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Propositions (Stellingen)

Sanitation alone can reduce late blight disease but has a deleterious effect on
tomato growth and production; when used in combination with cther cultural
methods the adverse effects can be alleviated to some extent.

This thesis.

Integrated pest management which includes control of late blight will become
important for tomato cultivation in Uganda.

This thesis.

Tomatoes in Uganda are fighting aerial and soil battles, and it seems only
agricultural research can come to their rescue.

This thesis.

Fungicides do not provide the complete solution for late blight (Phytophthora
infestans) control.

This thesis.

If you consider vegetables in Uganda, tomatoes must definitely be inchuded.

This thesis.

The changes in world food production over the coming decades must both
address the population increase and make up the food deficit of the most
impoverished countries. ‘

Rerat, A; Matassino, D {ed.); Boyazogui, J. (ed.) and Cappuccio, A., 1997.
International symposium on Mediterranean animal germplasm and fufure
human challenges.



10.

1.

Countries should use science and technology in order to transform agriculture
into an instrument of continuous green revolution,

Scarascia-Mugnozza, G.I. and Swaminathgan, M.S, 1997. Agricultura, 45.

industrialization is important but will never be more important than agricutture.

We eat to live but we do not live to eat - just as we practise agriculture to live
rather than living to practise agriculture.

‘God made man, man made Holland': this is a good reflection of what man has
contributed in reclaiming land for the Netherlands.

‘No gain without pain’ is true indeed.

Propositions (Stellingen) attached to the thesis. ‘Towards the development of
integrated cultural control of tomato late blight (Phytophthora infestans) in Uganda’,
by James Tumwine. Defended on Monday 1 February, 1999.




AUTHOR’S ABSTRACT

Tumwine. J., 1999. Towards the development of integrated cultural contral of tomato
late blight (Phytophthora infestans) in Uganda.

Tomato (Lycopersicon esculentum) is a major vegetable crop in Uganda.
Moneymaker, Margiobe, Heinz and Roma are the major commercial varieties grown
in the country, the first two being the most popular. Late blight {Phyfophthora
infestans) is the most important disease of Ugandan tomatoes. Tomato cultivation in
Uganda is mostly done continuously throughout the year which perpetuates P.
infestans survival and sources of inoculum. Late blight in Uganda is predominately
controlled by fungicides and the most commonly used fungicide is Dithane M-45
{mancozeb). However, there are virtually no data available on the effectiveness of
control of the disease on tomatoes in the country. This research was aimed at
developing integrated disease management practices, which avoid where possible the
use of fungicides, for late blight disease in Uganda. In the Ugandan situation, this
effectively means a range of cultural control practices. New isolation techniques which
make use of healthy, and diseased tomato fruits to isolate the pathogen from
tomatoes were developed and used in the research. Ugandan isolates of P. infestans
were found to be of A1 mating type but this was on the basis of a very limited number
of samples. The study indicated that sanitation can reduce late blight disease
incidence and severity but causes adverse effects on the crop in terms of height,
flower formation, fruit numbers and vyield. The use of polythene shelters,
intercropping, or high tomato planting densities each combined with sanitation helped
to alleviate the adverse effect of sanitation and reduced the disease levels even
further. The fungicide (Dithane M-45) was only partially effective in controlling late
blight by delaying epidemics for about 2 weeks. Nevertheless the fungicide
consistently gave higher numbers of fruits and yield than any of the cultural practices,
with or without sanitation. If cultural practices are to substitute for fungicides within
an integrated disease management system, then further development work is
required.

Key words: Tomato, Lycopersicon esculenturn, varieties, cultivation, late blight,
Phytophthora infestans, disease, isolation, pest, pesticides, fungicide,
Dithane M-45, polythene shelter, intercropping, sorghum, sunflower,
soybean, sesame, sanitation, planting density, integrated control,
survey, agro-climatic, Uganda.
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Chapter 1

General introduction



General Introduction

Tomato production in Uganda

Tomato (Lycopersicon esculentum, Mill.) is a major vegetable crop grown in
Uganda. Tomato fruits, cooked, as salads, in processed form as ketchup or paste, are
a major source of nutrients especially vitamin A and C, and provide income for
farmers. At present, fomato processing in Uganda is done on a limited scale with two
major factories in production. Considering the good Ugandan soils and environment
for tomato production, there is considerable potential for expansion. According to a
research survey carried out in Uganda (Tumwine ef al., unpublished), the crop is
attacked by many pests with the most damaging being bollworm (Helicoverpa
armigera), thrips (Thrips spp), cutworms (Agrofis ssp), aphids (Aphis spp) and
whiteflies (Bemisia tabaci). The major diseases of tomato in Uganda include late
blight {Phytophthora infestans), bacterial wilt (Pseudomonas solanacearum), early
blight (Affernaria solani) and root knot (Meloidogyne spp) nematodes. Viral diseases
such as tomato yellow leaf curl virug (TYLCV) are of economic importance. Most
farmers consider it impossible to grow tomatoes without the use of fungicides. The
most commonly used fungicide to control foliar tomato diseases in Uganda is Dithane
M-45 (Mancozeb: 62% Ethylenebisdithiocarbamate ions, 16% Manganese, 2% Zinc,
and 20% inert ingredient). According to the survey carried out in Uganda (Tumwine
et al., unpublished) the fungicide is very expensive for farmers, and quite often it does
not effectively control the disease due to label expiry, adulteration and under dosage.
In addition, this fungicide has no systemic activity but is a protectant which is easily
washed off by heavy tropical rains and therefore is not always effective under these
conditions. In some of the areas visited, farmers have been forced to increase both
the dosage and application rate. It is therefore imperative to develop integrated and
environmentally friendly control measures for tomate diseases with special emphasis
on late blight. These measures should mainly be cultural practices such as sanitation,
intercropping, polythene shelters (physical barriers), resistant cultivars, suitable crop
density and appropriate planting time.

Tomato plant

Tomato belongs to the family Solanaceae. This family contains other crops of
economic importance such as potato (Solanum tuberosum), eggplant (Sclanum
melongena), pepper {Capsicum spp) and tobacco (Nicotiana spp). Tomato originated
from Central and South America (Jenkins, 1948; Rick, 1960; Cobley 1963,
Purseglove, 1969). Tomato cultivars may be determinate or indeterminate with
various colours, sizes, shapes, flavours, vitamin contents and maturity periods
(Purseglove, 1969). According to Cobley (1963), the plants are annuals or short lived
perennials mostly treated as annuals in cultivation. Tomato stem length range is 0.7-2
m bearing numerous alternate leaves, unevenly pinnate structures with variously
indented and lobed margins (Cobley, 1963, Purseglove, 1969). In the nursery, tomato
seedlings are ready for transplanting in 4-8 weeks at a height of 12-16 cm. The crop



is almost exclusively self-pollinated {Cobley, 1963; Purseglove, 1969). Depending on
cultivar, spacing is usually about 1 m between rows and 0.3 m within rows, and
maturity period range is 4-5 months with a harvest period of 3-4 weeks (Purseglove,
1969).

The pathogen Phytophthora infestans

According to recent taxonomic studies, P. infestans (Mont.} de Bary is not a
fungus but ‘fungus like’, related to algae (Erwin and Ribeiro, 1996). The pathogen
belongs to a separate kingdom Chromista {Cavalier-Smith, 1986, 1987, Barr 1992;
Dick, 1969, 1995a, b). The pathogen is grouped in the phylum Oomycota, subclass
Peronosporomycetidae, order Pythiales and family Pythiaceae (Dick, 1990a, 1995a,
b). Characteristics of oomycetes are: formation of cospores, a coenocytic mycelium,
a diploid life cycle, cell walls containing predominately cellulose rather than chitin and
inability to synthesize sterols {Hendrix, 1964; Bartnicki-Garcia, 1968; Sansome and
Brasier, 1973). The genus Phyfophthora forms several sporangia at the terminal
branches of tree-like sporangiophores and it is a hemibiotroph. The pathogen is
heterothallic with mating types A1 and A2 (Fry ef al., 1993).

Origin and distribution of Phytophthora infestans

The centre of origin of P. infestans is considered to be Mexico (Turkensteen,
1973, Niederhauser, 1991; Goodwin ef al., 1994a, b; Legard ef al., 1995; Erwin and
Ribeiro, 1996). it was in France where late blight on tomato was first described
(Tulasne, 1854}, Late blight is one of the most devastating diseases of tomatoes
{AVRDC, 1993) and potatoes (Drenth et al., 1985) both in temperate and tropical
regions. Before 1980, the A1 mating type was well distributed throughout the world,
while A2 was reported in central Mexico only (Niederhauser, 1956, Hohl and Iselin,
1984). After 1980, A2 has been discovered in Switzerland (Hohl and Iselin, 1984), UK
(Tantius ef al., 1986), The Netherlands (Frinking ef al., 1987) and Germany {Daggst
et al., 1993). At present, the two mating types of P. infestans occur in all continents
except Australia (Spielman ef al., 1991; Kato et al., 1992; Fry et al., 1952, 1993;
Drenth et al., 1993a, b, 1995; Shattock, 1995; Umaerus, 1996). First reports of A2 in
Africa (Fry et al., 1993) were reported on Egyptian potato in 1984 (Shaw ef al., 1985)
and in Rwanda in the 1980s (Goodwin et al., 1991).

Infectivity of Phytophthora infestans

The pathogen has a limited host range, mainly solanacecus plants
{Turkensteen, 1973, 1978, Erwin and Ribeiro, 1996). Reported hosts include
Capsicum annum (Red pepper), Datura spp, Galinsoga parviflora, Gerunium
nepalense (Cranebill), Ipomoea spp (Morning-glory), Lycopersicon esculentum
{Tomatoes), Nicotiana spp, Solanum nigrum (Black nightshade), and Solanum
tuberosum (Potato) (Erwin and Ribeiro, 1996). Pathogenicity to potato appears
universal in P. infestans but not all isolates infect tomato (De Bruyn, 1952; Graham
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ef al, 1961; Wilscn and Gallegly, 1955; Goodwin et al., 1995). There is host
specialisation with tomato-aggressive and tomato-nonaggressive P. infestansisolates,
and aggressiveness to tomato may be a recently acquired trait (Legard, et a/., 1995).
It is now known that some potato strains behave differently as tomato strains when
inoculated onto tomato plants (Erwin and Ribeiro, 1998). The fungus affects leaves,
stems, branches and fruits (Sherf and Macnab, 1986; Eckert and Ogawa, 1988).
Green tomatoes are more susceptible to P. infestans than ripe ones (Castellanos-
Linares and Garoia-Correoso, 1986; Eckert and Ogawa, 1988). According to
Turkensteen (1973), colouring or ripe fruits are very resistant to the P. infestans.
Strongly pathogenic isolates of P. infestans form water-soaked lesions of about 4 mm
diameter, which extend to 10-15 mm within 3-4 days (Turkesteen, 1973). Typical
lesions with the appearance of darkened concentric rings, are present on stems and
fruits {Turkesteen, 1973; Erwin and Ribeiro, 1996). After infection under favourabie
conditions, the pathogen begins secondary cycles of sporulation in about 5 days
{Sherf and Macnab, 1986; Agrios, 1988; Fry et al,, 1992; Drenth, 1994).

Factors affecting Phytophthora infestans growth and reproduction

The minimum temperature for growth is 4 C, optimum 20 C and maximum 286
C (Erwin and Ribeiro, 1996). The growth of P. infestans and sporangia production are
favoured by temperatures between 16 C and 21 C and relative humidity approaching
100% (Sherf and Macnab, 1986, Agrios, 1988; Marco and Brunelli, 1989; Erwin and
Ribeiro, 1996). The potential duration of sporulation in a lesion is 13 days at a relative
humidity of more than $0% for 9-10 hours (Xiao and Xiao, 1991). Temperatures
above 29 C can stop late blight disease development (Sherf and Macnab, 1986). At
high temperatures (12 C and above), sporangia can germinate directly to form a
germtube. At low temperatures {12 C and below) the sporangia differentiate into 3 to
8 (and more) biflagellate zoospores (Turkensteen, 1973). The optimum temperature
for direct germination is about 24 C and for indirect germination it is 12 C
{Turkensteen, 1973). A film of water is necessary for spores to infect tomatoes (Sherf
and Macnab, 1986; Agrios, 1988). A minimum dew duraticn of 3-4 hours (optimum
24 hours} and temperatures of around 17 C are necessary for tomato infection and
epidemic development (Marco and Brunelli, 1989; Xiao ef al., 1992). According to
AVRDC {1993), the disease can cause losses of 100% in tomato under a conducive
environment of wet and cool conditions if not controlled with fungicides. The pathogen
can be serious in unheated greenhauses (Fletcher, 1984) which is one of the factors
enhancing disease severity in greenhouses in the near East (Alebeek van and
Lenteren van, 1992). Sporangia of P, infestans lose viability within 5 hours (Sherf and
Macnab, 1986; Agrios, 1988; Fry ef al,, 1992).

Sexual reproduction, resulting in the formation of cospores, is controlled by sex
hormones al and a2 produced by A1 and A2 mating types of P. infestans isolates
respectively (Ko, 1978, 1980, 1988). Temperature and the level of resistance in
cultivars also have an influence on sexual reproduction (Drenth, 1954; Drenth et a/.,
1995). A continuous supply of moisture is essential for cospore production (Cohen
ef al., 1997). According fo Fry et af (1992), mere occurrence of both mating types in
a location does not necessarily ensure sexual recombination.



In the laboratory, potato cultivar Bintje is used for isolation because it is very
susceptible (Zwankhuizen personal communication, 1885; Andrivon and Lucas, 1998).
In culture, the best media for growth of P. infestans is Rye A agar (Snieszko ef al,
1947; Hartman and Huang, 1995; Erwin and Ribeiro, 1996}. There are few reports of
similar isolation and culturing procedures for tomato isolates.

Survival and dispersal of Phytophthora infestans

The pathogen survives in various crops such as potatoes, tomatoes and other
susceptible plants (Turkensteen, 1973, 1978). According to Drenth (1994), mycelia
can survive in plant debris under natural conditions and are able to cause infection
for short periods. Oospores are the main form in which the pathogen can survive for
long periods of 8 months and above in absence of plant materials (Drenth, 1994;
Drenth ef al., 1995). Oospores are formed mostly in stems of potato and tomato
{Frinking et al., 1987; Mosa ef al., 1991). Tomatoes support more oospore production
than potato (Cohen et al., 1997). According to Turkensteen (personal communication,
1995}, oospores praduced by P. infestans can be nan-viable, thus not all contribute
to the problem of late blight. Oospores in the soil are of significant importance in P.
infestans infection and late blight epidemiclogy (Fry et af., 1992; Drenth, 1994, Drenth
et al, 1995; Pittis and Shattock, 1894). Oospores remain viable and infectious in
infested soil for 35 weeks (Drenth ef al., 1995), 8 months (Pittis and Shattock, 1994)
and 2 years (Perhes and Galindo, 1969). In vitro, oospore germination of up to 13.4%
was obtained (Pittis and Shattock, 1994). Light is essential for germination (Chang
and Ko, 1991).

Long distance dispersal of P. infestans is associated with infected plants or
plant parts transported by man (Fry et al., 1992; Shattock, 1995). Short distance
sporangia dispersal is through wind, dew and rain splash {Gretna, 1983; Sherf and
Macnab, 1986; Fry ef al., 1992; Erwin and Ribeiro, 1996). Zoospores can contribute
to local spread of the disease (Drenth, 1994},

Control of late blight in tomato
Fungicides

Sprays of metalaxyl once or twice per week can reduce late blight and yield
loss and increase fruit numbers {Sherf and Macnab, 1986). Fungicides have at times
been combined in order to overcome the challenges of late blight. Mancozeb and
Ridomil plus {metalaxyl + cuprous oxide) proved effective against late blight in
Cameroon (Fontem and Aighewi, 1993). Metalaxyl combined with mancozeb was also
effective in Germany (Gutsche, 1994). However, P. infestans has shown resistance
to metalaxyl in Russia (Volob-eva-Yu ef al., 1992), USA (Deahl ef al., 1995), Canada
{Deahl et a/., 1995; Chycaski and Punja, 1996) and Morocco (Sedegui ef al., 1997)
calling for mere research on how the resistance problems can be avoided. In Uganda,
Dithane M-45 {(mancozeb} is the only fungicide used extensively by tomato farmers
{Tumwine ef al., unpublished).



Resistant cultivars

Some lines of tomatoes have shown resistance to late blight (Guseva et al.,
1978; An et al. 1984, Kaur et al., 1988; Zhang, et al., 1988; Markovic ef al., 1990).
Systemic acquired resistance can be induced in tomato against P. infestans by pre-
inoculation with tobacco necrosis virus (Anfoka and Buchenauer, 1997) or fungicide
fosetyl-AL (Chahal, 1990}). However, there are difficulties in developing effective
resistance for late blight in tomate and therefore the number of resistant lines is still
low (AVRDC, 1993; Khalid-Majid, 1995; Laterrot, 1996). According to Hartman and
Huang (1995), strains of P. infestans can infect tomato lines containing resistance
genes thus there is need for more research on the nature of this resistance and its
durability. Crop protection strategies based on late blight resistant tomato cultivars
and fungicides need to be developed to counteract the new strains A1 and A2 of P.
infestans (Deahl, 1995; Shattock, 1995). In Uganda, all tomato varieties grown by
farmers are susceptible to late blight (Tumwine ef al., unpublished).

Biological control

A number of biological control agents such as Trichoderma, Penicillium,
Microdochium, Botryodiplodia, Bacillus, Streptomycetes and Actimycyles, show
potential for control of Phytophthora spp (Erwin and Ribeiro, 1996). These control
agents work as parasites or antagonists but their ability to control P. infestans in the
field has not been adequately tested.

Cultural control methods

Excluding early inoculum of P. infestans by sanitation and growing tomatoes
far from potatoes is recommended for late blight management (Sherf and Macnab,
1986). Sanitation was attempted for late blight control in tomato and potato {Inglis et
al., 1996). Plastic shelters reduced the level of late blight, fungicide sprays were
minimal, and tomato yields and fruit size were improved (Hanada, 1988). Polythene-
film covered greenhouses reduced tomato infection by P. infestans (Sunarjono and
Hardinah, 1972; Chee et al., 1988). Shelter belts on outdoor irrigated tomatoes
increased plant growth, and late blight disease was only enhanced where warm and
humid conditions were created (Jebari, 1989). Intercropping faba beans and corn with
potatoes reduce the incidence and severity of late blight (Sharaiha, et al. 1989).
Using the fungicide benlate in tomatoes at high ptant densities, diseases including
late blight were not aggravated (AVRDC, 1992). According to AVRDC (1987}, vield
responses of tomato to plant and row spacings can be expected. High tomato (Peto
86 and PT 4121) density of 2 plants per 20 cm? gave the greatest numbers of green
fruit and least unmarketable yields, compared with 1 plant per 15, 20 and 30 cm?
(AVRDC, 1992). Experiments to investigate cultural methods of controlling late blight
are the topic of this thesis.



integrated control

Integrated control of late blight on tomato has been recommended in the USA
{Bolkan, 1997, Bauske ef alf, 1998). Integrating environmental information into
schemes to minimize chemical use has been long advocated by many scientists
{Rebelo, 1991, Alebeek van and Lenteren van, 1992; Raposo et al, 1983).
Forecasting reduced the number of chemical sprays on tomato in a season in Emilia
Romagna, Italy, {Bugiani et a/., 1993) and can reduce fungicide sprays against tomato
late blight by 30% (Govoni and Bugiani et al, 1983). Monitoring of airborne
concentrations of sporangia of P. infestans can provide a more rational late blight
control strategy in tomatoes (Picco, 1892; Poti and Cavanni, 1992; Bugiani et al.,
1995). Antifungal plant extracts such as the phytoalexin capsidol from pepper fruits
could be used against P. infestans (Sherf and Macnab, 1986; Schmitt, 1996).
Although diluted cattle slurry was not effective (Holm, 1997), compost extracts could
be used (Ketterer and Schwager, 1992). These are promising late blight disease
control methods which could be further enhanced in an integrated disease
management system.

Goal and objectives of late blight research in Uganda

The general goal of research on [ate blight of tomato in Uganda was to
determine whether cultural control methods offered a realistic alternative to the use
of fungicides in reducing late blight in tomato and increasing tomato yields. As part
of this general goal, the following objectives for the research project discussed in this
thesis were:

1. to evaluate sanitation {removal of diseased plant parts) as a cultural control
method to reduce dependence on fungicides;

2. to increase sanitation efficiency by combining with other cultural practices for
control of late blight;

3. to take the first steps in developing an integrated management system for

tomato late blight.

It is important to note that in all experiments, sanitation with and without
additional cultural practices were compared with the commonly-used fungicide
(Dithane M-45/mancozeb) in Uganda and not with more recently developed and
effective compounds. Similarly all experiments were conducted with MT55, a tomato
line which is susceptible to late blight but resistant to bacterial wilt.
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Abstract

Late blight (Phytophthora infestans) infects tomatoes (Lycoperscor esculanfum), potatoes
(Solanum tuberosurn) and other solanaceous plants. The pathogen survives in plant debris but cospores
are the main structure by which the pathogen can survive for long periods in the absence of plant material.
Dispersal of P. infestans is associated with infected plants or plant parts transported by man, and through
wind, dew and rain splash or by zoospora movement. The main aim of the agro-climatical research survey
in Uganda was to obtain information on the current tomato late blight situation, and practices for disease
management. Ten districts from different agro-climatic zones were selected for the lafe blight survey.
Phytophthora infestans isolates from tomatoes were oblained from some of the agro-climatic zones of
Uganda and compalibility tests were done and only A1 mating type was recovered. The study revealed
that tomatc growing is mostly done throughout the year and the major commercial varieties are
Moneymaker, Marglobe, Heinz and Roma. Late blight (P. infestans) and bacterial wilt (Pseudomonas
solanacearum) are the main diseases, and bollworm (Helicoverpa ammnigera) and thrips {Thrips spp) the
major insect pests on tomatoes in Uganda. All fomato varisties grown are susceptible to late blight.
Chemical control mostly by Dithane M-45 (mancozeb), is the predominant strategy used by farmers for |ate
blight control. Sanitation is practised by some farmers, but in association with fungicides, to control late
blight and also to reduce the amount of pesticides applied per plant. Piant nutrition did not appear to play
a major role in late blight management. Problems associated with pesticides and poor tomato marketability
wera identified as the major constraints in tomato production in Uganda.

Introduction

Uganda is a country located in East Africa, between 4° N and 1° S latitudes,
and 30° E and 35° E longitudes. It shares borders with Sudan in the north, Kenya in
the east, Tanzania in the south, Rwanda in south-west and Zaire {(Democratic
Republic of Congo} in the west. The country, with a human population of
approximately 20 million, is at an altitude of about 1,500 m (above sea level). Uganda
has 2 peak rain periods with most parts of the country receiving annual rainfall above
1,000 mm, and the temperature ranges between 16 C and 30 C. Tomato is one of the
main vegetable crops grown in Uganda and is consumed cooked, as salads, ketch
up and provides income to farmers. Late blight (P. infestans) is one of the major
diseases on the crop which limits its cultivation and quite often increases production
costs because of the use of fungicides to control the disease.

The centre of origin of P. infestans is considered to be Mexico (Turkensteen,
1973; Goodwin ef al., 1994a, b; Erwin and Ribeiro, 1996). The pathogen was first
reported on tomato in France (Tulasne, 1854). Since then, the pathogen has been
one of the most devastating diseases of tomatoes both in temperate and tropical
regions (AVRDC, 1993; Drenth, 1985). Prior to 1980 the A1 mating type of P.
infestans was the only strain distributed worldwide. Mating type A2 was only reported
in central Mexico (Niederhauser, 1956; Hoht and Iselin, 1984) where mating and
oospore formation took place. Since 1980, the A2 mating type and oospores have
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been discovered in Switzerland (Hohl and Iselin, 1984), UK (Tantius ef al., 1986), the
Netherlands (Frinking ef al., 1987) and Germany (Dagget ef al., 1993). To date, the
A2 mating type occurs in all continents except Australia (Spielman ef al., 1991; Kato
et al., 1992; Fry et al., 1992, 1993; Drenth et al., 1993a, b, 1995; Shattock, 1995;
Umaerus, 1996). First reports of the A2 mating type in Africa were made on Egyptian
potatoes in 1984 (Shaw ef al., 1985) and Rwanda in the 1980s (Goodwin et al.,
1991).

The pathogen has a limited host range mainly solanaceous plants
(Turkensteen, 1973, 1978; Erwin and Ribeiro, 1996). The pathogen survives in
various crops such as potatoes and tomatoes (Turkensteen, 1973, 1978). According
to Drenth (1994), mycelia can survive in plant debris under natural conditions and
continues to cause infection for short periods if contact is made with susceptible
plants. Tomatoes support more cospore production than potatoes (Cohen et al,
1997). Qospores are the main structure by which the pathogen survives for long
periods of 8 months and more in the absence of it host tissue (Perhes and Galindo,
1969; Drenth, 1994; Pittis and Shattock, 1994; Drenth ef al., 1995). Oospores in the
soil are important in P. infestans infection and late blight epidemiology (Fry et af.,
1992; Drenth, 1994; Pittis and Shattock, 1994; Drenth et al,. 1995). Long distance
dispersal of P. infestans is associated with infected plant materials transported by
man (Fry ef al., 1992; Shattock, 19985). Short distance dispersal of sporangia is
through wind, and rain splash (Gretna, 1983; Sherf and Macnab, 1986; Fry et al.,
1992; Erwin and Ribeiro, 1996). Zoospores can contribute to local spread of the
disease (Drenth, 1994).

In Uganda, late blight disease control is practised almost entirely by fungicides,
mainly Dithane M-45 (mancozeb). However, the fungicides have the disadvantages
of being expensive, lack of availability, adulteration, label expiry and poor application
techniques. In addition, the most popular fungicide Dithane M-45 is a protectant and
is easily washed off by heavy tropical rains. This makes the fungicides not always
effective against late blight in the country. In India, differences were observed
between fungicides such as Dithane M-45 and Ridomil MZ-72 {metalaxyl) on their
effectiveness against late blight (Verma et al,, 1994). Sprays of metalaxyl once or
twice per week can reduce late blight and yield loss, and increase fruit numbers
{Sherf and Macnab, 1986), as also found in Taiwan (Hartman and Huang, 1995). In
Indonesia, Difolatan {Captafol) was the most efficient fungicide against late blight in
tomatoes in the rainy season and Dithane-M45 was more effective in the dry season
(Suhardi ef al., 1977). Late blight disease was found to be most severe in wet and
cool seasons in Malaysia (Mohd-Shukor et al., 1987), Costa Rica {(Calvo-Domingo ef
al., 1990) and Cameroon (Fontem, 1993). These seasonal differences can aggravate
the late blight disease situation. Preventive sprays with mancozeb which has largely
protectant properties can still be useful against late blight as proved in Israel (Cohen,
1987) and India (Maheshwari and Mehta, 1893). Crop protection strategies need to
be developed to counteract the threats posed by the presence of both mating types
A1 and A2 of P. infestans and their progenies, and alse by the development of
fungicide resistance (Deaht ef al., 1995; Shattock, 1895; Bolkan, 1997; Bauske ef al.,
1998). These strategies would include mainly cultural practices such as sanitation,
intercropping, physical barriers (polythene covers), suitable planting time and
appropriate crop density. The main aim of the tomato late blight research survey was
to establish a baseline of information on disease management practices of small
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farmers and to ascertain the inoculum and disease pressure in different parts of
Uganda.

Methodology

Ten districts from different agro-climatical zones were selected for a late blight
research survey. The zones were classified on the basis of temperature, rainfall, and
sunshine differences; ranging from cool and wet to hot and dry conditions. The
districts involved were Kabale and Mbale (cool and wet), Bushenyi (warm and wet),
Mpigi and Mukono (warm, wet and humid), Luwero and Masindi (warm and dry),
Kasese, Kumi and Tororo (hot and dry} {Fig. 1). In each district the aim was to
interview at least 10 respondents including agricultural extension staff, farmers and
agrochemical retailers. A total of 93 respondents from 10 districts were interviewed
using a structured questionnaire. The questionnaire also included some open free
choice questions related to tomato production in general. A collection of P. infestans
isolates for characterisation was made in some of the districts.

Fig. 1: Map of Uganda showing districts in which the survey and F. infestans isolate collection
were cairied out (1. Bushenyi, 2. Kabale, 3. Kampala, 4, Kasese, 5. Kumi, 6. Luwero, 7. Masindi,
8. Mbale, 8. Mpigi, 10. Mukone, 11. Tororo}
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Compatibility test for Ugandan Phytophthora infestans isolates

In 1996, a total of 8 P. infestans isolates from Mbale, Mpigi, Kampala, Kumi
and Tororo districts were successfully abtained but three of these were lost through
contamination. The isolates were sent to Wageningen Agricultural University for
characterisation, in 1996. The compatibility tests were carried out by placing known
P. infestans mating types A1 and A2 isolates in proximity with the Ugandan isclates
on clarified Rye A agar medium. After 1 week oospores were observed between
Ugandan P. infestans and the A2 mating type only. These results indicated that the
P. infestans isolates from Ugandan tomatoes were mating type A1 (Table 1). This
was the first time isolates of P. infestans from Uganda, on tomatoes, had been
characterised.

Table 1: Phytophthora infestans isolates from Ugandan tomatces

Isolate Date of Mating Location
number isolation type .
County District
UGY8001 | June 96 Al Kyadondo Mpigi
UG96002 | June 96 Al Kyadonde Mpigi
UG96003 | June 96 A1 Nakawa Kampala
UG96007 | August 96 Al Mbale central Mbale
UGHB008 | August 95 Al Kwapa Tororo

Major commercial tomato varieties grown in Uganda

Figure 2 indicates the popularity of the major commercial tomato varieties
grown in Uganda. Overall Moneymaker and Marglobe were the most popular tomato
varieties grown, although there were some regional differences. Moneymaker is
preferred by many farmers because of its indeterminate growth characteristics.
Farmers harvest over a long period thereby reducing market-associated risks. At the
end of the season the total amount of fruit harvested is substantial. Marglobe is
preferred by farmers hecause of its large fruit, which is attractive to customers. The
disadvantage of Marglobe is that because it is determinate, there are high risks in
marketing, as the fruits mature at the same time. This problem is aggravated by a
lack of storage and insufficient processing facilities in the country. Heinz, which bears
big fruits, was grown in the western and central regions, and not in the eastern parts
of the country. There was also a cultivar known as Enganda (land-race similar to
Moneymaker, with medium size fruits) which was grown in the western and central
regions only. In Kasese district, in the west of the country, there is a tomato
processing factory which has led to the increased popularity of Roma (a processing
variety). Cultivation of Roma was encouraged in Kasese district because of its jow
water content and high brix (sugar content), factors important in tomato ketchup and
paste production. There is another tomato processing factory in Toraro district in the
eastern part of the country. However, these processing factories do not provide a
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large enough market for the tomatoes during peak harvesting periods in Kasese,
Tororo and neighbouring districts.

The survey revealed that the major usages for tomatoes grown in Uganda were
home consumption and income generation.
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Fig. 2: Popularity of four tomato varieties in Uganda, as indicated by questionnaire responses

Major tomato diseases and other pests in Uganda

Table 2 summarizes the major diseases and insect pests encountered in
tomato cultivation in Uganda in descending order of importance for each category.
Late blight was identified as the most serious disease in tomato cultivation in the
country. Bacterial wiit (Pseudomonas solanacearum) ranks as the second maijor
disease in tomatoes. Although not always effective, some farmers found iate blight
easier to control than bacterial wilt because of the availability of late blight fungicides.
There is no effective control measure for bacterial wilt in commercial varieties grown
in Uganda. Bollworm was the most troublesome insect pest in the country. The insect
bores and hides inside the fruits, making it difficult to control by insecticides and
continues to inflict much damage by attacking various fruits. Blossom end rot, flower
abortion, fruit rots, wild birds, monkeys and human beings were also mentioned to be
causing serious problems in some areas. Commelina spp, Galinsoga parvifiora,
Digitaria spp, Bidens pilosa and Oxalis [atifolia were reported as the most
troublesome weeds in tomato fields in Uganda.
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Table 2: Major tomato diseases and insect pests in Uganda

Category Common name Scientific name Percentage of
respondents citing
Diseases Late blight Phytophthora infastans 49
Bacterial wilt Pssudomonas solanacearum 4
Viral diseases TYLCV and cthers 20
Root knot Meloidogyne spp 18
Early blight Alternaria solani 15
Damping off Pythium spp 3
Insect Ballworm Helicoverpa armigera 72
pests
Thrips Thrips spp 42
Cutworm Agrolis spp 23
Aphids Aphis spp 20
Whiteflies Beimisia tabaci 8
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Varietal susceptibility to Phytophthora infestans

The susceptibility to late blight of the major tomato varieties grown in Uganda
as perceived by the respondents is shown in Figure 3. All are perceived as
susceptible to late blight with the most popular tomato cultivars being the most
susceptible to the disease. Some farmers reported some degree of variation in the
level of susceptibility for Moneymaker depending on whether the seeds were imported
from Kenya, Denmark or The Netherlands. In some districts, local tomato land-races
{cultivars with very small fruits) were reported to be resistant to late blight although
the fungus was seen growing and sporulating on some of them. The high level of
susceptibility perceived makes the farmers heavily biased towards fungicides for the
control of late blight.
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Fig. 3: Tomato varietal susceplibility to late blight as indicated by questionnaire respanses {the
level of susceptibility for each variety was assessed independently)

Field establishment

Tomato growers in Uganda indicated that they use imported packed seeds,
collect seeds from mature fruits, or both. Kenya, Denmark, and The Netherlands were
the major sources of packed certified tomato seeds. The majority of the farmers used
nurseries in which the tomato seedlings spend 4-5 weeks, including 1 week for
hardening, before transplanting into the main field at a height of about 15 cm high.
Some farmers carried out direct planting with about 5 seeds per hole which after
germination were thinned to 1-2 plants per hole. Two plants per hole were left in
order to increase the chances of crop survival. Spacing varied with soil fertility,
season (water availability), and number of plants per hole but ranged from 30-90 cm
within rows to 60-120 cm between rows. Mulching with grass, staking, or both were
practised. Intercropping of tomatoes with bananas and cauliflower was seen in some
districts, though not widely practised.
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Survival and dispersal of Phytophthora infesfans in Uganda

In most parts of the country, March-May and September-November are the
rainy seasons while December-February and June-August are dry periods. The
survey revealed that tomatoes are grown during the rainy season (about 3 months),
dry season (about 3 months) and all-year around (above 60% in most districts),
mostly as relay cropping (Fig. 4). This practice enables tomatoes of different ages to
coexist in the same field, which provides susceptible tissue throughout the year. In
some districts, potato cultivation follows the same pattern as tomatoes. The pathogen
is able to disperse to the new crop generation, hence surviving adverse drought
conditions. However late blight is known to be most severe during the rainy seasons
as was reported in Malaysia (Mohd-Shukor et al., 1987), Costa Rica (Calvo-Domingo
et al., 1990) and Cameroon {Fontem, 1993). Some farmers, especially in Kasese and
Tororo districts, had a habit of hanging diseased or insect-damaged tomato fruits in
the fields. The damaged fruits were used as indicators of the extent of damage
{threshald) in order to apply pesticides. If such fruits are infected with P. infestans,
under favourable conditions, the pathogen can sporulate and this can enhance short
distance dispersal (Gretna, 1983; Sherf and Macnab, 1986; Fry ef al., 1992; Erwin
and Ribeiro, 1996). In some districts, for example Kumi, tomatoes were grown in
isolated areas widely separated from each other, but late blight was still a threat.
Based on this, availability of alternative host for P. infestans in Uganda, other than
potato (Sofanum tuberosum) can not be ruled out and research should take it into
account. Potential alternative host for P. infestans reported elsewhere (Erwin and
Ribeiro, 1996), which are available in Uganda as weeds, include Datura stramonium
{Datura), Galinsoga parvifiora, and Solanum nigrum (Black nightshade).
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Crop protection and sources of nutrients

The survey revealed that chemicals play a major role in current practices for
the control of late blight in Uganda {Fig. §). Dithane M-45 (mancozeb: 16%
Manganese, 2% Zinc, 62% Ethylenebisdithiocarbamate ions, and 20% inert
ingredient) was the most widely used fungicide constituting more than 90% of usage
in most districts. This suggests that the chemical is still seen as effective, as reported
in other countries {Cohen, 1987; Maheshwari and Mehta, 1993). in some parts of the
country, the systemic fungicide ridomil (MZ 63.5 WP: mancozeb + metalalyx) was
known to be very effective against late blight as shown previously {Sherf and Macnab,
1986; Chahal et al., 1990; Hartman and Huang, 1995). However, the survey indicated
that ridomil was not commonly used in the country because of lack of availability and
awareness by most farmers. Copper based compounds (Cu,O and CuSO,) were also
used on a very small scale in some areas. The survey showed that some farmers
have in most cases increased the Dithane M-45 (2-3 times) beyond the
recommended dosage of 2.5 grams per litre. When there is a lot of rainfall, the
farmers also increase the frequency of fungicide application to 2-3 times per week
instead of once per week. In addition, the commonly used insecticides such as
Ambush super (Cypermethrin/Peremithrin), Rogor (40% Dimethoate), Dursban (48%
Chlorpyrifos), and Sumithion (50% Fenitrothion) were applied in a mixture with
fungicides without any consideration of pest economic thresholds. These practices
increase the amounts of pesticide entering the environment. In some districts, due to
the high cost of pesticides, farmers used reduced doses of fungicides which might
encourage the build-up of resistant P. infesfans strains (Sherf and Macnab, 1986).
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Fig. 5: Tomato late blight control methods as reported in the questionnaire responses

Cultural control methods against late blight were rarely used (Fig. 5). However,
growing tomatoes on hills, pruning, and detrussing (sanitation), combined with
fungicide application, were reported to reduce late blight severity. This type of
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integration of control measures for late blight has been recommended in the USA
(Bolkan, 1997; Bauske ef al., 1998). Where sanitation was practised in Uganda, there
was a reduction in the amount of pesticides applied to the plants. However, some
farmers reported that sanitation had a deleterious effect in terms of reducing
continuous flowering of the plants.

According to farmers’ perceptions, none of the forms of fertilizer applied (Fig.
6) influenced late blight outbreaks. However, the nutrients supplied could be
contributing to late blight resistance by increasing plant vigour and physical defences.
Investigations on this point are needed.
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Fig. 6. Scurces of applied nutrients for tomato cuttivation as reported in the questionnaire
responses

Major constraints in tomato production in Uganda

Overall, problems associated with pesticides were identified as the most
serious constraint to tomato production in Uganda, followed by marketability (lack of
market, infrastructure and storage facilities) (Table 3). Although late blight as a single
constraint was the third ranked, it is more significant because of the high usage of
fungicides, the most serious perceived constraint. At the district level, late blight was
still featuring as constraint number one in tomato cultivation for example in Bushenyi,
Mpigi Masindi and Mbale. The disease could also be affecting marketability by
causing postharvest rotting of tomatoes.
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Conclusions

According to the research survey made in Uganda there is no evidence that
A2 mating type has entered the country, although the testing of P. infestans was very
limited in scale. Researchers and quarantine personnel should be more vigilant to
prevent movements of infected potato or tormato into the country since A2 is already
reported in Africa (Shaw et al, 1985; Goodwin et al., 1991; Frey et al., 1993,
including the neighbouring nation of Rwanda (Goodwin et al., 1991). The most
popular tomato varieties grown in Uganda are Moneymaker and Marglobe but
unfortunately the varieties are highly susceptible to late blight and bacterial wilt. Late
blight and bacterial wilt rank first and second respectively as the major diseases in
tomatoes in Uganda. Other commercial tomato cultivars grown in Uganda are
susceptible to these major diseases. Tomato cultivation in Uganda is done throughout
the year thus providing a continuity of susceptible plant tissue and enabling pathogen
survival. Bollworm and thrips rank first and second respectively as the major insect
pests of tomatoes in Uganda. Problems associated with pesticides, marketability and
late blight disease are major constraints to tomato production in Uganda. Although
not always effective, chemical control dominates pest and disease management
strategies in tomato cultivation in Uganda.

On the basis of this survey, the priorities for research on tomatoes in Uganda
are to investigate effective control methods for late blight disease. These would
include cultural control methods such as sanitation, intercropping, polythene shelters
as barriers, resistant varieties through identifying sources of resistance and breeding,
and avoidance of alternative hosts or volunteer plants. Integration of these various
control measures should be developed for late blight disease in tomatoes in Uganda.
Multidisciplinary research should also start to encompass other major constraints
identified such as bacterial wilt disease, bollworm and thrip problems, and postharvest
handling and marketing.
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Chapter 3

Isolation Techniques and Cultural Media for Phytophthora
infestans from Tomatoes
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Results and discussion

For both techniques, P. infestans rapidly colonized and formed a dense mass
of mycelia on the tomato slices (Fig. 1). The pathogen continued to sporulate on the
slices for at least 15 days (Fig 1). However, if sterilisation is not effected, the tomato
slices can be invaded by other microorganisms. The fungus when transferred onto
rye A agar was able to form colonies that expanded to cover the plates. Results using
sorghum, finger millet and maize as replacement ingredients for culturing media were
preliminary and although the pathogen was able to grow, this was not so profusely
as with rye. Maize seemed to be the most promising grain but this needs further
experimentation to optimise the procedure.

Fig. 1: Tomato slices (Monaymaker} colonized by Phytophthora infestans; (left, B days; right, 15
days)

The technigue of isolating P. infestans from diseased leaves has the
advantage that it can be adapted for other infected parts of the tomato plant. Also the
tomato slices used are from healthy fruits, hence are not readily colonized by other
microarganisms which cause rofting. The disadvantage of this technique is that
isolation has to be done within a short time because of problems caused by
dehydration.

The technique for isolating P. infestans directly from infected fruits extends the
shelf life of the samples without risks of losing the pathogen. The main disadvantage
is that if the fruit is already infected with other pathogens, these can grow and make
isolation of P. infestans very difficult. Fully-grown fruits can rot rapidly which
encourages contamination and interferes with the colonisation of the slices by P.
infestans.

The two described techniques have a major advantage of being able to
aseptically isolate P. infestans from tomatoes without the use of antibiotics or
selective media. However, culturing of the hyphal tips should be done as early as
possible to avoid contamination. According to these results, P. infestans can readily
be isolated directly using tomato materials alone, with the technique of using
diseased leaves being the most successful.
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The Effect of Sanitation in Cultural Control of Late Blight
(Phytophthora infestans) Disease in Tomatoes

J. Tumwine', H.D. Frinking® and M.J. Jeger®

'Kawanda Agricultural Research Insfitute, P.0. Box 7065 Kampala, Uganda, ‘Laboratory of
Phytopathology, Wageningen Agricultural University, P.O. Box 8025 6700 EE Wageningen, The
Netherlands

Abstract

Late blight {Phyfophthora infestans), bacterial wilt (Pseudomonas sofenacearum), early blight
(Alternaria solani), root knot (Mefoidogyne spp) nematodes and some viruses are the major tomate
diseases in Uganda. Sanitation combined with other culturai measures such as polythene shelters,
intercropping or high density cropping was done in six experiments aver 3 years. The main aim of the
axperiments was to establish the effect of sanitation on late blight on tomatoes in Uganda. Each
experiment included sanitation, fungicide treatment, and an untreated control, as standard treatments in
the experimental design. Tomato plant height, numbers of healthy and diseased leaves, disease incidence,
disease severity on the 5th and 9th leaves, numbers of fiowers and attached fruits, and weight of
harvested fruits were assessed during the course of the experiments. The results showed that late blight
disease incidence and severity were greatly reduced by sanitation. Cn average sanitation resulted in the
same number of healthy leaves as the control, but had an advantage in lowering the disease level in the
field. Tomato growth and production were adversely affected by extensive sanitation. Fungicide treated
plots retained the highest number of healthy leaves and uitimately gave the highest yields. The fungicide
always gave the highest numbers of flowers and attached fruits. The study showed that fungicides do not
always contain late blight epidemics, which can result in total yield loss. The study indicated that sanitation
has the potential of reducing |ate blight, and therefore could be integrated with other cultural practices to
achieve more effective disease control.

introduction

Late blight ({Phytophthora infestans), bacterial wilt (Pseudomonas
sofanacearum), early blight, (Alternaria solani), root knot {Meloidogyne spp)
nematodes and some viruses are major diseases in tomato cultivation in Uganda.
These diseases, as with most other plant diseases, can be controlied by chemicals
or cultural means such as sanitation (removal of diseased plants or plant parts). Field
sanitation has been a major component of cultural control practices for pests and
diseases (Cazelles, 1992; Emebiri and Obiefuna, 1992; LaMondia, 1897). Cultural
control methods involving sanitation may reduce disease incidence and severity
(Emebiri and Obiefuna, 1992). Sanitation measures have been recommended for
virus control in potato {Souza-Dias, 1996}, citrus {Su et al., 1991; Terranova, 1995)
and orchids {Hu and Ferreira, 1980). The use of resistant cultivars combined with
sanitation has been used to control African cassava mosaic disease (Ogbe et al.,
1996). Bacterial diseases can be controlled by sanitation measures (Cazeltes, 1992).
Roguing blackleg diseased (Erwinia) potato plants increased yield (Ciampi et af.,
1997). Sanitation can be beneficial in supervised control programmes for fire blight
(Erwinia amylovora) on apples and pears (Lecomte et al., 1996). Field sanitation
measures are recommended for the control of cylindrocarpon dieback (Nectria
radicicola) of fruit trees (Kanchaveli, 1997) and leaf blight in mulberry {Tomy-Philip
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et al., 1994). Sanitation and other cultural measures effectively controlled target spot
and stem rot (Rhizoctonia solani) in tobacco (Gutierrez, 1997) and reduced Afternaria
blight on Brassica campestris (Begum ef al, 1995). Combining sanitation with
fungicides led to a significantly lower incidence of grey mould fruit rot in strawberry
{Legard ef al., 1997). Sanitation was reported to be a protective measure against
dieback (Ceratocystis/Ophiostoma) of oak {Kryukova and Balder, 1993) and in control
of Moniliosis {Monilia spp) of peach (Pratella, 1996). Sanitation is essential in bean
(Phaseolus vuigaris) cultivation in Africa (Trutmann, 1993) and forms an integral part
in the management of Boirylis in greenhouse crops and geranium diseases (Honda
and Yunoki, 1980; Hausbeck and Moorman, 1996).

Sanitation was attempted for late blight control in tomato and potato (Inglis et
al., 1996). Excluding early P. infestans inoculum and primary foci by field sanitation
and growing tomatoes far from potatoes is recommended for late blight management
{Sherf and Macnab, 1986; Cohen, 1987). Destroying foliage and harvesting after 2
weeks prevents tuber infection by P. infesfans {Cohen, 1887). Removal of diseased
leaves weekly controlled late blight in potatoes (Fontern, 1895). Sanitation was shown
to delay late blight disease development in potato for about 8 days behind untreated
field (van der Plank, 1963}. According to van der Plank (1963), a delay of 5-10 days
resulting from destruction of potato cull piles was considered important, but did not
stop epidemics. Removing diseased plants or plant parts as a sanitation measure can
in some cases be compensated for by enhanced growth of adjacent plants (Ricker
and Riedal, 1993}, although deleterious effects on individual plant growth and
productivity may be expected.

Research on sanitation in combination with other cultural measures such as
the use of polythene shelters, intercropping or high density cropping was done in
Uganda over a three year period. The main aim of the research described in this
paper was to establish whether sanitation as a sole means of control for late blight
gave results as good as and could be substituted for commonly-used fungicides in
Uganda. The additional effects obtained by combining sanitation with other cultural
measures will be reported separately.
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Materials and methods
Experimental lay-out

Six experiments were conducted at different times during 1996-1998. In each
experiment there were 3 standard treatments: sanitation, fungicide treatment (Dithane
M-45/mancozeb) and untreated control, each replicated 5 times. Experimental units
were plots of 20 m? (5m x 4m) with an average planting density of 55 tomato plants
per plot.

Soil characteristics

Prior to setting the experiments, soil samples were taken and sent to the
Faculty of Agriculture, Makerere University for analysis (Table 1). The field was
divided into 2 major areas, on the basis of slope and soil appearance, Based on the
results of the soil analysis, 80 kg, 200 kg and 60 kg per hectare of nitrogen (N),
phosphorus (P,O;) and potassium (K,O) respectively were recommended for area A.
All the P,O, was applied at pianting time in area A. Only half of N and K,O were
applied before planting with remainder applied 7. weeks after transplanting. In area
B, 80 kg, 100 kg and 40 kg per hectare of N, P,0O, and K,O respectively were
recommended applied in the same procedure as for are A,

Table 1. pH and nutrient levels at Kawanda experimental site.

Field pH | Organic N P K Na Ca Mg

area matter (%) | (%) (ppm) {mg/100 @) | (mg/100g) | (mg/M100g) | {mg/100q)
A 58 3.90 021 | 312 0.31 0.06 520 1.87
B 60 | 410 024 | 1077 | 046 0.11 6.40 2.04

Field establishment

In all experiments, tomato line MT55 seedlings were raised in nurseries for
approximately 4 weeks. MT5% was used-because it is susceptible to late blight, but
resistant to bacterial wilt. The tomato nurseries were prevented from late blight
infection by spraying them with Dithane M-45 at a recommended dosage of 2.5 grams
per litre, at intervals of 7 days. The seedlings were raised during dry weather which
together with chemical control ensured-Healthy and uniform seedlings for the
experiments. The main experimental fields were marked by use of 30 cm pieces of
reeds and sisal string at the time of fransplanting. Four week old tomato seedlings
with an average height of 15 ¢cm were transplanted into the experimental field.
Tomato planting densities were 44, 55 and 66 plants per plot, each in two of the six
experiments. The corresponding spacings were 1.2 m, 1 m and 0.9 m between rows
and 0.35 m within rows. A total of 48 tomato spreader plants were also transplanted
at every comer of the experimental units, 2 m distant. All experimental fields were
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