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Assessing the Resistance of Three Tomato
Varieties to Bacterial Wilt and Stem Rot

The aim of this study was to compare the level of resistance of two new hybrids (F1 Nadira
and F1 Jaguar) with the popularly known variety Rio Grande against Pseudomonas
solanacearum (causal agent of bacterial wilt) and Erwinia carotovora (responsible of stem
rot) under natural conditions. A randomized sample block design containing three treatments
(F1 Nadira, F1 Jaguar and Rio Grande) with three repetitions was used. The research took
place in University of Yaounde 1, Faculty of Science, Department of Plant Biology,
laboratory of Phytopathology and Microbiology in Cameroon during the 2010-2011 growing
seasons. The resistance of each variety to the two bacterial diseases was assessed by
determining incidence and severity of the diseases. Bacterial symptoms on tomato were
identified by visual diagnostic. The incidence and severity of P. solanacearum ranged
between 27-39 % and 86-92 % respectively on all tomato varieties tested; the hybrid F1
Jaguar proved to be less susceptible to bacterial wilt than the control Rio Grande. All the
varieties tested had a similar susceptibility with incidence and severity up to 45 and 80 %
respectively, to E. carotovora. Overall, no significant differences on disease incidence were
observed for the two diseases tested. However, the difference in yield between the tested

varieties appears to be high. when—yields—efthevarietiestested—were—considered—slight
diftcronecoeboopmd nononed e bohich, Zoscoclentholsoetoninl o srecuen mernopdl
larger—fruits;  Wewe recommend the use of the hybrid varieties_based on their higher

production potential of larger fruits and low disease incidence especiallywhen-disease
msltoncoiolons
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1. INTRODUCTION

In Cameroon, tomato is the most widely cultivated vegetable [1]. Its annual production in
Cameroon was estimated at 76,000 t in 1999 [2] and at 500.000-1.000.000 t in 2008 [3].
Tomato is one of the most studied plants. Studies were conducted on: the effect of packaging
on the quality and storability[4]; the effect of temperature on the quality and storability of
Cherry tomato during commercial handling condition [5]; the ripening stage[6]; the ultraviolet
light (UV-C) irradiation reducing postharvest fungal incidence of Cherry tomato[7]; volatile
compounds [8,9]; arsenic effect and accumulation in plants [10].

In the past decades, attention has been focused on means of eliminating food insecurity

and hunger worldwide. The targets of the first Millennium Development Goal between 1990
and 2015 are to reduce by halve, the proportion of people who suffer from extreme hunger
and people whose income is less than US dollar ($1) a day [11]. Peri Semi-urban agriculture
as part of the solution is very important as it creates jobs, diversifies income and ensures
food self-sufficiency [12]. Therefore, growing tomatoes could be one way of curbing
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unemployment and reducing rural exodus. However, growing tomatoes is not an easy task
as this is plagued-_plagued by many problems. Among these problems, attacks by diseases
have been identified as the most important limiting factor to tomato production in many parts
of the world especially when disease resistance cultivars are not available [13, 14].

At a time when high yield tomato varieties are being propagated in the Obala subdivision
(Cameroon), several tomato growers are sceptical- skeptical to be part of such an extension
programme— program. While some growers consider information on the-developmentof
high- yielding tomato varieties as mere propaganda, others are simply not ready to spend
money on buying seeds_without first witnessing yield improvements in the varieties in
question. -because-they-have-neverwitnessed-any-improvementin-tomato-yields-even-w
seeds-were-bought_. They prefer to collect their seeds for the next planting season from the
preceding one. Therefore examining all the factors that can influence crop yields remains
crucial.

The low yield of tomato may be attributed to the susceptibility of the crop to diseases [15, 16,
17, 18]. Bacterial diseases of tomatoes are considered the most destructive, affecting both
field and greenhouse grown crops [19]. Although various types of resistance have been
studied and several bacterial wilt-tolerant cultivars released, the resistance often breaks
down outside the specific region where it was developed and is insufficient for use in heavily
infested fields [20]. Most tomato varieties found at in the Cameroon market were developed
outside Cameroon. This study is dealing with -eeneerns three of such varieties.

The main objective of this work was to compare the level of resistance of some new hybrids
with the popularly known variety Rio Grande against bacterial wilt and Erwinia stem rot
under natural conditions. Specifically, we wanted to evaluate growth parameters like the
height, number of leaves and number of inflorescences as well as disease severity and
incidence.

2. MATERIAL AND METHODS

2.1 Material

2.1.1 Plant material

Seeds of three tomato varieties (Rio Ggrande, F1 Nadira and F1 Jaguar) were bought from a
Tropicasem outlet in Yaounde. The new F1 Nadira is an open field variety. Its average fruit
weight is 90 grams. Resistant to TYLCV, Nadira was developed for use mainly in Sahel
areas with an output of between 140 to 160 tons per acre. Its high resistance to heat makes
it a good variety for the Far North Region of Cameroon and Tchad. It has a short cycle of
between 65 and 70 days after planting and harvest can be spread out over 3 months.

F1 Jaguar fruits have a variable average weight of between 100-110 g, with a first harvest at
65 days after planting. Its excellent adaptation to high temperatures during the dry season,
the firmness of its fruit, good tolerance to TYLCV, ensures a high productivity under
relatively high virus incidence. It has a good foliar protection. Its average yield is 130-160
tons per acre.

The Rio Grande variety described as an excellent mid-early bush variety for outdoor is
appreciated for its high productivity during the cool and dry season. It is vigorous with long
cylindrical fleshy fruits, very firm averaging 95 to 100 g in weight. It is also resistant to
Verticillium wilt, Fusarium wilt races 0 and 1 (Fusarium oxysporium) and Alternaria stem
canker.




71  2.1.2 Chemicals

72  The fungicide used to control fungal diseases in this experiment was Ridomil Gold Plus 66
73 | WPwp. It is a wide spectrum systemic and contact fungicide, used as wettable powder. One
74 kilogram of Ridomil Gold Plus 66 WPwp contains 60 g of metalaxyl-M and 600 g of copper in
75  form of cuprous oxide. The insecticide “Decis” 25 EC was used throughout the experiment. It
76 is a contact and ingestion foliar insecticide whose active ingredient is deltamethrine at a
77 concentration of 25 g/l.

78 Nematodes were controlled using “Furaplant 10 G”. It is a broad spectrum carbamate
79 pesticide that kills insects and nematodes on contact or after ingestion. To improve soil
80  fertility, N.P.K. (20.10.10.) and urea fertilizers were used.

81

82 2.2 Methods

83  2.2.1 Experimental set-up

84 | The experiment took place in Obala (4°10'0" N, 11°31'60" E and elevation of 542m
85 | asbabove see level) , one of the subdivision of the Centre region of Cameroon, where
86  tomato is often cultivated.
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108 Fig. 1. Experimental design
109 e: Tomato plant; To |Variety Rio Grande; T1 | Variety F1 Nadira; T2 | Variety F1
110 Jaguar
111

112  The experimental design (Fig. 1) was a randomized sample block design with three
113 | replicationsreplicates. Each variety constituted a treatment. The different treatments were
114  therefore: Variety Rio Grande as our control; Variety F1 Nadira and Variety F1 Jaguar.

115 | Within a particular block, each treatment was separated from the neighbeuring- neighboring
116 one by 1m and each block separated from its-neighbeur neighbor by 2 m.

117




118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163

2.2.2 Nursery
The nursery was made of three beds consisting of 2 m? surface area each. These

corresponded to the three treatments used in this experiment. Before sowing, each bed was
treated with Ridomil Gold Plus 66 WPwp, Decis 25 EC and furaplant. Seeds were sown in
holes of about 2 cm deep. The distance between neighbouring- neighboring holes was 10
cm. The sSowing consisted of depositing seeds in the holes and then covering them with
soil. The beds were then watered with one watering-can-full per bed and then covered with
palm leaves, which constituted the shade for the nursery. Care was taken to make sure the
nursery was in a good state. This was done by: ensuring twe daily watering two times a day
waterings-__(morning and evening) with one watering-can per bed (2 liters per mz) before
germination and two per bed (4 liters per m2) after germination; checking whether
germination had started from the third day after sowing and raising the shade to a height of
40 cm above the bed once germination had started; removing the shade once germination
was complete and removing weeds in between the sowing lines.

2.2.3 Site preparation and crop establishment

An open area with maximum duration of daily sunshine was chosen. The field was cleared
and measured using a tape. The area was cleaned to allow for easy work when ploughing.
Beds of 5 m long and 2 m wide were made for all the varieties. These beds were displayed
according to our experimental design (Fig. 1). Each bed constituted an experimental plot.
Healthy plants were obtained four weeks after sowing in the nursery. Nursery beds were first
watered before removing tomato plants. These plants were then transplanted in to holes of
about 15 cm deep on field beds. Holes were dug in order to hold water for as long as
possible for uptake by the young plants. Sufficient amounts of water were poured in
transplanted holes to ease the adaptation of the young transplants. The process took place
very early in the morning. Thereafter, little quantities of ‘furaplant’ were thrown round the
young plants and ‘Decis’ 25 EC was sprayed on the whole field to send away insects that
could damage the young tomato plants. Tomato varieties were planted at a density of 0.5 x
0.8 m.

2.2.4 Crop management

Throughout the experiment, care was taken for tomato plants to grow in a clean
environment. Weeding was done 15 and 30 days after transplanting. Insects and fungal
diseases were controlled by spraying ‘Decis’ 25 EC and ‘Ridomil’ Gold Plus 66 WPwp. The
application of these phytosanitary products was done once every week. The dosage was 50
g of ‘Ridomil’ Gold Plus 66 WPwsp for 15 litres- of water and 25 ml of ‘Decis’ 25 EC for 15
litres-liters of water, both using_—a knapsack sprayer. Use of (PPE) Personal Protection
Equipment Selfprotection-with_ (plastic chemical-resistant rubber gloves, a mask and rubber
boots) during all phytosanitary applications was assured. Tomato plants were staked to
reduce the spread of diseases, especially fungal diseases.

Fertilizers were used to improve soil fertility. Barely a week after transplanting, N.P.K.
(20.10.10.) fertilizer was applied and two weeks later, urea fertilizer was also applied. Two
days following each application the soil was hoed around plants. The beds were watered
quite often, to supplement rainwater and ensure sufficient water for the crop.

2.2.5 Data collection
2.2.5.1 Assessment of growth parameters
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The growth parameters considered were: the height of plants measured weekly using a tape
decameter; the number of leaves per plant was counted and recorded; flowering where the
number of inflorescences per plant was counted and the percentage of plants bearing
flowers determined.

2.2.5.2 Disease assessment

For this experiment, disease studies were limited to field observation of symptoms as
described by the tomato disease identification key [21]. The resistance of tomato varieties
was assessed for two bacterial diseases that cause overall plant decline (bacterial wilt
caused by Pseudomonas solanacearum; Erwinia stem-rot caused by E. carotovora) [22] .
Bacterial disease symptoms were identified by visual diagnostic. Samples of the diseases
were taken to the laboratory for observation under the light microscope using the Gram
staining method. The use of fungicide enabled us avoid fungal diseases. Each week the
number of infected plants was recorded along with the degree of infection. As plants started
dying the number of plants remaining was also considered and computed. All the plants in
the field were considered. Disease severity and spread were determined using a widely
adopted formulas. Disease spread is calculated by the following formula:
p=n-+N x100[23]

where, p = disease frequency in the plot (expressed in %); ¥ = number of infected plants
in the plot;

N = total number of plants (diseased and healthy) in the plot.

Disease severity is calculated by the formula: S= @ *# 100 [23] where, S — mean

infection intensity (%); > (axb) = sum of the multiplication of the number of diseased plants

(a) with the corresponding degree of infection (b) in %; n = total number of diseased plants.

2.2.5.3 Yield assessment

Fruits were harvested from more tolerant plants in the field. The harvest was progressive as
the fruit got ripe (evidenced by the orange eeleur color) till the plants died off. Fruits were
progressively harvested from successful plants in the field as they got ripe. All the fruits of
one plant were weighed after harvest using an electronic balance of Sartorius brand with a
precision 0.1g to calculate the yield per plant. The number of successful plants was then
used to calculate the yield per plot, the latter used to calculate the yield per hectare. The
percentage increase in yield of the hybrid varieties compared to the variety Rio Grande was
determined by the formula [15]:

Percentage increase = [(Ynybrid - YRio Grande)/ Ynybria] X 100, where,

Yhybria represents the yield of a hybrid variety; Ygio rande represents the yield of the variety Rio
Grande.
2.2.6 Data analysis

Data was analyzed using the computer program, software analysis system (SAS), which
uses the analysis of variance (ANOVA) and the test of Student-Newman-Keuls at 5 % to
compare the means. Whenever there was a significant difference between the means the
least significant difference (LSD) method was used to separate them.

3. RESULTS AND DISCUSSION
3.1 Results
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3.1.1 Development of plants in the nursery
The behaviour-behavior of seeds of all the varieties was normal. A week after seeds had
been sown; germination had reached almost 100 % (Fig. 2). The sanitary state of seedlings
was good, no damping-off of seedlings was observed. Atmospheric conditions were
favourable- favorable for the proper growth of plants.

Four weeks after sowing in the nursery, plants were ready to be transplanted. The
application of fertilizers in the nursery favoured the growth of plants. The most vigorous
plants were selected for transplantlng in rder to obtain an even establrshment of the crop.

Fig. 2. State of germlnatlon in the nursery a Week after seeds had been sown
a — variety Rio Ggrande; b — variety F1 Nadira; c — variety F1 Jaguar

3.1.2 Development of plants in the field after tran __splanting

3.1.2.1 Evolution of the height of tomato plants in the field with respect to varieties
Data for plants height for different tomato varieties were collected at 7 DAT, 14 DAT, 21 DAT
and 28 DAT. At 7 DAT there was no significant difference between the varieties. The heights
of plants at this date were 13.73 + 1.46 cm, 17.27 + 1.33 cm and 14.8 + 1.56 cm for variety
Rio Ggrande, variety F1 Nadira and variety F1 Jaguar.

At 14 DAT, the difference in heights of the three varieties becomes significant at P =.05. The
mean heights of plants were 19.7 + 0.92 cm, 31.14 + 7.00 cm and 21.39 + 1.18 cm for
variety Rio Ggrande, variety F1 Nadira and variety F1 Jaguar respectively. At 21 DAT the
growth in length of plants still showed a significant difference between varieties. The mean
heights of plants were 28.25 + 1.94 cm, 34.99 £+ 0.94 cm and 31.85 = 0.72 cm for the three
varieties respectively, with P =.05.

At 28 DAT the differences in height between varieties was not very significant (Fig. 3).
However the variety F1 Nadira had the greatest height (46.33 + 2.30 cm) compared to 41.20
+ 3.33 cm for variety Rio Ggrande and 44.16 + 3.75 cm for variety F1 Jaguar.




235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254

255
256
257
258
259
260

mein heights (gn) o o

TODAT 14 DAT 21 DAT 28 DAT
observation time

ETO0 OT1 @AT2

Fig.3. Mean heights of plants for each variety obse rved over a 28 days period. DAT:
days after transplanting; TO: variety Rio  Ggrande; T1: variety F1 Nadira; T2: variety F1
Jaguar

3.1.2.2 Evolution of the number of leaves of tomato varieties

The data show the average number of leaves per plant recorded after transplanting at seven
days intervals (Fig. 4). The data show that varieties F1 Nadira and F1 Jaguar develops more
leaves than the control (Variety Rio Ggrande).

At 7 DAT, variety Rio Ggrande had 3.97 + 0.53 leaves, variety F1 Nadira 4.03 + 0.24 leaves
and variety F1 Nadira 3.92 + 0.18. However, these differences are not significant at P = .05.
At 14 DAT, 21 DAT and up to 28 DAT, the values recorded show a continuous tendency for
the hybrid varieties to bear more leaves than the control, variety Rio Ggrande, with variety
F1 Nadira producing the greatest number of leaves (Fig. 4). Though Snedecor's F
hypothesis (P =.05), suggest that there is no significant difference at 14 DAT, a significant
difference is observable at 21 DAT. This significant difference continues to be observed at
28 DAT where the average numbers of leaves are 9.03 + 1.38, 12.81 + 0.60 and 10.99 +
0.70 for Rio Ggrande, F1 Nadira and F1 Jaguar respectively. Variety F1 Nadira according to
these results, produce the highest number of leaves.
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Fig. 4. Mean number of leaves produced over time fo  r the three tomato varieties

3.1.3 Evolution of bacterial diseases in the differ __ent varieties
3.1.3.1 Evolution of bacterial wilt caused by Pseudomonas solanacearum
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The average incidence of bacterial wilt appear to increase with time for all the varieties
during the period of study (Fig. 5). At 14 DAT, symptoms of bacterial wilt could be seen on
some plants for all the varieties. Microscopic observations also revealed the presence of
elongated rods typical of P. solanacaerum. As time elapsed, more and more plants were
affected by the disease irrespective of the varieties. The differences between varieties in the
disease incidence ef-the-disease-on-the-various—varieties was not significant up to 21 DAT.
At 28 DAT there was a significant difference was-observed-forthe between the varieties in
the level of disease incidence-ef-the-disease between-varieties. The incidence was 27.50 *
6.61, 35.83 + 2.88 and 39.16 + 6.29 % on varieties F1 Jaguar, F1 Nadira and Rio grande
respectively. Based on the F test of Snedecor, and using LSD analysis, variety F1 Nadira is
different from Rio Ggrande but similar to F1 Nadira.

B20

mean incidence of bacterial

14 DAT 21 DAT 28 DAT
observation time

ETO OT1 AaTZ2

Fig. 5. Mean incidence (%) of bacterial wilt per va  riety with respect to time. DAT: days
after transplanting. TO: Rio Ggrande; T1: F1 Nadira; T2: F1 Jaguar. Values with
different letters are significantly different

The degree of severity of bacterial wilt up to 28 DAT showed a high levels of the disease on
all varieties (Fig. 6). The first symptoms were seen when collecting data on the field 14 DAT.
At 14 DAT this—date some differences in severity of the disease symptoms among the

observed varieties started to appear: between-the-severityvalues—of -each—variety—and
irclude Rio Grande-56.61 + 24.00, F1 Nadira-39.86 + 26.94 and F1 Jaguar-53.47 + 24.03 %

for-Rio-grandeF1-Nadira-and-F1 Jaguarrespectively—However these differences were not
significant at P =.05, at 21 DAT there was a similar appearance of disease severity as was
the-case—_at 14 DAT with slight differences faveuring favoring variety F1 Nadira which had
the least severity reading, but there was an overall increase for all the varieties. At 28 DAT
severity readings above 80 % were recorded (92.80 + 0.48 % for Rio Ggrande, 86.21 +
13.92 % for F1 Nadira and 92.83 + 4.27 % for F1 Jaguar), with no significant difference
between them-
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Fig. 6. Mean severity (%) of bacterial wilt per var iety with respect to time. DAT: days
after transplanting. TO: Rio Ggrande; T1: F1 Nadira; T2: F1 Jaguar

3.1.3.2 Evolution of Erwinia stem rot

Symptom of Erwinia stem rot was present on some plants for all the varieties in this
experiment. Observation of samples under the light microscope revealed the presence of
round bacteria typical of Erwinia carotovora. These were observed from 14 DAT (Fig. 7). The
disease incidence increased with time for all varieties. Statistical analysis revealed no
significant differences between the varieties at each date since F¢, was always less than
Fread- At 21 DAT, disease spread was high on varieties Rio Ggrande and F1 Nadira than on
variety F1 Jaguar (Fig. 7).
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observation time
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Fig.7. Mean incidence (%) of Erwinia stem rot per variety with respect to time. DAT:

| days after transplanting. TO: Rio  Ggrande; T1: F1 Nadira; T2: F1 Jaguar

The severity of E. carotovora increased with time for all the varieties (Fig. 8). As early as 14
DAT we already had severity values above 40 % (58.50 + 28.27 %, 45.00 + 18.41 % and

313 | 45.92 £+ 40.13 % for Rio Ggrande, F1 Nadira and F1 Jaguar respectively). Within four weeks



314  after transplanting we recorded severity levels of more than 80 % but there were no
315  significant differences between varieties.
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318 Fig.8. Mean severity (%) of Erwinia stem rot per variety with respect to time. DAT:
319 days after transplanting . TO: Riog

320 | Grande; T1: F1 Nadira; T2: F1 Jaguar

321

322  3.1.4 Impact of diseases on the crop

323  The impact of diseases on the crop was determined by calculating the percentage of dead
324 plants during each observation in the field (Fig. 9). No damage was caused to any of the
325  varieties during the first week after transplanting. At 14 DAT we noticed a decrease in the
326 number of plants on the field for all the varieties. The differences between varieties were not
327  significant till the last date of data collection (28 DAT). The number of plants in the field
328 decreased with time irrespective of varieties (Fig. 9). The disappearance of plants in the field
329 as days went by, was due to the rapid overall plant decline caused by these diseases (Fig.
330 10).
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333 Fig.9. Mean percentage of plants dying in the field for each variety with respect to
334 | time. DAT: days after transplanting. TO: Rio  Ggrande; T1: F1 Nadira; T2: F1 Jaguar
335
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Fig. 10. Severity of Pseudomonas solanacearum and Erwina diseases on tomato plant
14 DAT; a - symptom of bacterial wilt caused by P. solanacearum on a young tomato
plant; b — symptom of Erwinia carotovora causing blag leg on a young tomato plant; ¢
— healthy young tomato plant

3.1.5 Factors of vield

3.1.5.1 Flowering of tomato varieties

The first appearance of flowers on plants of all the varieties was observed 14 DAT. The
mean percentages of plants bearing flowers were not significantly different between varieties

at any date. At 28 DAT, 100 % of flowering was observed on all the plants in the field (Fig.
11).
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Fig.11. Mean percentage of plants flowering in the field per variety with respect to
time

3.1.5.2 Yields of the various varieties

Yields of marketable tomato fruits in tons per hectare were also obtained in this essay (Table
1). It can be seen from the table that the yields of marketable fruits vary with respect to the
different varieties. The yields of 4.9, 17.5 and 30.1 t/ha for the varieties Rio Ggrande, F1
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Nadira and F1 Jaguar respectively are significantly different. Although it was shown that
diseases have a serious impact on all the varieties, the hybrid varieties remain interesting
due to their high yields.

Table 1. Yields of marketable tomato fruits per var ety

Yield parameters Variety Rio Hybrid Hybrid

grande: control F1 Nadira F1 Jaguar
Average weight of fruit (g) 62.3 + 3.10a 90.5+5.21b 124+ 21.05¢
Yield (kg/20 m?) 9.81+1.09a 35.29+294b | 60.21+£18.56 ¢
Yield (t/ha) 49a 175b 30.1c
Percentage increase compared to the - 257.1 % 514.2 %
control

Data in the same line followed by different letters are significantly different according to the test of
Student-Newman-Keuls at the level of 5 %.

3.2 Discussion

Data for the number of leaves, height of plants, disease severity, disease incidence and yield
were collected in order to monitor the-behavieur _behavior of each tomato variety in the
experimental field. A similar study by [24] showed that disease parameters are the main
indices to characterize the resistance of plant species under natural conditions. Looking at
the evolution of the number of leaves and that of the height of plants within four weeks, the
hybrid varieties grew more than the control, Rio Grande, though the differences were not
significant. This result may be explained by the short observation time. Nevertheless, the
transplanting density used, took into account the later development of hybrid varieties that
occupied more space throughout their growing cycle than the control. This was due to their
genotypes confirming results of similar studies on groundnut [25].

The appearance of bacterial wilt and Erwinia stem rot on the varieties during the second
week after planting in the field shows that these varieties can all be affected by the disease
very early in the growing season under field conditions. The fact that the severity of these
two diseases rapidly reached high levels for all the varieties is a strong indication that both
pathogens were very virulent on the affected plants. A similar observation was made by [26]
in their work on bacterial wilt in tomato. They found that plants started wilting 10-12 days
after transplanting. Looking at the severity of the disease alone might not help determine the
degree of resistance of these varieties to the disease.

The incidence of bacterial wilt on the varieties showed a significant difference between
varieties in the fourth week after transplanting. Variety F1 Jaguar, therefore, appears to be
more resistant than the control (Rio Grande). For Erwinia stem rot, the incidence of the
disease did not show a significant difference amongst varieties according to the analysis of
variance. It can however be seen that the variety F1 Jaguar in the fourth week had an
incidence of less than 30 % making it less sensitive to the disease than the other varieties.
Considering the incidence and severity of both diseases at 28 DAT, it is obvious that infected
plants end up dying. This could also suggests high pathogen concentrations in the soil,
since, [27] classified tomato and potato as moderately resistant to Erwinia spp. because rot
symptoms occurred only when dosage levels of pathogens where raised to 10° and 10°
cfu/ml. Disease incidences of more than 30 % caused by E. carotovora on the varieties Rio

| Ggrande and F1 Nadira are epidemiologically important. This is contrary to [28] who said
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that bacteria do not reach populations that are epidemiologically significant except in
diseased plants.

The high disease severity recorded on infected plants and their absence on some plants in
the field suggest that the resistance mechanism of tomato to these diseases is vertical [29].
Vertical resistance is one in which the biochemical key of the bacteria matches with the
biochemical lock of the host. Such resistance is broken when disease appears [30].

The impact of both diseases could be seen clearly in the field for all the varieties. As time
elapsed, the number of plants in the field decreased for all the varieties due to wilting and
consequent dying of infected plants. These results agree with- [19] who stated that bacterial
diseases can be some of the most serious and destructive diseases affecting both field and
greenhouse-grown crops.

The consequences of such bacterial infections are felt more when their effects on production
are considered. Considering the number of plants left on the field for all the varieties, no
significant differences could be seen between them. However, when harvested products are
compared, great differences appear. The vyield of the hybrid varieties are significantly
different from that of the variety Rio Grande, with the hybrid F1 Jaguar being greater than all.
These hybrids express their heterotic effect on the yields.

4. CONCLUSION

The main threats considered for this study were bacterial wilt caused by Pseudomonas
solancaerum and Erwinia stem rot caused by Erwinia carotovora. Results from this study
show that tomato plants of all the varieties tested can be infected by these diseases with
almost the same disease severity. For bacterial wilt, the variety F1 Jaguar proved to be less
susceptible than the control, Rio Grande, while F1 Nadira was not significantly different from
the latter. Statistical analysis revealed that all the three varieties tested were vulnerable to
Erwinia carotovora. Disease incidence was above 30% for all three varieties. Interestingly,
the varieties showed high potentials to produce fruits. Variety F1 Jaguar with the lowest
disease incidence should be more economically viable. Based on our findings, we
recommend that the two new varieties be used by tomato growers. Careful selection of
production should also be considered.
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