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Abstract

Coffee is one of the most important cash cropseény& and a leading export earner. Nematodes aragthe
most important biotic constraint in coffee prodantin Kenya and crop improvement work has mainlgrbe
breeding for resistance to diseases such as dodieg disease and coffee leaf rust. However resisthas been
used successfully in other coffee producing coestrand it is one of the most economical and prictic
nematode management strategies. A greenhouse wiaglyonducted to test the response of local antcexo
coffee germplasm to root knot nematodes (RKNs). (I€)) cultivars provided by Coffee Research Foundat
(CRF) were tested for resistanceMeloidogyne incognita under greenhouse conditions (28&2 Nematodes
were extracted from the roots using Modified Baarmaechnique and enumerated using Cobbs slider 8éte
days of plant growth, the disease severity wasuewatl and the experiment repeated twice. Gallidgés (Gl),
egg mass indices (EMI) and nematode populationsvered from soil samples indicated a range of nese®
from resistant to highly susceptible. Three bre€edmes including Robusta tree 1, Robusta tres@ Robusta
tree 3 were rated resistant with galling indicesld#-3.0. This study has demonstrated the poteafidost
resistance as a strategy in the management of ndesain coffee for increased productivity. Fieldleation
needs to be conducted to confirm these finding® iflentified resistance sources can be utilizeddploy
resistance genes to improve existing varietieshthaé high commercial value but lack resistanagetoatodes.
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Introduction

Breeding of coffee cultivars with resistance to atsdes may be the most economical and practicarofr
sustainable nematode management (Mareid#ah., 2003; Rosskopét al., 2005). Nematode resistant cultivars
have been shown to reduce root damage by 32% (Gaammb Villain, 2005; Castillet al., 2009). However,
since coffee is often attacked by a diverse comtypuwii plant parasitic nematodes, breeding for comadi
resistance is a challenging task. Loss of resistangests may be attributed to; breeding dongnorance of
the basic principles of genetics, traits such gmlatable or toxic chemicals being reduced durimgeistication,
yet these same chemicals may deter colonizatiqrebis, or lead to pest adaptation through developofenew
races of pests (Dent, 2000, Stetral., 2002).

The varieties of coffee grown in Kenya have beewviously tested for high yields, ecological adaptaiand
resistance to major diseases of coffee namelygedifierry disease caused Gglletotrichum kahawae and
coffee leaf rust caused Wbyemileia vastatrix (MoA, 2006). Other coffee lines and crosses are either being
developed or on adaptive trial for various deseaiphits but not for resistance to nematodes. lmt@s like
Brazil, varieties resistant to nematodes have himreloped and are in commercial use (Wintgens, 2009
Robusta coffee is mainly grown in the neighboringrtry of Uganda. However, CRF is undertaking $rizding

the Robusta as the rootstock since studies havealey thatCoffea canephora (Robusta) is resistant to
nematodes (Campos & Villair2005). Arabica coffee is the most commonly growfffee in Kenya and it is
popular for its superior quality. The Arabica ceffeultivars grown in Kenya include K7, SL 28, SLRuiru 11

and Batian and characteristics of these varietessa shown in Table 1.
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Table 1: Characteristics of commercial coffee walts grown in Kenya

Variety Arealecology Characteristics

K7 Low altitudes (selected at Muhoroni) Produces yéelds, resistant to coffee leaf rust and
does well in low altitude areas

SL 28 Medium altitudes, dry areas withoufairly high yielding, good quality, drought resista
leaf rust (selected at NARL, Kabete)susceptible to CBD and fairly resistant to coffeafl
rust
SL34 Medium to high altitudes with goodHigh yielding, susceptible to CBD and coffee lazstr
rainfall
Ruiru 11 All coffee growing areas (bred aResistant to coffee berry disease (CBD) and cdéat
CRF, Ruiru) rust (CLR)

Key: CBD — Coffee berry disease, CLR — Coffee leaf rust

Most of the farmers in Kenya cultivate the tradib Arabica coffee cultivars despite the developnaoérRuiru
11, a more superior high yielding variety resistemthe major diseases in Kenya namely coffee baisgase
and coffee leaf rust. Root knot and lesion nematdajuently cause serious damage to Arabica c¢8astillo

et al., 2009). CRF has developed several varieties faadis resistance making a breakthrough in coffey ber
disease and coffee leaf rust management, but tHeerdeen no varieties developed for resistancenmatodes
yet. Management of nematode problems has focusédyman the use of healthy planting materials and s
fumigation (Wintgens, 2009). Nematode resistantivals are thus important complementary and sussidén
options. This study was carried out with the aimegéluating the available coffee germplasm in Kefgra
resistance to the most damaging root knot nematdigsi dogyne spp.

Materials and methods

Three-month-old potted coffee seedlings from téfedint varieties namely K7, Blue Mountain, Robustaree
1, Robusta — Tree 2, Robusta — Tree 3, Ruiru 128S8&election 6, Selection 5A, and CR30 were obthfrom
Coffee Research Foundation (CRF) and challengeld Méoidogyne spp. at three inoculum levels of 1000,
2000 and 5,000 eggs/juveniles per pot. Inoculatias done by pipetting 10 ml aliquots carrying thquired
concentrations of eggs and pouring into four pesieié holes around each seedling at a depth ot@3The
controls received only 10ml of distilled waterA completely randomized design with eight replisateas used
and the experiment repeated three times. Nematmaellum Meloidogyne spp) was multipliedn situ in potted
spinach plants.

Nematode egg inoculum from the galled plants wapared following the technique described by Hoapel.,
(2005). Galling was assessed using a rating scalptad from Luc et al., (2005) as follows; 1= ngegr galls,
2= 1-10% galled roots, 3= 25% roots galled, 4= 5@#ts galled, 5 = 75% galling and 6= 100% gallinghw
dysfunctional roots/ plant withered.

Ninety days after inoculation, the experiment wersninated and data on nematode numbers in sdilngand
egg mass index, shoot and root fresh weight record@ata was collected by taking the various mesamants
by weighing fresh root after carefully washing tif soil and shoot (aerial) parts. Roots from sangbhnts
were taken to the laboratory for extraction usingdified Baermann funnel technique as described typdr et
al., (2005). In the laboratory, roots were washed examined for galling, then stained with Phlex® to
assess the egg masses. Thereafter, roots wereezhopp 1cm segments and macerated using a blesideed
with nested nematode sieves and using a known hinthe filtrate, nematode counts were determingdg
the nematode counting slide.

Data collected was subjected to analysis of vagg#dNOVA) using GENSTAT Release 7.2 software. Means
when significantly different, were separated udimg Fisher’ protected LSD test at 5% probabilityele

Results

Significant (F<0.05) differences were observed among the coffe®ties in galling, egg mass indices and
juvenile counts. Galling and egg mass indices ffier 10 cultivars ranged from 1.6 - 4.4 (Table 2)rigtées
SL28, Selection 5A, Selection 6 and CR.30 weredratesusceptible with galling indices in the ranf8.4-4.4
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(Table 3). Ruiru 11 and Blue Mountain were ratedraslerately resistant with galling and egg masgesof

2.3-2.8. K7, Robusta Trees 1, 2 and 3 with mealingaindex of 1.6 — 2.1 were rated as highly resisttoM.
incognita.

Table 2: Galling and egg mass indices of coffedivars challenged with root knot nematodée(oidogyne
spp-) 120 days after inoculation.

Susceptibility
Cultivar Galling index Egg massindex Rate
Selection 5A 4.2a 3.9a Susceptible
SL 28 3.4b 3.7a Susceptible
Selection 6 4.4a 3.9a Susceptible
CR.30 3.6b 3.4a Susceptible
Ruiru 11 2.3d 2.8b Moderately resistant
Blue Mountain 2.8c 2.6b Moderately resistant
K7 1.6e 2.2bc Resistant
Robusta - Tree3 2.1d 2.8b Resistant
Robusta - Tree 2 1.6e 2.4bc Resistant
Robusta — Tree 1 2d 2.7b Resistant

L.S.D (P=0.05) 0.4333 0.5260

All data are means of 8 replicates. Means follolwgdhe same letter within each column are
not significantly (P=0.05) different.

At higher nematode inoculum doses, egg mass indiege highest for Selection 5A, Selection 6 and28L
(Table 3). Robusta tree 2 supported the lowest temmacounts with the least galling indices compace8L28
and Selection 5A, which had the highest. The su#ilego moderately resistant cultivars (CR 30,e88bn 6
and Blue Mountain) showed the highest root damadegher inoculum intensities with symptoms of reeld
lateral root system characterized by rotting ancrotée lesions. This interfered with nutrient andter uptake,

resulting to stunted plants/unthrifty plants as idiggl by poor growth, short internodes, small |lsaasad
defoliation (Plate 1).

Table 3: Egg mass indices on roots of coffee caltivinfested with different levels of root knot retode
inoculum.

Inoculum density (eggs and juveniles)

Germplasm 1000 2000 5000
Blue mountain 2.3c 2.7b 3.0c
CR 30 4.0a 3.7b 3.3a
Selection 5A 3.7ab 3.7b 4.3a
K7 2.3c 1.7f 2.6ab
Robusta - Tree 1 2.0c 3.0d 2.7ab
Robusta - Tree 3 2.7bc 3.3c 3.0ab
Robusta — Tree 2 2.3c 2.3e 2.3b
Selection 6 4.3a 4.3a 4.0a
Ruiru 1l 3.3b 3.0d 3.0a
SL 28 3.0b 4.0a 4.3a
L.S.D (P=0.05) 0.4445 0.2435 0.7699

All data are means of 8 replicates. Means followegdthe same letter within a column are not sigaifitty
(P=0.05) different
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Plate 1: Root system of coffee seedlings inoculati#ld Meloidogyne incognita eggs (Al and A2) and control
(B1 and B2)

The analysis of variance showed that there wagla Variation due to genotypes. The value of sureqoiares
due to inoculation level in relation to G x | suifisquares indicated substantial differences (P30r0§enotype
response on different inoculation levels (Table 4).

Table 4: Analysis of variance of egg mass indexrfoculation experiments

Source df SS MS F P

Main Effects

Genotype (G) 9 31.7889 3.56321 11.35 <0001
Inoculation level (1) 2 0.8667 0.4333 1.39 0.256
Interaction (G x 1) 18 11.5778 0.6432 2.07 09.6*
Residual 60 18.67 0.3111<

Total 89 62.9000

The highest nematode counts (3344) were found énsthil sample obtained from pots planted with ealti
CR30 while the lowest (50) was recovered from spigsted with Robusta tree 3 (Table 5). RuiruKZ,and
Selection 5A moderately suppressed nematode numiyéghls mean populations of, 541, 376 and 728
respectively. Robusta tree 3 had the least pergemtaot weight reduction followed by Robusta Treantl Tree

2. Cultivars: Selection 6, Blue Mountain, SL28la@R 30 had the highest differences. The differerioe
reaction to nematode among the different cultivemsld also be seen in the root masses of the \ariou
treatments (Plate 2)
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Table 5: Galling, egg mass indices, juvenile cowrid % reduction in root mass of cultivars infestgth
Meloidogyne species (5000 eggs).

Cultivar Galling Egg Juvenile % Root Reaction

index Mass count/200  weight

index cnt soil reduction

Robusta -Tree 2 1.6 1.3c 80d 14 R
K7 3.9 4.0b 376¢c 24 R
Ruiru 11 4.8 4.4b 541c 25 MR
Selection 5A 4.8 4.6a 728c 25 S
SL 28 4.6 4.6a 1370b 47 S
CR. 30 4.9 4.6a 3344a 48 S
Blue Mountain 4.0 4.6a 1696b 50 MR
Robusta -Tree 1 15 1.4c 102d 12 R
Robusta -Tree 3 14 1l.1c 50d 5 R
Selection 6 5.2 5.1a 1840b 41 S
L.S.D 0.5366 0.4752 435.8

All data are means of 8 replicates. Means follovblgdthe same letter within a column are not
significantly (P=0.05) different.

Key:

R - Relatively resistant;
MR - Moderately resistant
S - Susceptible

Robusta Tree 3 Ruiru 11

Plate 2: Root masses of various coffee cultivansitated withM. incognita 5000 eggs
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When challenged with higher inoculum intensities5000 and 10,000 eggs and juvenileshMaf incognita,

Robusta trees 1 and 2 were significantly (P=0.08&rént in egg mass indices from Robusta tree &l(@ 6).
However, at very high rates of nematode inoculwgsistance seems to break down even for the Robrasaes
as was demonstrated by the high J2 counts frone ttteatments. Treatment means of the three Rolnesta
were significantly (P, 0.05) different from the meaf SL 28, a susceptible cultivar used as therobiat 5%
probability level (Table 6).

Table 6: Galling, egg mass indices, juvenile coamid % root damage of coffee cultivars challengét higher
rates ofMeloidogyne inoculum.

Inoculation @ 5000 eggs Inoculation @ 10,000 eggs

Galing Egg mass J29 Galling Egg mass J2¢
Cultivar/ index index 200cm?® index index 200 cm®
Color code soil Soil
Robusta -Tree 2 3.2b 2.7b 380d 4.1b 3.5b 1047c
Robusta -Tree 3 2.5¢c 1.7c 588b 3.4d 2.3c 1313c
Robusta -Tree 1 3.1b 2.3b 470c 3.9¢c 3.4b 1675b
SL 28 control 4.5a 4.5a 2175a 5.4a 5a 3265a
L.S.D 0.3873 0.4262 79 0.2360 0.2465 198.9

Means followed by the same letter within a columm ot significantly (P=0.05) different.

Discussion

The host suitability study of the ten coffee cudtiy toMel oidogyne incognita showed that most of the Arabica
cultivars were susceptible, except Ruiru 11. Othdtivars had different responsesMoincognita and this is in
line with reports of other workers where differahtireaction of varieties to nematode attack hasnbee
documented (Staet al., 2002). Root necrosis affected the gall index-e@gs relationship. It has been shown
that root tissue necrosis does not allow normat-koot nematode reproduction and subsequently tiseless
galling (Dent 2000). Resistance seemed to breakdewmen the cultivars were challenged with high
concentration of inoculum, possibly due to highiatipathogen population of nematodes resultingrieater
damage of the tender roots before the plant estaddliitself as also indicated by Letal., (2005).

Studies have also shown thadffee arabica is relatively susceptible to many speciesvid oidogyne species
(Zzhang and Schmitt; 1995; Staatral., 2002; Campos and Villain, 2005; Castibal., 2009). Past screening
studies in coffee identified resistance heloidogyne spp in Coffea canephora, specifically var. Robusta
(Whitehead, 1998; Campds Villain, 2005; Castilloet al., 2009; De’Souza, 2008). So far, grafted and rasista
Robusta hybrids with considerable resistance toynMunincognita pathotypes have been developed elsewhere
and they include: Robusta breed T3561X T3751 iBd&Vador, Nemaya variety whose ancestors are Tamé1
T3561 and Apoata in Brazil (Bertramstl al., 2001; Campos & Villain, 2005; Castilkt al., 2009; Cabost al.,
2010). ‘Romex’, a Mexican Robusta is currently lgeirsed in Mexico where clones R34, R37 and R48 have
shown a high tolerance to “corchosis” (Castdlal., 2009; Wintgens, 2009).

Other studies revealed that Arabica coffee cv. d&®ais also resistant since it contains the Meaesdistance
gene that confers high resistancdvie oidogyne spp. through a mechanism referred to as hypersensitiratyid

necrosis reaction of affected cells) (Sayaral., 2008). Arabica coffee cv. Caturra is believedbt® more
susceptible than cv. lapar since it contained nm@matodes than those found in cv. lapar 59 rodeBys six
weeks after inoculation (Bertrangt. al., 2001, Wintgens, 2009). Other coffee cultivars régabras being
resistant to root knot nematodes include: Timorriayban interspecific hybrid betwee@. arabica and C.

canephora which is also a variety of R11 as its female paf&ichuru, 2007).
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Despite the development of resistance against matesatfor developed economies, when resistant artpars
are available to farmers in the tropics, the adwpis still very low as observed by Roberts (2002any factors
have to be taken into account such as acceptabidised on preferences and quality characterisiicaying
period and harvesting time among others. Cup tstslucted with coffee from all grafts with canephora
revealed that coffee quality is not compromisedidaeethe lines conferring resistanceMo incognita provide
useful germplasm for crop breeding in the tropBer{randet. al., 2001). In addition, rootstock of Funukaga
cultivar (Coffea liberica) has been found to improve resistance to nematodes) the susceptibl€offea
arabica is used as scion (Bittenbendar al., 2001). The resulting crop has been shown to retain gnqu
quality typical of Arabica coffee, high yields andmatode resistance (Bittenbendeal., 2001).

Conclusions and recommendations

The study identified three coffee germplasm nanRejpusta tree 1, Robusta tree 2 and Robusta treén8ving
considerable resistance to root knot nemato@effea canephora has resistance to root knot nematodes and thus
it can be used as root stock foffea arabica.

Further research work is needed to screen thetigasslunder field conditions and undertake ecomosmialysis
to assess those of high commercial value in terdmgetd and quality. The highly significant G x iteraction
obtained in this study indicates the necessityestitg nematode resistant coffee varieties mora thece
through field trials for accurate characterizatmngenotypic performance. The three Robusta lprewides
potential sources of resistance for breeding aattigg to address nematode problems in Kenya
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