














Bacterial Wilt Due to Pseudomonas solanacearum in
Réunion: General Situation and Current Research
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O. Huvier, B. Oudard and H. Suzor*

Abstract

Pseudomonas solanacearum was isolated from 19 species on Réunion island. Five species (Allium cepa,
Euphorbia pulcherrima, Kalanchoe blossfeldiana, Obetia ficifolia and Schinus terebinthifolius) may be
considered as new hosts for P. solanacearum. Isolates of the pathogen on the island were: race 1/biovar 1,
race 1/biovar 3, and race 3/biovar 2. Crop rotations and, in the case of eggplant, grafting on Solanum
torvum, have been used by some farmers for control for many years. A few promising varieties of tomato
and eggplant have been identified when screening accessions for resistance but their levels of resistance
and/or agronomic performances are not sufficient. In the case of hydroponic production, steam and
calcium hypochlorite treatments were shown to reduce the incidence of wilt in tomatoes. The influence of
abiotic factors on the development of bacterial wilt to different isolates is being investigated, with the aim
of promoting to farmers control measures adapted to their local conditions.

REunioN (21°S.,55°30°E) is a volcanic island in the
Indian Ocean located 700 km east of Madagascar and
200 km south west of Mauritius. Two main seasons
occur: a cool, relatively dry season from May-October
(mean temperature of the coldest month 19°-21°C at
sea level), and a warm, rainy season (mean temperature
of the hottest month 26°-28°C at sea level).

Agriculture is practiced from sea level up to 1700 m
elevation. The combined effects of season, climatic
conditions (the leeward side of the island is much drier
than the windward side) and altitude account for the
wide range of crops that can be grown (temperate to
tropical), and also for the large number of diseases and
pests attacking them. Sugarcane has long been the
main crop, but during the last 15 years, cattle breeding
and the production of fruit, vegetables and flowers has
increased. Among these new crops are several species
that are potential hosts for bacterial wilt. Indeed, the
incidence of the disease has been increasing annually.

*CIRAD-CA, département Cultures Annuelles du Centre de
coopération Internationale en Recherche Agronomique pour
le Développement, 97487 Saint-Denis Cédex, Réunion,
France.

Host Plants and Economic Importance

Pseudomonas solanacearum E.F. Smith has been
isolated from 19 plant species belonging to 10 families
both mono- and dicotyledons in Réunion (Table 1).
Comparison of Table 1 with the list of Bradbury (1986)
indicates that 5 species may be considered as new hosts
for Pseudomonas solanacearum. These are Allium
cepa L., Euphorbia pulcherrima Willd. ex Klotzsch,
Kalanchoe blossfeldiana (of questionable identity),
Schinus terebinthifolius Raddi and Obetia ficifolia
(Poiret) Gaudich, though onion (A. cepa) has already
been reported as a host in Venezuela (Trujillo et al.
1989).

From an economic point of view, bacterial wilt is a
serious problem mainly in solanaceous crops—tomato,
potato, eggplant and bell pepper—but occasionally also
on géranium rosat (Pelargoniumxasperum Ehrh. ex
Willd, grown for its oil used in perfume industry, and
on anthurivm (Anthurium andreanum Linden ex
André). In many cases, bacterial wilt makes the culti-
vation of tomato, eggplant and potato impossible in
heavily infested soil, particularly during the warm and
humid season (November—April). These crops may
also be seriously affected when grown hydroponically,
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Table 1. Number of isolates of Pseudomonas solanacearum
obtained from different host plants on Réunion island.

Families Names No. of
isolates

Monocotyledons

Araceae Anthurium andreanum 5
(Anthurium)

Liliaceae Allium cepa 2
(Onion)

Musaceae Strelitzia reginae 1
(Bird of Paradise)

Dicotyledons

Anacardiacea Schinus terebinthifolius 1
(Pepper tree)

Crassulacea Kalanchoe blossfeldiana® 1

Euphorbiaceae Euphorbia pulcherrima 1
(Poinsettia)

Geraniaceae Pelargonium x asperum 7
(‘Géranium rosat’)

Fabaceae Arachis hypogaea 4
(Groundnut)
Phaseolus vulgaris 2
(Bean)

Solanaceae Capsicum annuum 3
(Bell pepper, chillies)
C. frutescens (Chillies)
Cyphomandra betacea 1
(Tree tomato)
Lycopersicon esculentum 21
(Tomato)
Nicotiana tabacum 2
(Tobacco)®
Solanum auriculatum 1
(‘Bringellier marron’)
S. melongena (Eggplant) 10
S. nigrum 2
(Blackberry nightshade)
S. tuberosum (Potato) 60

Urticaceae Obetia ficifolia 1

(‘Bois d'ortie’)

2Uncertain identity.
Isolated from plants wilting after tobacco hypersensitivity tests.

if the growth substrate is infested. On the other hand,
bacterial wilt has never been reported from tobacco
under field conditions in Réunion and we were unable
to transmit the disease to this plant through artificial
inoculation with different local strains, although some
tobacco plants wilted following hypersensitive tests
performed on many leaves (Huvier, unpublished data
1985 ; Oudard, unpublished data 1986).

Pathogen Populations and Geographical
Distribution

P. solanacearum strains have been classified into
different races on the basis of their host plants (Budden-
hagen et al. 1962; Hayward et al. 1967; He et al. 1983)
and into different biovars on the basis of their physio-
logical characteristics in culture (Hayward 1964; He et
al. 1983).

The first report of P. solanacearum in Réunion,
appears to be that of Roger (1960) on potato, who also
suspected the occurrence of the disease on géranium
rosat. Hayward (1964) reported that an isolate from
géranium rosat in Réunion in 1961 belonged to biovar
1. Prunier (1967) found that three isolates from
Réunion belonged to biovar 3. Isolates from
19801987 were all classified as biovars 1, 3, and 4
(Escalant-Tauziet 1983; Huvier, unpublished data;
Oudard, unpublished data; Girard 1989), but those
considered as biovar 4 were, in fact, biovar 3 strains
which oxidise lactose, maltose and cellobiose very
slowly. More recently, race 3/biovar 2 was reported in
the island for the first time (Suzor, unpublished data
1988).

All isolates of P. solanacearum have been found in
areas ranging from sea level up to 1700 m elevation, but
only a few originated from 200-600 m (Table 2),
probably because sugarcane is the predominant crop
there.

Of 118 isolates, 10% were biovar 1, 24% were
biovar 2, and 67% were biovar 3/race 1. These were
found on various crops and host plants throughout the
island from sea level up to 1000—1200 m elevation. On
the other hand, race l/biovar 1 strains have been
reported from only two areas: a large area on the
leeward side of the island between 600-1000 m
elevation on géranium rosat, tomato and potato and a
small area in the south on géranium rosat. It is to be
noted that all the local biovar 1 isolates grow very
slowly on different agar media as compared with the
biovar 2 and especially biovar 3 isolates.

Race 3/biovar 2 isolates were obtained mainly from
potato in a restricted geographical area called ‘Plaine
des Cafres’, from 1200-1700 m elevation (Girard
1989) and in three cases from tomato in the lowlands,

Table 2. Number and percentage of 118 isolates of
P. solanacearum grouped by altitude of isolation.
Altitude (m) Number Percentage
1-199 48 40.7
200-599 8 6.8
600-999 22 18.6
1000-1700 40 33.9
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once in a field and twice in hydroponic culture. The
recent discovery of race 3/biovar 2 in the main potato-
growing area in Réunion may be the result of impor-
tation of potato for human consumption from South
Africa, where biovar 2 is known to be present
(Swanepoel and Young 1988). The occurrence of
biovar 2 isolates on tomato under comparatively warm
conditions in areas where race 1 is prevalent is not
clearly understood.

Control Attempts

Crop rotations are occasionally used, but it is not clear
if there is widespread awareness among farmers of the
effectiveness of this control technique. Certainly, many
farmers discontinue the cultivation of susceptible
crops on heavily infested soil merely because they
believe it pointless perservering. The most efficient
rotations are probably those with sugarcane or pasture,
since both are non-host plants and require a long period
before harvest. In the case of potato,crop rotations and
the use of disease-free seed tubers planted in disease-
free soils are recommended by the extension services,
but these measures are not always followed by potato
growers. It is of note that a small amount of potato seed
is produced locally in disease-free areas (over 1000 m
elevation on the leeward side of Réunion). Samples of
the tubers are analysed by the Plant Protection Service
by immunofluorescence following the technique of
Janse (1968) before release.

On the windward side of the island, some farmers
have traditionally grafted eggplants to the wilt-
resistant stock plant Solanum torvum, but for various
reasons this technique has never been used on a large
scale. It is time-consuming and the fruits harvested on
grafted plants are said to be bitter.

During the past 10 years, resistant tomato and
eggplant varieties from various sources have been
tested on Réunion (Girard et al. 1989). However,
results have so far been generally disappointing
because of insufficient levels of resistance and/or
unacceptability of the fruit to the local market.

The introduction of hydroponic culture of tomatoes
was in part to escape the problem of soil infestation by
P. solanacearum. One farmer is now testing the
technique in individual containers under both green-
house and open field conditions. His fields had become
so heavily infested with wilt disease that it became
impossible to grow even some of the so-called resistant
tomato varieties.

Heat and chemical treatments were tried by two
farmers using hydroponics because tomato rows had
been seriously infected by bacterial wilt. The best
results were obtained with a combination of steam and
calciom hypochloride treatments. Similarly, anthurium
growers rogue infected plants and the symptomless

surrounding ones before treating the soil or substrate
with calcium hypochloride.

Current Research on P. solanacearum
in Réunion

Studies of the local populations of P. solanacearum
and a search for resistant varieties of tomato and
eggplant have been the main focus of research on
Réunion in recent years. Over 130 tomato varieties of
various origins have been screened since 1980, but no
definitive results have yet been obtained. The highly-
resistant varieties are not accepted on the local market
(for instance Caraibo from INRA-Guadeloupe) and
those which produce acceptable fruits with high yields
are not resistant enough in the event of severe disease
pressure (Calinago and Caracoli from INRA-Guade-
loupe; Summertaste from Yates; and PT 40/26, PT
41/65, FMTT 23 from AVRDC). Nevertheless, the
latter varieties may be useful under moderate infes-
tation pressure, and some farmers have shown interest
in growing them. More recently, cooperative trials
have been undertaken in several tropical countries
(Brazil, Burkina Faso, French Antillies, and Réunion)
to study a range of tomato varieties known to be
resistant to bacterial wilt when challenged by different
populations of the pathogen under various environ-
mental conditions. Some varieties of eggplant bred by
INRA-Guadeloupe after crossing Solanum melongena
and S. oethiopicum (Ano et al. 1991) showed a
promising level of resistance on Réunion, but improve-
ments in fruit size and local market acceptability are
needed.

A research project on the structure and dynamics of
P. solanacearum populations in Réunion was recently
started. It aims to determine how factors such as isolate
temperature, soil type, variety, vegetation and biotic or
abiotic stress influence the expression of bacterial wilt
on potatoes and tomatoes. The overall objective is to
formulate control measures adapted to local conditions
(soil, climatic conditions, nature and degree of infes-
tation of their plots, etc). Previous experiments
(Gaubiac, unpublished data) have indicated differ-
ences between isolates in the effect of average temper-
ature on in vitro growth and pathogenicity. The in vitro
growth of race 1 was much more influenced by temper-
ature than that of race 3 (Fig. 1). The disease progress
curve (wilt index) of tomatoes inoculated with race 1
was similar to that of its in vitro growth, rising with
temparature whereas the disease progress curve of the
race 3 fell markedly above 20°C (Fig. 2). Moreover,
when the two races were mixed and inoculated in a 1/1
ratio at different temperatures, a clear-cut predomi-
nance of race 3 in the wilting tomato plants was
observed at 15°-20°C, whereas race 1 was more
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prevalent at 24° and 30°C (Fig. 3). At 22°-23°C, results
were not consistent as variable proportions of wilted
plants were invaded by one or other strain. In rare cases
the same plant was invaded by both races (Girard
1991).
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Fig. 1. In vitro growth of two strains of Pseudomonas
solanacearum at four temperatures after four days.
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Fig. 2. Mean wilt index of tomatoes inoculated with two
strains of Pseudomonas solanacearum at four temperatures
five days after inoculation. Ratings are the average of 30
tomato plants using the rating scale of Winstead and Kelman
(1952), with slight modification.

Conclusions

Although bacterial wilt has been extensively studied
around the world for several decades, efficient and
complete control measures are not available for many
susceptible crops. On Réunion island, the recent inten-
sification of vegetable crop production, in particular
solanaceous types, has resulted in a higher incidence of
bacterial wilt and increased losses. Varietal resistance
has not solved the problem completely, and it may be a
long time before highly resistant and high yielding
varieties, endowed with other desirable characteristics,
are available. Crop rotations with non-host plants are
not acceptable to many farmers, particularly if they are

Race (%)

15 20 24 30
Temperature (°C)

Fig. 3. Percentage of race 1/biovar 3 M and race 3/biovar 2
colonies isolated from 30 wilted tomato plants after
inoculation with a mixture of both races (1/1) at four different
temperatures.

prolonged, and this accounts for a need for comple-
mentary control methods. We hope that, as a result of
the intensified research that started in Réunion
recently, more appropriate and efficient advice on
control of bacterial wilt can be delivered to farmers.
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BACTERIAL wilt caused by Pseudomonas solana-

Interaction of Pseudomonas solanacearum and
Phytophthora capsici on Peppers

G.L. Hartman, Y.H. Huang
and W.F. Hong*

Abstract

Bacterial wilt caused by Pseudomonas solanacearum, and Phytophthora blight caused by Phytophthora
capsici, are important soilborne diseases of peppers (Capsicum spp.). Plant mortality of peppers from 11
fields (about 22 000 plants) in Linnei township in Yunlin County, Taiwan ranged from 5-95% with a mean of
28%. Both P. capsici and P. solanacearum were suspected as being causal agents alone or in combination;
however, the primary symptoms observed were wilt with vascular browning indicating that P. solanacearum
was the primary pathogen. P. solanacearum was isolated directly from field-infected tissue on a selective
medium. P. capsici was isolated from infected stems of 30-day-old plants (variety ‘Blue Star’) that had been
transplanted into infested Linnei soil in pots. Several experiments were conducted to evaluate the interaction
of these two pathogens by soil drench inoculation alone or, in combination, by delayed application or
reduced inoculum concentrations of P. capsici, and by using resistant hosts. Applied alone, P. capsici
caused higher plant mortality in a shorter time than did P. solanacearum. P. solanacearum in combination
with low doses of P. capsici caused 62% greater plant mortality than P. capsici at low doses. Mortality of
plants increased when P. capsici was inoculated after P. solanacearum compared with inoculating with
P. solanacearum alone. In another experiment using resistant hosts, values for the area under the disease
progress curve (AUDPC) were similar for cv. PBC 066 whether it was inoculated with P. solanacearum
alone or in combination with P. capsici. However, AUDPC values increased for PI 201234 with the addition
of P. solanacearum. This appears to be the first report of an interaction beween these two soilborne
pathogens, which overlap in their ecologies and host range.

P. solanacearum interacting with P. capsici.

cearum E.F. Smith, and Phytophthora blight caused by
Phytophthora capsici Leon. are soilborne diseases of
peppers (Capsicum spp.). P. solanacearum normally
causes a vascular wilt and infects a wide range of hosts
(Kelman 1953; Hayward 1993). In much of the Asian
tropics and subtropics, plant species belonging to the
solanaceous family, including eggplant, pepper, and
tomato, are affected by race 1, biovar 3 and 4.
P. capsici causes basal stem blight or collar rot of
peppers (Leonian 1922).

There are many reports about the interaction of
P, solanacearum  with  other  microorganisms,
especially plant parasitic nematodes (Libman et al.
1964), but there appear to be no reports of

*Asian Vegetable Research and Development Center,
Shanhua, Tainan, Taiwan, 741, Republic of China.
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these pathogens are likely to occur in moist soil and at
high ambient and soil temperatures, and it seems
feasible that the two organisms share similar soil
niches.

The objectives of this research were to: 1. isolate
the causal organism(s) from pepper plants in fields
where plant mortality was excessive; and 2. determine
under controlled conditions what kind of interaction
occurred between P. solanacearum and P. capsici when
inoculated on pepper seedlings.

Materials and Methods

Field observations

Eleven fields of pepper in Linnei township, Yunlin
County, Taiwan, representing approximately 22000
plants were assessed for plant mortality at fruit-setting



by counting the total number of dead plants in the
population. Soil and plant samples were collected for
isolation of pathogens. P. solanacearum was isolated
by macerating tissue with distilled water and streaking
on a modified selective medium (SM-1) (Chang and
Hsu 1988). P. capsici was isolated by planting 30-day-
old plants (cultivar Blue Star) in infested soil sampled
from the Linnei fields. Five days after inoculation,
stem pieces from blighted plants were surface steri-
lised, rinsed, and plated on potato dextrose agar (PDA).

Inoculum preparation

Asstrain of P. solanacearum coded as Pss 71 isolated from
infected pepper plants at Linnei was used in all the experi-
ments. The strain was isolated from pepper on SM-1
medium, purified on tetrazolium chloride (TTC) medium
(Kelman 1954) by selecting fluidal wild-type colonies,
stored in water and increased on 523 medium (Kado and
Heskett 1970) for 24 hours at 32°C. Cell suspensions
were adjusted to 108 cfu/mL using a spectrophotometer at
600 nm with an optical density of 0.3.

Isolate Pc13A of P. capsici isolated from infected
plants (Blue Star) planted in infested Linnei soil was
used in all experiments. It was isolated from infected
pepper stems and stored on PDA. Inoculum was
increased on V8 agar (Milier 1955) using methods
previous]y described (Hartman and Huang 1993). All
suspensnons for each experiment were adjusted to
1x10* zoospores/mL unless otherwise stated.

Inoculum was applied in suspension by drenching
soil using 1.2 L per flat (48 X 33 x 10 cm) or by adding 30
mL of suspension when S cm diameter pots were used.
In all cases, seeds were sown in sterile potting mix.

Preliminary test

Pepper seeds collected from fruits of an unknown
variety in the Linnei fields were planted in 5 cm
diameter pots containing a sterile soil mix and held in
the greenhouse. When seedlings were 30-days-old
inoculum was drenched into the soil. The following
five treatments were used to investigate the interaction
of the two pathogens: 1. P. solanacearum alone; 2.
P. capsici alone(l %107 zoospores/mL); 3. P. capsici
alone (1x 10* Zoospores/mL) 4. P. solanacearum and
P. capsici (1 x10? zoospores/mL) and 5. P. solana-
cearum and P. capsici (1 x 10* zoospores/mL).

Each treatment had 12 plants. There were no repli-
cations. Plant mortality was recorded daily for 17 days
after inoculation. Data were converted to percentages
by: (number of dead plants/total number of
plants) x 100.

Advanced test

Seeds of an AVRDC plant breeding line (PBC 243) were
sown in flats and were either not inoculated or inoculated

when 30-days-old with one of the following:
1.P solanacearum alone; 2. P solanacearum and
P, capsici (1x10? zoospores/mL), 3. P. solanacearum
and P capsici (5% 10> zoospores/mL); 4,
P. solanacearum and P capsici (1x10° zoospores/mL);
5. P capsici (1x 10% zoospores/mL); 6. P. capsici
(5><102 zoo-spores/mL); and 7. P. capsici (1x103
zoospores/mL). Soil was cut with a knife between the
rows to approximately 6 cm. There were two replica-
tions for each treatment.

Interactions using resistant/susceptible hosts

Seeds of cultivars, Sunny Star, Queen Star; AVRDC
lines PBC 142A, PBC 243, PBC 066; and PI 201234
were planted in flats in a sterilised soil mix. Forty-day-
old seedlings were either not inoculated or inoculated as
follows: 1. P. solanacearum alone; 2. P. capsici alone;
3. P. solanacearum and P. capsici; 4. P. solanacearum
and P. capsici delayed by 3 days; 5. P. solanacearum and
P. capsici delayed by 7 days; 6. P. solanacearum and
P. capsici delayed by 10 days; and 7. P. solanacearum
and P. capsici delayed by 14 days. Soil was cut between
the rows with a knife to approximately 6 cm before
drenching the soil with inoculum. Plants were rated for
mortality at 7, 10, 14, 17 and 21 days after inoculation.
Area under the disease progress (AUDPC) was calcu-
lated (Shaner and Finney 1977).

The experiment was a split plot with the main plots
as pepper entries and the subplot as inoculation treat-
ments. There were five plants and three replications
for each entry and inoculation combination.

Results

Field observations

Pepper mortality ranged from 5-95% with a mean of 28%
over all 11 fields. Both P. capsici and P. solanacearum
were isolated, and vascular wilt and stem blight were
observed in the field individually, although the vast
majority of wilted plants had vascular discoloration
indicating that the primary cause in this field may have
been P. solanacearum. Other wilt pathogens, including
Fusarium and Verticillium, were not isolated.

Preliminary experiment

Three days after inoculation, plants that were inocu-
lated with high doses of P. capsici, and one with a low
dose of P capsici in combination with P. solana-
cearum, had 100% mortality (Fig. 1). Plants inocu-
lated with P. solanacearum alone had 84% mortality
after 17 days compared with the 38% mortality caused
by P. capsici alone at a low dose. The increase in plant
mortality when P. solanacearum was added to
P, capsici at alow dose was 62% higher at 17 days after
inoculation.
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Fig. 1, Pepper mortality after inoculating plants with Pseudo-
monas solanacearum (Ps) and Phytophthora capsici (Pc) at
two concentrations (1 X 10* and 1 X 10? zoospores/mL). Ps +
Pc-4 & (treatment 5); Ps + Pc-2 B (treatment 4); Pc-4 @
(treatment 3); Pc-2 A (treatment 2); and Ps O (treatment 1).

Advanced test

Treatments using P, capsici alone (treatments 5-7) did
not produce any blight for the first 11 days. One
treatment had caused a small degree of blight (5%) at
14 days after inoculation. These three treatments were
not used in the data analysis.

Plants inoculated with P. solanacearum alone had
significantly more wilt at 7 days after inoculation than
with P. capsici, but were equal to P. capsici at 14 days
after inoculation (Fig. 2a). Phytophthora blight was
greater than that in plants inoculated with P. capsici
alone, and also increased as higher doses of P. capsici
were applied (Fig. 2b).
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Interactions using resistant/susceptible hosts

Pepper lines, inoculation treatments, and their interac-
tions were all highly significant (P < 0.05). Treatments
of P capsici alone, and in combination with
P. solanacearum either at the same time or when
delayed by only 3 days, had the highest AUDPC values
(Table 1). Both pathogens added together usually
caused more blight than wilt symptoms, but as the
P. capsici inoculations were delayed, more wilt
symptoms occurred. The lowest AUDPC values were
obtained from PI 201234 which is highly resistant to
P. capsici (Table 2).

Table 1. Area under disease progress curve (AUDPC) for the
means of six pepper lines either inoculated with Pseudomonas
solanacearum (Ps) or Phytophthora capsici (Pc) alone or in
combination.

Treatment? AUDPC
1. Ps alone 579
2. Pc alone 1106
3. Ps+Pc 1116
4. Ps+Pc-3 1092
5. Ps+Pc-7 438
6. Ps+Pc-10 529
7. Ps+Pc-14 604
LSD (P=0.05)® 230

#Forty-day-old seedlings were either not inoculated or inoculated as
follows: 1. P. solanacearum alone; 2. P. capsici alone; 3. P. solana-
cearum and P. capsici, 4. P. solanacearum and P. capsici delayed by
3 days; 5. P.solanacearum and P. capsici delayed by 7 days;
6. P. solanacearum and P. capsici delayed by 10 days; and
7. P. solanacearum and P. capsici delayed by 14 days.

b - .

Least significant difference.
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Fig. 2. Bacterial wilt (a) and Phytophthora bli§ht (b) of peppers either inoculated with Pseudomonas solanacearum (Ps) alone or
with Phytophthora capsici (Pc). Pc-1=1x 10°, Pc-2 =5 X 102, Pc-3 = 1 X 10? zoospores/mL.
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Table 2. Area under disease progress curve (AUDPC) for the
means of seven inoculation treatments (with Pseudomonas
solanacearum or Phytophthora capsici alone or in combi-
nation) for six pepper lines.

Line AUDPC
PBC 006 681
PBC 142A 572
PBC 243 1233
P1201234 259
Queen Star 1025
Sunny Star 911
LSD (P=0.05)* 167

3 east significant difference.

Discussion

Interactions of P. solanacearum with other pathogens,
especially nematodes have been documented, but this is
the first report of an interaction of P. solanacearum and
P. capsici.

The two pathogens both cause wilt diseases, which
under close field examination could be distinguished.
P.capsici caused a collar rot or a stem lesion with dark
brown stem discoloration extending upward from the
soil line, while P solanacearum caused vascular
discoloration without external discoloration on the
stem.

In this study, P. capsici was more aggressive than
P. solanacearum and inital wilting and blight occurred
within 2-3 days after inoculation at high doses,
regardless of whether the plants had also been inocu-
lated with P. solanacearum. When P. solanacearum
was inoculated alone, plants started to wilt only after 10
days.

Also found was that bacterial wilt did not increase
when both pathogens were inoculated together even
when P. capsici was applied at low doses. Addition of
P, solanacearum did not increase blight when
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P. capsici was inoculated at high doses; however, blight
did increase greatly when P. solanacearum was added
with low doses of P. capsici. From these observations,
it appears that P. capsici has little effect on bacterial
wilt levels, but that blight is increased when
P. solanacearum is added to low inoculum doses of
P. capsici.
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Bacterial Wilt of Tomato in Andaman
and Nicobar Islands

C.R. Ramesh and A.K. Bandyopadhyay*

Abstract

The humid tropical climate with a mean year round temperature of 30°C and a variety of soil types are
conducive to bacterial wilt in the Andaman and Nicobar islands. The disease incidence ranges from
5-100% in tomato production areas across the islands. The pathogen infects brinjal, chilli, groundnut,
potato and tomato plants. Several weed hosts have been recorded as carriers of the pathogen. Although
different soil types cropped to tomato are infested, it is absent in the tomato-growing soils of Neil Nicobar
islands. Vertical distribution, the effect of pH and other physical factors on the pathogen were studied.
Severe incidence of the disease on tomato has made it difficult to grow this crop. However, with the
identification of resistant cultivars, tomato cultivation has increased. Of 800 lines screened under sick plot
conditions, seven were highly resistant. Incidence of bacterial wilt was lower in rice fallow compared

with monocropping of tomato.

THE Andaman and Nicobar Islands comprise a chain of
572 islands, islets and isolated rocks spread in the Bay
of Bengal at a distance of about 1200 km from the east
coast of the Indian subcontinent. Of the 306 islands,
only 188 have been named. The Andaman group, with
278 islands, forms the northern part of the chain. The
Nicobar group is separated from the main group by 160
km of ocean, and has 28 islands. The major land mass
is occupied by North, Middle and South Andaman
Islands which are separated from each other by narrow
channels. The maximum width of the islands is 50 km.
The islands make up two concentric arcs: an outer
(western) sedimentary arc comprising Major Islands of
the Andamans and the Nicobar extending to the south
east forming Indonesian Orogenic belt; and an inner
(eastern) volcanic arc appearing above sea level as the
conical volcanoes of Narcondum and Barren Islands.
The climate of these islands is typically equatorial
(warm, humid tropical). The islands receive both
southwest and northeast monsoons from May through
December. Normal annual rainfall is around 3000 mm.
Average relative humidity ranges from 68-86%, while

*Plant Pathology and Entomology, Central Agricultural
Research Institute, Andaman and Nicobar Group of Islands,
Post Box No. 181, Port Blair-744101, India.

the daily mean temperature ranges from 21.8°C
minimum to 32.6°C maximum. Average hours of
sunshine/day range from 3.75-9.44. The difference
between the annual maximum and minimum temper-
ature is relatively narrow. The peak temperature
occurs during dry months when evapotranspiration
losses are highest.

Geologically, the islands are of recent origin and the
climate has produced fragile, shallow soils. The soils
under virgin forest are rich in organic matter and are
generally acidic, but the soils of degraded or deforested
areas have lost their fertility level and water-retaining
capacity. In general, the soils are medium to low in
organic content and low both in available P and K
(Singh et al. 1988).

Agriculture is barely 130 years old in these islands
and during this period virgin forests have been cleared
first for the settlement of convicts and later for
refugees. Vegetables, fruits and plantation crops were
introduced and cultivated. Some 17000 ha are
cropped, 12 000 ha for rice. Some islands, such as Neil,
Havelock and Little Andaman, have no fallow or
wasteland. The cropping pattern on different islands is
dominated by rice. The area under coconut cultivation
is around 29 000 ha and it is mostly in the tribal islands
of the Nicobar group.
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Status of Bacterial Wilt

Bacterial wilt caused by Pseudomonas solanacearum
is of major economic importance and occurs across the
islands in almost all the vegetable-growing areas,
especially of the solanaceous vegetable crops, except in
Neil and Car Nicobar Islands. The disease has been
recorded on a wide variety of hosts and non-hosts, and
has been observed in highlands, lowlands and areas of
forest cleared. The disease incidence ranges from
5-100% on tomato, 5-30% on chilli and 5-20% on
eggplants. The disease has also been observed on
potato and peanuts. A survey across the islands
revealed that although the pathogen occurs in almost all
types of soils, the soils of Neil and Car Nicobar were
completely disease free (Ramesh, unpublished data).
Studies on wilt potential of soils at various inoculum
levels showed a very low level of wilt incidence at a
dilution of 20% of the heavily contaminated soil,
survival of tomato plants being as high as 75%. Ata
dilution of 40% a considerable increase in the rate of
wilting was recorded, and survival was reduced to as
low as 15%. At a 50% dilution, survival was nil.
Experiments designed to assess wilt potential of soil at
different localities revealed low survival rates of
tomato in soils known to be heavily contaminated as
compared with soils with low levels of infestation.

Distribution

Studies on the effect of pH and salinity on survival and
viability of the pathogen revealed that the pathogen can
survive for 3 months at pH 6.2-6.4 and 1.65, 2.8 and
7.3 mhos/cm electrical conductivity. The pathogen was
detected up to 55 cm depth in cultivated and fallow
lands, with very high and almost constant abundance
up to 30 cm depth, after which it declined.

Host Range

Weed plants, Ageratum conyzoides, Portulaca
volarasia, Eupatorium odoratum, Solanum nigrum,
Ipomoea sp., Jussiaea linifolia, Cosmos sp. Amaranthus
sp., and marigold were symptomless carriers of the
pathogen. The occurrence of bacterial wilt on potato,
ginger, tomato, sesame, eggplant, chilli, peanut and
tobacco has been observed in these islands. All the
strains isolated from the plants were pathogenic to
tomato and eggplants except for an isolate from a chilli
plant. Ginger plants were infected and wilted only when
inoculated with isolates from ginger, showing some
strain specificity.

Effects of Environmental Factors
on Survival

Survival of the pathogen was higher under conditions
of high soil moisture. This observation correlates with

field observations of higher incidence of bacterial wilt
during the rainy season. It was also observed that
continuous dry spells followed by rain or irrigation
could immediately induce wilt under field conditions.

In the nursery, chilli and tomato seedlings had
irregular lesions adjacent to their midrib on the first and
second true leaves during heavy rains. Isolation of
pathogen from lesions confirmed that it was P.
solanacearum. This suggests that soil splash during the
rainy season may spread the disease.

Resistance Screening

Several experiments were conducted to determine the
effects of various concentrations of P. solanacearum
on germinating tomato seeds. A higher concentration
of inoculum reduced seedling vigour. However, seed
germination was not affected. Further research needs
to be done to standardise this methodology before
comparing it to field tests. To screen germplasm, a wilt-
sick plot was developed in which a highly susceptible
commercial cultivar Pusa Ruby was grown continu-
ously for two seasons. A collaborative program with
the Asian Vegetable Research and Development
Center (AVRDC) in Taiwan was inititated in 1983 and
seeds were obtained for screening.

Continuous screening of the AVRDC material along
with the released national varieties has yielded seven
resistant varieties of AVRDC origin. Three have been
tested under multi-locational trials and have been found
suitable for cultivation. Commercial and released
varieties from the mainland, India Like, Punjab
Chuhara, Punjab Keshari, Pusa Early Dwarf, S-12, Sel-
7 Co-3, Arka Vikas, Arka Saurabh, Sel-120, and Sioux
do not withstand the local strains of P. solanaceaurm at
Garacharma, CARI complex, South Andaman.
However, AVRDC lines could withstand the disease
and single plant selections within segregating lines of
CL-1219-0.8, Cl 949-0-12, CL-5915-402, Du-3-2-0,
and EC.42 have been made over the past 7 years.
Farmers prefer CL 1219-0.8 and CL 949-0-12 on the
basis of fruit quality and yield.

Crop Rotation

The extensive literature on the use of crop rotations in
the control of the disease is inconclusive (e.g. Graham
etal. 1979; Granada and Sequeira 1983). Studies on the
effect of cultivation of non-hosts on bacterial wilt
incidence in infested soil with maize, cowpea and okra
showed that the disease incidence was very high in
okra-grown plots compared with cowpea and maize.
The probable reason for the high incidence in okra plots
may be interaction with root-knot nematodes which
heavily infested okra.
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Suppressive Soils

Low incidence of bacterial wilt occurred in rice fallow.
However, in the highlands the disease incidence varied
depending on the previous crop.  Studies on
suppressive soils of Car Nicobar and Neil Islands
showed that soil factor(s) inhibited the multiplication
of pathogens. Such soils when saturated with water or
continuously irrigated after adding inoculum do
sustain the disease. However, limited watering and
irrigation did not sustain the disease even after adding
the inoculum, clearly ruling out the possibility of a
biological factor responsible for any suppressiveness.

Future Needs

Emphasis needs to be directed towards identifying
races, host range and edaphic conditions favouring the

multiplication and spread of the pathogen. Selections
of AVRDC lines have provided hope for farmers in
these islands and will encourage tomato production in
the future.
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Bacterial Wilt Potential of Soils of Andaman
and Nicobar Islands

C.R. Ramesh and A.K. Bandyopadhyay*

Abstract

The Andaman and Nicobar islands (6° N and 14° N) are part of the same broad agroecological region as
other Southeast Asian countries. The islands are at the fringe of monsoon tropical climate with high but
uneven distribution of rainfall throughout the year. There is a conspicuous dry season from January—April
when evaporation exceeds rainfall. The islands have a year-round temperature close to 30°C and a variety
of soil types; circumstances suitable for observation and research on bacterial wilt of tomato caused by
Pseudomonas solanacearum. Entisols, inceptisols and alfisols are the major soil types in production
areas. Systematic surveys of the incidence of wilt in soils cultivated and uncultivated were carried out.
Ferralitic soils originating from volcanic substrates (Barren and Narcondum) were highly conducive to
bacterial wilt infection. Entisols, inceptisols and alfisols showed varying degrees of natural infection and
were highly conducive to bacterial wilt. Mollic hapludalfs originating from the corralline parent material
did not show infection in nature, even when cultivated with a highly susceptible variety of tomato (Pusa
Ruby). These soils were found to be suppressive to bacterial wilt even after mixing with a sick soil in
different ratios. Varying degrees of infection of tomato in different types of soils may be the result of
different cropping practices followed across the islands. However, when monocropped with solanaceous

crops, all soil types except mollic hapludalfs were highly susceptible to bacterial wilt.

THE Andaman and Nicobar islands of the northeastern
Indian Ocean form a chain that extends for 850 km
between 6°45' N. and 3°45' N. within longitudes
92°15'E. and 94°E. separating the Bay of Bengal from
the Andaman Sea. The islands are the subaerail
expression of the continous ridge of West Burma to the
festoon of islands south and west of Sumatra. The
islands are in two groups, the Andaman and Nicobar
islands with a channel separating the two.

The main Andaman and Nicobar ridge runs from
north to south, Topographically this ridge is very
complex, falling steeply and irregularly on both sides to
the floor of the Bay of Bengal and the Andaman Sea. In
contrast, the islands of Riches Archipelago, Little
Andaman, Car Nicobar and Chowra Islands show very
low relief surrounded by coral reefs and shallow seas.
Saddle peak, in the North Andaman at a height of 732 m

*Plant Pathology and Entomology, Central Agricultural
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above sea level, is the highest point in the Andaman
group, while Mount Thullier, on Great Nicobar, the
southernmost island in Nicobar, is 642 m high,

The soils have developed under the dominant
influence of vegetation and climate over diverse parent
materials. The soils can be broadly classified into three
orders and seven suborders as differentiated by soil
properties and pedogenic process in their devel-
opment. The recognised soil taxonomic orders are
entisols, inceptisols, and alfisols (Singh et al. 1988).

Bacterial wilt caused by  Pseudomonas
solanacearum is the most important factor limiting
tomato production in the Andaman and Nicobar
islands. The incidence of bacterial wilt is very high in
some fields where reduction of yields may reach as
much as 82-90% at certain times of the year (Ramesh
and Ansari 1989). The disease is endemic across the
islands including the forest land. It has a wide range of
hosts including legumes and common weeds (Ramesh
and Ansari 1989). No symptoms are expressed in some
hosts. Bacterial wilt is more prevalent during the rainy
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season, Crops with a low incidence of bacterial wilt
may be grown between December and May, which is
the cool, dry season. Some fields, newly cleared for
cultivation, often have varying levels of infestation. In
some islands, such as Neil and Car Nicobar, the disease
is totally absent during the growing season.

In the present study, a series of experiments was
carried out to determine the wilt potential of soils
collected from different locations across the islands.

Materials and Methods

Sampling of soils

The soil samples were collected at random to a depth of
40 cm. Six samples from different locations in the
fields were mixed thoroughly before filling experi-
mental pots.

To assess the wilt potential of soil samples, a
procedure descibed by Felix and Ricaud (1978) was
used. A constant level of moisture was maintained in
the pots, ranging from field capacity to waterlogging.
Thirty to forty tomato seeds, variety Pusa Ruby, a very
highly susceptible cultivar, were sown in the pot for the
bioassay. Wilted plants were counted daily and tested
for ooze. Sterilised soil was used as a control.

Experiment 1

Soil samples were collected from tomato-growing
locations on North Andaman (2 locations), Middle
Andaman (2 locations), South Andaman (6 locations),
Neil, Little Andaman, Car Nicobar, Narcondum and
Barren Islands. Their origins were as follows: entisols
of the great group, tropfluvents with pH 5.9-6.6, 0.4-
1.5% organic content (OC) and 20% wilt recorded from
Diglipur; inceptisols of the great group fluventic
dystrochrepts with pH 5.8, 0.86% OC and 40% wilt
incidence from Diglipur; alfisols udalfs of the great
order haplustalfs measuring pH 6.2, 1.15% OC
showing 60% wilt incidence from Little Andaman;
entisols of the great order troporthents, with pH 5.2 and
0.22% OC, and 5% wilt incidence (from uncultivated
arca from CARI, Garacharma Complex); entisols of the
great order troporthents with pH 4.47 and OC 4.59%
with 100% wilt in tomato (sick plot continuously under
tomato cropping, from CARI, Garacharma Farm
Complex); entisols of the great order troporthents with
pH 5.2 and 0.22% OC with 50% wilt incidence on
tomato from south Andaman, Tirur; mollic hapludalfs
(coral soil) with pH 6.9-8.17 and 1.84-2.91% OC,
with 0% wilt incidence on tomato from Neil Island and
Car Nicobar; soils from volcanic islands of Barren and
Narcondum. Barren was uninhabited; Narcondum had
a small settlement and negligible area under culti-
vation,

Experiment 2

The Garacharma infested soil was diluted to 40%, 20%,
10%, and 5% by mixing homogenously with sterilised
soil from the same location.

Experiment 3

Soils from the volcanic islands Narcondum and Barren
were mixed homogeneously at 50%, 20%, and 10%
with Garacharma infested soil. All the soils tested
were contaminated with bacterial wilt and contained a
variable and uncounted number of bacterial cells.

Results

Experiment 1

The occurrence of wilt from different localities and soil
types showed that low survival of tomato plants
occurred in the soils known to be heavily contaminated
with the pathogen, whereas high survival occurred in
soils with low levels of infestation (Fig. 1). All soils
types except mollic hapludalfs were susceptible to
bacterial wilt, differing only in degree.

Survival (%)

10 6

0 ! I [ T, [ ]
0 10 20 30 40 50 60
Concentration (%)

Fig. 1. Survival of tomato plants potted in different soil types.
1. Neil and Car Nicobar; 2. uncultivated soil—Garacharma;
3. Diglipur; 4. Tirur; 5. Little Andaman; and 6. sick
soil—Garacharma.

Experiment 2

Very low wilt incidence was observed at dilutions of 5,
10 and even 20% of the heavily contaminated soils.
Survival of tomato plants was as high as 90% at a
dilution of 40% (Fig. 2).
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Fig. 2. Survival of tomato plants potted in varying levels of
infested soil mix. Soil contamination level 1=0%; 2=5%:;
3=10%; 4=20%; 5=40%; and 6=100%.

Experiment 3

Volcanic soil was free from the pathogen. However,
when mixed with the inoculum, wilt occurred at 50%
dilution, showing its susceptibility to the disease.

Discussion

Although biologists are conscious of the role of
different soil properties in the development of, and
interaction between different plant communities, little
critical thought has been devoted to the effect of such
soil properties on the development of microbial
communities within soil habitats.  Soils are an
important repository for many plant pathogens and the
survival of these pathogens in the absence of their
specific host plants depends on a complex interplay
between physical, chemical and biological factors in
the soil. The situation is made more complex by the
great degree of variability in the factors, both within
and between soil types. Soil textural differences have
been implicated in influencing survival of root nodule
bacteria in some soils. Clay mineral composition,
which varies between different types of soil, also influ-
ences the soil microbiology (Marshall 1975).

It is evident from the first experiment that different
soil types show a varying degree of wilt potential. The
wilt potential of soils also depends on the crop
sequence followed, and its influence on survival of the

1
S—— y pathogen in the soils. Soils with a lower pH and lower

organic matter content supported multiplication of the
pathogen. Some soils which were not cultivated had
some wilt when infested and potentially may become
prone to bacterial wilt if tomato or other susceptible
hosts are grown in them. The bacterium was not
present in any of the volcanic soils but the soils can
support multiplication of the pathogen when inocu-
lated. This also clearly shows that soil types play a
major role in determining conducive factor(s) to
bacterial wilt. Soils from two islands, Neil and Car
Nicobar, were free from wilt, and this is where farmers
grow variety Pusa Ruby. Although it may be present,
only a certain threshold of inoculum could produce
wilt incidence of economic importance. The absence of
the disease in Neil and Car Nicobar, in spite of
continuous cultivation of tomato and other solana-
ceous vegetables, calls for detailed studies on soil
factors both biological and physical, which may play an
important role in keeping the pathogen below the
disease threshold.

Volcanic soils have been reported to be conducive
to bacterial wilt elsewhere (Messiaen et al. 1972), Our
study indicates that inadvertent introduction of the
pathogen, through seeds, plant materials and soils from
other islands, especially to inhabited Narcondum,
could introduce the pathogen. Based on the present
study, farmers are advised to plant tomato and other
solanaceous vegetables according to soil types or to
plan and tailor proper cropping systems dependent on
types of soil across the islands.
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Prevalence of Bacterial Wilt of Solanaceous Vegetables

in the Mid-Hill Subhumid Zone of
Himachal Pradesh, India

A.K. Sood and B.M. Singh*

Abstract

Bacterial wilt caused by Pseudomonas solanacearum was first observed in Kangra valley when diseased
samples of brinjal (eggplant), capsicum and tomato were collected from villages Arla, Balla, and Dargeel
in mid 1981. Subsequently, sporadic occurrences of this disease were recorded in other localities till 1985.
The disease has since become endemic in the mid-hill, subhumid zone of Himachal Pradesh, comprising
the districts of Kangra and Mandi. It also affected potato in April 1985 when 30% incidence was observed
on the variety Kufri Chandermukhi in Ambada village (Nagrota block) in Kangra district.

Studies have been conducted on varietal resistance. During 1982, the reaction of 23 varieties/cultivars
of tomato was recorded under natural conditions. Two varieties, V-6 and V-7 (Cuban selections), were
resistant. During 1984, 29 exotic and Indian lines/varieties of tomato were transplanted in wilt-infested
plots. The line EC 129156 was completely free from wilt. In another experiment, 13 recommended
varieties of tomato were screened by artificial inoculation. There was 100% mortality in all varieties one
month after transplanting. During 1983, the disease was most severe in spring, with 100% plant mortality
in several fields. The wilt incidence in commercial varieties Yashwant (A-2), Solan Gola, Lal Mani and
Solan Surkha was 57%, 19%, 18% and 23%, respectively. Further studies on varietal resistance and
biological control of bacterial wilt have been initiated.

HmMacHAL Pradesh is one of the northwestern hill states
of India situated 30°22'-33°12'N. and 75°45'-79°
04'E. Besides being popularly known as the ‘apple
State’ of India, it is also well known for vegetable
growing and seed production. Solanaceous vegetables
cannot be grown on the plains of India because of the
high temperatures. Therefore, the off-season
vegetables produced in Himachel Pradesh find a ready
market and sell at high prices in the plains of the
adjoining States of Punjab, Haryana and Uttar Pradesh,
the union territory of Chandigarh and the national
capital, Delhi.

Based on elevation and climate, Himachal Pradesh
can be readily divided into four distinct agroclimatic
zones. While temperate areas comprised of the high
hills temperate dry zone (Zone IV) with altitudes more
than 2200 metres above mean sea level (masl) and the
high hills temperate wet zone (Zone III) at 1800-2200
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mas] are suitable for the production of vegetables such
as potato, peas, cauliflower, cabbage and beans, the
comparatively warmer areas of mid-hill subhumid zone
(Zone 1II) at 650-1800 masl and submontane low hills
subtropical zone (Zone I) at 350-650 masl are very
suitable for the production of solanaceous vegetables
such as tomato, potato, brinjal (eggplant), capsicum
(bell pepper and hot pepper) and cucurbits during the
summer months (mid March-mid September). Several
fungal, bacterial and viral diseases pose a serious threat
to the successful cultivation of these cash crops.

Bacterial wilt caused by  Pseudomonas
solanacearum is an important disease of solanaceous
vegetables in most Indian States (Rao et al. 1975; Rao
1976). Although bacterial wilt is widespread
throughout the Indian subcontinent (Sinha 1986), it is
of recent origin in the mid-hill subhumid zone of
Himachal Pradesh. The losses to potato crops alone
have been reported to range from 30-70% (Sinha
1986), whereas in brinjal and tomato the losses are as
high as 80% (Rao 1976) and 90% (Kishun 1985),
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respectively. The present paper reports on the preva-
lence of the disease and work done on varietal
resistance in this part of the subcontinent.

Materials and Methods

Prevalence

Data on the prevalence of bacterial wilt were collected
either by conducting periodic surveys during the
months May-Angust or by keeping a record of the
information obtained from the extension personnel and
cultivators delivering diseased plants for diagnosis.
Information recorded included on the date of
collection, average wilt incidence, varieties, elevation
and soil type.

Varietal screening

Screening for resistance was confined to tomato. The
material consisted of locally available commercial

varieties, and Indian and exotic germplasm/breeding
lines received from the National Bureau of Plant
Genetic Resources (NBPGR), New Delhi. During
1982-1983, screening was done under natural condi-
tions, whereas in 1984, 1-month-old seedlings of each
test variety/line were transplanted in infested plots in
the Department of Vegetable Crops following standard
agronomic practices. Observations on wilt incidence
were recorded thrice at regular intervals.

Results and Discussion

Prevalence

Bacterial wilt in Himachal Pradesh was first observed
in Kangra valley when diseased plants of tomato,
brinjal and capsicum were collected and identified from
villages Balla, Arla and Dargeel in mid 1981. The
incidence varied from 5-30% (Table 1). The disease
was very serious on tomato grown in heavy soils,
especially in warmer areas. On potato, the disease was

Table 1. Prevalence of bacterial wilt in mid-hill subhumid zone of Himachal Pradesh, India.

Date Location Altitude (m) Host Incidence (%)
Kangra District
2.5.81 Balla 930 Tomato 5-10
16.6.81 Arla 1050 Tomato, brinjal, capsicum 10
9.7.81 Dargeel 1200 Brinjal, capsicum 30
17.4.85 Ambada 1100 Potato 30
1.6.85 Bawarna 1045 Tomato, brinjal 40-50
5.6.85 Sulah 950 Capsicum 70
Thamba 930 Tomato 100
18.5.86 Rakkar 850 Tomato, brinjal, capsicum 50
25.6.86 Kotkawara 900 Tomato 60
Mandi District
4.8.89 Joginder Nagar 1220 Tomato, capsicum 90
Kunnu 1150 Tomato 60
Baragaon 1200 Tomato 50
Harabag 1300 Tomato, capsicum 20
30.7.90 Pali 1100 Tomato, brinjal 15
Maher 975 Tomato 25
Panihar 800 Tomato, capsicum 70
14.8.91 Darang 1200 Tomato, capsicum 50
Sauli Khad 850 Tomato 40
14.8.91 Chakkar 800 Tomato 30
Bhangrotu 775 Tomato 10
Kullu Valley
22.6.88 Ropa 1300 Tomato 10
Panarsa 1200 Tomato 5
Nagwain 1250 Tomato 25
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first noted in April 1985 when 30% incidence was
recorded on variety Kufri Chandermukhi in Ambada
village (Nagrota Block). During the same period
40-50% incidence was observed on brinjal, capsicum
and tomato in Bawarna area. The disease occurred
sporadically in other localities till 1985 and since then
has become endemic, causing up to 100% wilt in
several fields in the mid-hill subhumid zone comprising
districts of Kangra and Mandi (Table 1).

Although bacterial wilt is widespread in tropical,
subtropical and warm temperate regions (Persley et al.
1985), in Himachal Pradesh it is endemic only in the
mid-hill subhumid zone, affecting tomato, potato and
capsicum. The disease is less frequent on brinjal
because the Pusa Purple Cluster variety commonly
grown in this zone has high degree of resistance to
bacterial wilt (Sinha et al. 1989).

The disease is not endemic in Zone I of Himachal
Pradesh which is contiguous with the northern plains
of Punjab, Haryana and western Uttar Pradesh. In Una
district, the disease does not occur, even on the highly
susceptible brinjal varieties Pusa Purple Round and
Pusa Purple Long which are widely grown.

Potato is the most economically important solana-
ceous vegetable crop grown in Himachal Pradesh.
Sporadic occurrence of bacterial wilt on potato was
observed in the present study. In June 1992, however,
the scientist working on diseases of potato observed
30% incidence of bacterial wilt on potatoes grown at
Phuladhar (Mandi) in Zone I11.

Varietal screening

Twenty-three varieties of tomato maintained by the
Department of Vegetable Crops at Palampur were
screened under natural conditions during the summer
of 1982. Only two varieties, V-6 and V-7 (Cuban selec-
tions), were found to be resistant. During 1983, disease
incidences in the commercial tomato varieties
Yashwant, Solan Gola, Lal Mani and Solan Surkha
were 57, 19, 18 and 23%, respectively.

In a germplasm evaluation trial, 29 exotic and
Indian varieties/lines of tomato received from NBPGR
were screened during 1984. The data on wilt incidence
are presented in Table 2, The line EC 129156 was found
to be free from wilt. Other lines that performed
relatively well were EC 129149, EC 126757 and EC
126761 with final incidences of 18, 38% and 43%,
respectively. The first line was categorised as moder-
ately resistant, the other two as moderately susceptible.
In the other lines tested the incidence varied from
78-100% and they were rated as susceptible. Recently,
Kapoor et al. (1991) reported EC 179923, EC 179924
and EC 179931 as resistant and BWR-5 as moderately
resistant, and found that the incidence of wilt in lines
EC 126757, EC 126761, EC 129149 and EC 129156

varied from 71-100% after artificial inoculation of
seedlings followed by transplanting to infested soil.
The variation in reaction of these lines from resistant to
susceptible could be due either to pathotype variability
(Kapoor et al. 1991) or to fluctuation in temperatures,
as resistance against bacterial wilt has been shown to be
temperature sensitive (Krausz and Thruston 1975;
Mew and Ho 1977). Other tomato lines reported to be
resistant against bacterial wilt elsewhere in India are
CRA-66-Selection A (Rao et al. 1975), VC9-1UG and
VCI11-1UG (Bedekar 1977), 66-SS1-3 (Khan 1981),
and BWR-1, BWR-5 and LE-79 (Sinha et al. 1988).

Table 2. Reaction of tomato varieties/lines against bacterial
wilt during 1984

Variety/line Incidence (%) Reaction®
1 1I 11

EC 27982 33.33 80.00 86.67 S
EC 104025 50.00 71.43 100.00 S
EC 104027 73.33 100.00 S
EC 104044-1 73.33 80.00 86.67 S
EC 122773 25.00 50.00 91.67 S
EC 126757 0 0 37.50 MS
EC 126761 0 0 42.86 MS
EC126761-1 0 14.29 100.00 S
EC 126770 12.50 50.00 87.50 S
EC 128973 25.00 50.00 87.50 S
EC 129149 9.09 18.10 18.10 MR
EC 129156 0 0 0 F
EC 129170 60.00 100.00 S
EC 129468 100.00 S
EC 129594 A 11.11 88.89 88.89 S
EC 129597 11.11 66.67 77.78 S
EC 129600 12.50 87.50 100.00 S
EC 130035 33.33 93.33 100.00 S
EC130039A 42.86 100.00 S
EC 130043 46.15 100.00 S
EC 130053 40.00 100.00 S
EC 130163 36.36 90.91 100.00 S
EC 130204 54.55 100.00 S
EC 133735 60.00 93.33 100.00 S
EC 135381 46.15 100.00 S
Sioux 43.75 81.25 81.25 S
Marglobe 100.00 S
Best of All 57.14 7143 100.00 S
Roma 60.00 90.00 100.00 S

*F=Free, MR=Moderately Resistant, MS=Moderately Susceptible,
S=Susceptible
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An Approach to Management of Bacterial Wilt of Potato
Through Crop Rotation and Farmers’ Participation

P.M. Pradhanang, R.R. Pandey, S.R. Ghimire,
B.K. Dhital and A. Subedi*

Abstract

A community approach was used to manage Pseudomonas solanacearum bacterial wilt of potato in
infested seed-production pockets of the western hills of Nepal. This included a 3-year crop rotation, clean-
seed multiplication, and education of farmers on crop-hygiene practices. This paper presents a case study
illustrating the success and limitations of integrated management of bacterial wilt in subsistence farming.
A cropping-pattern experiment was conducted at two sites at elevations of 1750 and 2100 m above sea
level. This involved a 1--3 year crop rotation and integrated management. Crops such as maize, finger
millet, barley, cold-tolerant upland rice and mustard were tested. Integrated management included the
application of nitrogen, and liming and weeding, to control bacterial wilt. Results of short rotations and

management in controlling bacterial wilt are discussed.

Potarto is grown throughout Nepal, from the southern
lowland Terai to the northern high mountains. In the
lowlands it is cultivated mainly to produce market
potatoes, whereas at elevations above 2000 m above
sea level, potatoes are grown for both market and seed
production. Because of the high quality of seed
produced at high elevations, it is also the main agro-
based source of income generation. Most of the
demand for seed is fulfilled from the high hills because
very few cold-storage facilities are available at lower
altitudes.

Lumle Regional Agricultural Research Centre
(LRARC) is a multidisciplinary research centre
situated in the western hills of Nepal around 28°18’ N.
and 83°49' E . Potatoes can be grown at LRARCs in all
agroecological zones stretching from the foothills (300
m) to high mountains (3000 m). Production systems
vary according to altitude. Below 1000 m, potatoes are
cropped after rice during the winter season, whereas
from 1000-1500 m they are grown in spring on
irrigated (Khet) land before the rice crop. At 2000 m
and above, a single crop is grown in a year and it is a

*Lumle Regional Agricultural Research Centre, PO Box 1,
Pokhara, Kaski, Nepal.

major source of food (Sthapit et al. 1987). At high
altitudes, potatoes are grown in rainfed upland (Bari
land) from March to August.

The climate below 1000 m is subtropical and
changes with altitude to cool-temperate at 2000 m.
Distribution of rainfall can be very erratic, but most
precipitation occurs between May and September. At
other times of the year rain is infrequent.

After late blight (Phytophthora infestans), bacterial
wilt caused by Pseudomonas solanacearum is the
second most important production constraint of potato
in Nepal. Bacterial wilt was introduced with potato
varietal development programs through the intro-
duction and testing of uncertified planting material in
wilt-free areas (Pradhanang et al. 1990). The disease
has spread into many seed production areas of the
eastern, central, and western regions (Shrestha 1988;
Chand et al., unpublished data). Seed potato multipli-
cation at many government farms and other research
stations has been stopped due to high soil infestations
(Pradhanang et al. 1987; Shrestha 1988). However,
because Nepal is primarily a mountainous country,
there are still numerous areas free of bacterial wilt that
have potential for seed production. Nevertheless, these
are under threat of contamination through transpor-
tation of infected planting material from elsewhere.
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Introduction of bacterial wilt has not only lowered
potato production in areas of Nepal where there is
already a food crop deficit, but has also reduced cash-
generating opportunities from seed potatoes. Wider
implications are the dissemination of disease through
infected planting materials in the middle and lower hill
areas, where crop diversity is high.

The objective of the study reported here was to
determine whether a 2.5-year crop rotation with appro-
priate break crops, roguing of volunteers, and the use
of wilt-free planting material could eliminate the
pathogen from infested soil. The whole program is
being conducted through a community approach.

In addition to the crop rotation program, a cropping-
pattern experiment which involves variable durations
of crop rotation and the use of different management
practices to control bacterial wilt, was investigated.
The traditional potato-based cropping pattern was
slightly modified to develop a different cropping
pattern. In terms of management practices, weed-free,
negative selection, and soil amendment with urea and
lime have been included. Research done elsewhere has
yielded favourable results when wilt-infested soil was
amended with urea and lime (Chang and Hsu 1988;
Hartman and Yang 1992; Power 1983). Though the
longer term prospects of the cropping pattern exper-
iment have not been fully assessed, results from a short-
term rotation are available.

Materials and Methods

A community-based crop-rotation program and
cropping-pattern experiment was conducted at the
villages of Sabet and Ghandruk. Sabet is a small
village of some 100 households, sitnated at an altitude
of 1700 m. The villagers' livelihood is based mainly on
agriculture. Ghandruk has over 500 households, and is
situated at 2000 m above sea level. The livelihood of
the people is only partially based on agriculture.

The community approach

This is a joint program between the Technical Services,
the Extension, and the Crop Science Sections of

LRARC, with the objective of implementing and
educating farmers on control measures for bacterial
wilt.

Sabet and Ghandruk were selected because there
was severe incidence of bacterial wilt at these villages.
Education and training as to the mode of spread of
disease, symptoms, the importance of crop rotation,
hygienic field practices and the importance of clean
planting material were provided at village meetings. At
the same meetings a detailed program of crop rotation
was proposed. The main issue was a 3-year prohibition
of planting potatoes in infested land and roguing of
potato volunteers. Farmers were asked to plant potatoes
in noninfested land at both villages. Details of the crop
rotation and volunteer roguing programs proposed are
presented in Table 1.

Formation of Cropping System Improvement
Committee (CSIC). A volunteer committee composed
of respected members of the villages implemented the
program. Regulations were agreed for penalising
individuals who failed to abide by the crop rotation
program, and the committee was assisted technically by
afull-time LRARC staff member based in the village.

Options. LRARC agreed to 1. supply noninfected
planting material at a subsidised rate to households if
all infected potato tubers were destroyed; 2. supply
transportation of subsidised fertiliser; 3. freely
distribute insecticides for aphid control; and 4. provide
a full-time staff member located in the village for day-
to-day supervision of the program.,

Rules. Villagers were: 1. prohibited from growing
potato for at least 3 years in plots known to be infested;
2. required to rogue volunteer potato plants; and 3.
required to plant potato crops in wilt free land.

Farmers’ education. LRARC staff provided farmer
training and technology transfer through mass
meetings, through the Committee, or by visiting
individual farmers. Monitoring was done to identify
bacterial wilt in the field and in stores, and to determine
the mode of transmission, the importance of roguing
volunteers, the importance of clean planting material
and crop rotation, and to observe the general sanitation
of stores.

Table 1. Crop rotation program used during the study to control bacterial wilt of potatoes.

Site number Period Break crop Remarks

1 Oct 90-March 91 Barley Volunteer roguing in Nov. 1990
2 June-November 91 Finger millet Volunteer roguing in June 91

3 December 91-Feb 92 Fallow

4 April-November 92 Upland rice Volunteer roguing in May 92

5 December 92-Feb 93 Fallow

6 March-Sep 93 Maize Volunteer uprooting in April 93
7 Oct—Feb 93 Fallow

8 March—July 94 Potato
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Members of the Committee were contacted on every '

visit to both testing sites. Although the major objective
of the meeting was to discuss the program and imple-
mentation, time was given to training or coverage of
technical issues.

Tuber monitoring for the presence
of vascular rot

At each store, ten tubers were checked for the presence
of vascular rot, to determine the frequency of store
infection, and to detect sources of infection for subse-
quent planting. Stores at Ghandruk were monitored in
July 1990, September and December 1991, with 26,
27, and 35 stores checked. In Sabet, 38 stores were
checked in December 1990.

Monitoring of volunteer potato plants

Volunteer plants germinating in former potato fields
were monitored to estimate the numbers of plants
germinating at different times of the year and the
number of roguings required to eliminate self-sown
potatoes (Table 2).

Spread of bacterial wilt through apparently
healthy tubers

Potato tubers from healthy plants growing next to
wilted plants were collected from Ghandruk in May
1991 and taken to the research centre for monthly
examination for latent infection and vascular rot.

In February 1992, ten tubers having no visible
vascular rot symptoms were planted in sterilised soil.
Two tubers showing clear vascular rot symptoms were
planted as a positive control. These tests were done in
the glasshouse to promote rapid disease development.

Survival of P. selanacearum in naturally-
infested soil

Soil was collected from around the roots and tubers of
wilted plants at Ghandruk in May 1991. Thirty-six
500 g samples were placed in polyethylene bags. The

presence of P. solanacearum was tested by trans-
planting root-pruned tomato (cv. Pusa Ruby) into each
sample.

Effect of cropping pattern on bacterial wilt

Development of infested plots. This experiment was
conducted at both Ghandruk and Sabet. The sites
selected had relatively high bacterial-wilt infestation.
All9 m? plots were planted with wilt-free, but suscep-
tible potato cv NPI/T0012. Plants were spaced at 60 cm
between rows and 25 cm between plants.

The number of plants wilted in each individual plot
was recorded. Plots showing low levels of wilt infest-
ation were inoculated by planting 20 naturally- infected
tubers around the rhizosphere of symptomless plants,
The plots were then considered ready for conducting
the cropping pattern experiment.

Monitoring of P. solanacearum in the experimental
plots. Increase or decrease in population of P.
solanacearum as affected by different break crops or
management was monitored in each of the individual
plots. The first soil sample was removed before the
deliberate establishment of a sick plot. Two 500 g soil
samples were collected in polyethylene bags from
between 0-30 cm depth in each plot. Soil-collecting
tools were disinfected between samples by washing in
tap water followed by dipping in ethanol.

The second sampling was done after the estab-
lishment of infested plots. Ten 500 g samples were
collected from 0-15 cm depth in each plot. Similar
procedures were followed for the third sampling which
was done after harvesting a mustard crop.

Soil samples placed in polythene bags were trans-
ported to Lumle Research Centre to be assayed for the
presence of P. solanacearum using tomato plants as
previously described.

Cropping pattern. Cropping patterns, which
involved one to three years of crop rotation, urea and
lime supplements, negative selection, and weed-free
conditions, were included as management practices
(Table 3). The experiment was laid out as randomised

Table 2. Monitoring methods used to determine the frequency of appearance of volunteer potato plants.

Method of monitoring Dates of monitoring

1 3 4 5
Rational® Nov 90 June 91 July 92 - -
Frequent? Nov 91 Jan 92 Feb 92 April 92 July 92
Check (farmers)® - - June 92 -

aThe main potato crop was harvested in July 1990. The first, second and third monitorings were done respectively in barley, finger millet and

upland rice crops.

e main potato crop was harvested in July 1991. The first four monitorings were done in a barley crop, whereas the last one was done after

planting finger millet.

“The main potato crop was harvested in July 1991. The monitoring was done in a maize crop. The cropping pattern was potato—barley—maize.
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Table 3. Treatment combinations used in the cropping pattern
experiment to control bacterial wilt

Treatment  Cropping pattern Break period between
potato crops (months)

1 Potato-barley—finger 18
millet—potato

2 Potato—barley—finger 18
millet—potato (urea)®

3 Potato—mustard—potato 6
(urea)

4 Potato®—barley~finger 18
millet—potato

5 Potato—barley—finger 30
millet-mustard—upland
rice—potato

6 Potato—weed free—potato 18

7 Potato—barley—finger 18

millet—potato (liming)°

®Urea was applied at a rate of 576 kg/ha in addition to normal fertiliser
application of 40:40:20 NPK kg/ha.
All wilted plants were rogued complete with tubers and the soil from
around the tubers.

“Lime was applied at the rate of 2 t/ha.

complete blocks with three and four replications at
Sabet and Ghandruk, respectively.

Only the results of the short rotation (treatment 3)
are presented because this is the only treatment that has
been completed.

Results

Community approach

Sabet. Because potato and other solanaceous crops
were prohibited for 3 years in infested land, the
Committee arranged planting of potato in an isolated
grazed land at Mudhekharka (2000 m), some 30
minutes walk from the village, where potato had not
been planted for some 50 years. The total area of this
land was around 2.5 ha, and plots of 250 m? were
allotted by ballot to the entire 100 households of Sabet.
Potatoes were also planted in irrigated rice land at
Hile (1400 m asl) situated just below Sabet village.
Here the cropping pattern had been either rice-fallow
or rice-wheat. Not all farmers of Sabet own land at
Hile, and so the more-wealthy farmers loaned their land
to those who had none. This was a good example of
community cooperation to solve acommon problem.
All infected planting material from the previous
season was either eaten or discarded from the village.
In return, noninfested planting material was supplied.
There were three varieties of potato, and farmers were
impressed with cultivar NPI/T0012, because of its high
yield and tolerance to late blight. Wealthier farmers

cooperated in the crop rotation program, because they
could grow potato in rice land during the winter season
when the land would otherwise have been fallow.
Poorer and landless people also participated in this
program, because they were allotted land at both
Mudhekharka and Hile.

Bacterial wilt was not observed at either Mudhek-
harka or Hile. Farmers therefore now have clean
planting material, which can be used for planting in
subsequent years and they will no longer require seed to
be supplied from elsewhere.

Farmers were able to differentiate between the
symptoms of bacterial wilt and late blight in the field.
The role of the Committee was crucial in implementing
strategic programs such as roguing of volunteer plants.
To date, volunteer plants have been rogued twice from
infested land, once in November 1990 and again in
June 1991. These roguing programs were organised as
campaigns to cover entire infested areas, and farmers’
cooperation was thus of the wpmost importance.
Following the June 1991 roguing, the volunteer
population was greatly reduced.

One of the reasons for farmer enthusiasm in planting
potatoes at Hile was the transport of subsidised ferti-
liser. Without this option, it would have been impos-
sible to deter them from growing potatoes in infested
land.

Ghandruk. A sufficient quantity of wilt-free
planting material was not supplied and, as a result,
farmers were not asked to discard their infected
planting material. The plan was to multiply 3 t of seed
potato in the 1991 summer season, so that there would
be sufficient planting material for distribution to all
households. This was to be multiplied in an isolated
field, where potato had not been grown for many years,
but because the Committee did not agree with this,
seed was multiplied in many different small plots. As a
result, bacterial wilt was observed in one seed multipli-
cation plot with an unknown history.

The crop rotations at Ghandruk were not imple-
mented because farmers did not wish to sell the produce
of the seed multiplication program from the 1991
summer crop. Only some 6 t of seed were collected.
Therefore the program was limited to an education
program to make farmers aware of bacterial wilt. The
impact points given in the education program were not
followed, although a majority of farmers in Ghandruk
are now aware of the symptoms, the mode of disease
transmission, and seed-selection techniques. Never-
theless, not only has the intensity of bacterial wilt
increased at Ghandruk, but also more and more new
lands are being affected by bacterial wilt (Pradhanang,
unpublished data).

Six t of clean planting material were distributed in
January 1992 to 162 farmers. The seed was planted in
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wilt-free areas. During monitoring of these seed multi-
plication plots for the presence of bacterial wilt, 47 of
104 farmers had wilt in their fields. These farmers
presumably planted wilt-free planting materials into
infested areas.

Tuber monitoring for the presence
of vascular rot

The tuber monitoring done in Sabet in July 1990
showed that 21 of 38 stores were affected by vascular
rot. The tuber monitoring program at Sabet was stopped
because the entire planting material from all house-
holds was discarded from the village. In Ghandruk, 18
of 26 stores were found affected by vascular rot in July
1990.

The majority of farmers used locally-produced seed
as planting material (Table 4). As a result, the intensity
of vascular rot was very high whenever locally-
produced planting materials were used. The results of
the second monitoring showed that the majority of
affected tubers did not rot until December. From
December until planting time (end of February or early
March) temperatures are low in Ghandruk. As a result,
it is highly likely that a large number of infected tubers
are used as seed for subsequent plantings. A few stores
were found affected by vascular rot when the seed was
brought from areas other than Ghandruk.

Monitoring of volunteer plants

More volunteer plants germinated in June 1991
(41112/ha) than in November 1990 (15 969/ha) and
July 1991 (24416/ha). A meticulous roguing
program in November followed up in June, effec-
tively reduced volunteer plants. Frequent monitoring
showed that volunteers continue to grow in potato
fields, although the number varies greatly between
seasons (618/ha to 19 812/ha). Volunteers were
found to germinate even in the cold winter tempera-
tures of Januvary and February, although their
numbers were low. Although five roguings were
made between November 1991 and July 1992,
volunteer plants were not eliminated.

Table 4. Tuber monitoring in stores at Ghandruk village.

In the third method of monitoring, the number of
volunteer plants was recorded only once in a maize
crop. The cropping pattern was potato—barley—maize
spread over two years. Under this system, the equiv-
alent of 10 744 plants/ha of well grown and maintained
volunteers was counted. The farmer stated that
although a large number of volunteers had germinated
in his maize field, he maintained the above number so
that potatoes and maize did not compete strongly.
Among the potato volunteers, an equivalent of 837
plants/ha was found to be infected with bacterial wilt.
This result clearly indicates that volunteers were an
extremely important source of disease survival. In such
a situation, the best extension intervention would
either be to give bacterial wilt education, or to
recommend so called resistant varieties, despite their
disadvantage of having latent infection.

Spread of bacterial wilt through apparently
healthy tubers

In storage, vascular rot appeared after 2 months, but
symptoms were not seen for another 2 months. From
October onwards clear vascular rot appeared in some of
the samples. However, there were no apparent external
symptoms of infection. It was impossible to determine
whether or not tubers were infected without cutting
them open.

Though many tubers did not show vascular rot
symptoms on cutting during the winter months, they
subsequently showed wilting upon planting. Two of
ten apparently healthy tubers harvested from healthy
neighbours of wilted plants in the previous season
produced bacterial wilt.

Survival of P. solanacearum in naturally-
infested soil

That soil around the rhizosphere of wilted plants
contained bacterial cells was confirmed by the wilting
of the indicator plants (Table 5). However, after a lapse
of 1 month following sample collection, there was no
indication of the presence of wilt except in one case
where one out of four plants wilted after 85 days.

Seed source Sept 1991 monitoring

Dec 1991 monitoring

Total stores Vascular rot Total stores Vascular rot
Local 21 19 15
Outside® 5 12 3
Local + outside 1 4 4
Total 27 35 22

2The outside seed sources of Ghandruk are Sikha and Plalate villages which are both wilt-free areas
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Table 5. Survival of P. solanacearum in naturally-infested soil
tested by planting a susceptible tomato plant into sampled soil.

Days after soil Numberoftest ~ Number of plants
collection plants wilted
9 4 3
23 4 1
33 4 3
46 4 0
59 4 0
72 4 0
85 4 1
90 4 0
95 4 0

Control of bacterial wilt through
cropping pattern

Initial soil sampling for the presence of
P. solanacearum indicated that the pathogen was not
present in the soil samples of some replications.
However, when wilt-free potatoes were planted in these
plots, 10 and 33% of the plants subsequently wilted.
Experimental plots were considered to be ready for
evaluation of different cropping patterns to control
bacterial wilt. However, soil sampling before or after
the first break crop of mustard, gave no indication of
high intensities of bacteria in the experimental plots.

The final wilt intensity in potato was higher than the
initial wilt intensity when using mustard as a break
crop. This showed that inoculum pressure was very
high in the experimental plots. Wilt pathogen was not
reduced by urea supplement or by mustard. The high
intensity of bacterial wilt could be attributed to the
short-term crop rotation.

Discussion

The main purpose of the crop rotation program is to
motivate and mobilise communities to manage the
shared problem of potato bacterial wilt through crop
rotations and farmer education.

Mid-way through the crop rotation program, Sabet
Village has had success as the entire community has
adopted a crop-rotation strategy because of an
increased problem of bacterial wilt in the field and
severe rotting in stores. The cooperation of the farmers,
an alternative site for planting potato, the availability
of planting material, fertiliser and pesticide at subsi-
dised rates, the placement of Lumle staff in the program
village to supervise day-to-day management of the
control program, the manageable size of the village, a
sufficient extension effort and, lack of other major
sources of income earning opportunity, have all helped
to establish the program.

However, the community management of the
disease control program has also had some negative
features. Although the prohibition of planting of potato
for 3 years was agreed upon, it has not been easy to
maintain a complete commitment. Mid-way through
the crop rotation program, one farmer wished to grow
potatoes in the prohibited infested land. The reason
was that the production realised from the small piece of
land at Mudhekharka was not sufficient to supply the
whole family. It had been made clear from the very
beginning of the program, that farmers would have to
sacrifice some yield of potato. In fact the farmer could
easily have grown maize, millet or upland rice in the
infested land. The farmer agreed that if given another
plot of land (250 m2) at Mudhekharka, potato would
not be grown in the infested land. This was an impos-
sible bargain for the Committee to agree to because if
one farmer were given more land, then other farmers
would have asked for the same. This was a very difficult
situation because the whole program depended upon
farmers’ moral support. Despite requests from the rest
of the community and all members of the Committee,
the farmer planted potatoes in the infested piece of
land. Under such a situation, it appears that such
programs need legislative support to empower
enforcement of regulations. Alternatively, the program
should consider alternative beneficial options to be
offered to the farmers to obtain enduring support and
cooperation.

At the Ghandruk site, it was not possible to ask
farmers to discard the entire locally-produced infected
planting material. The seed potato multiplication
program was also unsuccessful due to a lack of cooper-
ation from farmers. Therefore, the program concen-
trated on education. However, farmers did not follow
the impact points given in the training programs, and
wilt incidence has continued to increase in their fields.

One of the main reasons for the difference in success
between Sabet and Ghandruk Villages was village size.
Grandruk is the largest village within Lumle's ECA,
and so it is not unexpected that there will be dissimilar-
ities in ideas among village leaders. Also, members of
the Committee came from different wards of the
village. Although most were cooperative, the
committee members were afraid that if the seed
production program was carried out in one ward,
others might not receive sufficient planting material for
the following season. As a result, the seed multipli-
cation program did not operate smoothly (Table 6).
Moreover, the farmers who were responsible for the
seed multiplication program broke their promise to sell
their produce to the Committee. Although the
purchasing rate was modest, and was set by the farmers
themselves, they did not sell the required quantity for
subsequent distribution. One possible reason for
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farmers’ reluctance to sell planting material was that
they received a higher price if they sold potatoes to the
local hoteliers for market purposes.

The 6t of planting material (Table 6) were
distributed to 162 farmers. Information was given to all
farmers about the need to plant noninfected seed into
clean land so that they would have the required quantity
of seed for the following planting season. However, the
presence of bacterial wilt in 47 fields showed that
farmers were not serious about following the recom-
mendations.

Another difference between the villages was the
scatter of potato-growing areas. The program was
easier to implement and supervise at Sabet because
potato was grown in one large block, rather than in
hundreds of dispersed plots of land as in Ghandruk
village. It was therefore not easy to keep potato out of
infested land for 3 years. It seems that the majority of
potato lands in Ghandruk are now affected by wilt due
to planting of infected materials.

In addition, roguing, seed selection techniques and
store hygiene practices were not follwed. Farmers did
not always rogue volunteers grown in the field, but
instead allowed them to grow e.g. in maize fields.
Traditionally, farmers use the left over potato for subse-
quent planting, and the only hygiene practice followed
in storage is to rogue rotten tubers which are thrown in
nearby compost pits. Because Ghandruk farmers do
not appear to be serious about controlling bacterial wilt,
it may take time for the adoption of recommended
technology. A possible reason for the lack of interest in
adopting new technology against bacterial wilt was the
existence of off-farm opportunities in the village.

In Nepal, cut tubers are generally used as planting
materials, which may mechanically transmit the
disease. The extension message should be to discard
planting material if vascular rot is seen, followed by
dipping the cutting knife in disinfectant. However, as
this technology is not a part of the traditional potato-
production system, it is highly unlikely that farmers
will follow this recommendation. Under subsistence
farming it is not easy to implement new technology
except for varietal introduction. Training programs
concerned with disease control through sanitation

Table 6. Seed production program in Ghandruk.

measures, involve women because they are responsible
for much of the seed-handling business.

Survival of bacterial wilt in soil was reported to be
maintained through planting infected seed potatoes,
and through symptomless carrier-weeds such as
Ageratum conyzoides and Ranunculus scleratus
(Sunaina et al. 1989), some of which are dominant
agricultural weed species in the hills of Nepal. Potato
volunteers will remain the most likely source of the
survival of P. solanacearum between potato crops.
From our results of monitoring and weeding, under
existing traditional systems of potato production it will
be impossible to eradicate self-sown potatoes from the
field. It appears that if volunteers can be rogued in
November, and the following June/July, the volunteer
population is greatly reduced.

At high altitudes of Nepal, there is a system of
growing maize together with potato. However, quite
often the large number of self-sown potatoes that grow
under maize crops gives a false impression that the two
crops are grown mixed. Farmers cultivate the volun-
teers and adjust populations of maize and volunteers.
As aresult they grow well together. In such a sitnation,
it will be extremely difficult to rogue volunteers effec-
tively. However, at Sabet, the volunteer roguing
program was successful because of the farmers’
cooperation and sufficient extension effort.

Latent infection of potato tubers in cooler areas and
in resistant varieties has been reported by many
researchers (Ciampi et al. 1980; French 1988; Nyangeri
et al. 1984; Sunaina et al. 1989). At higher altitudes in
Nepal, potatoes grown between March and July may
wilt in June when temperatures are sufficiently high.
The soil is also wet from May onwards. Plants must
wilt if the seed is infected or planted in infested soil,
unless the required level of inoculum is insufficient. It
has been noted that the tubers from wilted plants either
rot in the field or are completely rotted in stores a few
weeks after harvest. Summer potatoes are harvested in
July/August in the higher hills and the temperature
remains warm until the end of September. As a result,
there is no chance for the tubers harvested from wilted
plants to remain apparently healthy until the next
planting season. Therefore it is doubtful whether
bacterial-wilt-susceptible varieties can withstand wilt

Date Program Result
March-July 1991 Seed multiplication of initial supply of 3t Successful in many plots
October 1991 Procuring of the targeted 30 t potato The participant farmers sold only 6 t

January 1992
of Ghandruk
March-~July 1992

Planting of clean material in clean fields

Distribution of potato to the entire 500 households 6 t was distributed to only 162 farmers

BW was seen in 47 seed plots out of 104 inspected
plots in June 1992
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when grown as summer potatoes. However, there was
an indication that tubers from adjacent plants may be
latently infected. This supports the need of positive
selection.

Results from survival studies in naturally-infested
soil using indicator plants have been erratic. The
pathogen survived in soil for only 33 days, but studies
elsewhere have shown that the pathogen can survive for
2 years in infested soils (Harris 1976; Shamsuddin et al.
1979). 1t is difficult to interpret these erratic results, but
possible reasons for the variation could be low initial
bacterial populations, or the death of cells due to
unfavourable abiotic factors in the soil samples within
the airtight plastic bag.

Susceptible tomato seedlings have been used as
indicator plants to detect P. solanacearum in the soil
(Felix and Recaud 1978; Graham et al. 1979a, b;
Jenkins et al. 1967; McCarter et al. 1969). However,
attempts to detect P. solanacearum in the soil by similar
methods were not satisfactory despite the fact the fields
from which soil was collected were infested. This raises
a question about the reliability of tomato as the
indicator plant for detection. Another possible reason
for the negative results from the trial could be the
sampling of soil from between 0-15 cm depth, which
was dry prior to the sampling (Graham et al. 1979b).
However, McCarter et al. (1969) showed the presence
of the bacteria between 0-15 cm soil depth. In the trials
reported here, the first and third soil samplings were
made during dry months, whereas the second was in the
rainy season. Though the soil samples were wet, other
direct methods for detection in the soil should be tested.

The high intensity of potato wilt in the cropping
pattern experiment showed that a short rotation of only
6 months was not sufficient to reduce the bacterial
population. The mustard rhizosphere may have
increased the pathogen population. In an experiment in
the Philippines, Kloos et al. (1986) found higher potato
wilt incidence when mustard was intercropped with
potato. In Nepal, mustard was tested as the break crop
to fit into the short crop rotation and because it is a
widely grown crop.

Urea supplement did not reduce bacterial wilt. In
some soil amendment experiments, application of urea
has reduced the population of P. solanacearum (Chang
and Hsu 1988; Hartman and Yang 1992). In these
experiments, urea was applied together with ash which
may have established a high level of antagonistic
microorganisms in the experimental plots, resulting in a
high intensity of bacterial wilt. Although there is no
information about the effect of supplemented urea plus
compost on P. solanacearum, it is believed that such a
soil amendment may not reduce the inoculum level in
soil when all the predisposing factors are in the favour
of the causal organism.

The success of a community approach in programs
for the management of bacterial wilt depends largely on
farmer cooperation and sufficient extension support.
Infected planting materials and volunteer potato plants
are the main sources of inoculum in the traditional
potato production systems in the hills of Nepal. It is
possible to avoid contaminated planting materials, but
all volunteers plants must be rogued at all times and in
all plots. As regards cropping pattern, short rotation of 6
months with mustard as a break crop did not reduce the
intensity of the bacteria in soil.
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Occurrence of Pseudomonas solanacearum in
Tomato Seeds Imported into Nepal

D. D. Shakya*

Abstract

Bacterial wilt disease of tomato plants, caused by Pseudomonas solanacearum, occurs in warm humid
parts of Nepal. Imported tomato seed is sold in Nepal without restriction. P. solanacearum isolated from
seedlings from imported seeds was identified by pathogenicity and biochemical tests. Infected seed may
be an important means of natural spread of P. solanacearum.

BACTERIAL wilt is a serious disease of tomato in warm
temperate, subtropical and tropical parts of the world.
In Nepal the disease has reduced tomato production in
some districts in warm humid regions.

There has been debate in the past on the importance
of seedborne infection and seed transmission of
Pseudomonas solanacearum (Smith) Smith 1914, the
bacterial wilt pathogen. The possibility of seed
infection by P. solanacearum and its dispersal in seeds
require thorough investigation to determine whether
seedborne transmission is an important component of
natural spread of the disease (Buddenhagen and
Kelman 1964). There are reports of seed transmission
of P. solanacearum to cotyledons and leaves of tomato
and capsicum plants from contaminated seeds (Moffet
et al. 1981) and the pathogen has been isolated from
groundnut seed (Machmud and Middleton, 1991).

Imported tomato seed, mainly from India, is sold on
the open market in Nepal. This study was undertaken
to investigate whether imported tomato seed carries P.
solanacearum.

Materials and Methods

Ten tomato seed samples used for this study were
bought on the open market. The seeds had been
imported from India. Twenty-five seeds from each

*Central Department of Botany, Tribhuvan University,
Kirtipur, Kathmandu, Nepal.
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sample in eight replicates were placed without surface
sterilisation inside covered plastic dishes. The dishes
were kept at room temperature (22-26°C) for two days
and then incubated for 3 days at 28-30°C followed by
2-4 days at room temperature. Pieces of infected roots
and stems of the resulting seedlings were macerated in
a small volume of sterile distilled water in a mortar and
pestle and a loopful of the macerate streaked on King’s
B (KB) and nutrient agar (NA) media. The plates were
incubated at 28°C. Purified colonies were stored in
sterile distilled water at 45°C for subsequent studies.

Pathogenicity and Biochemical Tests

Pathogenicity tests were performed on three- to four-
week-old tomato seedlings (cv. Moneymaker) by
injecting the stem with a bacterial suspension of
approximately 108 cells per mL from 24-hour-old
culture. The inoculated plants were kept in a humidity
tent in a growth chamber maintained at 28-30°C.
Suspensions were also infiltrated on tobacco leaves to
test for hypersensitive reaction. Pathogenic isolates
were tested by conventional methods (Lelliott and
Stead 1987) to determine biochemical properties.

Results and Discussion

Seedlings from one of the 10 seed samples developed
water-soaked brown discolouration on their roots
within 6-9 days (Fig. 1). The percentage of diseased



Fig. 1. Seedlings infected with Pseudomonas solanacearum 5
days after germinating seeds on filter paper.

seedlings with such symptoms averaged 21%. After
8-9 days infected seedlings collapsed. However, in a
separate experiment, tomato seedlings germinated
from the same seed and grown in pots filled with sterile
soil were apparently healthy. These pots had been kept
at 28-30°C without additional humidity. It is likely that
these seedling were latently infected but conditions
were not conducive to wilt development.

The bacterium isolated from these seedlings was
non-fluorescent, and the colonies were buff white,
circular, raised, smooth and glistening on KB medinm.
On the third day, colonies were about 1 mm in diameter.
The appearance of the colonies was similar on NA
medium. Symptoms were reproduced within 72 hours
on tomato seedlings as a brown water-soaked discol-
ouration extending several centimetres. Brown necrotic
lesions were also produced on leaves. Two—three weeks
after inoculation, adventitious roots developed along
the stem as described by Fahy and Persley (1983). The
bacterium was reisolated. All isolates induced a hyper-
sensitive reaction in tobacco within 24 hours.

The isolates were positive for Kovacs’ oxidase,
nitrate reduction, Tween 80 hydrolysis, catalase,
urease and oxidative on glucose, while negative for
Gram’s  reagent, levan production, arginine
dihydrolase, indol and H,S production, biochemical

characteristics similar to those of P. solanacearum
(Palleroni 1984; Hayward and Watertson 1964). Acid
was produced from glycerol, galactose, mannitol,
sorbitol. Thus, based on physiological, biochemical
and pathogenicity tests the bacterium was identified as
P. solanacearum. Because acid was produced from
both mannitol and sorbitol the isolates of
P. solanacearum conform to neither biovar 1 nor biovar
e

The results clearly indicate the occurrence of
P. solanacearum in tomato seedlings grown from
infected or contaminated seeds. Previous investigators
had demonstrated that tomato and pepper seeds artifi-
cially inoculated with P. solanacearum could produce
wilting plants (Moffett et al. 1981). The dispersal of
wilt pathogen from localised foci in seed beds to
widespread areas has also been reported (Budden-
hagen and Kelman 1964). Therefore the possibility of
seed infection by P. solanacearum and dissemination
by seedborne inoculum cannot be discounted as an
important means of spread in nature. Further studies are
needed to clarify the dynamics of seedbome carriage
and transmission of P. solanacearum.
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