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Abstract

Frequent detection of galls on coffee roots hasethiconcerns of nematodes in coffee productioresystin
Kenya. This study aimed at determining the occueenf nematodes associated with coffee in Kenyathed
role of crop management, cultivars, soil propersied agro ecological zones on the abundance agdefney of
nematodes. A survey was conducted in the primeeeoffrowing areas in 10 counties namely; Machakos,
Makueni, Kiambu, Embu, Kirinyanga, Nyeri, Meru, KisNandi and Trans-Nzoia. Nematodes were extracted
using a combination of centrifugal floatation anadified Baermann techniques and identified to gernevel.
Nutrient analysis was carried out using the Dowdkhlich method. Results showed that nematodes beign

to 30 genera were recovered from coffee agro-et@sgs Plant parasitic nematodes were the most lergva
with 64% frequency (19 genera) of occurrence foldvwby bacterial feeders at 24%. The gehyenchulus,
Meloidogyne andPratylenchus were the most dominant across all the coffee grgwireas. Coffee farms in the
coffee-tea zones (Upper Midland 1) harbored théndsty numbers of plant parasitic nematodes, follotwed
Upper Midland 2 and least in the marginal coffeewgng zones (Upper Midland 3). Well managed farrad h
less plant parasitic nematodes compared to nedléatmns. K and P significantly contributed to thaigtion in

the nematode community composition. This study destrated the prevalence of plant parasitic nematode
factors that influence their abundance and distidinuand justifies need for further managementevhatodes in
coffee production.
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I ntroduction

Coffee Coffea arabica L.) is among the leading commodity crops for maeyeloping countries, contributing
over US$ 10-11 billion annually (Alpizagt al., 2007). Commercial coffee production is mainly amgk
plantations/ coffee estates (accounting for 40%otHl output) and small-holder farms averaging kbss 0.5

ha. Although the occurrence of nematodes in cgffeeluction systems in Kenya has been observeceipdist,
they have often been ignored or misdiagnosed dtieeio microscopic size and symptoms confoundedither
malnutrition and root infections by other pestsqiila et al., 2009). Plant parasitic nematodes are considered to
be major pathogens of coffee worldwide, causinddyliesses estimated at 15%, approximated at 20omi60-
kilogram bags in 2007-2008 (AEO, 2007).

Soil texture has been shown to play a vital rolaématode activities with reports indicating treatdy soils are
most favourable (Bertrang al., 2001). In addition, poor agronomic practices hketo depletion of organic
matter thus aggravating damage causedibgxigua on coffee (Etiennet al., 2000). Nematodes account for
much of the losses in coffee with transplanted léagsiless than five years old drying up while nataoffee
suffers leaf drop/defoliation and yields declinai€let al., 2005). Nematode problem in coffee growing areas is
amplified due to a complex in the pathogenesis,revla¢ least two genera of fungi are presefmsgrium spp.
andRhizoctonia solani) which are pathogenic to coffee mainly during yarsery stages (Campetsal., 1990).
The endoparasitic nematodédeloidogyne and Pratylenchus predispose the plants to fungal infection besides
causing physiological alterations in the tissud®e Silent nature of nematodes and non specifiadesabove-
ground symptoms at early stages of disease progregserhaps the main reasons for the little attergiven to
nematodes in coffee (Khan, 2008).

Inadequate knowledge, poor diagnosis of nematodblgms and lack of data on nematodes associatdd wit
coffee are major challenges to management of neteat@Vintgens, 2009). Plant nutrition on the otiend,
strengthens the plant response capacity enabliogaithstand effect of pathogens, in particuldrpgphorus (P)
is essential for development of extensive rootesystfor nutrient uptake and Nitrogen (N) for vigasayrowth
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thus enabling plants to withstand damage by saitdpathogens (Jones, 2003; Casttlal., 2009). This study
was conducted with the aim of evaluating the o@noe and distribution of nematodes in the maineeoff
growing areas of Kenya.

Materials and methods

To assess the distribution of plant parasitic neded, a survey was undertaken in the three coffee- a
ecological zones, namely: coffee-tea zone whidhésUpper Midlands 1(UM1); main coffee zone whistitie
Upper Midlands 2 (UM2) and the marginal coffee zevtéch is the Upper Midlands 3 (UM3). Anthropogenic
factors were visually evaluated by ranking the cnmgnagement levels in coffee farms into high, meglilow
and neglected farms. Alongside this, soil propsrtiere determined at each sampling point. The gumas
carried out during the short rain seasons of 20@B2009 and a checklist was used to collect tha farofile
data namely farmer’'s name, factory where they modtkeir coffee, date of tree establishment, geruidtivar,
agro ecological zone, altitude, farm size, crop agement level and whether intercropped or not dutire
survey.  Above-ground symptoms of pathogen infestawere also recorded during sampling. Counties
sampled were ten namely; Machakos, Makueni, Kianttrabu, Kirinyanga, Nyeri, Meru, Kisii, Nandi and
Trans-Nzoia. Two hundred composite soil samplessé@@ples per district) were collected in duplicatsing an
auger and buckets at a depth of 5-15cm where #uefaoots of coffee are predominant.

The unit of sampling was the individual coffee faamd the available sampling units or sampling fravas the
coffee growing areas. Stratified sampling whichadetl drawing a random-type sample separately feach
stratum was applied to obtain composite samplesifimum of six sampling points, per farm laid oldray a
zigzag pattern were done. Soil collected was coitgmhsput in a bag and kept in a cool box awaitiragsit to
the laboratory.

Observable symptoms of nematode infestation wererded during the sampling. In the laboratory, nees
were extracted using a combination of centrifud@dthtion and the Modified Baermann Techniques (YIBF
described by Hoopest al. (2005). The nematodes were fixed, mounted on skaeksidentified to genus level.
Nutrient status of the soil samples collected frime field was determined at Coffee Research Station
Chemistry laboratory using the Double Mehlich meitidisdaleet al., 1997).

The extracted nematodes were killed using solutigris 10% formalin plus 2% glycerol under fume chwemto
avoid toxic fumes. CaC{powder was added to the stock solution to nea&ahe free formic acid that cause
darkening and granulation of tissues. Identifiaatieas based on differences in morphological charaaising
an identification key for plant nematodes generfae Tmportant morphological features were readilgnsa
freshly killed/fixed specimens while the numbersrevdetermined by using a 1ml counting slide withiadle
grid alongside a tally counter with the aid of stescopic microscope with magnifications of 10x d@a. For
verification, nematodes were mounted on thin micopgc Cobbs slides using 19mm diameter round cshgs

to allow examination from either side and identfie genera level.

Nematode and soil parameters data collected wadrdogsformed (Log(x+1)) and subjected to analydis o
variance (ANOVA) using Genstat computer softwareckpge (Lawes Agricultural Trust Rothamsted
Experimental Station 2006, version 9). Means, whigmificantly different, were separated using thighEr’
protected LSD test at 5% probability level. Nematadbmmunity structure was initially analyzed usihg
unconstrained Principal Component Analysis (PCAJe Telationship between soil environmental and rtiedsa
species relationship was then analyzed using ReshaydAnalysis (RDA), the constrained multivariaiteer
response method (Te Braakand and Verdonschot, 1985hematode genera were then assigned to trophic
guilds according to Bongers and Bongers (1998). &heironmental dataset was checked for exceptional
observations that could be outliers.

Results

Nematodes belonging to thirty (30) genera were dotinbe associated with coffee (Table 1). Amongehd 9
genera are known to contain plant parasitic nenestollematodes classified as plant parasitic doetntte
trophic guild accounting for 64% followed by badefeeding nematodes (24%). Among the plant pacasit
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group, nematodes belonging to the gergidanchulus, Meloidogyne spp. andPratylenchus spp. were the most
dominant across all the coffee growing areas inyated.

Table 1: Mean population densities of nematodssaated with coffee in Kenya

Genera Rank Abundance Trophic group
Abundance J2counts/200cc soil

Tylenchulus 1 166.6 Plant parasitic
Meloidogyne 2 161.4 Plant parasitic
Tylenchorhynchus 3 159.5 Plant parasitic
Pratylenchus 4 158.0 Plant parasitic
Tylenchus 5 156.4 Plant parasitic
Rotylenchus 6 147.7 Plant parasitic
Hemicyclophora 7 138.5 Plant parasitic
Ucephalobus 8 138.5 Bacterial feeder
Acrobeles 9 138.3 Bacterial feeder
Mononchus 10 136.7 Predator
Rhabditis 11 135.8 Bacterial feeder
Hoplolaimus 12 134.0 Plant parasitic
Aphelenchus 13 132.9 Fungal feeder
Chromadora 14 132.6 Bacterial feeder
Scutellonema 15 130.1 Plant parasitic
Prodorylaimus 16 127.8 Predator
Helicotylenchus 17 125.0 Plant parasitic
Hemicriconema 18 115.8 Plant parasitic
lotonchus 19 114.5 Predator
Xiphinema 20 113.9 Plant parasitic
Criconema 21 109.5 Plant parasitic
Cephalobus 22 105.7 Bacterial feeder
Aphelenchoides 23 103.5 Plant parasitic
Plectus 24 101.4 Bacterial feeder
Bunonema 25 93.0 Plant parasitic
Trichodorus 26 90.8 Plant parasitic
Paratrichodorus 27 90.4 Plant parasitic
Radopholus 28 89.8 Plant parasitic
Longidorus 29 87.3 Plant parasitic
Alaimus 30 61.1 Bacterial feeder

The abundance of plant parasitic nematodes assdaidth coffee was variable (P<0.05) among thedluafee
growing zones (Figure 1). Amongst the regions,amflarms in the coffee-tea zones (UM1) harboredhitjeest
numbers of plant parasitic nematodes, followed anntoffee zones (UM2) and least in the margindfeso
growing zones (UM3).
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Figure 1: Cumulative abundance of nematddedke three of agro ecological zn

KEY: UM1 -Upper Midland zone 1 UM2 -Upper Midlandnso2
UM3  -Upper Midland zone 3

The lowest ranked nematode genus Whsmus with an abundance of 61.1 juvenile counts/20G@t sThe
results indicated that some of the nematode gdmara higher abundance than others implying thatigeare
not evenly distributed across the sampling sité& detection of nematode species increased witkase in the
number of sampling sites (Fig. 2). As the curvadates, nearly all possible nematode species vea@vered in
the 99" sample where the species accumulation curve statésel out. Similarly, collecting at least 50%the
samples would have yielded more than 90% of theatede species.
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Figure 2: Species accumulation curve for nematgdearious districts of Kenya
The level of crop husbandry was found to signifttaimpact on the abundance of nematodes (Figur&&ms
that were ranked to be highly managed recordedketist number of nematodes while those ranked dscted

had the highest number of plant parasitic nematofliemng the soil chemical parameters analyzed ifsignt
differences were observed in pH and K in the suls-§dable 2).
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Figure 3 Influence of management level on the abundancewiatodes in coffee.

Table 2: Average physico-chemical properties ossoom coffee growing regions in Kenya

K (me%) P (ppm) pH
Ecological zone Top Sub Top Sub
soil Soil soil soil
umi 0.92 0.62 63.64 38.11 4.4
um2 0.93 0.61 77.61 47.82 4.9
umM3 1.13 0.87 83.86 47.30 4.9
P (0.05) 0.16 0.02 0.62 0.73 <0.001

The combined soil pH had narrow range of 4.4-4i@dslightly acidic to strongly acidic and was sfgrantly
variable (P<0.05) among the agro ecological zomgs. soil pH in the coffee-tea zone (UM1) was masdlia
compared to the main coffee zone (UM2) and the margoffee zones (UM3). Unlike topsoil, Potassi(&)
levels in the subsoil were significantly variable. top and subsoil, K levels were lowest in UM1 then
increasing to peak in marginal coffee zone (UM3)eK levels observed in this study were well witkfe
prescribed range of 0.4 — 2 Me. The phosphorugeff)s observed in this study though not influenbgagro
ecological zonations, were within the optimal ranfj20-100 ppm.

Multivariate analysis using the Monte-Carlo perntiotatest showed that among the three variabldy, agro-
ecological zonation and management levels sigmifigacorrelated with nematode community composition
structure (Table 3). Most plant parasitic nemasodeluding Meloidogyne, Helicotylenchus, Trichodorus,
Longidorus were better represented in the low and negleatffdec farms. Conversely, non-parasitic nematodes
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among themCephalobus, Mononchus, Rhabditis, and Acrobeles were highly associated with increased levels of
management in the coffee farms.

According to the Monte-Carlo permutation test figngficance of variables, only four of the eightveéonmental
variables namely Na, K Mn and P added sequentsgjgificantly contributed to the variation on thenmatode
community composition (Table 3). The selected sbiémical parameters had variable (P<0.01) effect o
various nematode genera. Nematodes belonging tgetheraBunonema and Radopholus were associated with
increased Mn.

Table 3. Significance of environmental variablesnematode community composition

Environmental variable Pr(>F)

Agro Ecological zone <0.01 ***

Coffee variety 0.27

Level of management 0.01 **

pH 0.18

Na <0.01**

K 0.04**

Ca 0.2

Mg 0.55

Mn <0.01**+*

P 0.02**

Ca+Mg)(K) 0.87
***Highly significant ** Significant

Based on 100 permutations under direct model witin$ added sequentially (first to last)

Discussion

Nineteen genera of plant parasitic nematodes veenedfto be associated with coffee in Kenya. Amdrgplant
parasitic group, nematodes belonging to the gefgmchulus spp.,Meloidogyne, and Pratylenchus spp were
the most prominent plant parasitic genera acrdshealcoffee growing areas investigated. The sufirdings
agree with other studies conducted on nematodeskaiy coffee elsewhere in major coffee producing
countries. These nematodes include very damagiegespthat cause great losses to the coffee graamershe
local economy of developing countries (Campmsal., 1990; Nguyenet al., 2009). The most important
nematodes reported in coffee shrubs are nematadibs igenudMeloidogyne, Pratylenchus, Rotylenchus, and
Pratylenchus (Luc et al., 2005, Bressan, 2008, Castilk al., 2009, De’Souza and Bressan 2008; Ngusted .,
2009) Others likeTylenchulus, Tylenchorhynchus, Tylenchus andHemicyclophora spp. are among the most
abundant nematodes reported in coffee but theyhatrevery destructive (Campas al., 1990; Castilloet al.,
2009).

Farms that were highly managed recorded the laasbar of nematodes while those ranked as negldwetdd
the highest number of plant parasitic nematodese@@dy, highly managed farms were dominated bytdyac
feeders, whereas, in the neglected farms, plartsjiar nematodes or herbivores, were more domirdighly
managed farms had a history of regular use of neaand weeding. In this study, the pH of the soihgles
ranged from 4.4-4.9. This agrees with findings l&y$duza & Bressan (2008) and Nguytal., (2009).

Factors found to influence nematode abundance disttibution in the survey concur with the docunteel
factors that account for variation in disparitigszmnes in nematode abundance such as rainfdllpsgerties,
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cultivar, temperature and other soil conditions rija et al., 2001; Ogol and Abredit (2001); Campos and
Villain, 2005). Nematode population density andriisition in the soil has been found to be influeshdy many
factors such as initial population density, plapiedes, crop management practices, soil structue a
environmental conditions (De’'Souza and Bressan RBBidies have further shown that areas whereatdiris
characterized by prolonged and severe hot dry seasy result to reduction of plant parasitic nerdato
(Hussey, 1996) consistent with findings in UM3. hits also been shown that nematodes are abundesetlin
drained soils but wet with adequate oxygen levslshay are suitable for coffee growing than dryflooded
soils (Huang and Cares, 1995).

In this study, the pH was well within the rangeetable by the plant nematodes and reports statenthist agro
ecosystems tend to fall within a range of 4-8 (Myast al., 2008) thus coffee zones are suitable habitat for
nematode reproduction. The effects of pH on nedwtbehavior have been examined in several species
(Gaugler and Bilgrami, 2004) and the range of 4(\8as found to be quite tolerable by entomopathimge
nematodes (EPNs) (Nyasadi al., 2008). Other findings indicate that extreme pHdetrimental to soil
nematodes (Thomas al., 2005 Campos and Villain, 2005; Nyasasi,al., 2008).

This study confirmed that management practiceseaotbgical conditions influence the presence anthdance

of nematodes (Kandjt al., 2001). This corroborates a study on bananas, wtesdts showed that certain
weeds act as reservoirs of plant pathogenic nereatsdch a&. similis and Meloidogyne spp (Coyne, 2002).
Such findings were found to be useful in devisimgprapriate nematode control measures prior to field
establishment with nematode free planting materegdpecially coffee seedlings (Quenehestval., 2006). The
absence of weeding and inadequate soil fertilityhi@ neglected farms is particularly to blame foe high
number of nematodes given that weeds offer altemdbod sources for the pests (Kimenju, 1998; Bastt

al., 2009). Past studies conducted to investigate tfectsf of different tillage practices on the nematod
community structure showed that tillage changesnimatode composition by trophic group and lifatsiyy
(Lenz and Eisenbeis, 200@pr instance, the density of plant parasitic nehegadecreased while the density as
well as dominance of bacterivorous nematodes iseckan the highly managed farms (Quenehetat., 2006).

The high levels of K observed in UM3 may be duehigher rates of mineralization occasioned by thghhi
temperatures associated with this agro ecologioaézActive application of organic and inorganidifizers
may explain the higher levels of K in the topsaihgpared to the subsoil and consequently the feerratodes
found in UMS3 since potassium has been reportecdoge nematode infestation (Carvatital., 2008). The
presence of plant pathogenic nematodes in UM3, tazbpe could also be attributed to their toleranze
environmental stress and survival through ‘anhyirsib’ when soil dries up in dry season (Kimenj898). It is
also important to note that overtime, coffee fagnsystem has been changing from the predominanbmon
cropping to intercropping due to changes in socimremic factors. This is expected to affect thewejround
ecosystems including nematode populations.

Conclusions and recommendations

It can be concluded that nematodes do affect caffé@enya and the plant parasitic nematodes foardenyan
coffee comprise at least 19 genera, but eleverhedet are beneficial nematode species associatédsuiit
fertility. The most damaging and destructive nemdasosuch asleloidogyne spp andPratylenchus spp were
among those present. The study also revealed that-exological zones, soil chemical properties and
management levels determine the abundance of ndesatnd distribution of species. Arabica coffedia,

the only species grown in Kenya, is susceptible lzgrtte did not influence the distribution of nerdasm The
study showed that nematode problem exist in cdtiees in Kenya and there is need for managemetheof
problem to curb the losses associated with theadesecaused by nematodesthis study, it was apparent that
many genera and species of nematodes occurredsatiagon with coffee, including potentially damagi
nematodes of significance to crop production iny&en
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