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Abstract — Response of eight bean varieties to Meloidogyne
Jjavanica and M. arenaria was evaluated under greenhouse and
field conditions. The bean varieties were GLP2 (Rosecoco),
GLP24 (Canadian wonder/Gituru), GLPX92 (Mwitemania),
GLP585 (Wairimu), GLP1004 (Mwezi moja), GLP1127 (New
mwezi moja), and two climbing beans (Vuninkingi and
Gisenyi). .In the greenhouse test, two weeks old seedlings
established on sterilized sandy loam soil were inoculated with
4000 nematodes comprising of second stage juveniles (J2) and
eggs obtained from beans in the Central highlands of Kenya
and maintained on tomato cv money maker in the greenhouse.
Each treatment was replicated six times in a Randomized
Complete Block Design (RCBD). Five bean varieties namely
GLP2 (Rose coco), GLPX92 (Mwitemania), GLP585
(Wairimu), GLP1127 (New mwezi moja) and Gisenyi that
were moderately resistance or resistant as revealed in the
greenhouse experiments were evaluated under field
conditions. Treatments were replicated four times and
arranged in a RCBD. Greenhouse test was terminated 60 days
after inoculation while the field test was terminated 90 days
after planting. Plant growth, nematode damage as measured
by gall indices and egg mass indices and reproductive factor
were assessed. Based on these parameters, the host responses
to the nematodes were categorized as resistance, moderately
resistant, susceptible and moderately susceptible. GLP 585
was categorized as resistance or a poor host while Vuninkingi
was rated the most susceptible among the eight varieties. The
moderately resistant varieties were (GLPX92, GLP2,
GLP1127 and Gisenyi, while GLP24 and GLP1004 were
moderately susceptible.

Keywords — Resistant, Susceptible, Root Knot Nematodes,
Reproductive Factor, Gall Index, Egg Mass Index, Host
Suitability.

I. INTRODUCTION

Common beans (Phaseolus vulgaris L.) are the most
important legume staple food in Kenya coming second to
maize. Beans are rich in protein (lysine tryptophane,
methiomine), vitamins (vitamin B, nicotine acid) and
minerals (Ca and iron) making it a cheap source of protein
especially for the rural poor who cannot in most cases afford
the relatively expensive animal protein [6]. They provide up
to 65 percent of the country’s national dietary protein intake
and 32 percent of caloric intake [6]. Half a cup, for example,
provides the recommended daily allowance of folic acid
and B vitamins; supplies 25-30% of the recommended
levels of iron, meets 25% of magnesium and copper needs
and 15% of the potassium and zinc [6]. In addition, N-
fixation through root nodules of beans improves soil
fertility status and reduces amount of N used in
intercropping systems [6], [8]. For this reason, its common

practice to intercrop beans with maize in small holder
farming systems in Kenya.

Though bean yields are on the decline, their demand is on
the rise, being at 5-10% per annum [8]. The production
constraints include diseases, insect and nematode pests, low
soil fertility and poor agricultural practices [11], [18], [19].
Among nematode pests, root knot (Meloidogyne spp) are
the most important [9], [19]. Root knot nematodes which
are polyphagus nature, are reported to cause yield losses of
up to 60% [4], [18]. In addition to direct pathogenic effects
on plants, the nematodes act synergistically with other plant
pathogens to form disease complexes that further impact
negatively on the crops [18]. The nematodes also suppress
nodulation and therefore affect nitrogen fixation [15], [23].

Poor agronomic practices including continuous
cultivation of beans, a common practice among resource
poor farmers further aggravate the nematode menace as the
nematode population builds up beyond the economic
threshold levels [19]. Though effective, use of nematicides
in small holder farming systems is confined to high value
crop and thus they are not a first choice option for nematode
management on beans [18]. Though use of resistant
varieties is an effective way of controlling nematodes [13],
[14], the long periods required to develop and release
resistant varieties and the existence of pathotypes that break
the resistance remain a great challenge to the use of resistant
varieties in the management of nematodes. In spite of these
shortcomings, use of resistant varieties has great potential
in nematode management in low — input agriculture
according to [10], [15], [17], [20], [21]. Information on
response of bean varieties to Meloidogyne javanica and M.
arenaria in the Central highlands of Kenya is lacking.
There is therefore need to screen the bean varieties grown
in the area for resistance against the mixed population of the
two RKN species (Meloidogyne javanica and M. arenaria)
commonly found in the area of study.

This study was therefore carried out to evaluate the
response of bean varieties to M. javanica and M. arenaria
in the Central highlands of Kenya with the overall aim of
identifying a variety for inclusion in integrated management
strategies.

I1I. MATERIALS AND METHODS

Greenhouse and field experiments were conducted to
evaluate the response of bean varieties to root knot
nematodes in Kirinyaga and Embu Counties of the Central
highlands of Kenya.

Greenhouse Experiment
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Test Plants

Reaction of eight bean varieties to a mixed population of
M. javanica and M. arenaria was evaluated under
greenhouse conditions. The varieties were GLP2
(Rosecoco), GLP24 (Canadian wonder/Gituru), GLPX92
(Mwitemania), GLP585 (Wairimu), GLP1004 (Mwezi
moja), GLP1127 (New mwezi moja), and two climbing
beans (Vuninkingi and Gisenyi). The varieties selected
were commonly grown as intercrops with maize in the study
area. The seeds were surface sterilized before sowing them
into a 15cm- diameter pots filled with steam sterilized soil
made up of Sandy-loam in the ratio of 1:3. Thinning was
done one week after sowing so as to have 1 seedling per pot.

Inoculum Preparation and Inoculation Procedure

Two - weeks old seedlings were inoculated with 4,000
nematodes. The inoculum consisted of a 20ml suspension
of second stage juvenile (J2) and eggs. The nematodes were
obtained from infected bean root system collected from
infested farms in the study area and maintained on tomato
Solanum esculentum cv. moneymaker in the greenhouse. In
preparing the inoculum, the nematodes were extracted from
the tomato roots using the method according to [5]. The
inoculum was pipetted into a depression made around the
bean roots and covered with soil. Treatments in which no
nematodes were added served as controls. The treatments
were arranged in a Randomized Complete Block Design
(RCBD) and replicated 6 times. The experiment was
terminated 60 days after inoculation and plant growth and
disease assessment data collected.

Data Collection
Plant Growth Assessment

Plants were gently uprooted and the root system
separated from the shoot system at the first basal node. The
root systems were carefully and thoroughly washed before
taking their fresh weights. Fresh and dry shoot weights and
dry pod weights were obtained. The dry shoot and pod
weights were obtained after drying them at 70C for 72 hours
in an oven.
Disease Assessment

Nematode disease severity and damage were assessed
using gall indices, egg mass indices and number of
nematodes in root and in the soil and the reproductive
indices [14], [16], [17], [22]. To determine the gall index,
the root system was visually rated using a gall-rating index
of 0-10 by [1] where 0 = No knots on roots; 1 = Few small
knots that are difficult to find; 2 = Small knots only but are
clearly visible and main roots clean; 3 = Some larger knots
are visible and main roots clean; 4 = Larger knots pre-
dominate but main roots clean; 5 = 50% of roots infested
and knotting on parts of main root and reduced root; 6 =
Knotting on main root; 7 = Majority of main roots knotted,
8 = All main roots knotted but few clean roots visible; 9 =
All roots severely knotted and plants usually dying and 10
= All roots severely knotted and no root system and plant
usually dead.

In determining the egg mass indices, the root system was
washed free of soil and blotted dry before immersing 5g
fresh roots sub samples in Phloxine B (Fluka, Germany)
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(0.15 g/liter tap water) for 15-20 min to stain the egg
masses as described by [2]. The stained roots were rinsed
with running tap water and blotted dry. Egg-masses were
enumerated under a stereo microscope using a manual
Counter and scored using a 0-5 egg-mass rating index
according to [12] where; 0 = no egg-masses; 1 = 1-2 egg-
masses; 2 = 3-10 egg-masses; 3 = 11-30 egg-masses; 4 =
31-100 egg-masses and 5 > 100 egg-masses per root system.

To obtain the nematode final population in roots, a 10g
root sub - sample was obtained from the remaining
unstained roots that had been cut into 1 cm long pieces. The
root sub sample was blended for 30 seconds in 200 ml of
0.5% sodium hypochlorite and passed through a 400 mesh
sieve (0.038 mm) and washed in tap water, according to the
methods by [3], [5]. The nematode suspension was adjusted
to 20ml, and a 1ml aliquot placed in a Hawksley’s Counter
and nematodes counted under a Leica MS 5 stereo
microscope at 40X. The final nematode population per root
system was the average number of nematodes counted from
three-Iml aliquots taken from the 20ml nematode
suspension.

The nematode Reproduction Factor (RF) was calculated
as RF = P{/Pi, where PF = final nematode population in the
roots and Pi = initial nematode population. Host Suitability
was categorized based on RF according to [14], [22], [24]
as good (susceptible) when RF > 5.0, fair (Moderately
susceptible) if 5.0 >RF >1, poor (Resistant) if 1 > RF > 0,
and non - host (immune) when RF = 0.

In determining the final nematode population in the soil,
the soil was thoroughly but gently mixed and a 200 cm? sub
sample was used to extract the nematode using the method
according to [7] and countered under a Stereo microscope
using Hawksley’s nematode counter. The data were
transformed by log 10 (X + 1) to standardize variances
before analyses.

Field Experiments

The field test was conducted at Kenyatta University
located in Nairobi County. The university lies between
latitudes 1° 10¢ South of the Equator and Longitude 36
55‘East and at an altitude of 1790m above the sea level. The
climate is fairly cool with temperature ranges of 10°C to
29°C. The rainfall pattern is bi-modal experiencing long
rains between March and May with a mean rainfall of 899
mm while the short rains are experienced between October
and December with a mean rainfall of 638 mm. The mean
annual rainfall is 786.5 mm. The soils are deep friable
loamy-clay type. The field, naturally infested with RKN
was demarcated into forty 3x4m micro plots with a Im alley
between them. The initial RKN second stage juveniles’
population was determined before planting. To obtain the
initial nematode population in the soil, ten soil cores were
taken at random from each plot and thoroughly mixed
before extracting nematodes from a 200cm® sub-sample
using the method according to [3].

Five bean varieties namely GLP2 (Rose coco), GLPX92
(Mwitemania), GLP585 (Wairimu), GLP1127 (New mwezi
moja), and Gisenyi that were resistant or moderately
resistant as revealed in the greenhouse test were used in this
test. Seeds were sown at the recommended spacing of
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15x50cm within and between rows. The experiment was
arranged in a Randomized Complete Blocks Design
(RCBD) with four replications (2 outer rows served as the
guard rows). Plots treated with a Tellon II (pre-plant soil
fumigant) at recommended rate and planted with the
respective bean variety served as the controls. The plots
were manually kept weed free throughout the experimental
period and watered using overhead irrigation as was
needed.

Data Collection
Plant Growth Assessment

Plant and soil samples for nematode assays were
collected at the end of the experiment, 90 days after
planting. Ten plants were randomly selected from each
micro plot. All mature pods were harvested from the ten
selected plants before gently uprooting them to minimize
damage of the root system. The soil adhering to the roots
systems was gently shaken off into a plastic bag before
separating the root from the shoot system at the first basal
node. The soil from each of the ten plants was composited
and a 200cm® composite sub sample taken for nematode
extraction. Both the soil and the plant materials were
transported to the laboratory in cool boxes for further
analyses. The roots were carefully but thoroughly washed
and fresh root weights obtained. Dry pod weight were
obtained to determine the yield.
Disease Assessment

The roots were washed in running tap water and
nematode damage assessed by visually rating the galling
using the gall rating index of 1-10 [1] and an egg mass index
of 0-5 [2] as described in details for the greenhouse test.
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Nematodes were extracted from a 200cm® soil sub
sample. The J2 were then concentrated in water in 20ml
vials. One ml aliquot of a well-mixed nematode suspension
was pipetted into a Hawksley nematode counting slide and
nematodes counted under a dissecting microscope.

Data Analysis

Data obtained were subjected to Analysis of Variance
(ANOVA). Means were separated using Fisher’s Least
Significance Difference (LSD) (p<0.05). In addition,
Student T-test was carried out to compare means of crop
performance in the greenhouse test.

ITI. RESULTS AND DISCUSSION

Green House Test
Plant Growth

There were significant differences (p< 0.05) in the plant
growth parameters for five bean varieties, namely GLP 2,
GLP 24, GLPX92, GLP 585 and GLP1127 (Table 1). The
fresh and dry shoot weights and the fresh root weight of the
uninoculated GLP 24 were significantly (P<0.05) lower
than those of the controls. The dry shoot weights, fresh root
weights and dry pod weights of inoculated GLP585 were
significantly (P<0.05) lower than the uninoculated. The
fresh shoot weights of inoculated GLP1127 and GLPX92
were significantly (P<0.05) lower than the uninoculated
varieties. There were no significant differences between
inoculated and uninoculated GLP 1004, Vuninkingi and
Gisenyi bean varieties as depicted in Table 1.

Table 1. Mean® Fresh Shoot Weight (FSW), Dry Shoot Weight (DSW), Fresh Root Weight (FRW) and Dry Pod Weight
(DPW) of beans, Greenhouse Test

Bean varieties
Parameter ‘ ‘ GLP2 ‘ GLP24 ‘ GLPX92 ‘ GLP585 ‘ GLP1004 | GLP1127 | Vuninkingi | Gisenyi
FSW T 307  4535% 3565%* 294 28.51 27.58% 23.65 47.54

C 3297 6336 2536 35.25 35.74 35.6 27.3 48.35
DSW T 53 6.12%  3.95 4.22% 4.68 4.34 4.58 8.36

C 617  9.06 2.91 5.39 5.67 3.92 422 8.61
FRW T 69*% 84 7.13 4.1% 7.13 4.8 5.09 11.8

C 103 11.46  7.66 5.75 7.49 6.12 6.13 14.6
DPW T 48 5.5 6.37 5.76* 5.89 6.17 5.82 8.03

C 754 596 6.76 9.07 5.75 5.61 5.29 9.39

"Data are means of six replications

* Significant differences (p< 0.05) between the inoculated and control plants in the respective growth parameter by

Student’s T test.

The reduced growth of the various bean varieties could
be attributed to the effects of nematodes on growth. The
relatively superior performance of inoculated plants in
some cases could be attributed to the ability of root knot
nematodes to stimulate nitrogen fixation and thereby
improve growth [15] or to the bean genotype [6].

Nematode Disease Severity and Damage

There were significant differences (P<0.05) in gall
indices and number of J2 in the soil among the treatments
as depicted in Table 2. Vuninkingi revealed the highest
nematode damage as had the highest gall indices and
number of nematodes in the soil followed by GLP1004 and
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GLP24. GLP 585 revealed the lowest gall indices and
number of nematodes in the soil followed by Gisenyi,
GLPX92, GLP1127 and GLP2 (Table 2). Though there
were no significant differences in egg mass and
reproductive indices, Vuninkingi had the highest egg mass
and reproductive indices while GLP 585 had the lowest
(Table 2).
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Based on the reproductive indices GLP585 was the most
resistant while Vuninkingi was the most susceptible bean
variety. The other varieties were moderately resistant
(GLPX92, GLP2, GLP1127 and Gisenyi) and moderately
susceptible (GLP24 and GLP1004).

Table 2. Mean' gall rating indices, egg mass indices and numbers J2 in the soil, RF and Host reaction of different bean
varieties to RKN nematodes, Greenhouse test

Treatment GRI* EMIP J2/200cm? ¢ RF Host Reaction
GLP2 4.66b 2.34 73c 0.38 MR
GLP24 6.18c 2.18 179d 1.43 MS
GLPX92 4.01b 1.17 53b 0.27 MR
GLP585 2.52a 0.68 34a 0.17 R
GLP1004 6.75¢cd 2.51 181d 1.61 MS
GLP1127 4.02b 1.83 77c 0.39 MR
Vuninkigi 7.67d 3.19 212e 5.56 S
Gisenyi 3.82ab 2.65 46ab 0.21 MR
LSDo.0s 1.34 NS 18.99 NS

Se 11.1 1.3 16.2 1.52

Cv% 22.3 51.4 11.1 3.07

" Data are means of six replications. * Gall indices according to [1]

®Egg mass indices according to [12]

Field experiment
Plant growth

Bean varieties in the plots that were treated with the
nematicide had higher dry pod weights than those grown in
micro plots that were not treated with the nematicide (Fig.
1). There were no significant differences however in dry
pod weights between the treatments and the control. (Fig.

1). The difference in the performance of the various bean
varieties could be attributed to their genotypic differences.
Nematode Disease Damage

There were significant differences (P<0.05) in Gall
indices (GI) and Egg mass indices (EMI) among the bean
varieties (Table 3). GLP585 and GLP1127 had some of the
lowest GI (1.15 and 1.87, respectively).
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Fig. 1. Mean dry pod weight (DPW) of different bean varieties grown in root knot nematode- infested and nematicide
treated plots, Field Test
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while Gisenyi had the highest (Table 3). While most of the
varieties revealed low gall mass indices, GLP 585 revealed
no gall masses in their roots. Gisenyi had the highest egg
masses which were significantly higher (P<0.05) than those
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of the other varieties. These results are consistent with the
finding in the greenhouse results which revealed that
GLP585 was the most resistant cultivar.

Table 3: Mean' gall index, Egg mass index and number of J2 in the soil different bean varieties grown in root knot
nematode- infested field; Field test

Treatment GRI? EMI® J2/200cm?
GLP2 2.15 0.1 270
GLPX92 22 0.2 422
GLP585 1.15 0.0 335
GLP1127 1.87 0.15 210
GISENYI 3.2 0.8 575
LSDo.0s 1.23 0.39 NS
SE 0.19 0.11 213
CV% 21.5 36.5 8.9

T Data are means of four replications.
2 Gall rating indices according to [1]
®Egg mass indices according to [12]

The wide range of responses of the bean varieties to the
mixed population of root knot nematodes indicate the
potential presence of resistance genes within the
germplasm, with GLP585 having the highest potential. The
type of resistance, whether polygenic or monogenic needs
to be elucidated by further studies. Root exudates from
plant with resistance genes are known to suppressive to root
knot nematodes [10], [13], [15]. The stability and
mechanism of resistance needs to be determined in future
studies as nematode pathotypes and environmental factors
especially temperature affects the stability [10], [13], [15].

IV. CONCLUSION

The study revealed that GLP 585 was a poor host to a
mixed population of root-knot nematodes while Vuninkingi
was the best host to the nematodes. GLPX92, GLP2,
GLP1127 and Gisenyi were moderately resistance while
GLP24 and GLP1004 were moderately susceptible. A study
on the mode or mechanism of resistance needs to be
elucidated and whether its controlled by single or multiple
genes.
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