Uganda’s most important cash crop, contributing about 18% of
the country’s export earnings, which translates to US$ 1.50 billion from coffee
exports annually (December 2023-November 2024) (UCDA, 2024). The
entire production is carried out by approximately 1.9 million households,
nearly 7.5% of the population that are spread across 108 districts in Central,
Western, South-Western, Northern, and Eastern parts of the country (UCDA,
2019). The Busoga and mid-Northern regions are conducive for Robusta
production while the Mountain Elgon region is exclusively for the Arabica
coffee. However, both coffee types are grown in the North-Western, South-
Western and Western regions (Fig. 1). Currently, Uganda is the World’s 4t
largest producer of Robusta coffee, which accounts for up to 80% of Uganda’s
total coffee produce. Apart from the economic importance of the coffee
berries, the coffee by-products can have several applications including use as

an organic fertilizer (Hoseini et al., 2021).

Despite Robusta coffee’s relevance to Uganda’s economy, its production
fluctuates around 0.6 t/ha, close to ten times lower than its potential of 5 t/ha
(Musooli, 2017). This subsequently signifies that the sector is underperforming
and thus unable to meet the overwhelming current global market demand. At
6.87 million 60kg bags per year (April 2024 — March 2025 coffee year), the
production is way below the 20 million 60 kg bags that is currently required by
end of 2025 under the Presidential directive of 2015 (UCDA, 2021). This low
production could be attributed to soil fertility decline, climate change, poor

agronomic practices, high incidence of pests and diseases, and poor methods of



post-harvest handling of the crop produce for utmost quality, among others
(Kobusinge et al., 2018). Fungal diseases pose one of the greatest challenges to
coffee production, claiming over 50% loss of total coffee production annually
(Kyalo et al., 2024). Among the fungal pathogens, Cercospora coffeicola (B.
& Cke.), the causal agent of cercosporiosis, is one of the economically
important fungal pathogen that is known to cause brown eye spot (BES)
disease on the leaves of Arabica (Coffea arabica L.) and Robusta coffee, and

red blister disease (RBD) on berries of Robusta coffee (Martins et al., 2008).
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Figure 1: The top coffee producing districts in Uganda.

(Source: https://www.coffeebeansafrica.com/about/coffee-farming-facts/.)

For instance, cercosporiosis caused yield losses exceeding 30% during severe


https://www.coffeebeansafrica.com/about/coffee-farming-facts/

endemics in Brazil across coffee growing areas (Zambolim et al. 1997). The
disease remained detrimental to the crop with over 15% yield loss when
effective fungicide-based alternatives (Silva, 2018; Martinez et al., 2023), as
well as integrated disease management such as enhanced plant nutrition
(Cardoso et al. 2013) and biological control (Cardoso et al., 2013) were
deployed. Nonetheless, breeding for resistance against cercosporiosis has
yielded promising results in Brazil (Botelho et al., 2017) even though no
resistant coffee materials are available yet. Also, severe epidemics of
cercosporiosis have been reported across various Robusta coffee growing
tracts, for example, in Vietnam (Souza et al., 2012; Martinez et al., 2023,
Hartati et al., 2024), and registered a constant threat to the global yield and
quality of Robusta coffee. Moreover, the distribution, severity levels and
population dynamics of the disease has received little attention in Uganda until
2021 when over 40% loss of the Robusta coffee in the central region of

Uganda were attributed to cercosporiosis.

Cercospora coffeicola infection manifests as necrotic lesions on leaves,
characterized by a light-colored center surrounded by a purplish-brown ring
with yellowish edges (Nelson, 2008). On Robusta coffee berries, the pathogen
is virulent at all developmental stages, initially appearing as slightly raised red
spots with an orange-yellow halo. These spots gradually enlarge and coalesce
into dark patches that may be raised or flattened with a sunken center,
eventually drying out and consuming the entire fruit (Souza et al., 2012).
Under favorable meteorological conditions, lesions spread to neighboring
berries and clusters, leading to premature leaf drop, yield loss, and reduced

grain quality (Lima et al., 2012). Despite this, symptom expression of C.



coffeicola remains variable and lacks conclusive description. Variability is
largely shaped by meteorological factors (Durand-Bessart et al., 2020; Goulart
et al., 2016; Lorenzetti et al., 2015), as well as ecological factors such as host
and pathogen genetic variability (Botelho et al., 2017; Schumann and D’Arcy,
2012). These factors influence pathogen dynamics by affecting dispersion,
sporulation, conidial germination, mycelial growth, cercosporin production,
and host colonization (Durand-Bessart et al., 2020; Goulart et al., 2016;
Lorenzetti et al., 2015). Symptom variability of C. coffeicola leaf spots has
been extensively studied in Brazil, where two distinct forms—black spot and
brown spot—were reported (Botelho, 2019). A similar scenario occurs with
red blister disease on Robusta coffee in Uganda, which remains poorly
described. To date, no detailed study has addressed the delimitation of C.
coffeicola symptoms on Robusta coffee berries in Uganda, despite the

pathogen’s devastating impact on this national crop (Kyalo et al., 2024).

1.2 Problem statement

Cercospora coffeicola currently presents the most devastating berry disease to
Robusta coffee in Uganda (Olango et al., 2024). The disease limits the quality
and yield of the crop by 15 — 50% under severe infection (Souza, 2014). Cer-
cospora coffeicola infects coffee on both the leaves and berries (Siddiqi, 1970;
Nelson, 2008; Souza et al., 2012). Symptomology of the disease is well de-
fined on the coffee leaves, with two key and distinctive symptoms - brown and
black spots (Souza et al., 2015; Botelho et al., 2019; Vale et al., 2021). Contra-
ry to this, information on symptomology of the disease on the coffee berries is
very scanty (Nelson, 2008; Souza et al., 2012), though several field observa-

tions made on Robusta coffee in Uganda reveal that Cercosporiosis probably



exhibits a variety of symptoms (e.g., Kagezi et al., 2018; Kyalo et al., 2025).
There is therefore a need to conduct detailed scientific studies to confirm and
document the different symptoms since they have implications to the diagnosis
(Bock et al., 2008) and thus management of the disease (Burgess et al., 2008;

Radhakrishnan et al., 2019).

Beyond symptomatology, there is also limited information on the virulence
variability of the pathogen (Tuggle et al., 1999; Gu et al., 2020). This can have
significant impacts on disease management strategies as a highly virulent path-
ogen will cause more severe damage to the host plant, and/or require more ag-
gressive control methods (Sacristdn and Garcia-Arenal, 2008; Zamani-Noor et
al., 2008). However, there is limited information on the virulence of the vari-
ous symptoms of C. coffeicola on berries of Robusta coffee which complicates
its management. Understanding the virulence variability of C. coffeicola could
therefore play a major role in the development of effective management strate-
gies for this important disease of coffee (Nega et al., 2020). This study aimed
at investigating the symptomatology and virulence of C. coffeicola on berries
of Robusta coffee. This is crucial for informing future research as well as the

development of management strategies for the disease in Uganda and beyond.

1.3 Objectives of the Study
1.3.1 General Objective

To investigate the variability of Cercospora coffeicola pathogen on berries of
Robusta coffee for sustainable management of the Coffee Red Blister Disease

(CRBD) in Uganda.



1.3.2 Specific Objectives

(i) To identify Cercospora coffeicola morphotypes causing Coffee Red

Blister Disease (CRBD) on berries of Robusta coffee in Uganda.

(i) To determine the virulence of the C. coffeicola complex on berries of

Robusta coffee in Uganda.

1.3.3 Hypotheses

(i) There are no variable morphotypes of symptoms of CRBD and
resultant isolates of Cercospora coffeicola on berries of Robusta

coffee

(if) Cercospora coffeicola morphotypes infect berries of Robusta coffee

with the same magnitude.

1.4 Significance of the study

The study reveals the variability of Cercospora coffeicola, the causative agent
of Red Blister Disease (RBD) on Robusta coffee through identification of

morphotypes therein as regards isolate colony morphology and pathogenicity.

This study also enables precise extrapolation of the distribution of C. coffeicola
using updated RBD scoring methods in the region, and facilitates accurate
prediction of future disease magnitudes on Robusta coffee. Virulence
reputations were determined for dominant pathogen morphotypes and highly
virulent isolates were identified for reliable breeding of resistant material to the
Red Blister Disease. In addition, tolerant Robusta coffee varieties were
identified among the tested varieties in the study important for farmers to
better decide on the varieties to incorporate in their prospective farming

systems.



1.5 Justification

Cercospora coffeicola presents a great challenge to Uganda’s production of
Robusta coffee in that it has proven virulent to the crop at various phenological
stages and on different plant parts: leaves, fruits, and periderm to a certain

extent.

Continued reliance on the unclear identity of the pathogen C. coffeicola on
Robusta coffee in Uganda exposes the crop to unpredictable epidemics,
thereby threatening the livelihoods of over 1.9 million coffee farmers and other
stakeholders who depend on it. Cercospora coffeicola has caused enormous
damage to the nation by destroying susceptible varieties hence a threat to the
Robusta coffee germplasm as a regrettable risk to contain. Based on this
background therefore, a study was conducted to determine the
symptomatology and virulence of Cercospora coffeicola on berries of Robusta
coffee (Coffea canephora) so as to inform development of sustainable

management strategies for Coffee Red Blister Disease (CRBD) in Uganda.



CHAPTER TWO: LITERATURE REVIEW

2.1 Importance and description of coffee

Coffee is an important commodity on the global market with an estimated
value of around $200M (Simon-Gruita et al., 2019). The Uganda’s economy
thrives enormously on agriculture, ranking the enterprise in the top earners for
the country’s GDP and foreign exchange. The crop is consumed mostly as a
beverage (ICO, 2021). Based on its diverse applicability, the crop employs a
substantial amount of stakeholders spread across the numerous value chain.
For example, about 1.9 households are involved in the production of coffee in

Uganda alone (UCDA, 2021).

Coffea contains over 40 species, among which three: Coffea robusta, C.
liberica, and C. arabica are the most commercially produced for consumption.
The Coffea species vary enormously from phenotypical, biochemical,
physiological as modulated from the diverse genetic markup among the plant
species (Davis et al., 2023). For example, C. robusta is an ever-green broad-
leaved plant that grows robustly to reach canopy diameter of around 3m and
height of ~ 5m. The plant species grows best at altitudes below 1400 masl
(Musoli et al., 2013). The species is the second most grown after C. Arabica on
the globe (Madrid-Casaca et al., 2021), with one third of it grown in Brazil
(Veloso et al., 2023). While Robusta coffee accounts for nearly 80% of the
country’s production, Arabica coffee constitutes about 20%. The crop covers
an approximate 200 sq miles which translates to over 20% on the country’s
arable land. Uganda comes in 4™ as the biggest producer of the crop globally
(UCDA, 2021), and produces over 30 MT of the crop annually. Given over

70% of coffee growers in the country rely on a rain-fed production system, this



exposes the production systems of the crop to the changing climatic conditions.

2.2 Constraints to coffee production

Among other challenges, coffee production is limited by biotic (pests and
diseases), and abiotic (i.e. reduced soil fertility, drought, excessive
precipitation, poor post-harvest handling methods, and poor crop management
practices) factors (Cardoso et al., 2013; Wang et al., 2015). The pests limiting
the production of the crop range from leaf eaters, fruit borers, branch and stem
borers to root infesters (Wang et al., 2015). Among the coffee production
biotic constraints, diseases caused by fungal agents take a lion’s share of the
yield and/or quality limiting factors often causing reductions exceeding 50%

annually.

2.3 Fungal diseases constraining Robusta coffee production

Fungal pathogens dominate the constraints to coffee production across the
coffee growing regions (Durand-Bessart et al., 2020). These include Coffee
Wilt Disease (CWD), Coffee Leaf Rust (CLR), Brown Eye Spot (BES), Coffee
Red Blister Disease (CRBD), and Coffee Berry Disease (CBD) (Muller et al.,
2009). CWD caused by a soil borne fungus, Fusarium xylarioides, has been
reported as the most important disease of coffee. The pathogen causes wilting
of susceptible varieties at any stage through infection via the roots or injury on
the stem of the plant (Geiser et al., 2005; Peck, 2024). The second most
important disease is CLR, caused by Hemileia vastatrix, followed by BES that
is attributed to Cercospora coffeicola. Both pathogens cause leaf diseases that
reduce the photosynthetic area of the plant through induction of necrosis
and/or defoliation of the plant ( Liebig, 2017; Soliman et al. 2019). Berry-
infecting diseases such as RBD and CBD cause the most noticeable reduction

9



of the crop productivity since they infect the most economically important part
of the plant. RBD caused by Cercospora coffeicola, is most important on
Robusta coffee where it causes substantial crop yield reduction that can go

beyond 50% in severe epidemics (Matovu et al., 2013; Vale et al., 2020).

2.4 Taxonomic Insights and Agricultural Importance of Cercosporoid
Fungi

Cercospora coffeicola, the focal subject of this study, belongs to one of the
oldest, largest and heterogenous group of hypomycetes genera (Groenewald et
al., 2013). The name Cercospora which is applied from the combination of
Greek “kerkok” meaning tail, and “sporos” meaning seed, determines the
filiform conidia of the fungus. The genus has been treated as an anamorphic
genus, linked to the teleomorph genus Mycosphaerella (Capnodiles,
Mycosphaerellaceae; Stewart et al., 1999, Crous et al., 2004). Cercospora
genus is estimated to contain over 3000 species names as suggested by Chupp
(1954) and Pollack (1987). Cercosporoid fungi form one of the most important
phytopathological agents (Groenewald et al., 2013). The pathogens are highly

incident in production fields on various plant parts, except in the roots.

2.5 Economic importance of genus Cercospora to Agriculture

The genus has been reported on a multitude of plant species including cereals,
vegetables, ornamentals, forest trees, and grasses, among others. The genus
contains species that identify as highly host-specific, while others have a broad
host range; for example, the Cercospora apii complex (Groenewald et al.,

2005, 2006).

The Cercospora genus causes important diseases that compromise the

productivity of host plants essential for human survival. Hence the genus

10



undermines efforts towards better food security and the economic well-being
of masses dependent on the affected crops. Cercosporoid fungi may occur on
the plants as: i) saprobic organisms, consuming dead matter on the plant; ii)
secondary invaders, establishing at localities after activity of the primary
pathogen; and iii) destructive pathogens, infecting healthy tissue of plants to
cause symptoms that minimize plant vigor and productivity that translates to
substantial economic loss. Plant parts preferred by the genus include leaves,
fruits, flowers, bracts, seeds, pedicels, branches and stems. The cercosporoid
fungi are associated with fruit rots, necrotic lesions on fruits, flowers, bracts,
seeds and pedicels, as well as fruit and leaf spots (Silva et al., 2016). Due to
Cercosporoid fungi pathogenicity to plants, they have equally been utilized as

biological agents of fungal diseases and mycoherbicide agents (Mutebi, 2021).

2.6 Distribution of Cercosporoid fungi

Cercosporoide fungi have a wide coverage and distribution worldwide (Agrios,
2005; To-Anun et al., 2011; Crous et al., 2013; Groenwald et al., 2013). This
has been enabled by the genus’ ability to infect a wide variety of plant species
across a wide range of climatic conditions, i.e. from cool temperate to tropical

regions (Crous et al., 2013).

2.7 Phylogeny of the Genus Cercospora

Characterization of Cercospora as a genus has been approached with a number

of methods:

1. Based on morphological criteria as described by Chupp (1954) in his mon-
ograph, a broad concept of the genus Cercospora was established. Other

authors taxonomyically gave thename “Cercospora” based on host plant
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association (Ellis, 1971). The morphological features’ analysis strategy was
limited to hila thickening, pigmented/melanated conidia, and style of co-
nidial production (i.e. borne singly or in chains)._This work created aware-
ness and paved way for subsequent mycologists in an attempt to separate
the genera within the Cercospora complex. Different combinations of fun-
gal features like: i) conidiomatal structure,ii) sporodochia or synnemata,
iii) presence or absence of superficial mycelium as well as their texture, iv)
conidiophores branching, arrangement, ornamentation and pigmentation, v)
conidiogenous cells (proliferation, placement and scar/hilum type), and vi)
conidial shape, formation, ornamentation, septation, catenulation and pig-
mentation, were deployed. On the other hand, Deighton and Braun took a
similar approach in their series of papers (Deighton, 1971, 1976, 1979;
Braun 1996, 1999) came up with genera like Cercosporella, Cercosporidi-
um, Paracercospora, Pseudocercospora, Pseudocercosporella, Passalora,
Stenella and Stigmina. Crous and Braun (2003) scrutinized the morpholog-
ically distinguishable species associated with Cercospora s. lat in reference
to morphological features that included: structure of conidiogenous loci
(scars) and hila, whether thickened or unthickened, pigmentation in conidi-
ophores, and conidia whether present or absent. The tasked proved highly
problematic since morphological characters of the species were more uni-
form giving rise to a high-level intraspecific variation (Groenewald et al.,

2013; Bakhshi et al.. 2015).

Based on gene sequence data: this has become the most reliable method to
solve taxonomic problems around Cercospora species delimitation (Groe-

newald et al., 2013; Bakhshi et al., 2015, 2018). Although a substantial
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number of Cercospora species lack adequate sequence data as noted by
Groenewald et al. (2013), the genus Cercospora has attracted adequate at-

tention in the recent past.

2.8 Distribution and host range of Cercospora coffeicola

The pathogen was first reported in Thailand by Sontirat et al. (1980).
Currently, it widely distributed throughout all Coffee growing tracts in the
tropics and subtropics (Nelson 2008) as well as where the plant species
flourishes wildly including islands within the Pacific and Actic (Chand et al.,

1959).

Crous and Braun (2003) reported the occurrence of C. coffeicola in nearly 100
countries spread across the seven continents of Africa, Asia. North, Central,

South America, the Caribbean, and Oceania.

In terms of host range, which denotes the behavior of a pathogen and its ability
to infect members of a particular specie or a group of related species, the
pathogen is known to be non-host specific. According to Burnet (2003),
phytopathological fungi exhibit host specificity due to their ability to infect
particular living plants. Howbeit, there is limited documentation of speciation
and host specificity of Cercospora. Cercospora coffeicola exhibits mild host
specificity to coffea spp (Nelson, 2008) since it causes disease to majority of
the species within the genus. Just like other species of Cercospora, the
pathogen specifies its occurrence on coffee due to particular environmental
conditions that coincides with the flourishment of the plant and the ability of
the pathogen to invade and derive its nourishment thereof (Zhou and Hyde,

2001; Groenewald et al., 2006). C. coffeicola has been reported on various host
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species, majority of which belong to the family Rubiaceae. The family
contains approximately 40 Coffea species including Coffea arabica, C.
canephora, C. excelsa, C. laurina, C. liberica, C. Robusta, and C. stenophylla,

among others (Crous and Braun, 2003).

2.9 Symptom variability of Cercosporiosis in Robusta coffee

Coffee coffeicola has been able to establish infection on various parts of the
coffee plant. However, symptom identification has only been given adequate
attention on infection caused. For instance, on the leaves, the disease has been
identified in the field by symptoms of Brown Eye Spot (BES). BES infection
often manifests as circular or irregular spots with tan, or gray centers
surrounded by reddish brown distinct ring that is visible on the upper and
lower surface (Souza, 2012). Lesions range from 2 to 6 cm in diameter
(Nelson, 2008). BES limits crop productivity by heightening defoliation that
reduces the overall photosynthetic area of the plant (Nelson, 2008; Souza,

2012, 2016).

Botelho (2019) reported a new symptom caused by the pathogen on the leaves
as a darker and larger lesion, named “black spot”. Variability between the two
symptoms has been investigated to define morphological, molecular and
virulence distinctness. Symptom identification on the stem parts has hardly
been reported, even though the pathogen is known to establish an infection on

the plant part.

On coffee fruits, the pathogen is documented to be infectious to all stages of
development. The disease lesions start as light to deep brown or reddish brown

raised, small, circular or irregular lesions (4-10 mm) surrounded by a purplish
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halo that yields a prematurely ready tissue on the fruit. These later enlarge to
form sunken ovoid darkened centers with a greyish layer of presumed fungal
spores. The fungal lesions penetrate to bind the pulp to parchment and seed
complicating the post-harvest handling methods of the crop produce (Nelson,
2008). Given that symptom manifestation is as a result of particular infection
by a plant pathogen, more species can occur since one ecological requirement

may be favorable to another (Ngugi et al., 2001).

Moreover, the interaction across various kinds of microbes such as mutualistic,
antagonistic, neutral, etc or among fungi is known to occur, often resulting into
symptoms that differ from those produced by the pathogens in singular
occurrences (Madaraiga and Scharen, 1986; Davidson et al.,, 2012).
Symptomatology of established by C. coffeicola has been commonly confused
with of Colletotrichum kahawae, a fungal pathogen that causes anthracnose
disease on Coffea arabica. Studies to find out whether C. kahawae causes
anthracnose disease on C. robusta or other varieties of coffee have not been
investigated thoroughly. Red blister disease, also known as brown eye spot, of
the fruits has earned attention in Uganda. The disease has been reported to
upsurge in Robusta coffee growing parts of the country (UCDA, 2023). There
has been a lot of mis-identification of the disease on the fruits of the crop
across the coffee growing regions in the world. A diversity of symptoms
associated with RBD on berries of Robusta coffee has been observed on
various locations across the Robusta coffee growing tracts in Uganda.
Variability in symptom manifestation has been attributed to the variability in
the environmental factors that enable successful infection of the crop by the

pathogen. These factors may include air temperature, humidity, soil fertility,
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and climate change, among others. While RBD is known for its adverse impact
on the productivity and quality of Robusta coffee, little is known about the
infection process and factors involved in symptom formation and appearance
following C. coffeicola infection of Robusta coffee berries (Godoy et al., 1997;
Pozza et al., 2010; Dell’ Acqua et al., 2011; Souza et al., 2011, 2012; Delima

etal., 2012).

2.10 Infection process and symptom expression of Cercosporiosis in
Robusta coffee

Host infection by the pathogen is often enabled by conidia. These are
transmitted to the host wind and rain water dispersion from infected plant parts
or wintering spore depositions to healthy plant parts. The pathogen affects all
the aerial parts of the plant including leaves, fruits and fresh green sections of
the stem (Godoy et al., 1997). The C. coffeicola disease cycle has limited
literature. Although it has been reported that most species of Cercospora
demonstrate a hemibiotrophic life style, C. coffeicola routinely deploys a
necrotrophic colonization strategy to obtain nourishment. Such a strategy, kills
host cells when the pathogen digests host cells using cercosporin and oxygen

reactive particles (Daub et al., 2013)

Infection of the leaf

Cercosporoid pathogens present variability through germination, penetration,
and sporulation. Penetration through the stomata has been observed for C.
moricola and C. caricis during infection of mulberry and cassava, respectively
(Gupta et al., 1995; Neto et al., 1998), while direct penetration through the
epidermal cells and stomata has been demonstrated in C. arachidicola

infection of peanut foliage (Smith et al., 1992). Whereas conidia of C.
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moricola develop numerous germ tubes, C. henningsii conidia has been
reported to bug and fragment into many microconidia (Gupta et al., 1995;

Ayesu-Offei and Antwi-Boasiako, 1996).

The germ tubes elongate toward the stomatal opening where the pathogen
penetrates the host. The invader then grows within the intercellular space
before progressing to the spongy parenchyma cells. At seven days after conidia
landing, symptoms of the disease start to manifest. The pathogen proceeds to
devour cells within the leaf using hyphal extensions as the lesion on the leaf
enlarge. At about 20 days post conidial landing, symptoms are observed as
circular necrotic lesions encircled by chlorotic halos. Conidiophore emerge in

groups on the abaxial surface through the stomata.

Infection of the fruit

An investigation was made to study the infection process of C. coffeicola in
immature berries of Robusta coffee. The pathogen conidia germinated around
4 hours after deposition to show two germ tubes, in contrast with the BES C.
coffeicola that produced one germ tube. The germ tubes grew towards the
wounds on the fruit and not the stomatal openings though the fungal structures
grew over the natural openings, also differing from the leaf infection process.
There internal mycelial development though appressoria was not made by the
pathogen. However, this investigation did not cover development of lesions on
the fruit. Nevertheless, lesion development on coffee berry was investigated
by Paula et al. (2019). The authors reported progress of the infection on the
yellow and red fruit of the crop. Scarcity of information about expression of
Cercospora infection on berries of Robusta coffee prevails since the pathogen

has not been of economic importance on the plant part. Hence scientists
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focusing on the pathogen’s infection on the leaves where the caused disease
greatly limits the productivity of coffee. More studies are encouraged to
understand the variability of C. coffeicola infection across the ten Robusta

coffee lines in Uganda.

2.11 ldentification and differentiation of Cercospora coffeicola

Cercospora coffeicola, having stemmed from the traditional nomenclature
system based on host -pathogen association, the species is not exception to the
prevailing challenges associated with the method’s reliability. Host specificity
attributed to taxonomic resolution of Cercosporoid fungi has been disregarded
due to multiple reports of the pathogens infecting and sporulating on different
species of hosts (Vaghefi et al., 2017, 2018; Knight et al., 2019). For example,
C. coffeicola does not only infect various species of Coffea including C.
canephora and C. arabica but also distant species like castor beans (Rucinus
communis) (Sauza et al., 2011). The fungus has a number of names that
include Ramularia goeldiana, Cercospora coffeae, Cercospora herrerana, and
Mycosphaerella coffeicola as sexual morph. Crous and Braun (2003),
emphasized that species of Cercospora genus contain morphologically
confusable species. This has in the long run translated to a highly
interspecifically variant taxon as noted by Groenewald et al. (2013) and

Bakhshi et al. (2015).

Various approaches have been put to the task of characterizing C. coffeicola
population structure among which the use of nitrogen non-utilizing mutants
with vegetative compatibility groups (VCG) was deployed to define the
population structure of the pathosystem in variable cropping systems of Brazil
(Martins et al., 2008). W.ith this method Martins et al (2008) found high
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genetic variability across all hierarchical levels checked finding a high number

of VCGS in populations of C. coffeicola.

Vale (2021) used a multi-locus approach to screen 19 isolates of varying
symptom for BES disease. Through this approach, five regions of the
pathogen’s genetic makeup were amplified and analyzed. The regions included
the internal transcribed spacer regions and intervening 5.8S nrRNAs, actin,
calmodulin, histone H3, and translation elongation factor, 1-alpha. The authors
discovered that all the strains aligned with C. coffeicola strain from Japan

without finding intraspecific variability.

Identifying symptom morphotypes and cultural morphotypes of C. coffeicola is
essential for effective disease management and understanding the pathogen's
variability. Symptom morphotypes reflect distinct disease manifestations on
infected coffee berries, which can vary among isolates, aiding in accurate
diagnosis and severity assessment. Conversely, cultural morphotypes pertain to
growth characteristics observed in vitro, such as colony color and texture,
providing insights into the pathogen's physiological diversity. This knowledge
facilitates the differentiation of pathogenic races and informs breeding
programs aimed at enhancing coffee resistance. Comprehensive
characterization of both morphotypes is crucial for developing targeted
management strategies to mitigate the impact of C. coffeicola on coffee

production.
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CHAPTER THREE: MATERIALS AND METHODS

3.1 Identification of Cercospora coffeicola morphotypes on berries of
Robusta coffee
3.1.1 Study Area

The study was conducted in the three major Robusta coffee growing regions of
Uganda including central, southwestern and mid-eastern (Jassogne et al.,
2013). At least two neighboring districts in each region were randomly select-
ed for a survey. The selected districts included Mukono, Luweero, and Nak-
aseke in central region; Ntungamo and Insingiro in southwestern region; and

Iganga and Luuka in mid-eastern Uganda (I1'TA, 2024).
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Figure 2: Study districts in the three major Robusta growing regions of

Uganda

3.1.2 Study design and sampling technique

A multi-stage sampling technique was used to select well established Robusta

coffee farms of more than 0.5 acres since over 80% of the coffee growers are
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smallholder farmers. Sampling a farm of more than 0.5 acres of robusta coffee
enables detection sensitivity and disease incidence and severity may follow
aggregated or clustered patterns. In each of the seven (7) districts, two (2) sub-
counties were randomly selected and in each subcounty, 6 or 7 farms were
sampled giving a total of 47 farms of Robusta coffee that were used in the
study. At each coffee farm, 50 Robusta coffee berries were picked randomly
from the Coffee Red Blister Disease (CRBD)- infected Robusta coffee trees
and surface sterilized with 70% ethanol before they were packed in sterile air-
tight ziplock bags (Guo et al., 2000). The samples were then transported to the

pathology laboratory at NaCORI, Mukono, Uganda.

3.1.3 Symptom identification and assessment

The sampled coffee berries were assessed for CRBD incidence by recording
presence or absence of the disease. Symptoms of the disease were then as-
sessed visually and differentiated into symptom classifications based on their
phenotypic variability, i.e. pigmentation, elevation, wetness, evenness and le-
sion diameter (mm) on the berry as described by Nelson (2008). Incidence of
each symptom classification was recorded as presence or absence of the par-
ticular symptom classification on a coffee berry. Disease severity was recorded
as the area of the particular lesion on the coffee berry’s pericarp and expressed
as a percentage. After that, the average number of lesions belonging to a par-

ticular symptom classification per coffee berry was computed.

3.1.4 Pathogen isolation and identification

Two thousand three hundred fifty (2,350) CRBD-infected coffee berries were
surface sterilized with 70% ethanol, placed on sterile ethanol and left to air
dry. Cercospora coffeicola was isolated from the lesions from the coffee ber-
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ries by excising and plating on water agar as described by Tondok and Sa’adah
(2023), and then incubated for five days under room temperature at photoperi-
od of 12hr/12hr light-dark period. The resultant fungal colonies, typical of
Cercospora coffeicola, were sub-cultured on Potato Dextrose Agar (PDA;
Sigma-Aldrich, St. Louis, MO, USA) and incubated under similar growth con-
ditions described above for 14 days (Souza et al., 2012). Pure cultures were
generated by transfer of hyphal tips on PDA according to Guo (2021). Prior to
use, water agar and PDA were sterilized in an autoclave at 121°C for 15

minutes, cooled and then dispensed into sterile 90 mm diameter Petri dishes.

Colony characteristics, namely, colony pigmentation, texture, growth rate,
sporulation ability, shape, and elevation were assessed on the cultures accord-
ing to Chupp (1954). Pigmentation was visually observed on 12 day — old cul-
tures on PDA. Texture was assessed by examining the culture morphology.
Ability to sporulate was assessed by scraping the surface of the colony and ex-
amining the harvested hyphal mass for using a ZEISS Axio Lab.Al optical mi-
croscope (Carl Zeiss Microscopy GmbH, Germany) at a magnification of
X400. Lastly, growth rate was determined by measuring colony diameter (in
mm) daily for 14 days. Colonies were maintained at room temperature at pho-

toperiod of 12hr/12hr light-dark period.

3.1.5 Data analysis

The collected data on disease incidence and severity were entered into Mi-
crosoft Excel and exported to SAS for Windows 10 for all the analyses. These
were analyzed using analysis of variance (ANOVA). Before running the
ANOVA, datasets were tested for normal distribution using Shapiro-Wilk test..
In order to check if the variance of dependent variable was equal across
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groups, Levene’s test was used. Since the datasets met these two assumptions
evidenced by P>0.05 for both Shapiro-Wilk test and Levene’s test, they were
not transformed. Thereafter, where significant differences were observed
across group means, the means of incidence and severity of the symptom clas-
sification of CRBD were separated at a 95% confidence level. For the means’

separation, Tukey’s studentized range test was used (SAS, Version 9.4. Inc)

3.2 Determination of Cercospora coffeicola isolates virulence on Robusta
coffee berries in Uganda
3.2.1 Study Area

The experiment was conducted on station in the NaCORI experimental fields.
The institute is located at Kituuza village, Ssaayi Parish, Ntenjeru Sub-county,
Mukono district (Fig. 2). Mukono district is described in sub-section 3.1.1

above.
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Figure 3: Location of National Coffee Research Institute (NaCORI),
Kituuza, Mukono district, Uganda

3.2.2 Experimental design
The on-station experiment was laid in a completely randomized design (CRD)
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in a screen house, with three replicates. The treatments were three (3) C. cof-
feicola isolates that were randomly selected from separate morphotypes ob-
tained in the identified colony morphotypes. Three Coffee Wilt Disease re-
sistant (CWD-r) Robusta coffee varieties, i.e. KR3, KR6, and KR10, were used
in the study. A coffee cluster with more than 4 fruits at hardening acted as a

sampling unit and this was replicated three times.

3.2.3 Establishment of experimental trial and selection of plant materials

The screen house experiment was set-up in the screen-house at NaCORI in
February 2021. Three Robusta coffee varieties: KR3, KR6, and KR10 that
have been observed to exhibit tolerance to the CRBD pathogen in descending
order, i.e. KR10>KR3>KR6, (Godfrey Sseremba, Pers. Comm.) were selected
for the study. Ten mature coffee trees for each variety (aged 2 years) with at
least 3 actively bearing primaries (having 3 or more clusters each bearing at

least four berries at hardening stage) were used for the study.

3.2.4 Selection of C. coffeicola isolates, preparation of inocula, and
inoculation

Three morphotypes were purposively selected based on their pronounced
pathological characters such as cercosporin production and growth rate. A sin-
gle isolate was selected randomly from each of the 3 morphotypes and mass-

produced for inoculum generation.

Each isolate was grown on sterile PDA media in 90mm Petri dishes for 12
days and then harvested to generate fungal inoculum according to Donzelle
and Churchil (2007). The 12 day — old cultures were used for inoculum prepa-
ration by scraping off with a sterile scalpel, weighed, and fragmented in a

blender (commercial blender, USA) at full speed for 3 min. Mycelium suspen-
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sions were prepared each isolate to a final concentration of 15mg mL™.

A volume of 10 mL inoculum of a given isolate was smeared on to a cluster
with 4 or more berries using sterilized cotton wool on the selected primary

branch of a particular Robusta coffee variety and replicated 3 times.

3.2.5 Data collection

Latent period and incidence were captured for each new infection of the berries
by the pathogen. Severity data were captured by estimating and computing the
percentage area of each berry covered by disease symptoms every 2 days from
the 15" day after inoculation when the first symptom was observed. Data was

collected for 6 weeks.

3.2.6 Data analysis

Disease progress curve was constructed and Area Under Disease Progress
Curve (AUDPC) calculated to determine the pathogen morphotypes’ infection
severity on Robusta coffee varieties. Equally, datasets for lesion incidence,
number of lesions per berry, lesion area per berry, disease index, colony diam-
eter, and growth rate were subjected to analysis of variance (ANOVA). Prior to
conducting the analyses, the data were tested for normality and homogeneity of
variance as previously described in section 3.1.5. Similarly, where significant
differences were observed, treatment means were separated by Tukey’s studen-
tized range test at a 5% alpha level. All the statistical analyses were done in

SAS statistical software (Version 9.4).
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CHAPTER FOUR: RESULTS

4.1 Morphological identification of coffee red blister disease (CRBD)
pathogen, Cercospora coffeicola morphotypes on Robusta coffee in the
three major Robusta coffee growing regions of Uganda

4.1.1 Coffee Red Blister Disease (CRBD) incidence in the three major
Robusta coffee growing regions of Uganda

Coffee Red Blister Disease was prevalent in all the sampled districts and re-
gions. The incidence of CRBD on the 47 coffee gardens assessed in the study
area was 38%. This incidence varied significantly (p <0.001) across the coffee
growing regions, with the highest incidence (47%) registered in the central re-

gion and the lowest (16%) observed in the southwestern region.

4.1.2 Coffee Red Blister Disease (CRBD) metrics in the major Robusta
coffee growing regions of Uganda

The metrics of the Coffee Red Blister Disease (CRBD) in the major Robusta
coffee growing regions of Uganda are summarized in Table 1 and Fig. 3 and 4

below.

4.1.2.1 Lesion Incidence

Overall, mean lesion incidence of 11.9% was observed on diseased Robusta
coffee berries and it varied significantly across the regions (P=0068) as well as
across districts (P<0.0001). The highest incidence was recorded in the central
region (13.38%), but this was not significantly (p=>0.05) different from the
mid-eastern region (12.0%) while the lowest incidence was observed in the
southwestern region (6.61%) (Table 1). At district level, the highest incidence
was recorded in Mukono district (15.0%), but this was not significantly
(p=>0.05) different from the other districts apart from Isingiro district, which

recorded the lowest incidence (1.25%) (Fig.3).
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Table 1:

Coffee Red Blister Disease (CRBD) metrics across the three

major Robusta coffee growing regions of Uganda.

Regions Disease metrics

L1 (%) LAB (%) NLB
Central 13.38+1.05a | 30.33+1.60a 8.59+0.77 a
Mid-eastern 12.00+1.77ab | 30.20£2.95a 8.16 £1.29 ab
Southwestern 6.61+150b |21.79+4.07a 439+131a
Mean 11.94+0.82 | 28.77+1.38 7.76 £0.61
Ccv 85.02 59.92 97.21
F value 5.16 2.87 3.55
P value 0.0068 0.0596 0.0311

LI=Lesion incidence, LAB=Lesion area per berry, NLB=Number of lesions per berry, Means

+SE in columns followed by the same letters are not statistically different at a 5% probability

level, Tukey s studentized range test.
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Figure 4: Coffee Red Blister Disease (CRBD) lesion incidence. Error bars
represent the standard error of the mean. For each variable, bars
bearing the same letters are not significantly different at a 5%
probability level, Tukey’s studentized range test.

4.1.2.2 Lesion Relative Area per Berry

CRBD lesion area coverage on the coffee fruits sampled in the three major Ro-
busta coffee growing regions of Uganda, averaged at 28.7% and did not varied
significantly across the regions (P=0.0596) The highest lesion area coverage
was recorded in the central region (30.3%); but this was not significantly
(p=0.05) different from mid-eastern region (30.2%), whereas the lowest per-
centage (21.8%) was in the southwestern region (Table 1). Across districts, the
highest CRBD lesion area was recorded in Ntungamo district (37.1%), but this
was not significantly (p>0.05) different from other districts apart from Isingiro

district, which had the lowest percentage (6.3 %) (Fig. 4).
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Figure 5: Coffee Red Blister Disease (CRBD) lesion area per berry. Error
bars represent the standard error of the mean. For each variable,
bars bearing the same letters are not significantly different at a
5% probability level, Tukey’s studentized range test.

Lesion area per berry (%)

4.1.3 Coffee Red Blister Disease (CRBD) metrics
4.1.3.1 Number of lesions per berry

Overall, mean number of CRBD lesions per berry was 7.0 and was significant-
ly (P=0.0311) different across the regions. Nevertheless, the highest mean
number of CRBD lesions per berry (8.4) was observed in the central region

and the lowest (4.4), in the southwestern region (Table 1).

On the other hand, the mean number of CRBD lesions per berry varied signifi-
cantly (P=0.0056) across the sampled districts. The highest number of lesion
per berry was recorded in Luuka district (10.0), but this was not significantly
(p=>0.05) different from observations in Mukono (9.4), Ntungamo (8.3), Nak-
aseke (7.4) and Luweero (7.3) whereas, the lowest number was recorded in

Isingiro district (0.5) (Fig. 4).
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Figure 6: Number of Coffee Red Blister Disease (CRBD) lesion per
berry. Error bars represent the standard error of the mean. For
each variable, bars bearing the same letters are not significantly
different at a 5% probability level, Tukey’s studentized range
test.

4.1.4 Morphological characterization of CRBD Symptoms on Robusta
coffee berries

Based on the visual attributes of the observed CRBD symptoms, six (6) symp-
tom classifications, i.e. A to F, emerged from the samples collected from the
three major coffee growing regions of Uganda (Table 2). The symptom mor-
phology classification of Coffee Red Blister Disease (CRBD) lesions which
were observed on sample coffee berries in the three major Robusta coffee
growing regions of Uganda is summarized in Table 3. All the disease metrices
varied significantly across the regions; lesion incidence (P<0.0001), number of
lesions per berry (P<0.0001), and lesion area coverage per berry (P<0.0001)
among symptom morphotypes. The highest lesion incidence was recorded on
symptom classification C (18.6%), but this was not significantly (p=>0.05) dif-
ferent from classification A (12.6%) and E (11.5%). The lowest lesion inci-
dence was observed on symptom classification D (5.3%). In addition, the high-
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est number of lesions per berry was recorded on symptom classification A
(11.5), but this was not significantly (p>0.05) different from classifications C
(9.9) and B (11.0). The lowest number of lesions per berry was recorded on
symptom classifications D (2.7) and F (2.9). Whereas the highest percentage
lesion area per berry was recorded on symptom classifications F (44.1%) and E

(40.9), the lowest percentage was observed on classification B (18.8%).
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Table 2: Symptom classification description of Coffee Red Blister Disease (CRBD) on coffee berries sampled from the three major
Robusta coffee growing regions of Uganda

Symptom classification

Symptom class description

Visual symptom progressive variability

A

Elevated, brownish wet blisters with yellowish sur-
rounding (2-4 mm).

B Elevated, brownish wet blisters with yellowish sur-
rounding (2-4 mm).

C Flat, reddish-tan wet blister (4 -20 mm)

D Elevated, reddish-tan wet blister (4-8 mm) with elevated
brownish—yellowish concentric ring (6-10 mm).

E Sunken, dark dry blister (6 -15 mm)

F Indented, dark dry aspect with cracks (4 -16 mm)
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Table 3: Variability in symptom morphology classification of Coffee Red
Blister Disease (CRBD) lesions on coffee berries sampled from the
three major Robusta coffee growing regions of Uganda.

Symptom Disease metrics

morphology Lesion incidence | Number of lesions Lesion area per berry
(%) per Berry (%)

A 12.59 £ 1.55 ab 11.50+1.84 a 22.14+2.65¢

B 11.92+142b 10.96 £ 1.66 a 18.81 +1.88¢

C 18.57+2.03 a 9.86 +1.02 ab 37.26 £2.22 ab

D 5.33+0.59b 2.73+£030c¢ 26.67 £2.83 be

E 1148+ 1.50b 4.95+0.75 be 4091 +2.64 a

F 6.82+1.07b 291+0.44¢ 44.09 £ 5.08 a

Mean+SE 11.94 +0.82 7.76 £ 0.61 28.77 £1.38

CV 85.02 97.21 59.92

F value 6.46 6.86 13.89

P value <0.0001 <0.0001 <0.0001

For each variable, Means £SE in column followed by the same letters are not statistically different at a
5% probability level, Tukey s studentized range test.

Colony characterization of Coffee Red Blister Disease (CRBD)

Based on morphological trait assessment, results of colony pigmentation, radial

growth rate and colony architecture led to formation of six groups that were referred

to as “morphotypes”. The morphotypes were designated as I, IL, IIL, IV, V and VI and

expressed diverse symptom morphology classifications. All the other morphotypes

contained at least one symptom morphology classification described in Table 3. For

instance, morphotypes I and II expressed three (3) and five (5) symptom morpholo-
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gies, respectively (Table 4). The other morphotypes, I1I, IV, V, and VI expressed two

symptom morphologies.

Consequently, morphotype II with five symptom classifications emerged as the most
diversely populated group (A, B, C, F, and E). Whereas symptom morphology classi-
fications A and D were observed in two morphotypes, the symptom classifications B
and C were highly prevalent and observed in all the morphotypes except for mor-
photypes V and VI. On the other hand, symptom morphology classifications E and F

were rare and occurred in only one morphotype (Table 4).

Furthermore, results of morphological growth assessment revealed that the isolated
fungi responsible for the CRBD on Robusta coffee berries grew linearly on PDA me-
dia over the 14-day assessment period. On average, the isolates grew at a rate of 2.87
to 3.59 mm/day to attain a diameter of 27 to 70 mm in 5-14 days, depending on the
morphotype. At day 10, most colonies fully covered the plates although their resident
morphotypes’s growth did not vary significantly (P>0.05). Morphotype IV at a colony
radius of 44.1mm, had the highest growth rate followed by morphotypes II, VI, I, III,
while morphotype V had the shortest radius of 34.6mm (Table 4). Morphologically,
the morphotype colonies were peripherally flat on the media surface (front view) with
slightly raised and umbonate to radially folded centers. For the reverse side, the colo-
nies appeared velvety olivaceous-gray to brown and dark grayish. Irrespective of
growth rate, all the colonies of all the different morphotypes were void of spores

when cultured on PDA for the entire growth duration.

34



Table 4: Colony characteristics of Cercospora coffeicola fungal morphotypes after culturing on potato dextrose agar for 14 days at 28°C.

Visual presentation
(Front/Back)

Morphotype | Morphotype description Radial growth Symptom classifica-
(mm) at day 10 tion Incident
post inoculation

I Raised greyish-brown center to dark greyish circular 3550+ 1.32 B,C,and D

filiform periphery with a dark greyish reverse

11 Umbonate light greenish center to dark greenish brown 40.40 £1.72 A,B,C,F,and E

circular entire periphery with a dark greenish to light
greenish reverse

III Umbonate light green-greyish colony with a circular en- 34.67+2.91 Band C

tire margin and a greenish to brown reverse

v Flat grey greenish center to a light greenish circular en- 44.14 +£3.53 Aand B

tire periphery and a dark to light greenish reverse

\Y Umbonate whitish to light greyish and dark greenish 34.62 +£3.35 Cand D

periphery with a cracked blue greenish reverse

VI Raised whitish fluffy colony with a filiform circular pe- 37.00 +4.55 A

riphery with a dark brownish reverse having a light
brownish periphery
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4.2 Pathogenicity of the Coffee Red Blister Disease (CRBD) isolates

Results of pathogenicity assessment of selected fungal isolates (L1C- Morphotype
I, M1C-Morphotype III and N1C - Morphotype VI) on Coffee Red Blister Dis-
ease (CRBD) susceptible Robusta coffee variety (KR6) and tolerant varieties (KR3
and KR10) revealed that the isolates were pathogenic to inoculated coffee berries

of all these varieties.

4.2.1 Effects of selected Cercospora coffeicola isolates on berries of Coffee Wilt
Disease resistant (CWD-r) Robusta coffee varieties

Table 5 shows that the disease index varied significantly (p<0.0001) across the
Cercospora coffeicola isolates for the three selected Coffee Wilt Disease resistant
(CWD-r) Robusta coffee varieties. The highest disease index was recorded on iso-
late L1C for all the selected CWD-r varieties. Among the varieties, the susceptible
variety, KR6 had the highest index of 41.2%, while the resistant variety, KR10 had
the lowest (6.8%). N1C did not cause disease on KR10 while control remained

below the isolates treatment.
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Table 5:

Disease index (%) of Cercospora coffeicola isolates on the
selected Coffee Wilt Disease resistant (CWD-r) Robusta coffee

varieties

Treatment CWD-r varieties

KR3 KR6 KR10
NI1C 2.57+0.41a 3.29 +£0.35a 0.00 £+ 0.00a
MIC 1.26 £ 0.22a 16.27 = 1.13b 6.60 = 0.59b
LIC 20.76 = 1.02b 41.22 +£2.58¢ 6.84 +1.01b
Control 0.90+0.21a 1.96 + 0.42a 0.45+0.22a
Mean + SE | 6.37 +0.51 15.70 £1.07 3.47+0.34
Cv 158.04 135.35 193.74
F value 285.20 161.63 40.00
P value <0.0001 <0.0001 <0.0001

4.2.2 Coffee Red Blister Disease (CRBD) progress on Coffee Wilt Disease
resistant (CWD-r) Robusta coffee varieties

Table 6 shows that the rate of disease progress on the varieties varied significantly
(P<0.0001) among the isolates. The highest rate of disease progress (8.87 logit per
day) occurred on KR3 by isolate M1C while the lowest disease rate (0 logit per

day) occurred on KR10 for isolate N1C.

For the control treatment, there were traces of disease infection on inoculated
coffee berries, but the disease never progressed and remained at <0.01% (Fig. 6).
However, disease progression and severity on the different Robusta coffee

varieties depended on time (P<0.0001) and the interaction between time and
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isolate (P=0.0233).

Generally, the disease severity index at 60 days post inoculation onwards was
significantly (P>0.05) higher than that at <15 days post inoculation. Although no
statistical difference on disease severity existed across time from inoculation to the
terminating the experiment for the control, M1C, and N1C treatments, the disease
severity index recorded at < 5 days post inoculation was significantly lower than
that registered at 59 days post inoculation for the L1C treatment.

Table 6: Coffee Red Blister Disease (CRBD) progress rate (r) in logit

per day and adjusted coefficient of determination (R?) on selected Robusta
coffee varieties

KR10 KR6 KR3
Isolates | Rate r R° |Rater R° |Rater R’
L1C 0.17 0.20 | 0.06 0.65 | 0.04 0.51
M1C 0.70 0.79 | 0.08 0.41 | 8.87 0.11
N1C 0 0 0.14 0.59 | 8.83 0.07
Control | O 0 0.22 0.17 | 8.46 0.20
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Figure 7:

Coffee Red Blister Disease (CRBD) infection progress for 3 isolates L1C, M1C, and N1C (each representing

Morphotypes 11, 111, and 1V, respectively) on Robusta coffee varieties KR10 (a), KR6 (b), and KR3 (c), at 65 days post
inoculation.
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CHAPTER FIVE: DISCUSSION

5.1 Prevalence of Coffee Red Blister Disease (CRBD) in the major Robusta
coffee growing regions of Uganda

The survey results revealed that on average, the incidence of Coffee Red Blister
Disease (CRBD) was 38% in the three major Robusta coffee growing regions of
Uganda. This finding is in agreement with earlier research studies conducted in
these regions (Kagezi et al., 2018; Olango et al., 2024), though lower incidences
have also been reported (Kyalo et al., 2025). Results of this study confirm that
CRBD is still present in the three major Robusta coffee production areas. Histori-
cally, CRBD was considered a minor disease in the coffee gardens because of its
sporadic nature with low severity ratings recorded (Mwatsiya et al., 2023). How-
ever, in recent years, the incidence and severity of the disease have increased dra-
matically in all the Robusta coffee growing regions of Uganda (Kagezi et al.,
2018; Olango et al., 2024). Ayalew et al (2024) explained that increased coffee
diseases in a key climate change adversary. In addition, the perennial nature of cof-
fee could be keeping the inoculum in the coffee gardens for a long time (Mwatsiya
et al., 2023). Also, the recent expansion of coffee cultivation, mainly in the Ro-
busta coffee growing regions of Uganda could equally be responsible for favoring

development of the pathogen.

Results of this study further showed that CRBD incidence varied across the Ro-
busta coffee growing regions, with the highest incidence (13.4%) registered in
Central region. Similarly, Olango et al. (2024) reported high incidences of CRBD
on Robusta coffee in the districts of Luwero (42%), Mpigi (71%) and Kayunga

(81%), which are located in central Uganda. The scholar attributed the heightened
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disease incidence majorly to poor agronomic practices, a strong predisposal factor
to crop for occurrence of CRBD. More so, this disease has been reported to be se-
vere in low-elevation areas with temperature in ranges of 20-28°C (68—82.4°F)
and high relative humidity (Nelson, 2008). These are the characteristic conditions
of the districts which were sampled in the central region (Nakaseke, 2016; Na-

lubwama et al., 2024).

In addition, the disecase metric assessments revealed that the lesion incidence,
number of lesions per coffee berry, and lesion area per berry differed across the
three Robusta coffee growing regions of Uganda. Overall, lesion incidence and
lesion area per berry observed in southwestern region were significantly different
from those observed in central and eastern regions. Zongo et al. (2023) reported
variations between strains of Cercospora arachidicola depending on the agroeco-
logical zones. The same trend was also observed in other coffee berry diseases.
For example, in Ethiopia, the occurrence of Coffee Berry Disease caused by Colle-
totrichum kahawae on Arabica coffee was mostly prevalent in Bonga (40.0%) fol-
lowed by Yayu (26.3%) and least in Berhane-Kontir (6.0%), suggesting that these
berry diseases do vary across locations (Hindorf and Omondi, 2011). The varia-
tions in CRBD symptoms observed across different Robusta coffee growing re-
gions of Uganda may be partly attributed to genetic differences among C. coffeico-
la pathotypes or races present in those areas (Nelson, 2008). However, results fur-
ther showed that the number of lesions per berry did not differ across the three ma-
jor Robusta coffee growing regions, agreeing with Leucker et al., (2016). Kinanda

(2022) also agrees to that significant difference of Cercospora severity between
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agroecological zones since a similar situation was reveal in Ntwara region of

southern Tanzania.

5.2 Morphological characterization of Coffee Red Blister Disease (CRBD) on
berries

Generally, Cercospora coffeicola is known to elicit diverse responses on its hosts
depending on the genotype, the plant part affected and environmental conditions
(Martins et al., 2008; Nelson, 2008; Ramos et al., 2022). On leaves, for example,
the pathogen may cause round or irregular dark, brown to black spots (brown eye
spot/ dark spots) as well as necrotic lesions surrounded by a “halo” on the leaf sur-
face (Nelson, 2008; Silva et al., 2016; Andrade et al., 2021). On the other hand, on
the coffee fruits, C. coffeicola may cause berry spots (i.e small, sunken, dark
brown to black spots surrounded by a reddish to purplish margin), necrotic lesions
on the berry surface as well as berry mummification (Nelson, 2008). Results of
this study support this phenomenon, with the diseased coffee berries observed to
have diverse kinds and sizes of symptoms including: flat or elevated reddish-tan
wet blisters, elevated brownish—yellowish concentric rings, and sunken, dark dry
blisters containing or lacking cracks. Six groups (morphotypes) of symptoms with
regard to lesion relative size, number of lesions, lesion incidence and visual aspect
of lesions caused on the coffee berries by C. coffeicola were observed. Similarly,
Nelson (2008) reported morphological variation among Cercospora isolates from
coffee in Hawaii. Visual aspect of lesions provided the baseline to investigate the
symptom variability and this is in agreement with Pavicic et al. (2021). However,
Leucker et al. (2016) used lesion size and the visual aspect of lesions to group

Cercospora beticola leaf spot symptoms on sugar beet into four categories.
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Results also showed that the commonest morphotype observed in the current study
was “C” that had flat, reddish-tan wet blister of 4 — 20 mm. This happens to be the
typical symptom of C. coffeicola on Robusta coffee berries in Uganda, and hence
the name, Coffee Red blister Disease (CRBD) (Mukasa, 2019). On the other hand,
morphotype “D” with elevated, reddish-tan wet blister (4-8 mm) and elevated

brownish—yellowish concentric ring (6-10 mm) was the rarest disease symptom.

Furthermore, in addition to being the most prevalent, morphotype C equally had a
relatively higher number of lesions. The high prevalence of morphotype C may be
indicative of the aggressiveness of the pathotype responsible for this disease symp-
tom on the berries (Gashaw et al., 2014). All in all, the existence of diverse mor-
photypes of C. coffeicola on Robusta coffee observed in this study, presents man-
agement implications because the different morphotypes can influence the fungus-
host-environment interaction to optimize overall pathogen fitness (Francisco et al.,
2019). This in turn might influence the way the fungus responds to the different

management options.

5.3 Colony characterization

The colony growth characteristics for the isolates obtained from the different
symptom morphotypes were in agreement with morphological characteristics man-
ifested by C. coffeicola isolates that were reported by Souza et al. (2011). Nearly
all the morphotypes except morphotype D isolates produced colonies that were
umbonate with light greenish center to dark greenish brown circular periphery but
with a dark greenish to light greenish reverse side. As reported by a number of

pathologists, plant pathogens display a high extent of phenotypic plasticity when
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grown on artificial media (Mwatsiya et al., 2023; Souza, 2012). Pan and May
(2009) elaborated that variability in colony morphology for fungal pathogens ema-
nates from genetic variability. In agreement with the latter, the isolates obtained in
this study displayed morphological variability to make six groups, which is indica-
tive of the pathogen genetic variability (Martins et al., 2008; Mahmoudi et al.,
2018; dos Santos Botelho et al., 2022). However, there was no relationship be-
tween pathogen variability and location or origin. This finding agrees with several
other researchers (e.g. Souza, 2012; Martins, 2016; Vale et al., 2021; dos Botelho
et al., 2022) who noted that the genetic variability of C. coffeicola isolates yielded
groups associated with most regions and cropping systems where the isolates were

sourced.

Furthermore, on average, the fungal isolates grew at a rate of 2.9 to 3.6 mm/day on
PDA. According to Silva et al. (2016), mycelia of C. coffeicola isolates exhibit dif-
ferential growth rates depending on the culture conditions (i.e. culture media, in-
cubation temperature and light intensity among others). For instance, on malt agar,
C. coffeicola 1solates grew slowly at high and low light intensity and temperatures,
respectively, and vice versa under dark and high temperature conditions (Silva et
al., 2016). This study revealed that mycelial growth increased linearly over time,
which is in line with what has been observed among other Cercospora spp. by

Sharma et al. (2025).

Results also showed that the emerged six morphotypes were associated with the
major symptom morphotypes. They contained at least 2 (Morphotype III, IV, V,

and VI) symptom morphotypes, with some exhibiting 5 (Morphotype II) and 3
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(Morphotype 1) symptom types. The overlap of colony morphotypes in symptom
morphotyping suggests that both host and environmental factors influence the ex-
pression of CRBD symptoms as well as the development of C. coffeicola colonies.
Therefore, symptom and colony morphotyping serve as complementary tools for
understanding the diversity of C. coffeicola. Lacap et al. (2003) and Galvez &
Palmero (2021) highlighted the importance of fungal morphotyping in disease di-
agnosis, as it contributes to the formulation of precise disease management strate-

gies.

5.4 Pathogenicity of selected colony morphotypes

Results of pathogenicity assessment revealed that the selected C. coffeicola iso-
lates (L1C- Morphotype II, M1C-Morphotype III and N1C -Morphotype VI)
caused disease on the inoculated coffee berries, 65 days after inoculation as also
reported by Vale et al. (2021) and Ramos et al. (2022). However, the disease inci-
dence and severity elicited by the respective fungal isolates depended on the varie-
ty, with the most aggressive fungal morphotypes (L1C and M1C) infecting and
producing significantly higher disease index on the berries of susceptible variety
KR6 than on tolerant varieties, KR10 and KR3. Similar trends have also been re-
ported by earlier studies of Dell'Acqua et al. (2011), Delima et al. (2018) and Ra-
mos et al. (2022). Although the N1C isolate elicited some infection on coffee ber-

ries, it never caused a disease on berries of KR10 variety.

Similarly, a pathogenicity assessment of 10 C. coffeicola severity on seedlings of a
susceptible coffee variety (Catuai Vermelho IAC 144) revealed that disease inci-

dence and severity were dependent on the isolate in question (Silva et al., 2016). In
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their study, the isolate that produced the highest quantity of cercosporin (>2
umol.L™") was the most aggressive with a disease incidence of >45% and severity
of ~15%, which more than doubled the disease intensity observed among isolates
that produced little cercosporin (<1 pmol.L™"). Such variability in pathogenicity of
C. coffeicola isolates on coffee may be attributed to the differences in the genetic
make — up of the isolates and the coffee varieties as well as gene regulation (Silva
et al., 2016). For example, Robusta coffee varieties KR6, KR3, and KR10 express
differential susceptibility rates to CRBD because of the differences in their ge-
nome. Whereas Robusta coffee variety, KR6 is known to harbor susceptibility
genes, KR3 and KR10 coffee varieties are more tolerant to the pathogen (Musoli et

al., 2013).

Irrespective of the Robusta coffee variety, the onset of disease expression by the
selected C. coffeicola isolates on coffee berries started at 5 days post inoculation.
However, this was contrary to Ramos et al. (2022) and Silva et al. (2016), who ob-
served that the onset of C. coffeicola disease symptom on coffee seedlings was at
22 days post inoculation. This variability may be attributed to several factors in-
cluding differences in the fungal isolate aggressiveness, plant part inoculated, the
coffee variety and inconsistences in management practices of the crop (Wolf and

Verreet, 2005).

Furthermore, the disease progress was affected by the fungal morphotype, with the
disease infection rate being fastest for the L1C isolate at 1.1% RBD/day followed
by MI1C and lastly the N1C isolate. This is contrary to Ismailaj et al. (2024), who

reported a no clear correlation between the morphotype of the fungus, Fusarium
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proliferatum, and the intensity of the disease.

Nevertheless, the observed variability in disease progress by these isolates tallied
with the morphological attributes observed across the various morphotypes,
whereby those with faster mycelial radial growth were more aggressive than the
slow ones (Suaza, 2012). A similar research finding was reported by Laurent et al.
(2021) in which Fusarium graminearum morphotypes with slow radial growth
were negatively correlated with aggressiveness while the faster radial growth mor-
photypes were more aggressive. However, mycelial growth rate may not be indica-
tive of a pathogen’s aggressiveness; it is informative but not definitive (Swalarsk-

Parry et al., 2024).

All in all, the presence of aggressive morphotypes of C. coffeicola on Robusta
coffee berries in Uganda creates management challenges because these fungi are
more likely to have more widespread damage and severity than the less aggressive
ones (Pariauda et al., 2009) and therefore require more intensive management

strategies (Doehlemann et al., 2017).
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CHAPTER SIX: CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

This study aimed at: i) identifying Cercospora coffeicola morphotypes causing
Coffee Red Blister Disease (CRBD) on berries of Robusta coffee, and, ii)
determining the virulence of the C. coffeicola complex on berries of Robusta

coffee.

Results of the survey conducted in the three major Robusta coffee growing regions
of Uganda, shows moderate incidence (average of 38%) of Coffee Red Blister
Disease (CRBD) which is caused by the fungus, Cercospora coffeicola Berk. and
Cooke. This implies that since the disease attacks the coffee berries, farmers are
losing 38% of their harvests if the disease is not managed. Furthermore, it is
observed that that C. coffeicola expresses itself on coffee berries in six groups
(morphotypes) of symptoms with regard to lesion relative size, number of lesions,
lesion incidence and visual aspect of lesions. Morphotype “C” which has flat,
reddish-tan wet blister is the most frequently observed type, which happens to be
the typical symptom of C. coffeicola observed on Robusta coffee berries in
Uganda, hence the name, Coffee Red blister Disease (CRBD). This presents
management implications because the different morphotypes can influence the
fungus-host-environment interaction and therefore, the way the fungus responds to

the different management options.

All the selected C. coffeicola isolates (L1C- Morphotype II, M1C-Morphotype III
and N1C -Morphotype VI) cause disease on the inoculated coffee berries.

However, the disease incidence and severity depends on the variety, with the most
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aggressive fungal morphotypes (LIC and MIC) infecting and producing
significantly higher disease index on the berries of susceptible variety K6 than on
tolerant varieties, K10 and K3. This finding has management implications because
fungi which are more aggressive are more likely to lead to more widespread
damage and severity than the less aggressive ones; and therefore, may require

intensive management options and strategies.

6.2 Recommendations

Based on the study results, it is recommended that:

e Research should be conducted to develop comprehensive management
strategies such as breeding Robusta coffee varieties for specific regions
and symptoms of the Coffee Red Blister Disease (CRBD) so as to contain
it and prevent further spread.

e  When managing the disease, farmers should pay closer attention to the
susceptible variety KR6 because it is more prone to development of the C.

coffeicola pathogen which can result into significant yield losses.

For further studies, it is recommended that additional studies be conducted on:

e The symptomatology of C. coffeicola caused by CRBD on a wider scope

to reveal the disease complex more accurately for Uganda as a whole.
e Delineating the C. coffeicola morphotypes and pathotypes using molecular

tools for the case of CRBD on Robusta coffee in Uganda.
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APPENDICES

Appendix 1: Geographic description of sampled districts

In Mukono district, which is in the Lake Victoria crescent agro-ecological zone,
the National Coffee Resources Research Institute (NaCORI) was selected as one of
the experimental site. NaCORI is located at 0.2575° N, 32.7911° E north of the
equator and an altitude of 800-1160 meters above sea level (m.a.s.l) Temperatures
at NaCORI range between 16 and 28°C throughout the year. The area has a tropi-
cal climate with a bi-modal rainfall pattern. Mean annual rainfall is 1,200mm dis-
tributed over 106 rain days, with peaks in March — May and September — Novem-
ber (Mukono DDP, 2020). The topography of the area consists of sloping land
with many undulations, and is dominated by black forest sandy loam soils. Gener-
ally, the vegetation cover is of the forest/savannah characterized by patches of
dense forest in the area (Mukono DDP, 2020). Luweero district on the other hand
is located at 00 50°N, 32 30°E (Latitude: 0.8333; Longitude: 32.500), and an alti-
tude of 1000 — 1500 m.a.s.I (Luweero District, 2016). Rainfall is well distributed
throughout the year, with an average annual precipitation of 1300 mm and a mean
annual temperature range of 15 to 30 °C (Nalubwama et al., 2024). The landscape
is generally made up of elevated and dissected plateau consisting of a series of flat
topped hills and intervening valleys. The soil is generally red sandy loam; howev-
er, the Southern part is relatively fertile and can support all kinds of crops
(Luweero District, 2016). Nakaseke district is situated between coordinates: 0° 44’
0” N and 32°25' 0" E, at altitude ranges of 1000-1250 m.a.s.l (average of 1150 m).

Its climate can be described as modified equatorial climate with a mean annual
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maximum temperature of between 27.5and 30°C and a minimum of 15and 17.5°C
(Nakaseke, 2016). The district receives an average rainfall of 1300mm, with two
rainfall seasons. The main season runs from March to May, and the second one
from mid-August to early December (Mbolanyi et al., 2017). The soils in the dis-
trict are generally red sandy loamy. Although the north of the district have a rela-
tively low nutrient/ fertility content, soils in the south are clay-loamy and are
therefore relatively fertile, which support growth/cultivation of a variety of crops

(Nakaseke District, 2016).

Ntungamo district lies at latitudes 0°35” and 1°15’south and longitudes 30°05° East
(Ntungamo District, 2016) at an elevation of 1300-1560 m.a.s.I (Okech et al.,
2005). The district has a bimodal distribution of rainfall (800-1500 mm) falling
between March to mid-May, and September to December. It also experiences a
mean annual temperature of 26°C and mean annual minimum of 14.5°C. High
temperatures are recorded in the months of January — February and June- August,
which correspond to dry spells (Okech et al., 2005; Ntungamo District, 2016).
Isingiro district is located at 00 50°S, 300 50’E and an altitude of 1200 - 1810
m.a.s.l (Isingo District, 2016). The district has a tropical wet and dry or savanna
climate with the annual rainfall of 973 — 1200 mm and the average temperature of
15.17 to 27.18°C for the last 30 years. The area has a tropical climate and Acrisol
soils with rich clay content, limited soil nutrients thus limited potential for crop

productivity (Tumwesigye et al., 2022).

Iganga district is located at 0°36°33.01” N and 33°28°7.00” E (Oligo et al., 2023)

at an average altitude of 1,138 m.a.s.l (Bisikwa et al., 2022). The mean annual
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rainfall of the district ranges from 900 to 1,200 mm; while the mean temperatures
range from 25 to 35°C (Oligo et al., 2023). The soils are predominantly ferralitic,
with reddish brown sandy loams associated with the gneisses and granites as
parent rocks (Bisikwa et al., 2022). On the other hand, Luuka district is located at
00° 42°00” N and 33° 18°59” E and is generally flat at an average elevation of
1132 m.a.s.l with a gentle slope towards the northern part of the district, where
elevation is about 1100 m a.s.l. The district lies in a tropical climate zone, with a
limited seasonal variation. It experiences a bimodal rainfall distribution pattern
with two peak seasons: i.e. April to June and August to November, but with a
mean annual rainfall of 1,200 mm. The annual temperatures range from 18-
27.5°C, with a daily mean temperature of 21.5°C. The hottest season is from
January to March and the coolest period is from April to October (Luuka District,

2023).

Appendix 2: Interactions between varieties and isolates used.

Source DF | Type III SS Mean F Value |Pr>F
Square

VARIETY 2 3.4316872 1.7158436 210.87 <.0001

ISOLATE 3 9.68551855 3.22850618 | 396.78 <.0001

VARIETY*ISOLATE | 6 4.16478298 0.6941305 85.31 <.0001
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ANOVA table

Source DF | TypelII SS | Mean Square | F Value | Pr>F
Control 2 0.01263918 | 0.00631959 6.85 0.0013
N1C 2 0.06313963 | 0.03156981 32.04 <.0001
MIC 2 1.21945509 | 0.60972754 118.77 <.0001
L1C 2 6.30123628 | 3.15061814 123.53 <.0001
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