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Tomate cultivation is severely affected by bacterial wilt disease eaused by the soilborne
pathagen Rolslonia solanacearum (previously known as Pseudomonas solanaceariom
Bmith). Effects of rotation of tomato (Lyeopersicon escudentun Mill) with other s
on suil populations of K. selanacecrim and on bacterial will disease incidence of
temato were evaluated in the field, Monocropped Cassava (Moanihot esculenta Crantz),
Mucuna puriens L., Crotaluria juncea L., and intercrops of Cassava/Croialaria,
Cassava/Mucune, and a natural grass mix (control) were rotated with Lhe tomatoe cvs.
Mira, Ronita, Roma VIFN, and Ibadan Local. Monocropped Mucuna significantly
reduced soil population of K. solanacearum by the end of the rotation period, wheraas
Lhe natural grass rolation had the highest population of the pathogen. Olher crops
with the exceplion of monocropped ecaszsava also reduced the pathogen soil population.
The incidence of wilt was delayed in cvs. Mira, Roma VFN, and Ronila compared to
Thadan Local’, but all were 80% or more infected after 8 weels,
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INTRODUCTION

In addition te their value as a source of vitaming and micronutrients, tomato
(Lyecopersicon esculentum Mill) iz a high-value cash crop. Nigeria is the largest
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tomato producer in West Africa, harvesting 889,900 Mt on about 127,000 ha in
2004 (Food and Agricnlture Organization of the United Nations [FAQ], 2005).
Tomato vields in 2004 were low, average 7.0 Mtha !, compared to average
11.1 Mtha * for all of West Africa (FAO, 2005). Some constraints affecting
tomato yvields in Nigeria are absence of high-quality seed, suboptimal farming
practices, and prevalence of pests and diseases. One of the major diseases of
tomato in Nigeria is bacterial wilt, caused by the soilborne pathogen Ralstonia
solanacearwm (Smith) {(Adebayo and Elkpo, 2005; Osunde and [kedivgeu,
2002},

The bacterium has a worldwide distribution and a large host range of
more than 200 species in 50 families (Hayward, 1991). This is particularly
true of race 1, which is especially virulent against solanaceous crops. Epidem-
ies of bacterial wilt disease of tomato have been recorded in Nigeria since 18996
{Adebavo and Ekpo, 2005), leading to restrictions in production in some areas.
Survival of this pathogen is particularly encouraged by high soil moisture
{Abdullah et al., 1983), which usually typifies major production areas.

Various stratesics have been developed for control of bacterial wilt of
tomate, but many are limited in application, being site gpecific or limited by
socio-economic conditions (Hayvward, 1991). Although host resistance is the
most economical contral option, it is difficult to obtain cultivars with stable
resistance across locations under conditions of high temperature and humid-
ity in the tropics (Hanson et al., 1996). Cultural control strategies uzing inter-
eropping of non-host crops and soil amendments have been reported (Michel
et al., 1997; Sood ot al., 1998; Sun and Huang, 1285}, Crop rolation, intercrop-
ping, or incorporating green manure crops such as sun hemp (Crotalaria
Juncea L) and mungbean (Vigna radicfa L.) before planting susceptible crops
hawve been reported to be effective for bacterial wilt disease control (Hartman
et al., 1993}

The N requirement of tomato crops in southwestern parts of the country 13
60 kgha™ of N (Olufolaji, 2000). However, soil nitrogen is usually deficient
under continucus cropping, which is a common phenemenon in tomato-based
cropping systems in Nigeria (Erinle, 1989). Survival of B. selanacearum in the
znil is largely dependent not only on the initial population levels in the soil but
on the biological, chemical, and physical properties of the soil and the type of
cropping system used (Shekhawat and Perombelon, 1991 This determines
the availability of host materials, tvpe of debris that can serve as shelter sites,
and microbial aclivity governing antagonistic activities (Hayward, 1891)
Apart from the ability of green manure such as Mucurna and Crotalaria to con-
trol bacterial wilt disease (Hartman et al., 1993), they have also been reported
to restore and conserve mainly soil nitrogen (Huang and Huang, 1893). Inte-
grated management svstems incorporating use of resistant cultivars and
appropriate cropping systems can alter the suitability of the microenviron-
ment to the pathogen and influence disease inecidence. The objective of this
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study was to investigate the role of short rotations of cultivars of tomato with
other crops on soil populations of B. solanacearum and incidence of bacterial
wilt disease of tomato,

MATERIALS AND METHODS

The trial was conducted from July 2003 to November 2004 in a naturally
infested field at the National Horticultural Research Institute (NTHORT),
Ibadan (3°54 K, 7°30 N}, in the savannah zone of the southwestern N igeria.
Rainfall is bimodal with an annual mean of 1280 mm; mean minimum tem-
perature range between 20.0 and 22 8°C, and a maximum temperature range
between 27,9 and 34.79C.

The soil pH was 6.35 with a texture of sand (90.8%), silt (1.8%), and clay
{7.4%) and with exchangeable Ca 0.99 cmolkg™; Mg 0.38 emolkg ™ K 0,17
emolkg™; Na 0.4 emolkg™: exchangeable acidity 0.09 emolkg 1 effective cation
exchange capacity (ECEC) 2.03; 96% base saturation; organic carbon, 2.8 gke™";
total N 0.2 ke !; and available P 9.58 mekg !,

Cuttings of cassava (Manthot esculenta Crantz), ev. TMS30572, and seed
of Mucuna puriens L., ev. IRE, and Crotalaria juncea L., were collected from
the International Institute of Tropical Agriculture (IITA, Ibadan, Nigeria).
Tomato seeds were from AGRINOVA (Dallas, Texas), with the exception of
Thadan Local’, which was from the gene bank of NIHORT.

Effect of Crop Rotation on Soil Population of R. solanacearum

The experiment was arranged in a randomized eomplete block design with
three replications. Treatments were monocropped Cassava, Mucuna, or Crotea-
laria; intercrops of Cassava/Crotalarie, Cassava/Mueuna: and a natural grass
fallow (control). Each treatment plot was 4 x 4 m in dimension. All rotational
crops were planted on 27 Sept. 2003, Cassava was planted using a spacing of
1% 1 m. The intererops were planted in alternate rows (1 m apart) such that
each plot had two rows of cassava and two rows of either Crotalaria or
Mucuna, Monocropped planting of Mucune and Crotalaria consisted of divect
drilling in four rows per plot at spacing of 5 em within row and 1 m between
rows. Soil populations of B, solenacearum were determined at planting, mid-
season (6 months after planting [MAP]) and at harvest of cassava tubers (11
MAP). The total soil nitrogen was determined at the onset of the rainy scason,
in April 2004, to assess the effeet of green manure crops (Crotelaria and
Mueuna) on soil N,

Enumeration of R. solanacearum

Five composite soil samples taken at a depth of 0.2 m and weighing
approx. 1 kg were obtained with a soil auger in each plot during each sampling
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period. From those, 10-g subsamples were suspended in 100 mL of sterile dis-
tilled water. Tenfold dilutions were prepared from the stock and 0.1 mL of
dilutions 107 and 107! were transferred to plates containing sterile tripheny]
tetrazolium chloride arar. Plates were incubated at 30°C for 48 hours, after
which typical fluidal colonies pink at the center and surrounded by a white
halo were counted (Kelman, 19540,

Effect of Crop Rotation on Incidence of Bacterial Wilt

After the harvest of cassava (11 Aug. 2004), plots were cleared manually,
cutting back all other crops, and divided into four subplots (4 = 1 m). Each
treatment plot was planted to four tomato cultivars on 6 Sept. 2004, Four-
week-old tomato cultivars (Table 1) previously raised in the nursery in a
sand:topsoil:poultry manure mixture (1:2:1 voeow) by volume were trans-
planted at a spacing of 50 = 75 em. Fertilizer (NPK, 20:10:10) was applied 4
weeks after transplanting at the rate of 60 keha™, Weeding was done manu-
ally three times, Incidence of bacterial wilt was monitored fortnightly and
expressed as percentage incidence,

Data Analysis

Soil populations of B, solanccearwm data were transformed using {Log + x)
before analysis and aresine transtormation was used for the data on percent-
age incidence of bacterial wilt of tomato. All data were analvzed using the
GLM procedures in SAS (SAS Institute, Inc., Cary, N.C.).

RESULTS

Rainfall patterns during the twao vears were different (Table 2). The previous
non-tomato rotation crop affected soil nitrogen {Table 33, The lowest N content
was found in =201l under monoceropped cassava and natural grass, which were
similar. All other treatments were higher and similar.

The previous non-tomato rotation erop affected soil populations of
R solonacearum (Figure 1), At establishment, there were no significant differ-
ences between treatments in seil populations of K. selanacearwm, indicating

Table 1: Charactenstics of tomalts cultivarns used.
e e e e e e e~ |

Cultivar Source Growth habit Reaction to bactarial wilt
Foma Agrincwg Seed Defermingie Moderotely foleront
WM Dalios, Texas Detarminats Susceplible

Fonifa Agrincwva Seed Caterminote hioderately taolerant
hlircs Agrinovg Seed Indaterminate Seceptible

lbodon Local MIHCRET, badan

Q9
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Table 2: Rainfall {mr) dota, 2003 and 2004,

“
Maonth 2003 2004
Jdaruary 4591 529
Februany 15.4 124.7
hcrch 22.2 4.9
Agoril 148.6 1739
My &84 151.1
Juns 3788 242.4
July 1309 1154
ALciust 63.4 683
Septermizer 2BS 8 12319
Dctober 291.2 167.4
Movermber 1741 B
Dacember 0.0 0.0

Table 3: Effect of the inifial crop in the rotation
an fotal soll nitrogen at 0-15 ocm depth at the
ansat of tThe rainy saason, April 2004,

“

Inifial crop Total N (gkg ")
Cassava mMonocap 0,235
Crofaiana monocion 0480
MUucuna monccrop 0510
Cassava + Mucuno 0450
Cossava + Crotalanio 0.37a
Metural gross fallow 0.28k

“Means followed by the some lether are niat signifi-
cantly different, P« 003, Duncans Multiple Fonge Tes,

uniformity in the soil population of the pathogen. By 6 MAP, significant diffor-
ences were recorded in the soil population of B, selanacearum. Monoeropped
Crotalaria, Mucuna, and the Cassava/Mucune intercrop had a significantly
lower population of B. solonacearum compared with the natural grass fallow
(Figure 1) At final harvest of cassava, 11 MAP, monocropped Mucune had the
lowest population, whereas the natural grass fallow still had the highest soil
population of B solenacearun,

Rotation affected bacterial wilt incidence (Figure 2). Irrespective of cultivar,
tomato following the natural grass fallow had significantly higher wilt inei-
dence (28.1%} compared with other treatments at 4 wesks after transplanting
IWAT)Y. By 6 WAT, wilt incidences of 33.2%, 33.8%, and 34.4% in plots that
had Cassava + Mucuna, Cassava alone, and Mucuna alone, respectively, were
significantly lower than other treatments. By & WAT, tomato planted in plots
previously planted to Cassava + Mucuna still had the lowest disease
incidence, whereas plants in natural grass fallow plots had the highest wilt
incidence (89.4%).
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Figura 3: Effect of Cultivars on incidance of bacteral will of tomaia, 2004,

Cultivar affected bacterial wilt incidence (Figure 3). At 4 WAT, irrespec-
tive of treatments, ‘Roma VEN' had a significantly lower wilt ineidence fol-
lowed by ‘Mira’, and ‘Thadan Local’ had the highest incidence. By 6 WAT,
‘Mira” had the lowest incidence, followed by ‘Roma VFN', Wilt incidences in
‘Roma VFN' and ‘Honita' were similar and significantly lower than incidences
mn the other cultivar at 8 WAT, The rotation x cultivar interaction was signifi-
cant at 4 and 6 WAT but by 8 WAT no significant interaction occurred {Table 4).

DISCUSSION

These studies were undertaken to evaluate the potential of rotating tomato
with other crops to reduce soil population of R. solanacearim and incidence of
bacterial wilt disease. The rotation of tomato with monscropped Mucuna was
most effective in reducing the soil population of R. solanacearam prior to
planting tomato. Also, Cassava/Mucuna intercrop and monecropped Crodo-
laria reduced pathogen population, whereas moneeropped Cassava and the
natural grass did not reduce pathogen populations.
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Table 4 Incidence of bacterial wilt of tomato as influenced by rotation and cuftivar,
re————————— A —— = = = ————————— —::|

Incidence (%)

Rofation Cultivar 4 WaAT? & WAT 8 WAT
Cossove tdirc 12.0 21.5 8BS 4
MGG T RFormg WFR 8.4 373 53,4
Cossovo + Mucung Ronita 27.1 41.7 1.4
Cossava + Crotalania Izodan Local 253 4.6 Ao 4
Mucuna monccrop Mira 115 Q.5 8240
Crotalaric Rormnic WEM 0.57 23.6 732
[ lelplelesrate] Ronifa 194 46,7 84.3
Motural gross faliow lxadan Leaal 353 825 768
Sigrificonce of F i 21 41,2 il
Rotofion (5 Rormo VRN 0.57 48.6 294
Cultivar {3 Reanito 5 54.3 838
RxC loadan Local 450 5.4 #2374
huflirea 0.57 11.0 24
Roma WEN 2 18.5 838
Rexnita 23.6 44.5 a4
leadan Local 45.1 63.64 B4
Plirg 0.57 289 781
[z WEN 0.3 421 294
Renita 3. 32 721
lzadan Local A8 & 555 89.4
Mlirc 3le 5951 a4
Formo WEN 0.57 A8 89,4
Fonita 195 439 8.4
[cadan Local cu'.g &a1.8 a9 .4

L]
*
*
L]
*
*
=
ol

1
*
“

o=

o

SWAT = waaks aftar Trﬁﬁsplonrin?.
K5, 7, Mot significant, or significont of P < 001, or P < 0001, ANOWA.

The reason that Mucuna reduced the pathogen population is not clear,
There have been no reports of a direct bactericidal effect on B, selanacearam
by Mucuna. However, like other green manures, Mucuna may restore and
conserve N, which could encourage an increase in the biclogical buffering
capacity of the soil and in the process enrich the seil with microflora like
bacilli, Arthrobacter sp., and Burkholderio cepacia, which are competitive
with the pathogen (Huang and Huang, 1993; Kloepper et al., 1999), Crofalaria
sp., on the other hand, has been reported to effectively reduce the pathogen
population and control tomato bacterial wilt under sereenhouse conditions
(Hartman ot al., 1993),

Greater attention should be given to using these crops as possible compo-
nents of an integrated strategy for tomato bacterial wilt control. Natural prass
fallow is nol a suitable alternative to non-host crop rotation heecause many
weeds serve as alternative hosts for the bacterial wilt pathogen. Seasonal
growth of these plants alse favors maintenance of the pathogen population in
the soil, particularly on wilt-infested land (Hayward, 19911 Similarly,
monocropped cassava supported high pathogen populations and appears 1o
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confirm the report of Hayward (1991). Bacterial wilt of cassava is prevalent in
Indonesia (Nishiyama et al., 1980); it has not been reported on cassava in
Nigeria despite the fact that eassava is widely grown in most tomato produc-
tion areas in the country, This implies that cassava may have been a symp-
tomless host serving as sheltered sites where the bacterium could survive,
The choice of tomato cultivars is clearly an important factor in the succoss
of the management strategy for control of tomato bacterial wilt dizsease. The
introduced cvs, Mira, Roma VFN, and Ronita were least affected early on,
whereas the susceptible local landrace was quickly affected, exhibiting high
disease incidence even at 4 WAT. There is a need to identify tomato eultivars
with higher levels of wilt resistance that are adaptable to tropical conditions.
Disease incidence was still generally high by the end of the prowing period.
This is likely a result of deliberate choice of high and uniform inoeulum at the
sites and the highly conducive climatic conditions for bacterial wilt develop-
ment. Further studies are necessary to identify other complementary crop pro-
tection measures that can be introduced to achieve more sustainable control.
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