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@ract- Coffee wilt disease (CWD) caused by Gibberella xylarioides Heim & Saccas, is a serious production problems of Ro@

coffee in Eastern and Central African countries. In Tanzania CWD was reported in 1997 in Misenyi District, Kagera region and since its
appearance the disease has demonstrated its ability to spread rapidly to new areas and cause serious losses on Robusta coffee. CWD
is a threat to Robusta coffee industry and livelihoods of more than 90,000 families who depend on the crop in Kagera region. Current
recommendation to manage spreading of the disease is by uprooting, burning and use of copper based fungicides for stem painting to
prevent landing of G. xylarioides spores. These approaches limits effective control of CWD as they are both expensive and use of cop-
per based fungicides may lead to soils copper toxicity. Use of resistant varieties is the cheapest and reliable method for the manage-
ment of CWD. Search for CWD resistance clones was initiated in April 2004, a total of 875 breeding lines from a collection of Coffea
canephora germplasm were artificially inoculated with spore of G. xylarioides at a concentration of 1.3 x 108, using root dipping proce-
dures. Out of 875 breeding lines, 201 were found to completely resist CWD. In 2006, the 201 completely resistant genotypes were
planted in clonal mother garden to raise planting materials for field evaluations. In addition to CWD resistant evaluation, production and
cup taste of the 875 lines were assessed continuously between 2001 and 2008. Six CWD resistant Robusta lines were selected out of
201 which were also resistant to leaf rust, productivity range from 0.5 to 3.0 Kg of clean coffee per tree and cup taste described as
“clean/smooth cup of natural Robusta”, were selected for multi - location evaluation resided in CWD hot spot areas in Kagera region.
Eighteen month results have shown that the varieties are still resistant despite being established in CWD hot spot areas. The six breed-
ing lines under evaluation are expected to be released for commercial use in the near future. /

Citation: Kilambo D.L. et al (2012) Progress in Breeding for Resistance to Coffee Wilt Disease (Tracheomycosis) In Tanzania. World Re-
search Journal of Agricultural & Biosystems Engineering, ISSN:2319-3913 & E-ISSN: 2319-3921, Volume 1, Issue 1, pp.-12-16.

Keywords- Breeding, Resistance, CWD, Tanzania.

Copyright: Copyright©2012 Kilambo D.L. et al. This is an open-access article distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution and reproduction in any medium, provided the original author and source are credited.

Introduction

In Tanzania coffee is an important cash crop that contributes about
$ 117 million to export earing annually [1] and provides employ-
ment to 420,000 families. Out of these about 90,000 families are
from Kagera region. The major varieties of coffees grown in Tanza-
nia constitute Coffea arabica and Coffea canephora. Coffea arabi-
ca is grown in the northern and southern highlands regions while
Coffea canephora is grown in the western part, mainly Kagera
region.

Since its appearance in Tanzania in 1997, coffee wilt disease
(CWD) has clearly demonstrated its ability to spread rapidly to
almost all Robusta growing areas in Kagera Region (Fig. 1) [5,13].
Losses of Robusta trees can be equated to yield produced which is
approximately 162,400 Kg of clean coffee lost due to killings of
54,200 from CWD [14]. It is estimated that the disease has been
causing a financial loss of approximately US $ 316,200 for over 10

years.

The disease attacks plants at all stages of growth and infected
plants show 100% mortality (Fig. 2). Symptoms include wilting,
defoliation and blue-black staining in the wood and under the bark
[7]. On a multi-stem coffee plant, the external symptoms occur
sequentially until all stems or branches are killed. Coffee berries on
affected plant ripen prematurely and dry up but remain attached to
branches (Fig. 2).

Current control method of CWD in Tanzania include; eradication of
diseased trees and protection by stem painting as a preventive
measures [23]. However these methods are expensive, impractical
to implement and do not offer effective control. Host resistance is
the only viable control measure. In Tanzania, search for CWD re-
sistance was initiated in April 2004 whereby 875 lines were
screened for resistance under screen house conditions. Out of 875
lines 201 were found to resist CWD. Six clones were selected for
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multi-locations. Progress for their performance is being highlighted
in this report.
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Fig. 1- Map of Tanzania showing areas infected by Gibberella
xylarioides

Fig. 2- Robusta tree infected by Gibberella xylarioides
Materials and Methods
Source of Clonal Seedlings

Shoots were harvested from Robusta germplasm of Maruku, cut-
tings prepared and raised in propagation boxes using the method
described by Nzallawahe, et al (2004) and Fernie, et al (1963).
After three month rooted clones were potted ready for artificial
inoculation by the spore suspension of G. xylarioides.

Pathogenicity Test of the Giberrella xylarioides Isolates

Fourteen isolates of G. xylarioides tested for the pathogenicity are
listed in Table 1. Susceptible seedlings of MS1 and MS2 each 10
clonal seedlings were root dipped into spore suspension of G.
xylarioides at 1.3 x 106 spores per ml. Days to initial wilt symptoms

and dead plants were recorded to determine the level of patho-
genicity.

Table 1- Pathogenicity test results of Giberella xylarioides on MS 1
and MS 2

Sl Location Collected

Number of
Dead Seedlings
Coordinates Altitude MS1 MS 2
200410 T1 Muleba S 01°45.901”; E 31035.491” 1547m 9
200413 T2a  Muleba S01046.827"; E 31034.541" 1545 m 10
2004/07 T3a  Muleba S01049.702" E 31941.137" 1395m 9
2004/08 T4  Muleba S01043.159" E 31038.078” 1510m 10
2004/02 T5a  Muleba S01041.172" E 31037.731" 1287m 10
2004/06 T8a Bukoba S01°00.595" E 31046.582" 1189 m 10
2004/01 *Bukoba S 01014.836"; E 31950.682" 1200m 10
200412 T9a  Bukoba S01001.612" E 31032.758" 1256 m 10
2004/14 T12a Karagwe S 01018.600”; E 30047.205" 1424m 9
2004/03 T13a Karagwe S 01026.166"; E 30052.801” 1317m 10
2004/05 T14a Karagwe S 01017.308" E 30053.896" 1659 m 9
2004/09 T15a Karagwe S 01015.309"; E 30057.347" 1354m 9
2004/09 T15b Karagwe S 01015.309”; E 30057.347" 1354m 9
2004/09 T15¢c Karagwe S 01015.309”; E 30057.347" 1354m 10 10

Acc. No
TaCRI CABI UK District

- N
©W©WO©O©O©OOZ©O©O3z ©©

Mean 957 921
SE+ 014 011
CcV 53 45
L.S.D 0.3 0.23

Host-resistance Assessment by Atrtificial Inoculation of Select-
ed clones

Artificial inoculation procedure of using root dip technique was
used to assess host-resistance of selected clones. Three to six
month old seedlings were removed from the potted soil and their
roots cleaned with tap water, then immersed in the standard conid-
ia suspension (1.3 x 106 spores per ml) of isolate 2004/1 and re-
moved instantly [8,9]. Seedlings were then carefully re-potted with
fresh soil.

Assessment of the Inoculated Clones

The inoculated seedlings were monitored and data recorded on
survived plants (plants with no signs of wilt) for nine months (about
270 days). Percent survivors were calculated per each set of clonal
variety. Survivors of the clonal seedlings are presented.

Productivity of the Varieties

Yields were recorded from the mother trees of each variety. Ripe
cherries were harvested, dried and then processed by removing
the husk and parchment skin. Clean coffee of each variety was
then recorded from 2000 to 2004 and average determined per tree.

Bean Sizes and Beverage Assessment

Samples for liquoring were harvested from the mother trees sent to
liquorers. Bean size percentage was determined by selecting
beans in sizes AA, A, B and PB per sample of 100 g, weighed sep-
arately and then calculating percentage of each size per sample.

CWD Assessment in Multilocational Trials

Eight varieties were established in multilocational trials in four (4)
CWD hot spot areas in November 2008. Performance to assess
CWD resistance of the varieties started from the month of estab-
lishment in November 2008. Scales used to assess clones were;
1=nil and 2=presence of CWD symptoms.

World Research Journal of Agricultural & Biosystems Engineering
ISSN:2319-3913 & E-ISSN: 2319-3921, Volume 1, Issue 1, 2012

|| Bioinfo Publications ||

13




Kilambo D.L., Ng’homa N.M., Mtenga D.J., Teri J.M. and Phiri

Results and Discussion
Pathogenicity Studies

Results on the level of pathogenicity of the 14 G. xylarioides iso-
lates are presented in Table 1. Mean percentage of dead plants
ranged 90-100% per isolate. Based on seedling death rates there
is no significant differences in the level of pathogenicity among G.
xylarioides isolates collected in Kagera. Isolate 2004/1 was select-
ed to screen the clones because of its stability in culture media.

Robusta Clones Survived CWD Inoculation Test

Results of Robusta clones survived after artificial inoculation of G.
xylarioides using root dip technique are presented in Fig. 3. Seed-
lings of commercial variety MS1 were completely whipped out at
270 day. Clones ML2, KR23, BK27, 1/62 and 13/61 had 100 100%
survival after 270 days. However proportional seedlings of clones
NG10, NG20 and MR10 indicated that they are good sources of
resistance to CWD (Fig. 3). Artificial inoculation of G. xylarioides
enabled segregation of resistant and susceptible accessions of C.
canephora in Uganda [20]. Considering the nature of infection of G.
xylarioides of blocking the conductive tissues [24], resistance in
this case implies host plants to produce chemicals that inhibit the
growth of pathogenic fungus. Several authors have reported ac-
tions of phytoalexins to defend and ultimately inhibit the develop-
ment of infection process by fungal pathogens. The species of
tropical Rubiaceae have polysaccharides composition which have
phytoalexins synthesized in response to fungal inducers [2-
4,10,12,17]. These phytoalexins have ability to inhibit fungal infec-
tion. Genotypes which are completely resistant to CWD if they are
combined with other attributes such as leaf rust resistance, produc-
tivity and cup taste, facilitate progress in breeding programme to
release promising varieties to coffee growers.
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Fig. 3- Robusta varieties survived artificial inoculation with G. xylar-
ioides after 270 days

Key-£50% survivors considered good sources for CWD resistance

# and/ or *Commercial Robusta varieties

CWD Assessment in Multilocational Trials

Usually seedlings of a susceptible variety to CWD begin to get
infection 3 month after establishment in diseased areas. Varieties
under evaluation were established in CWD hot spot areas in mul-
tilocational trials in November 2008. By August 2010 different reac-

tions to CWD infection was expected. Table 2 shows that among
the tested clones, clones KR23 and NG10 had plants with CWD
infection at Kiilima. MS1 the check variety was infected in almost all
the sites. As there are some plants of selected clones still surviv-
ing, it shows that careful selection of Robusta clones done in the
germplasm would perform successfully under field conditions [19].

Table 2- Performance of the Clones to CWD Resistance in the
Four Multilocational Trial Sites
Resistance performance of Robusta clones to CWD resistance

Kilima-Bukoba  BY@Mtmba- . ke Muleba
Misenyi

Varieties Omkagandu-

13/61 1
BK 27
KR 23
NG 10

N

MR 10
ML 2
*SUS MS1

1 1
1 1
2 1
2 1
1 1
1 1
1 1
1 1
2

N — = a a a a a

2

Key: CWD scale 1=nil symptoms, 2=presence of symptoms
Productivity of Clones

Individual trees of selected Robusta accessions were evaluated in
terms of potential to produce. Summary of records collected from
2004 to 2008 on the productivity of selected potential trees per
genotypes are presented in Fig. 4.
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Fig. 4- Mean productivity of Robusta varieties tested for their re-
sistance to CWD for five years
Key- # and/ or *commercial Robusta clones

Clones 13/61, 1/62, KR23, NG20, NG10, MR10 and ML2 produced
more than 1.5 Kg of clean coffee per tree which is double or triple
of what farmers realize in their fields. Studies by Ng’homa (2005)
on profitability of Robusta indicated that a farmer can break even
by producing more than 1 kg per tree of Robusta. Clone MS1 a
susceptible variety to CWD also produces more than 1.5 Kg of
clean coffee but on the other hand is susceptible to CWD.

Additional data on production were recorded for two seasons con-
secutively; 2009 and 2010, results are summarized in Table 3.
Mean separation test of least significant difference was applied to
test the differences at 5% level.

World Research Journal of Agricultural & Biosystems Engineering
ISSN:2319-3913 & E-ISSN: 2319-3921, Volume 1, Issue 1, 2012

|| Bioinfo Publications ||

14



Progress in Breeding for Resistance to Coffee Wilt Disease (Tracheomycosis) In Tanzania

Table 3- Mean yields of selected clones in 2009 and 2010

Season
Clone 2009 2010
Yield Kg/ha Yield Kg/ha
BK27 2381d 36022
KR23 2063 25394
ML2 28570 25394
MR10 2538¢ 2857¢
*MS1 2063 2857¢
NG20 1587f 2381
13/61 30152 33330
Mean 2358 2873
LSD 29.16 27.55

Key-*= control, Figures followed by same letters are not significant-
ly different

Assessment on Productivity of Selected Clones

Summary of results on berry clusters counted from two years old
plants of selected clones established in trial sites are summarized
in Fig. 5. With the exception of selected clone KR23, the rest of
selected clones produce higher number of berry clusters than MS1.
This is a reflection of higher productivity of selected clones.
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Fig. 5- Performance of selected Robusta clones on the number of
berry clusters per primary branches

Growth parameters such as berry clusters (bearing nodes) were
recommended by Walyaro (1983) to reflect potential on productivity
of the coffee genotype.

Beverage Assessment

Generally Robusta coffee is known to produce a bitter taste. Test
results of the varieties to beverage assessment and their bean
sizes are summarized in Table 4.

Table 4- Summary of the beverage assessment of four selected

Robusta clones 2010

Sample name Description Remarks
MR10 Typical natural Robusta coffee Neutral cup
NG10 Natural Robusta coffee Clean cup
BK27 Natural Robusta coffee Clean/smooth cup
13/61 Smooth cup. Balanced cup, nice aroma like Clean cup

mild arabica
KR23 Fair Robusta flavour Clean cup
ML2 Clean cup, Typical natural Robusta coffee  Clean cup
*MS1 Bitterness, unusually Robusta acid Average cup

Key: *Control

Beverage assessment of the tested samples of the clones indicat-
ed that the clones have beverage qualities suitable for the market

(Table 3). Typical natural Robusta coffee and natural Robusta cof-
fee is the description of some of the samples. Moschetto, et al
(1996) and Ky, etal (2001a) described presence of diversity in the
cup taste within genetic groups of C. canephora in terms of aroma,
acidity, body and bitterness; to range from excellent to average cup
taste. The descriptive analysis of the cup taste is commonly used
worldwide [11,16].

Conclusion

The study shows that there are good clones of C. canephora con-
sistently indicating resistance to CWD from the screen house to the
field. The clones have also higher productivity and of accepted
beverage. The clones are 13/61, BK27, MR10 and ML2. Also the
pathogenicity test performed indicated that there is no pathogenic
variation among G. xylarioides strains isolated from diseased Ro-
busta coffee in Tanzania. It is expected to evaluate more acces-
sions within Robusta germplasm to identify useful clones for breed-
ing advancement.
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