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Abstract. Sesbania (Sesbania sesban), which is promoted as a short-duration-fallow species in
eastern and southern Africa, is an alternative host to root-knot nematode (Meloidogyne spp.).
Therefore, it is important to know the extent of sesbania infection by the nematode on farms
and its effects to crops grown in rotation with sesbania. A survey of 14 farms in western Kenya
indicated that sesbania was infected by root-knot nematode in all the farms. The potential to
build up the nematode population was much greater on farms where maize (Zea mays) was pre-
viously intercropped with a susceptible bean (Phaseolus vulgaris). Screening of 30 single plant
accessions of four sesbania provenances (Kakamega, Siaya, Kisumu, and Kisii) from western
Kenya in pots indicated limited scope for selecting material resistant to the nematode. All four
provenances were infested by the nematode, and they increased its population in soil and root.
A rangewide collection of sesbania germplasm needs to be screened to determine the scope
of finding nematode-resistant material. Transplanted seedlings produced in heat-sterilized,
nematode-free soil showed less nematode infection than direct-seeded plants. However, both
direct seeding and transplanting seemed to increase nematode population similarly. A number
of Crotalaria spp. that were found resistant to nematodes can be considered as alternatives to
sesbania-planted fallows, but further field-scale testing is necessary to select appropriate species
based on biomass production. Among other species suitable for short-duration fallows, only
pigeonpea (Cajanus cajan) and senna (Senna siamea) showed promise. Species such as neem
(Azadirachta indica), casuarina (Casuarina junghuhniana), and grevillea (Grevillea robusta)
that are suitable for boundary plantings were free from the root-knot nematode.

Introduction

The beneficial effects of multipurpose trees in agroforestry technologies are
fairly well documented (Nair, 1989); but little is known about the possible
adverse effects of combining trees with crops. Introduction of trees or shrubs
into croplands could lead to severe pest problems if trees and crops host the
same pests, which can be the case with plant-parasitic nematodes.

Short-duration planted fallows with sesbania [Sesbania sesban (L.) Merr.]
have been found to increase soil fertility and subsequent maize yields in the
nutrient-depleted soils of eastern and southern Africa, and the technology is
being tested widely on farms in these regions (ICRAF, 1996; Kwesiga et al.,
1999). However, sesbania is a host of root-knot nematodes (Meloidogyne spp.)
(Martin, 1958; Yamoah and Getahun, 1990; Karachi, 1995). Root-knot nema-
todes also attack a number of field crops such as bean (Phaseolus vulgaris
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L.), tobacco (Nicotiana tabacum L.), and potato (Solanum tuberosum L.) and
vegetables such as tomato (Lycopersicon esculentum L.), eggplant (Solanum
melongena L.), and capsicum (Capsicum annuum L.), and may cause
economic yield losses (Sasser, 1979). Maize (Zea mays), the most important
food crop grown immediately after sesbania fallows, is not generally affected
by the root-knot nematode. However, crops that are traditionally intercropped
with maize such as bean, cassava (Manihot esculenta Crantz.) or cowpea
[Vigna unguiculata (L.) Walp.] or grown in rotation with maize such as
tobacco, bean, cassava or cotton (Gossypium hirsutum L.) could be affected
by nematode infestation. Sesbania is traditionally grown dispersed in crop-
lands in western Kenya, but whether intensive use of sesbania in the form of
planted fallows aggravates nematode problems is not known. Unlike pests that
occur above-ground, soilborne pest problems, particularly of nematodes, are
not easily recognized.

If sesbania fallow systems are to remain a sustainable productive tech-
nology, a number of issues concerning root-knot nematodes need to be
addressed. These include (i) the extent and severity of nematode problems in
the systems currently practiced on farms, (ii) changes in nematode popula-
tions following sesbania fallows, (iii) the potential for nematode damage to
susceptible crops grown in association or rotation with maize after sesbania
fallows, and (iv) the scope for managing root-knot nematodes. This paper
reports results of a survey of farms conducted in western Kenya to assess the
scope of nematode problems, particularly root-knot nematodes, and the scope
for avoiding these problems through selection of nematode-resistant sesbania
provenances or alternative agroforestry tree species.

Materials and methods

Survey of nematode problems on farms

Fourteen farms situated in six locations (Jina, Marenyo, Ebuyangu, Nyabeda,
Nyamininia, and Barsauri) of Vihiga and Siaya Districts, western Kenya, were
monitored for plant-parasitic nematode populations before and after growing
five test crops in the 1995 long rains season. The monitoring was done on 17
plots of 7 m 

 

× 5 m (one on each of 11 farms and two on each of three farms)
marked on these farms, 10 of which had previously grown a maize-bean inter-
crop and seven had grown sole maize. Rainfall in the region (the annual
average varies from 1400 to 1800 mm) occurs in two distinct rainy seasons,
the long rains season (March to July) and the short rains (September to
December). The soils are mostly Nitisols, characterized by a clay loam to
sandy loam texture, and low levels of available phosphorus (Jama et al., 1997;
Shepherd and Soule, 1998).

The test crops were tomato (cv. Moneymaker), capsicum (cv. Long Red
Cayenne), cowpea (cv. local), bean (cv. Rose Coco), amaranthus (Amaranthus
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hybridus), and two sesbania provenances, Kakamega and Kisii. Sesbania,
tomato, and capsicum were planted as six-week-old seedlings raised in poly-
thene pots containing heat-sterilized soil. Cowpea, bean, and amaranthus were
direct seeded. These crops were sown in March at a distance of 1 m between
rows and 0.30 m between plants within the rows. Before planting the test
crops, soil samples were taken from a depth of 0 to 30 cm at 10 locations in
each plot, and a bulked sample was prepared. Nematodes were extracted from
50 cm3 of ten subsamples of the bulked soil according to the modified
Baermann funnel method (Hooper, 1986). Extracts were collected after 24 h,
and subsamples of each extract were examined for nematodes using stereo
and high-resolution microscopes.

Sixty days after establishment, four plants of each species were sampled
to observe nematode damage and were scored for root gall index (GI) with a
0 to 10 scale (Zeck, 1971): 0 = no galls, 1 = very few small galls, 2 =
numerous small galls, 3 = numerous small galls, some of which are grown
together, 4 = numerous small and some big galls, 5 = 25% of roots severely
galled, 6 = 50% of roots severely galled, 7 = 75% of roots severely galled,
8 = no healthy roots but plant is still green, 9 = roots rotting and plant dying,
and 10 = plant and roots dead.

Nematodes were also extracted from 10 g of fresh roots over 48 hours fol-
lowing the modified Baermann funnel method. This is a motility-dependent
extraction method, which means that only second-stage juvenile (J2) root-knot
nematodes and males are recovered. After 120 days, the remaining plants were
harvested and observed for nematode damage and populations. Soil nematode
populations were also monitored at this stage in samples taken from each test-
crop row (five locations per row). Average results of the two sesbania prove-
nances are presented.

Screening for root-knot nematode resistance

Three experiments were conducted at Maseno Agroforestry Research Centre
(altitude 1500 m, latitude 0°, longitude 34°35′ E, mean monthly temperatures
range from 18 to 27 °C) to screen sesbania accessions, crotalaria, and other
potential species for short-duration fallows for root-knot nematode resistance.
The soil used in these studies was a Kandiudalfic Eutrudox (pH = 5.1, sand
= 26%, and clay = 46%) collected from plots grown with sesbania and heavily
infested with nematodes. Initial nematode populations were monitored in 12
samples following the procedure described earlier. The soil potting medium
contained large populations of spiral nematodes (mainly Helicotylenchus spp.
and Scutellonema spp.) (mean = 1930, standard deviation 750 L–1 soil) and
root-knot nematodes (mean = 560, standard deviation 170 L–1 soil). Other
parasitic nematodes present were those belonging to the families Trichodoridae
(mean = 210, standard deviation 110 L–1 soil) and Criconematidae (< 50 L–1

soil), and root-lesion nematodes (Pratylenchus spp.) (< 50 L–1 soil). Non-
parasitic nematodes numbered 9410 (standard deviation 2180) L–1 soil.
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In the first study, 30 single-tree accessions of four sesbania provenances
from western Kenya were evaluated in polythene pots, each containing one
liter of freshly collected soil. The accessions were nine of Kakamega (K1),
five of Siaya (K2), five of Kisumu (K3), and 11 of Kisii (K7) provenances.
The Kisii accessions came from above 1800 m altitude, whereas the others
originated from altitudes ranging between 1300 m and 1600 m. The acces-
sions were screened under two planting methods: (1) transplanting six-week-
old seedlings raised in heat-sterilized soil and (2) direct seeding. Each
accession was grown in 14 polythene pots, one plant per pot, eight with
seedlings and six with seeds.

In the second trial, 12 Crotalaria spp. (C. agatiflora, C. endecaphylla, C.
grahamiana, C. greenway, C. incana, C. laburnifolia C. mucronata, C.
ochroleuca, C. pancira, C. paulina, C. recta, and C. vallicola) were evalu-
ated. In the third trial, 14 other tree or shrub species, ten of which are suitable
for fallow technology [Cajanus cajan (L.) Millsp., Calliandra calothyrsus
Meissner, Desmanthus virgatus, Desmodium distortum, Dodonaea viscosa,
Leucaena diversifolia Benth., Leucaena leucocephala (Lam.) de Wit, Senna
siamea, Stylosanthes guianensis, and Tephrosia candida (Roxb.) DC.] and four
suitable for boundary plantings [Azadirachta indica A. Juss, Casuarina
junghuhniana Miq., Grevillea robusta A. Cunn. ex R. Br., and Markhamia
lutea (Benth.) K. Schum.] were evaluated. In both these tests, there were six
polythene pots for direct seeding and six for transplanting the species.

Two of the most susceptible crops, tomato (cv. Moneymaker) and eggplant
(cv. Black Beauty), were included as controls in the screening tests. The pots
were randomly placed under a shade net and watered uniformly throughout
the study period. After 60 days, three plants of each accession from trans-
planted and three from direct-seeded polythene pots were harvested for
nematode observations. The fresh roots were weighed and rated for root-knot
infection. One composite root sample per accession (10 g) was then processed
for monitoring nematode populations as described. After 120 days, roots of
the remaining plants (five from transplanted and three from direct-seeded pots)
were assessed for galling and for the number of juveniles per 10 g root. In
addition, 50 cm3 soil from each pot was processed for estimating the nematode
populations in the soil. Roots were weighed (fresh weight) before extraction.
The data were subjected to analyses of variance (ANOVA) using a Genstat
statistical package, following natural log or square root transformations.

Results and discussion

Survey of nematodes on farms

Effect of previous cropping system on parasitic nematodes
Of the farms that previously grew sole maize, only 14% showed the presence
of root-knot nematode and none the reniform (Rotylenchulus spp.) nematode.

276



In contrast, 90% of the farms that previously grew maize-bean intercrop
showed root-knot and reniform nematodes, although their populations were
low (Figure 1A). A previous survey conducted in East Africa had shown maize
to be resistant to root-knot nematodes (Whitehead, 1969).

Root-lesion nematodes were most abundant, particularly following sole
maize, which is not surprising considering that these nematodes are commonly
found associated with maize (Norton, 1983). Although information on para-
sitism and pathogenicity of root-lesion nematodes on maize is limited, its high
numbers are often associated with poor maize growth (Norton, 1983), and
damage by the nematode could easily be diagnosed by the presence of
small black lesions on root surface. Spiral nematodes were present on all
farms, and they were somewhat higher after sole maize. The spiral nema-
todes Helicotylenchus spp., Scutellonema bradys, and S. cavenessi were
reported to be commonly present in maize fields (Bridge et al., 1995).

These results should be treated cautiously, as the practical significance of
preseason soil nematode populations to potential damage is not known in
tropical agricultural systems in Africa. This is because of generally low
nematode populations during the dry season before crops are sown, the com-
plexity of cropping systems, and the lack of adequate knowledge of popula-
tion dynamics across seasons (Luc et al., 1993). Low densities of root-knot
nematodes are difficult to detect during the non-cropping period, but they
can build up later in the season.

Parasitic nematodes on test crops
At 60 days after planting, tomato, and sesbania showed root-knot symptoms
on most farms (Figure 2), and bean on 29% of the farms (Figure 2). Bean
was parasitized by the nematode on 80% of the farms when it followed
maize-bean intercrop. Tomato grew poorly on many farms, with more than
50% of the root system heavily galled and with clear above-ground symptoms.
Average root gall indices were highest on tomato (7.0), then on sesbania (1.3)
and bean (1.0). Many tomato and bean plants either matured or died without
setting fruit before 100 days, indicating that bean could suffer from root-knot
damage even with low GI. The tomato cv. Moneymaker is a known suscep-
tible host of root-knot nematode (Kanyagia, 1979). By contrast, sesbania in
spite of recording higher GI than bean did not show any visible nematode
damage symptoms on above-ground growth, except on a few individual trees
on three farms. Nematode populations inside tomato roots did not reflect the
high GI rating, probably because several roots were rotting at the time of
sampling (data not presented). Male Meloidogyne were found inside roots in
65% of the plots.

Both the sesbania provenances behaved similarly in susceptibility to root-
knot nematode and increase of its populations, so an average of their results
is presented (Figure 1B, Figure 2). Average GI on sesbania increased with
time from 1.3 at 60 days to 2.3 at 120 days, and root galls were highly variable,
from minute spherical to large elongate. Farms previously cropped with a
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Figure 1.  Plant-parasitic nematode populations in soil before growing test crops (A) and after
growing sesbania (average of Kisii and Kakamega provenances) on farms (B), which were
cropped previously with sole maize or maize–bean intercrop in western Kenya. Bars are standard
errors of means.



maize-bean intercrop showed a high count of root-knot and reniform nema-
todes in the soil after growing sesbania (Figure 1B). The populations of root-
lesion nematodes were low and not different between the farms previously
cropped with maize and maize-bean.

Cowpea, capsicum, and amaranthus were not infected by the root-knot
nematode, suggesting that these crops were probably resistant to the local root-
knot nematode species. Of the two most important root-knot nematodes,
Meloidogyne javanica was reported to be the predominant species in the higher
and intermediate altitudes of East Africa with ample rainfall, sporadically
mixed with low numbers of M. incognita (Whitehead, 1969). As capsicum is
considered a good host of M. incognita, absence of root galls and limited
presence of juvenile populations on this crop in our study confirm that M.
incognita is not common in the highlands of western Kenya. Although GI
and nematodes in root did not show any trend, soil populations of root-knot
for the affected crops were much higher on fields previously cropped with
maize-bean intercrop than with sole maize. The highest populations were
found under tomato. All farms, including those that did not show any nema-
todes before sowing the test crops, had root-knot nematodes present.

The highest population of root-lesion nematode (100 nematodes g–1 fresh
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Figure 2.  Root-knot gall index (GI) on tomato, sesbania, and bean at 60 days and sesbania at
120 days of planting in western Kenya, averaged for fields previously cropped with maize and
maize-bean intercrops.



root) was found inside bean roots. Some roots were completely affected
with lesions and plants showed very poor growth. Sesbania, tomato, and
cowpea had comparable but rather low numbers of root-lesion nematodes.
Capsicum was free from this nematode. Reniform nematodes were found in
ten locations, sometimes in high numbers, on fields that had previously been
cropped with maize-bean intercrop. Rotylenchulus reniformis is the second
most important parasitic nematode, after root-knot nematode, that affects
vegetables (Netscher and Sikora, 1993). Spiral nematodes were common and
abundant in all locations (range: 200–9360 nematodes L–1 soil). Pathogenicity
of these spiral nematodes is still poorly documented. Some, such as
Scutellonema bradys on yam (Dioscorea spp.) and Helicotylenchus multi-
cinctus on banana (Musa spp.), are known to be very destructive; others such
as S. cavenessi are probably not pathogenic (Baujard and Martiny, 1995).
While nematodes of the family Tylenchidae were present in low numbers in
all farms (< 500 nematodes L–1 soil), those belonging to the families
Trichodoridae, Tylenchorhynchidae, Hemicycliophoridae, and Criconematidae,
and Paratylenchus spp. were found sporadically (< 20% of farms) in low den-
sities (< 500 nematodes L–1 soil).

Resistance of sesbania to root-knot nematode

Provenance and accession differences are discussed based on the results of
transplanted seedlings, as they produced uniform growth and planting methods
did not affect the relative ranking of sesbania material to nematodes. All acces-
sions were visibly affected by the root-knot nematode. Although different
provenances did not show significant differences in root-knot reproduction,
different accessions within provenances showed significant differences (Figure
3). At 60 days, the accessions showed much lower root galling (GI = 1.7 to
4.7) and juvenile populations (45 to 103 J2 g–1 root) compared with tomato
(GI = 6.5 and J2 g–1 root = 265) or eggplant (GI = 6). The average root galling
of sesbania increased to 4.3 by 120 days (Figure 3), although populations
inside roots did not make much difference over time.

Soil nematode populations were highest under the Siaya provenance
(K2) followed by Kisii provenance (K4); Kakamega provenance (K1) showed
the lowest values. Reproductive rate (ratio of the final to the initial J2

population) was also lowest for Kakamega. While Kakamega and Kisumu
provenances formed fairly homogenous groups, Kisii and especially Siaya
provenances showed considerable variability among accessions (Figure 3).
Excluding one particular accession (K2 S016), the Siaya group was similar
to Kisumu. The highest root-knot reproduction rate (about 15) was found on
accessions K2 S016 and K4 S031 and lowest on K1 S005, K2 S014 and K4
S030 (about 3). Total parasitic nematodes (root-knot + other parasitic nema-
todes) were different among provenances; Kakamega had about 50% fewer
parasitic nematodes in the soil than Siaya and Kisii (data not presented).
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Figure 3.  Response of single plant accessions of four sesbania provenances (K1 = Kakamega, K2 = Siaya, K3 = Kisumu, and K4 = Kisii) to root-knot
nematode at 120 days after planting in western Kenya. SED = standard error of the difference of means.



Transplanting or direct seeding of sesbania?

The direct-seeded sesbania (averaged over all accessions and provenances)
had significantly higher GI and nematode populations per gram root than trans-
planted seedlings (Table 1). At the end of four months of growth, the direct-
seeded sesbania averaged a GI of 4.8 compared with 4.2 for the transplanted
trees and showed seven-fold higher nematode populations per gram root
biomass. However, the soil nematode population in transplanted pots was 31%
higher than that in direct-seeded pots, probably because the higher total root
biomass in the transplants enabled the nematode to multiply rapidly. As the
seedlings used for transplanting in this study were raised in sterilized soil,
they were free from nematodes when they were transplanted. The transplanted
seedlings with their good root system established quickly and thus were better
able to withstand the nematode infestation. Bare-root seedlings, with which
sesbania can be conveniently established on the farm, can be produced free
from nematodes easily by treating the soil in the nursery bed with a nemati-
cide or using heat-sterilized soil.

Transplanted seedlings generally grow better than direct-seeded ones, and
in this study they were nearly three times the size of the direct-seeded plants.
However, if seedlings are already infested with root-knot nematode in nursery,
the transplanted seedlings may suffer from nematode damage more than the
direct-seeded ones (Steinmuller, 1995). As the total nematode population (that
is, in soil + root) under both planting methods was similar, the planting method
of sesbania fallows may not make much difference to overall build-up of root-
knot nematode populations and their effect on subsequent crops.

Alternative species to sesbania for planted tree fallows

None of the crotalaria species tested showed any significant root-knot galls
(Table 2). At 60 days, very few nematodes were found inside roots, and at
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Table 1.  Root-knot nematode infection and tree height and root weight of transplanted versus
direct-seeded sesbania, 120 days after establishment in western Kenya.

Planting method Root Nematode population Tree height Fresh root
gall index (cm) weight 

In root In soil (g plant–1)
(J2g

–1 fresh root)a (J2L
–1 soil)a

Direct seeding 4.8 468 (5.40)b 3138 (50.6)c 34 3.1
Transplanting 4.2 063 (3.79) 4109 (60.7) 96 7.6
SEDd 0.15 00– (0.15) 000– (3.0) 02.1 0.35

a J2 are second-stage juveniles.
b Numbers in parentheses are natural log transformed values used in ANOVA.
c Numbers in parentheses are square-root transformed values used in ANOVA.
d Standard error of the difference of means.



120 days, no nematodes were extracted from either soil or roots. Both trans-
planted and direct-seeded plants behaved similarly in their reaction to root-
knot nematode. However, many crotalaria species had a high number of other
parasitic nematodes (up to 36000 nematodes L–1 soil and 45 g–1 root). Spiral
nematodes were the most common. C. pancira and C. grahamiana also had
a high number of nematodes of the family Trichodiridae (about 5000 nema-
todes L–1 soil).

Although the growth of crotalaria did not seem to be affected by these
nematodes, they may affect the associated or subsequent crops. For example,
Luc et al. (1993) reported that in Ivory Coast crotalaria intercropped
with pineapple to control root-knot nematode increased the Pratylenchus
brachyurus population to levels as harmful to pineapple as root-knot nema-
todes. Unlike sesbania, all Crotalaria spp. grew very well with direct seeding;
the only exception was C. greenway, which germinated poorly with direct
seeding. Highest root weight, however, was found with C. recta, although its
above-ground biomass was not correspondingly high.

Striking differences were noted among other tree and shrub species suitable
for short-duration (one to two years) planted fallows, fodder, and boundary
planting technologies in respect of the buildup of nematode populations in
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Table 2.  Gall index and juvenile (J2) root populations of the root-knot nematode, total soil
populations of other plant-parasitic nematodes (Hoplolaimidae and Trichodoridae), and growth
of 12 Crotalaria spp. in western Kenya.

Species Gall index Root-knot Other parasitic Above-ground Root 
population nematodes at biomass at biomass 
(J2g

–1 fresh 120 days 120 days, at 120 days,
root) fresh weight fresh weight

(number L–1 soil) (g plant–1) (g plant–1)
60 120 60 120 
days days days days

C. agatiflora 0 0 0 0 17318 (9.5)a 35 06.2
C. endecaphylla 0 0 0 0 03433 (7.8) 15 05.2
C. grahamiana 1 1 1 0 36218 (10.4) 56 05.5
C. greenway 0 0 0 0 04514 (7.6) 27 00.6
C. incana 0 0 0 0 18608 (9.8) 78 07.8
C. laburnifolia 1 1 1 0 04212 (8.3) 13 02.6
C. mucronata 0 0 0 0 15830 (9.5) 48 10.7
C. pancira 0 0 0 0 20263 (9.9) 61 10.0
C. ochroleuca 1 1 1 0 02510 (7.6) 39 04.8
C. paulina 0 0 0 0 06370 (8.7) 42 07.5
C. recta 0 0 0 0 01902 (7.2) 43 16.2
C. vallicola 0 0 0 0 07307 (8.7) 30 03.3
SEDb – – – – 0000– (0.4) 13.6 01.9

Data were averaged over direct-seeded and transplanted pots, which had three replications each.
a Numbers in parentheses are natural log transformed values used in ANOVA.
b Standard error of the difference of means.



soil and root and in the manifestation of root-knot symptoms (Table 3). Neither
senna (Senna siamea) nor pigeonpea (Cajanus cajan) showed root galls, nor
did they increase nematode populations in their roots or soil. Probably such
species can be considered for planted fallow technology without concern for
nematode problems. However, species that show high sensitivity to root-knot
nematode or increase its population over time should be judged carefully. 

Sesbania (K4 S031) was the most susceptible of all species tested in this
study, with a GI of 5.1 and soil root-knot nematode populations of 5860 nema-
todes L–1 soil by 120 days (Table 3). Leucaena diversifolia and L. leucocephala
showed clear symptoms of root-knot infection with a GI of between 1 and 3,
although they did not accumulate high nematode populations in either the
soil or the roots. Stylo (Stylosanthes guianensis) and desmodium (Desmodium
distortum) recorded high root-knot nematode populations in soil comparable
to those for sesbania but exhibited fewer galls on their roots. This indicated
that whether or not these species suffer from root-knot nematode, there is
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Table 3.  Gall index, root-knot nematode and other parasitic nematode (Hoplolaimidae and
Trichodoridae) populations in western Kenya on different agroforestry trees and shrubs suitable
for planted fallows and boundary plantings.

Tree species Gall index Root-knot nematodes Other parasitic
at 120 daysa nematodes at 

120 days 
60 120 In fresh root In soil (no. L–1 soil)
days days (J2g

–1) (J2L
–1)

Trees for fallows
Cajanus cajan 0.0 1.0 000 (0.0)b 00000 (0.0)b 03547 (59)c

Calliandra calothyrsus 0.5 0.7 001 (0.4) 00525 (2.3) 00944 (24)
Desmodium distortum 0.7 0.7 038 (3.3) 16475 (9.1) 23727 (138)
Desmanthus virgatus 0.2 0.4 050 (1.7) 00095 (3.3) 03193 (56)
Dodonaea viscosa 1.3 2.0 006 (0.7) 02587 (3.2) 05595 (66)
Leucaena diversifolia 1.7 2.9 005 (1.0) 00197 (2.8) 00546 (22)
Leucaena leucocephala 2.0 1.7 010 (1.8) 00000 (0.0) 00269 (16)
Senna siamea 0.7 0.0 000 (0.0) 00000 (0.0) 00360 (18)
Sesbania sesban 2.3 5.1 119 (4.2) 05860 (8.4) 16904 (127)
Stylosanthes guianensis 0.5 1.2 075 (3.4) 09777 (8.6) 10916 (96)
Tephrosia candida 1.3 1.8 075 (4.1) 05224 (1.0) 09215 (95)

Trees for boundary planting
Azadirachta indica 0.0 0.0 000 (0.0) 00000 (0.0) 00320 (15)
Casuarina junghuhniana 0.5 0.2 001 (0.1) 00118 (2.6) 04952 (69)
Grevillea robusta 0.9 0.0 001 (0.2) 00045 (0.9) 00374 (18)
Markhamia lutea 1.9 1.8 003 (0.9) 00253 (3.8) 02073 (43)
SEDd 0.38 0.40 00– (0.72) 0000– (1.36) 0000– (14.6)

a J2 are second-stage juvenile populations of root-knot nematode.
b Numbers in parentheses are natural log transformed values used in ANOVA.
c Numbers in parentheses are square-root transformed values used in ANOVA.
d Standard error of the difference of means.



a potential danger that they may increase the nematode populations for a
detrimental effect on subsequent crops. Calliandra (Calliandra calothyrsus)
exhibited a degree of root galls similar to that of stylo and desmodium, but
it did not contribute to the high buildup of nematode populations. Tephrosia
(Tephrosia candida) and to a lesser extent dodonaea (Dodonaea viscosa)
showed similar root galls and recorded high soil nematode populations by 120
days. Although Desmanthus virgatus showed high root-knot nematode popu-
lations inside the root, lack of root galls and low populations in the soil
suggested that this species does not favor multiplication of the nematode.
These and other potential fallow species must be tested on farms for the effect
of parasitic nematodes on their growth and on subsequent crops.

Resistance of crotalaria species to root-knot nematode has been observed
before, and rotating tobacco with C. fulva, C. grahamiana, C. intermedia, C.
juncea, or C. spectabilis has been suggested to suppress damage of root-knot
nematode in tobacco (Martin, 1958; Shepherd and Barker, 1993). Incorporation
of C. spectabilis hay was also found effective in reducing root galling on
susceptible crops (Mian and Rodriguez-Kabana, 1982). Although their use in
rotation with tobacco could be of some concern because of the toxins produced
by some Crotalaria spp. and an increase of soil nitrogen status, which affects
the quality of flue-cured tobacco (Shepherd and Barker, 1993), such problems
do not arise with food crops such as maize.

The resistance mechanism of crotalaria to root-knot nematode is not known.
Either the larvae of the nematode fail to enter the plant, or they fail to develop
even after entering. Larvae freely enter the roots of some resistant plants like
C. spectabilis and Tagetes spp. but fail to survive. In this experiment very few
J2 were found at 60 days and none whatsoever at 120 days, indicating that
crotalaria may act as a trap crop and is able to effectively reduce root-knot
nematode population in the soil.

Some of the leguminous shrubs accumulated high numbers of root-knot
nematodes in the soil, but none seemed to suffer as severely as sesbania.
Desmodium, dodonaea, tephrosia, and stylo all proved to be good hosts for
root-knot nematodes but also appeared to be quite tolerant. Leucaena leuco-
cephala and L. diversifolia both showed root-knot galls, but few root-knot
nematodes were found either in roots or soil. They were also among the
species that showed the lowest total of parasitic nematodes. This might
indicate that Leucaena spp. could be used to control plant-parasitic nematodes
in general. Drastic reductions in nematode populations under L. leucocephala
fallow have been observed in Nigeria on sites that were previously planted
to cowpea, rice or maize (Caveness and Lowe, 1992). Also, senna and
pigeonpea were free of root-knot symptoms and nematodes. However, the
reported occurrence of root-knot nematode on pigeonpea grown in north-
eastern Kenya and Malawi indicates varietal differences and the need for
selecting nematode-resistant cultivars of pigeonpea for its fallows (Sharma
et al., 1993).

Neem (Azadirachta indica), which is well known for its pest control poten-
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tial, neither showed root-knot symptoms nor recorded juvenile populations at
120 days. Although root-knot may enter neem roots, the nematode is unable
to reproduce, probably because of nematicidal properties of neem root con-
stituents (Alam et al., 1975; Huang, 1985).

Among other tree species suitable for boundary plantings, only markhamia
showed some root galls. However, the potential threat that boundary-planted
trees would aggravate nematode infection to the adjacent crops can be judged
only in large-plot and long-term trials.

Conclusions

Root-knot nematodes occur widely in western Kenya on farms where maize
was previously intercropped with bean. Susceptible species such as tomato
and sesbania were parasitized on all farms irrespective of the previous crop,
and bean was parasitized on most farms that had previously grown bean.
Cultivation of sesbania enhanced root-knot nematode populations in soil and
roots, indicating that susceptible crops immediately following sesbania are
likely to be damaged by the nematode.

There is limited scope for selecting nematode-resistant accessions of
sesbania from Kenyan germplasm, and rangewide sesbania collection should
be screened to see if any nematode-resistant material could be found. Direct-
seeded sesbania experiences greater root-knot nematode infestation than
transplanted seedlings produced in nematode-free soil, which may further
reduce the initial slow growth of direct-seeded sesbania. The planting method
may not influence the buildup of nematode populations, but transplanting
nematode-free seedlings produced in heat-sterilized or nematicide-treated soil
can minimize the detrimental effect of nematodes on sesbania growth.

All crotalaria species tested were resistant to root-knot nematode. Field
screening of crotalaria species is needed to identify those that produce high
biomass and are easy to establish as suitable for short-duration fallows where
root-knot nematode is a major problem. Another species worth considering
for fallows is pigeonpea, but desmodium, stylo, tephrosia, and dodonaea may
not be appropriate alternatives to sesbania, as they seem to accumulate high
populations of root-knot nematode. The fodder species such as calliandra, L.
diversifolia, and L. leucocephala and trees for boundary plantings such as
casuarina, grevillea, and neem do not seem to pose any major threat of
nematode problems.
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