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Abstract Tomato isattacked by several plant parasitic nematodes but root-knot nematodes are the most devastating and cause
considerablelossesin Kenya. Studieswere undertaken under greenhouse and field conditionsto determinethe suppressiveness
of awiderange of plant speciesto root-knot (Mel oidogyne spp.) nematodes. Potted plantswereinocul ated with 6000 eggsand
/or juvenileswhilethefield experimentswerein nematodeinfested fields. Among the plantstested, Tagetespatula, Gossypium
hirsutum, Desmodium uncinatum, Chloris gayana, Zea mays, Alstroemeria sp., Capsicum annuum, Crotalaria juncea,
Arachishypogaea, Sorghum bicolor, Tithonia diversifolia and Pennisetum pur pureumwererated as poor hostswith galling
and egg mass indices ranging from 0 to 3. High galling and egg mass indices ranging from 7-9 were recorded on Lablab
purpureus, Coriandum, sativum, Statice sp., Brassica oleracea var. gloria, Helianthus annuus, Vigna subterranea while
Muguna pruriens, Lactuca sativa, Alliumampel oprasum, Sesamumindicum, Allium cepa, Onnissp., BrassicaOleracea Var.
chinensis, Asparagus sp., Brassica oleraceavar. botrytis, Ornithogolum arabicum. Tuber osesp. and Chrysanthemumindicum,
were rated moderately resistant with galling and egg mass indices ranging from 3 to 6.

Damage by nematodes was significantly (P=0.05) reduced in tomato planted after sweetcorn or in sweetcorn with Tagetes
patula, Crotalariajuncea, Sorghumbicol or and Asparagussp. inthefield. Thisstudy showsthat despitethefact thatMel oi dogyne
spp. have wide host ranges, there is a wide range of economically important plants from which suitable candidates can be
selected for use asrotation or interplantsin their management.
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Introduction required to design and implement effective crop cyclesfor the

control of such pathogens as root-knot nematode that have

Rotating crops in a sequential cropping system is widely ~ Proad host ranges (Kerry, 1990, Yamada, 2002). Previous
regarded as a good agricultural practice in traditional and ~ Studies have been focused on plants such as Tagetes spp.,
modern agriculture (Bridge, 1996). Crop rotation systemsare ~ Crotalaria spp., Asparagus spp., sesame, and neem that are
particularly useful in maintaining soil fertility and reducingor ~ @ntagonistic toroot-knot nematodes because they releaseroot
preventing build up of pests and diseases especialy in the exudatesthat aretoxic to the nematodes (Sukul, 1994, Varges-
soil (Netscher and Sikora, 1990). The principle that guides ayalaetal.,2000). Low or lack of commercial value of the most
use of crop rotation in nematode management is to reduce intensively studied plants is however, a major hindrance to
popul ations of the damaging nematode speciesto levelsthat their adoption into cropping systems (Johnson et al ., 1992).
allow subsequent cropsto complete early growth before being Suitability of acrop for incorporation into arotation cycleis
heavily attacked (Bridge, 1996). This can be achieved by ~ Nt only determined by itsefficiency in nematode suppression
alternating poor hosts, non-hosts or resistant crops with but also by the economic returns. The challenge to research
susceptible or tolerant crops (Swamy et al ., 1995). is therefore, to identify nematode suppressive crops that
Although sequential cropping isrecognized asastrategy satisfy the economic considerationsin crop production. This

in root-knot nematode control its adoption especially inthe ~ Study was conducted with the aim of identifying potential
smallholder farms is restricted due to scarcity of arableland ~ rotation crops with food, forage or commercial value and
coupled with market-driven production of particular crops incorporate them into cropping cyclesfor root-knot nematode

and/ or varieties (Bridge, 1996). In addition, a lot of skill js ~ Management in tomato.
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M aterials and methods

Screening of potential rotation cropsfor root-knot nematode
suppression

Greenhouseexperiment. Thirty-six plant species(Table 1) were
selected and evaluated to determine their reaction to root knot
nematodes under greenhouse conditions. Tomato C.V.

Moneymaker and Tagetesminuta wereincluded asnegativeand
positivecontrol s, respectively. Potsmeasuring 21 cmin diameter
were filled with 5 kg heat sterilized loam and sand, mixed in the
ratio 2: 1(v/v). Threeseedsof eachtest plant were sownin each
pot but thinning wasdoneafter emergencetoleaveoneseedling
per pot. Ten days after seedling emergence, 6000 eggs and/ or
juveniles, suspended in 10ml of water, were pipetted into
indentations made around the base of the seedlingsin each pot
and soil pushed back to cover the roots. Treatments were
arrangedinacompletely randomized designwith tenreplications.
Plantswerewatered when necessary and fertilized on abiweekly
basisby adding 5g of cal cium ammonium nitrate (CAN) into each
pot. The experiment wasterminated eight weeksafter inoculation.
Plants were then gently uprooted and roots washed free of
adhering soil using tap water. Galling was quantified using
the scale of 0-10 asdescribed by Bridge and Page (1980) where,
0=healthy root system, 1 = very few gallsonly detected upon
close examination, 2 = small gallseasy to detect, 3= numerous
small galls, 4 = numerous small galls and afew big ones, 5 =
25% of the root system severely galled, 6 = 50% of the root
system severely galled, 7 = 75% of the root system severely
galled, 8 = no healthy root but plant still green, 9 = completely
galled root system and plant dying, 10 = plants and roots
dead. Plants with scores ranging from 0-3 were rated as
resistant whilethose with scores ranging from 4-6 and from 7-
10 were rated as moderately resistant and susceptible,
respectively. Egg masses were stained using phloxine B
(Holbrook et al., 1983) and quantified using a scale of 1-9
where 1=no egg masses, 2=1-5, 3=6-10, 4=11-20, 5=21-30, 6=31-
50, 7=51-70, 8=71-100, 9= >100 egg masses per root system
(Sharmaet al., 1994). Second-stage juveniles were extracted
from 200cr® soil using themodified Baermann funnel technique
and enumerated (Hopper, 1990). The experiment was repeated
once.

Field Experiment. The plants selected for this test were
Tagetes patula, Crotalaria juncea, Sorghum bicolar,
Desmodiumsp., sweetcorn and cotton which had been rated
as resistant in the greenhouse experiment with tomato C.V.
Moneymaker asacontrol. Theplantswere grownin nematode
infested micro-plots measuring 1 x 1.8m. Each micro-plot had
4 rows with 5 plants/row planted in a spacing of 25 x 60cm.
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Fertilization was done by adding 59 of diamonium phosphate
to each planting hole. Weeds were controlled regularly and
plantsirrigated when necessary. Theexperimental designwas
randomized compl ete block with three replications.

Initial nematode inoculum in the soil was determined by
taking five soil samplesat random foll owing the procedure by
Dropkin (1980) and second-stage Meloidogyne juveniles
extracted using the modified Baerman funnel technique and
enumerated (Hooper, 1990). After 90days, five plants were
randomly selected from the middle rows of each micro-plot
and carefully uprooted, and damage by nematodes assessed
using the galling index scale developed by Bridge and page
(1980). Soil sampleswerecollected from ten different pointsin
each micro-plot, composited and second-stage juveniles
extracted as described above. The experiment was repeated
once.

Effect of growing tomato in rotation with antagonistic plantsin
combination with sweetcorn onMeloidogyne spp. in aninfested
fidd. Theeffect of rotating tomato with sweetcorn or sweetcorn
undersown with Crotolaria juncea, Asparagusspp., Tagetes
patula, Sorghum bicolor or Allium sativum on root-knot
nematodes was determined under field conditions. A nematode
infested field was selected and the above plants sown in plots
measuring 4 x 4m. Theinitial nematode density in each field was
determined following the procedure described above.

During the first three months, sweetcorn was undersown
with T. patula, Sorghum bicolor, Asparagussp., Crotalaria
juncea, sweetcorn and tomato C.V. Moneymaker asacontrol.
Sweetcorn was planted at a spacing of 30x75cm and single
rows of the antagonistic plants sown in between. Plantswere
fertilized by adding 5g of diammonium phosphate into each
planting hole. Weedswereregularly controlled and the plants
irrigated when necessary. The experimental design was
randomized complete block design with fivereplications. After
three months, ten sweetcorn plants were randomly selected
from each plot, uprooted and their roots washed free of soil.
Dataon dry shoot and cob weights were taken. Soil samples
were taken from ten different points in each plot for juvenile
population assessment. Plotsweretilled beforetransplanting
one-month-old tomato C.V. Moneymaker seedlings at a
spacing of 25 x 75cm.

The experiment was terminated 60 days after transplanting
by gently uprooting 10 randomly selected tomato plantsfrom
each plot and roots washed free of soil before rating them for
galling and egg masses following the procedures described
above. Second-stage juveniles were extracted from soil
samplesand enumerated as described above. Dry shoot weight
of the ten plants was al so taken and the experiment repeated
once following the same procedure.
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Results

Greenhouse experiment. There were significant (P£0.05)
differences in galling, egg masses and juvenile counts among
the plantstested (Table 1). Galling and egg massindices ranged
from6.6—9.0intomato, rapeseed, lablab, coriander, spring onion,
and cabbage C.V. Gloria, sunflower, statice and bambara nuts.
These plantswererated as susceptible. Ornithogolum, tuberose,
onnis, leekswiss, chrysanthemum, garlic, velvetbean, chinese
cabbage, asparagus, broccoli, lettuce, sesameand red onion were
rated as moderately resistant with galling and egg mass indices
ranging from 3 — 6. Tagetes patula, desmodium, rhodes grass,
alstroemeria, cotton, crotalaria, napier, sorghum, peanut,
sweetcorn, capsicum and tithoniawere resi stant with galling and
egg massindicesranging from 1-3.

No egg masses were observed on roots of desmodium,
rhodes grass and alstroemeria. Few egg masses (<10 per root
system) were observed on sweetcorn, cotton, capsicum and
nappier grassroots. Tomato C.V. Moneymaker had the highest
number of egg masses but was not significantly (P=0.05)
different from cabbage C.V. Gloria, rapeseed, sunflower, [ablab,
bambara nuts and coriander (Table 1). The highest counts of
Mel oidogyne juveniles was recovered from soils grown with
tomato whereas the lowest was from soils grown with peanut
(Table1).

Field experiment. Results of the microplot experiment were
similar to those observed in the greenhouse. Significant
(P£0.05) differences in galling and egg mass indices were
observed among the plants tested (Table 2). Galling indices
ranged from 1.2 to 6.8 with rhodes grass having the lowest
(1.2) and tomato the highest (6.8). All the tested plants had
galling indices that ranged between 1.2 and 2.4 thus being
rated as resistant compared to tomato (control) that was
susceptible with a galling index of 6.8. The egg masses
followed atrend similar to that of the galling index and ranged
from 1.4 to 2.9 among the tested plants while tomato C.V.
Moneymaker had the highest of 7.3. There were significant
(PE0.05) differences in juvenile (J,) populations between
treatments and the control (Table 2). Meloidogyne juvenile
count was highest (1630) in plots where tomato was grown
and lowest (373) in plots grown with Tagetes spp. (Table 2).

Effect of growingtomatoin rotation with sweetcor n under sown
with antagonistic plantson root-knot nematodes. Thisdiffered
significantly (P£ 0.05) among thetreatments (Table 3). Galling
was lowest (1.9) on tomato grown in rotation with sweetcorn
undersown with Tagetes patula and highest (7.4) under
continuous tomato (Table 3). Galling indices ranged from 1.9
to 3.0 on tomatoes grown in rotation with sweetcorn alone or
in combination with plants antagonistic to nematodes. The
egg masses on tomato grown in rotation with different
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rotational treatmentsfollowed atrend similar to that observed
on galling index (Table 3). Tomato grown in rotation with
sweetcorn undersown with Tagetes patula had the lowest
(2.9) egg mass index.
There were significant (P£0.05) differences in juvenile (J,)
populations among the treatments (Table 3). The lowest
juvenile population was recovered from plots planted with
sweetcorn undersown with Tagetes patula while the highest
was recovered from plots under tomato monoculture. Shoot
weights of tomato were significantly (P£0.05) different among
thetreatments (Table 3). Thelowest shoot weight (10.59) was
recorded under tomato monoculture and the highest (21.6) on
tomato grown in rotation with Tagetes patula. There were
significant (P£0.05) differencesintheyield of sweetcornamong
different rotational treatments(Table 3). Thelowest sweetcorn
yield was recorded in plots where sweetcorn was underswon
with Tagetes patula while the highest was observed in plots
undersown with Crotalaria juncea. The dry weight of
sweetcorn stalks followed a similar trend (Table 3).
Generally nematode populations in plots planted with
sweetcorn alone or sweetcorn undersown with Tagetes spp.,
Crotalaria, sorghum, asparagusor garlic continued to decrease
during season 1 compared to tomato monoculture (Fig. 1).
However, at the harvest of the tomato crop, nematode
populationincreaseswereobservedinall theplots. Thehighest
nematodes popul ation i ncrease was obtai ned from plotswhere
tomato was rotated with sweetcorn and undersown with
Crotalaria juncea while the lowest was in those plots of
tomato rotated with sweetcorn undersown withTagetespatula
(fig.1). Therewasacontinuous nematode popul ation increase
in tomato monoculture while the highest reduction in
nematode popul ation was noted i n rotations using sweetcorn
undersown with Tagetes patula.

Discussion

This study demonstrated that marigold (Tagetes patula and
T. minuta), sunnhemp (Crotalaria juncea), cotton
(Gossypium hirsutum), desmodium rhodes grass, sorghum,
sweetcorn, alstroemeria, capsicum and peanuts were
suppressive to root-knot nematodes under greenhouse and
field conditions. Our findings are in agreement with previous
studies (Mc Sorley, 1999; Kinloch and Rich 2001). However,
little has been done on most of the above plants in Kenya.
The explanation for effectiveness of marigold in the
management of root-knot nematode is the toxic a-terthienyl
and derivatives of bithienyle that they produce that are toxic
to nematodes (Uhlenbroek and Bijloo, 1957).

Desmodium legume is a high quality forage crop that can
be incorporated into cropping systems for soil fertility
improvement and soil erosion control, with the added
advantage of root-knot nematode suppression. Suppression
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Fig 1. Nematode population changes in plots where sweetcorn, was
undersown with different antagonistic plants and rotated with
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of Meloidogyne by sorghum could be attributed to presence
of glycosidesinits cellsthat become exposed initstissuesif
injured by nematodes leading to the release of highly toxic
hydrogen cyanide (Meyer and Fry, 1978) that kill the
nematodes. Thiscereal can beincorporated in diverse cropping
systems particularly as a fallow crop during dry seasons in
order to boost food security intheseareasasit iswell adapted
to awide range of environmental conditions.

These results also demonstrated that cotton suppressed
root-knot nematode reproduction. Although Meloidogyne
spp. are a serious pest of cotton, varieties that are highly
resistant to the nematodes have been identified elsewhere
but not in Kenya (Veech and McClure, 1977). This could be
due to high concentrations of terpernoid aldehydesfoundin
their roots that are toxic to the nematodes. This crop can be
used in our country to revitalise our textile industry that has
collapsed and alleviate poverty in cotton producing areas.
Apart from production of nematicidal compounds, antagonistic
plants may also reduce nematode populations by acting as
trap crops (Bridge, 1996). Nematodes invade roots of such
plants but their development and reproduction is inhibited.
For instance, Dasaeger and Rao (1999) reported that juveniles
of Meloidogyne speciesfreely entered rootsof resistant plants
like sunhemp but failed to multiply. In addition, roots of some
plantsmay not beafood sourcefor certain nematodes, thereby
reducing their numbers by starvation (Bridge, 1996).

There was moderate nematode damage on roots of garlic,
velvetbean, lettuce, leekswiss, sesame, red onion, onnis,
chinese cabbage, asparagus, broccoli, ornithogolum, tuberose
and chrysanthemum. Thisindicates that these crops support
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root-knot nematode reproduction to a certain extent and
should therefore be introduced into cropping systems with
caution and particularly those farmers who constantly
interplant these crops with the susceptible ones. Farmers
should be encouraged to rotate them with resistant ones to
reduce the nematode inoculum level in the soils.

Damage by root-knot nematodes on mustard, statice, spring
onion, rapeseed, cabbage C.V. Gloria, sunflower, lablab,
coriander and bambara nuts was similar to that observed on
tomato. Thisis proof that these crops are susceptible and
should be avoided in cropping systems particularly in soils
known to heavily infested by Mel oidogyne. These findings
arevery important sincevery little work has been donein our
country concerning the reaction of root knot nematodes on
these plants.

Undersowing sweetcorn with nematode antagonistic plants
suppressed galling by root-knot on subsequent tomato
nematodesresulting in vigorousgrowth of tomato crop. These
findings agree with previous reports (Sikora, 1992; Korthals
et al., 2000) Increase in nematode population density was
slowest under tomato plants grown in plots previously under
sweetcorn and Tagetes patula. indicating that there was
continued nematode suppression after removal of marigold.
Tomato plants grown in rotation with sweetcorn undersown
with Tagetes patula had higher shoot weight than tomato
grown after tomato.

Undersowing sweetcorn with Crotalaria juncea resulted
in reduced nematode populations and minimal damage onthe
succeeding tomato crop. It also resulted into increaseinyield
of sweetcorn implying that nitrogen fixation wastaking place
that might have lead to improved plant growth. Therefore
farmers should be encouraged to use crotalariaasarotational
crop asit both reducesrootknot nematode population density
and increase the yield of acompanion or succeeding crop.

Conclusion

Observations made from thisstudy were based on greenhouse,
microplot and on-station field experiments. On-farm studies
are required to verify these findings and establish the
acceptability of selected crops asrotational or interplantsfor
root-knot nematode management. Studies should be
undertaken to explore the mechanisms of resistance involved
in these plants such as, physical barriers like xylem bundle
sheaths, production of toxic substances and post- infectional
substances that these plants produce when attacked by
nematodes. Use of antagonistic plants should be evaluated
in combination with other control strategies like organic
amendments to establish their effect on biodiversity that is
necessary for sustainable management of nematodesin agro
ecosystems.
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