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Late Blight on Tomato

1. Introduction

1.1. Importance of the tomato

The tomato plants can be grown in a fairldeviange of soil and climatic conditions, and
they are also suitable for container growing. Thétivated tomato belongs to the gnus
Solanum (Solanum lycopersicumand Lycopersicon (Lycopersicon esculenturivill.) is
recently adopted food crop that has achieved prent@ and popularity largely in the past
centure. Tomato is one of the most widely produtedst vegetable from the family
Solanaceae.

Fruit is valued for its high nutrition, angetcrop is grown throughout the world. Tomato
originated in South America, mountainous regiorth&f Andes in Peru, Ecuador and Chile.
Domestication and cultivation of the tomato outsitdecenter of origin appear to have first
occurred in early civilization of Mexico. Field-gum tomatoes are widely grown in warm
temperate and tropical climates, and glasshousattm®s are produced in many additional
regions. There is a little commercial, outdoor prcitbn in northern Europe, although
tomatoes are grown outdoors in gardens. A wide rglitye of fruits types is available,
including large red fruit “beefsteak”, small chergellow pear, and others. Tomato is grown
for fresh market produce as well as a range ofge®ed products such as tomato juice,
canned peeled tomatoes, tomato purée and sauchugetsoups, and sun-dried tomatoes
(Koike et al. 2007).

World tomato production and consumption hasrridramatically in the past four decades
to more than 60 million metric tons in 1985. Waopldduction tomatoes according (Jones, Jr.,
2008) tomatoes remains a minor crop of luxury statu many areas of the world, and
substantial opportunity exists to further incregseontributions to human nutrition and well-
being (Table 1).

1.2. Importance of Late blight Tomato

Late blight is a highly destructive diseaste@fng both tomato and potato. This disease
was first described on potato in 1845 and on tonmath847. The disease is responsible for
the infamous Irish potato famine of 1840s. Latehtlican be a very serious disease on
tomatoes, particularly when the weather is consistecool and rainy. Patogen attacks all

aboveground parts of the tomato plant. Late blightaused byPhytophthora infestans



((Mont) de Bary from the Kingdom Chromista contamdarge group Oomycota of major
plant pathogens. Disease control requires conglant observation and evaluation, as new
strains appear from introduction of disease orgasiffom outside sources. For example, an
outbreak of a new strain of the late blight pathode. infestany introduced from Mexico,
posed, a serious problem for the tomato industrang place of the world, and required
specific control measures by growers (Fry et al3)99

The cultivated tomatd.ycopersicon esculentuMill.) is a recently adopted food crop that
have achieved prominence and popularity largeyh@20s century. Its versatility in fresh or
processed form and its adaptability have plaid megtes in its rapid and widespread use.
Word tomato production and consumption has risamdtically in the past three decades to
more than 60 million metric tons in 1985 (Table 1).

Tab 1. World Protlon of Tomatoe$
Consumption

Area Production Yield per Capita

0{1ha) (a) (t'ha) (kg)
World 2,588 60.8 23.5 12.6
Africa 49 6.0 13.6 10.8
North and Central

America 311 10.8 34.8 26.9

South America 133 3.4 25.7 12.7
Asia 798 15.2 19.0 5.4
Europe 650 18.1 35.8 36.8
Czech Republit 0.7 0.024 30.7 27.2
Oceania 51 0.3 23.5 15.0
USSR or Russia 380 6.9 18.1 24.6
Developed countries 1,108 35.3 31.9 29.2
Developing countries 1,480 25.5 17.2 7.0

®Data from Food and Agriculture Organization, 198§ridulture Yearbook, United Nations,
Rome. Dat&2005.

Late blight is a highly destructive diseaste@fing both tomato and potato. This disease
was first described on potato in 1845 and on tonrath847. The disease is responsible for
the infamous Irish potato famine of 1840s. Latgyltlican be a very serious disease on
tomatoes, particularly when the weather is consistecool and rainy. Patogen attacks all
aboveground parts of the tomato plant. Late blightaused byPhytophthora infestans
((Mont) de Bary from the Kingdom Chromista contamdarge group Oomycota of major
plant pathogens. Disease control requires conglant observation and evaluation, as new
strains appear from introduction of disease orgasiffom outside sources. For example, an
outbreak of a new strain of the late blight pathoge. infestany introduced from Mexico,



posed, a serious problem for the tomato industrang place of the world, and required

specific control measures by growers.

1.3. Aim of MS diploma thesis

The aim of this study was isolation of cauagkent of late blight of tomato/potato
Phytophthora infestans pure culture, determine mating types Al, A2d #&est a seed-born
of the causal agent by the seeds of tomato thiginare from tomato fruit with the severity

symptoms of the late blight disease.

2. Literature
2.1. Origin of tomato
The tomato and its close relatives have toemter of origin in a narrow, elongated,

mountainous region of the Andes in Peru, Ecuaduat,Ghile. These primitive relatives of the
tomato occupy many diverse and distinct environsiand represent an almost in exhaustible

gene pool for the improvement of the species.

2.1.1. Plant characteristics and biology of tomato
Cultivated forms of the tomato are self-palting, tender, herbaceous perennials almost

universally cultivated as an annual crop. Undetaflé growing conditions the perennial
forms a deep-branching taproot, which may foragesthil profile to depths of 1.2m or more.
It is commonly classified as a tender, warm-seassgetable crop, with an optimum mean
temperature for growth in the range of 21-23°C.v@hoand development stop at temperature
below 10°C. The tomato flower is perfect, with ftiasal male and female parts. Cultivated
varieties form a tight, protective another coneraumding the stigma, which leads
predominantly to self-fertilization. After pollinanh and fertilization, fruit growth occurs
through cell division followed by cell enlargeme8everal (usually 4-8) flowers are borne on
each cluster “compound inflorescence”, and a siimgleterminate plant may produce, under
greenhouse conditions, as many as 20 clustersgliisircropping cycle. The period of time
from pollination to fruit ripening varies from legean 6 weeks to more than one week,
depending upon the variety and temperatures.

A tomato fruit consists of 94-95 % water; tteenaining 5-6% is a complex mixture of
predominantly organic constituents, sugars andriocgzcids are the primary determinants of
tomato flavor; however, fruit texture and other @bex flavor. The growing environment
may markedly influence growth rate, fruit-set, giehnd fruit quality. Tomato improvement

efforts of the past four decades have resulteduilivars for a variety of environments,
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methods of production, and fruit use. A major footithis effort has been the development of
cultivars resistant to prevalent diseases (Jones. d1991). Jones, Jr. (2008) presented that,
has been made considerable progress in breediags#isesistance or tolerance to the more
commonly occurring tomato plant diseases and vusgch as th¥erticillium andFusarium
wilts, tobacco mosaic virus, tomato mosaic virdkernaria stem cankerStemphyliungray
spot,Septorialeaf spot, and bacterial spedkseudomongs

Breeding over the past 50 years has subdignti@anged the tomato plant and its fruit
characteristics. Varieties available today for bgeboth the commercial and home gardener
have a vide range of plant characteristics. Theyrasistant to many of the blight and wilt
diseases that affect tomatoes. They are specifiealapted to a particular set of growing
conditions, such as tropical temperatures, field greenhouse conditions, and fresh market
versus processing tomato-type fruit. Days to mgtuange from about 60 to more than 95
days, although several 45 days determine varibtwe been introduced for use in northern
latitudes. Fruit size, color, texture, and acidign be selected by variety, whether adapted to
field or greenhouse conditions, and for long- ahdrsday suitability. Genetic engineering
techniques conditions applied to tomato breeding Heeen used to produce fruit with a long
shelf life, resistance to bruising, and high lycopeontent.

The commercial production of tomatoes in tlopits offers a unique challenge in terms of
varieties that can withstand high temperatures dgisdase and insect pressures. The Asian
Vegetable Research and Development Centre (AVRRE¢ lan active breeding programme

to select cultivars that are adapted to the trégogironment (http:/www.awrdc.org).

2.1.2. Botany systems of the tomato
Tomato is a member of the economically importantabical family Solanaceae. This

group includes several widely cultivated plants t§pm tomato, tobacco, pepper and
eggplant), which have had a long and interestirgp@ation with humankind. Taxonomic
classification has been the subject of much reckstussion, as new information and
collections of the vast diversity in the genus htoreed a reassessment of earlier taxonomic
treatments. The cultivated tomato is most commoelgrred to ad.ycopersicon esculentum
Mill.; however alternative namesg¢lanum lycopersicoh. andL. esculentunfL.) Karsten)

have also been used. The current scientific ciaasibn for tomato is:



Kingdom: Plantae

Subkingdom: Tracheobionia

Division Magnoliopsida

Subclass: Asteridae

Order: Solanales

Family: Solanaceae

GenusSolanum

SpeciesSolanumycopersicum

Binomial nameSolanum lycopersicon

Genuslycopersicon esculentutmmato; Lycopersicon pimpinellifolium,
currant tomatot.ycopersicon esculentuwar.cerasiformecherry
tomatd;ycopersicon esculentuwar. pyriforme,pear tomatol.ycoper-
sicion esculentumar. grandifium,potateleaved tomatot.ycopersicon
esculentuwar. validum,upright tomato.

The botanical classification of the tomats had an interesting history, first being placed
in the genusSolanum,along with the potato, and being identifiedSsanum lycopersicon.
However, this designation was changedyoopersicon esculentynts simple meaning being
“edible”. Although there are similar characteristlmetween potato and tomato plants, it is the
flower color (yellow for tomato and mostly white wiolet for potato) and particularly the
shape and opening of the pollen-bearing structilnasare the characteristics that separate the
two plants.

Nomenclature debate results from a departtom fthe rules of International Code of
Botanical Nomenclature in arriving at the widelyeusame,L. esculentumproposed by
Miller in 1768 to replace the Linnean nang, lycopersiconAccording to convention, the
species nambycopersicunshould have been retained following acceptancbehew genus
Lycopersiconhowever, in order avoid further confusion in nowwlature, many systematists
have argued for tradition rather than strict cotngnin naming the cultivated tomato and
have proposed the adoption of the long-used noratmel L. esculentumCurrent evidence
suggests the genlilycopersicorconsists of eight species differing in degreeetditedness to

the cultivated tomato.

2.1.3. Tomato products
The United Nations Food and Agriculture Orgation (FAO) reported that a good

commercial yield of tomatoes under irrigation ra;mgetween 45 and 65 tons/ha. Since



tomato fruit statistics are quickly out of dategittpublication in book form seems
guestionable and therefore of relatively littleual Based on the FAO world data for 2004
(FAO Statistical Yearbook, Rome Italy), tomato friooth fresh market and processing data
are being reported by 144 countries. The totaleaggres approximately 2.8 million ha with

yearly worldwide fruit production of 84.7 millionetric tons.

Table 2. The 10 leading fruit-producing countries

Country Area harvested (ha)  Fruit production (metric tons
China 125881 30 142 000
India %aoo 7 6O
Turkey 2200 8 000 000
Egypt 1800 6 78M00
United States 172 810 12 766 000
Italy 135 000 7 8y
Iran 130 000 4 0D
Nigeria 71200
Spain 70 500 4 3R
Mexico 7 684 21401

Source: FAO Statistical (FAO Stat) Datsbeesultshttp://faostat.fao.orgy/

2.1.3.1. Consumer consumption and preferences
Consumers today are more educated, demandjhgybality products. Consumer

preference criteria when selecting a particularataniruit can be divided into four categories:
quality, variety, size, and package type. The faut categories for tomatoes are gourmet,
premium, mainstream, and bargain (Jones et al.)1991

2.1.3.2. Tomato production: field-versus greenhegresvn fruit
The standard fresh market tomato is the “neagmeen fruit” fruit that is picked in the field

at this stage of maturity and either allowed tauralty ripen while in transit to the market or

ripened by exposure to ethylene)z) gas. Field-grown fruit is normally marketed inlkou

and is almost entirely beefsteak varieties.



For greenhouse-grown fruit, the fruit can heked at the vine-ripe stage and normally
packaged three to four fruit per pack in clam shellhere are many tomato fruit types-
beefsteak (fewer are being produced), grape, chphlayn, and tomato-on-the-vine (TOV),
frequently referred to as cluster tomatoes. Thesetwao primary fruit colors: red, the major
color, and yellow; more yellow fruit is beginning enter the marketplace, particularly for
TOV varieties. Roma varieties are also gainingapuarity among consumers, both field and
greenhouse grown. It has been determined thatntiadles fruit types have grater flavor, thus
explaining their increased consumer preferencbemtarketplace.

The competition between field and greenhousexg fruit continues, and the majority of
fresh market fruit is being produced some distainos the point of sale. The question of
quality between field- and greenhouse-grown frsiibfi major importance for the future of the
greenhouse tomato industry.

Fruit from soil-grown field plants can be ce@twith soil or dust particles, which although
removed by washing prior to placement in the martan affect shelf life. Normally the shelf
life of greenhouse-grown fruit is better than tbafield-grown fruit, which may be due to the
fact that some soil residue remains of the fruihe Tdegree of bruising of the fruit in

harvesting and handling also contributes to slifelf |

2.1.4. Cultural systems
The tomato plant can be grown successfully iange of environmental settings and

rooting systems both in the field and in greenhsu$emato plants can grown equally well in
soil, modified soll, soilless mixes, organic suastts, and hydroponically in troughs, or in

bags or bucket of sand, gravel, perlite, pine barkpckwool slabs (Jones,Jr. 2005).

2.1.4.1. Field production
Tomato plants grow best in well-drained, fertslightly acid (pH 6 to 6.8) loam type soils.

The tomato plant will not grow well in soils thateaeither very acid (pH less than 5.6) or
alkaline (pH greater than 7.5), or soils that ac¢ adequately fertilized, as tomato is
considered to have a “medium” to “high” nutrienbrRhe production of quality fruit, both
nitrogen and potassium fertilization must be cdhgimanaged. Tomato plants do not
grow-well in either heavy textured soils, in sargtyls unless well irrigated, or in shallow
surface soils (tomato plant roots penetrate thesai depth of 1,5m when unrestricted).



The tomato plants grow best in those climatioes where air temperatures range between
(18.3°C to 32.2°C) during the growing season. Tdmato plant cannot tolerate frost and
blossom drop will occur when the air temperatuggtipularly at night, drops below 12.7°C.
In addition, high air temperatures, greater thaitC3%educe fruit set and inhibits development
of normal fruit color. The growing site should bgeo for easy air best site position is one in
which there is air movement. The tomato plant teand$o better in relative dry air conditions,
as high relative humidity tends to be associatet oth insect and disease problems.

The tomato plant has some degree toleranseitsalinity, which is a growing problem
world vide, resulting from over-fertilization or @®f saline (brackish) irrigation water. A soil
salinity measurement (EC) of less 2,5 (dS/m) wit maffect plant growth. The greatest
impaction, to keep the plants fully turgid at athés. Irrigation water that has an EC greater
than 3.0 dS/m is considered unacceptable for tidgavegetable crops, tomato included
(Jones, Jr. 2008).

The ideal moisture condition is one in whiclanp receive sufficient water, either by
rainfall or irrigation, to keep the plants fullyrgid at all times. Water used measured as
evapotranspiration under optimum growing conditionsbetween 5 and 6 mm/day. The

tomato plant cannot tolerate water-saturated switition.

2.1.4.2. Greenhouse production
Keeping a greenhouse tomato plant in profitabledpction over an extended period of

time requires considerable management skill. Tiokides:

The growing of tomato plants in partially or contplg enclosed shelters is widely
practiced. Greenhouse tomato production in precismhtrolled environments is increasing in
many parts of the world (Jensen and Malter, 199%%)these controlled environments,
hydroponics is the primary means used for supplyimg tomato plant with its water and
nutrient needs (Jones, Jr., 2005, Resh, 2001).

Various systems of plant culture in the gremrge are in the testing and evaluation stage.
In one system, for example, after the setting af to five fruit clusters, the plant is topped to
stop any further stem growth. By topping, all trengrated photosynthetic goes to the fruit
already set, which results in large fruit. Giacdimetl al. (1993) describe a single truss system
in which the plant is topped after the first froitister is set and the plant is replaced after the
fruit is harvested. Currently the success of tmglsi truss system is based on the ability of
each plant to produce at least 900 — 1000g of. fiiis system of fruit production allows for

a unique design in terms of the growing methodoffland drain hydroponics) on moving
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trays of plants, trays that are brought to the wslon an automated tray movement systems.
With the systems, greater utilization of the gremrde growing space is obtained. Other types
of cluster systems are described by Logenfra €2@01).

In the greenhouse, the tomato plant can beé pemuctive for 6 to 9 months or even
longer.

» Training the plant up a support wire.

* Prompt removal of leaf axial suckers and vegetatteens from the fruiting truss.

* Leaf pruning of lower leaves.

* Flower pollination.

* Fruit thinning on the truss.

» Lowering the growing plant.
By training the plant up a vertical supporting tesimemoving older leaves as the lower fruit
clusters are harvested, and lowering the main dgerh that keeps the whole plant upright
within easy reach of workers, a continuous productof fruit can be maintained. This
process can be sustained as long as the planpisakévely growing and free from disease
and other stress. In the greenhouse, it is postiltentrol the environment and those factors
that affect the plant’s well being, thus keepingato plant productive over a long period of

time.

2.1.4.3. Home gardening
The number of garden vegetableéomato, with some home gardeners growing just a few

tomato plants to produce sufficient fruit to eatcanduring the growing season (vegetation
period). The home gardener has several optiongriwing tomato plants: a) in a soil garden
plot, b) among flowers or other unwegetable plaatsg) in some kind of container. Some
may even grow them hydroponically, as has beenritbescby a hobby grower (Schneider,
1998, 2000).

Most home gardeners tend to select older standardties and are somewhat reluctant to
brink never varieties into their gardens. One eféhrors made by home gardeners is to select
a variety not well adapted to their growing corafis. Designated heirloom varieties are
attracting considerable attention based on a wsdtction of fruit characteristics, including
high fruit flavor. The only exception would be tRoma or paste-type tomato for making
sauce and salsa, and fruit that comes in varioagesh(oxhart, plum, pear, long pear, pepper,
lemon, and colors (red, red/orange, and yellowhé€dpJr. 2008). One of the common errors

made by gardeners is to follow advice given foragipular climatic zone or environmental

11



condition when their garden is not in the same alimzone or environment. Although the
tomato plant has some degree of tolerance to aerafhgrowing conditions, transferring
instructions suited to a particular set of growicmnditions to another can result in poor
performance and a disappointing crop. Home gardemato success is based on several
important factors: the site selected, soil prepamaincluding liming, fertilization, the tomato

variety selected, and proper management of thegpthning the growing season.

2.1.5. Seed and seedling production
2.1.5.1. Seed characteristics
The tomato seed is 3 to 5mm in size, silky in apg@ee, flat and light cream to brown in

color. It contains a large coiled embryo surrountgda small amount of endosperm. The
weight of an individual seed varies considerablyhw800 — 350 seeds weighing 1 gram.
Tomato seeds are not mature, and therefore viabld,the tomato fruit is mature. For the
home gardener, seed recovered from mature fruit meycome true to the variety due to
cross pollination. Mature seed can remain viableup to 4 years in hermetically sealed
containers at seed moisture content of 5.5%. Torsatuls had passed through the human
digestive system and then withstood the sewagenesd processing procedures.

Tomato seed has been produced and sold by seecanmsgor over 100 years. At first
the main function was to increase open-pollinagddions made by tomato growers. Later,
during 1950s, were developed new hybrids tomatgesebd producers for home and market
gardeners. Because of the demand for consistemdly yields, fruit quality, and disease
resistance, large commercial producers also begase hybrid tomato cultivars, and by 1988
hybrids accounted for an estimated 85% of North Acae fresh-market tomato production.
The production of hybrid tomato seed is a very fahtensive process. Hand emasculation is
performed of each flower by using tweezers to reenthe anther cone and petals. Pollen
collected from fresh dried flowers of male paranes$ is applied to the exposed stigmatic
surface of the emasculated female parent flowen dmthree sepals are removed from each
pollinated flower to ensure proper identificatiohen the fruit is harvested. As the fruit ripens
it is picked and crushed and the seed extractetiaog. In the seed production of open-
pollinated tomato cultivars the crop is grown miikk a commercial field crop. The seed are
carefully inspected and rouged for of any off-typéthen the fruit is matured, it is harvested
by either hand or machine. Processed tomato ctdtifraquently go to a tomato cannery,
where the fruit is cleaned, sorted, and crushedtla@deed extracted. Fresh-market cultivars
are usually field-trashed and brought directlyite $eed washer. A short fermentation of 8-24
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hr, depending on the temperature, is separatestrgk fsom the surrounding gelatinous matrix.
The pulp, skins, undeveloped seed, and other tomaterial float off by means of a flume
system. Until1970, a longer fermentation of 72-86vhs as the standard recommendation for
control of seed-borne diseases, such as bactan&kc. However, because of premature seed
sprouting and continued disease problems, thidipealsas gradually been replaced by a short
acid bath. The seed is then collected and eithatrifteged or screened to removed the acid.
Sun drying is possible in arid climates; howeveifieial heating is more commonly required
to reduce the seed moisture content to acceptabédsl for packaging. The seed is normally
dried to optimum moisture content of 6-8%. Afteyidg, the seed passes through a series of
shakers and screens that remove tomato skinsadatundeveloped seeds. At the same time,
seed doubles are separated and seeds are sizedbé@atding” machine is used to remove the
soft hairs that remain attached to the seed caoathi$ way, the final product flows easily
through the planters. A gravity table, air columas,the equipment can be used to further
separate the seed into more uniform fractions kgbackaging. Seed treatments are applied at
this stage. Seed samples are taken randomly frcmsesed lot and evaluated for germination
and physical purity. Further testing for seedlingov, hybrid purity, and seed-borne
pathogens is sometimes done. The finished seeders weighed and packaged into cans,
paper, or hermetically sealed foil containers. Beladentifying the crop name, cultivars, seed
lot, purity, germination percent, and date perfatms applied to each package. After
information on seed treatments and appropriate imgsnare affixed, the seed ready for

distribution to growers.

2.1.5.2. Seed production
The production of hybrid tomato seed is a \abpr-intensive process. Hand emasculation

of each flower, is performed by using tweezersetmave the anther cone and petals. Pollen
collected from fresh or dried flowers of male parkmes is applied to the exposed stigmatic
surface of the emasculated female parent flowen dmthree sepals are removed from each
pollinated flower to ensure proper identificatiohem the fruit is harvested. As the fruit ripens
it is picked and crushed and the seed extractdthhg. In the seed of open-pollinated tomato
cultivars the crop is grown much like a commerdielld crop. The seed fields are carefully
inspected and rouged for any off-types. When ig fsumature, it is harvested, either hand or
machine. Processed tomato cultivars frequentlyoga tomato cannery, where the fruit is
cleaned, sorted, and crushed and the seed extr&etsth marked cultivars are usually field-

threshed and brought directly to the seed washeahdkt fermentation of 8-24 hr, depending
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on the temperature, is required to separate the fsem the surrounding gelatinous matrix.
The denser, mature tomato seed sinks and is aadletintil 1970, a longer fermentation of
72-96 hr was the standard recommendation for cbotreeed borne diseases, such a bacterial
canker. However, because of premature seed spgoartid continued disease problems, this
practice has gradually been replaced by a shadtlath. The seed is then collected and either
centrifuged or screened to remove the acid. Suimglig possible in arid climates; however,
artificially heating is more commonly required teduce the seed moisture content to
acceptable levels for packaging. The seed is ndyrdakd to optimum moisture content of 6-
8 %.

After drying, the seed passes through a sefieshakers and screens that remove tomato
skins, dirt, and undeveloped seed. At the same, ts@ed doubtless are separated and seeds
are sized. A machine is used to remove the soff$ llaat remain attached to the seed coat. In
this way, the final product flows easily througle thlanters. A gravity table, air columns, or
other equipment can be used to further separatsebe into more uniform fractions is for
packaging. Seed treatments are applied at thie.s@epd samples are taken randomly from
each seed lot and evaluated for germination angigdlypurity. Further testing for seedling
vigor, hybrid purity and seed-borne pathogens metones done. The finished seed is then
weighed and packaged into cans, paper, or herrigtisaaled foil containers. A label
identifying the crop name, cultivars, seed lot,ifguigermination percent, and date performed
is applied to each package. After information oadseeatments and appropriate warning are

affixed, the seed is ready for distribution to gersv(Stevenson and Rick, 1986).

2.1.5.3. Field transplant production
Tomato seed is sown from February to late |Apnd plants are produced for shipments

within 65 days, depending on cultivar, seedlingeda¢nvironmental conditions, and
management practices. Transplants usually follomirder cover crop of rye or other crop,
which is harrowed and deep-turned with a moldbgdodv. The land is prepared by forming
raised plant beds with a rotary cultivator and bbdper so that the beds are 1.5-2.0m wide.
Recommended herbicides are pre-plant-incorporatedveed control. Fungicides may be
incorporated into the soil for control of Pythindirced damping-off. Coated tomato seeds are
planted with a precision seeder so that they aaeesp approximately 1cm apart in double
zigzag rows, with four of five double rows per bekthe seeds are planted only a few

millimeters deep. Depending upon conditions, tleédé can be irrigated three or four times
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per day to wet the crust of the soil to ensure tinatseedlings emerge properly. Fertilizers are
incorporated as recommended (Jones et al. 1991).

The plants are harwested when they attain etalke size, but to maximize plant yield and
reduce labor costs, they are clipped several tolnesg the course of the season to even plant
growth; in this way, they can be harvested at ame trather than in the multiple harvests.
Clipping to increase the uniformity of transplankes also increass the fruit yields in
production fields; the greater uniformity allowsaximum yields from once-over machine—
harvested fields. Clipping results in the productad harder plants with thicker and stronger
stems, which may survive transplant shock bettan thnclipped plants. Clipping allso will
deblossom early-flowering plants and promote lateranching, which again improves plant
uniformity and increased yields. Clipping plants 8dequately into the packing crate, so that
stem breakage is minimal. The major disadvatageipping is the dissemination of plant
pahogens. It is an especially serious problem wétlieral of the bacterial pathgens. In
general, clipping is started when the plants reableigh of 19-20cm. Transplants should be
harvested when the foliage is dry and the soilastoo wet. Prior to harvest, the beds are
undecut with a steel bar to loosen the roots. Tlhatp are pulled by hand and the soil is
removed from the roots, usually by vigor shakingha plants or slapping of the root against
the puller’s leg. They are packed loose, with aots, in woodn crates. The bundling of
plants and wrapping of roots in wet moos has bascodtinued because loosely packed
plants separate easily and survive well. In genetfas#¢ pest control measures used in
transplant beds are similar to those used for meuttomato culture. where possible, crop
rotation is recommended, but it is often impradti@andard recommended bactericides,
fungicides, insecticides, and nematicides are usedontrolling pests.

All transplants produced in this program mistgrown from seed that has been test and
certified free of plant pathogens. In addition,npéacannot be produces on land following a
crop that is a host to the soybean cyst nematodee @lanted, each seed lot is assigned a
card identifying its location within the field. Upemergence, is examined periodically every
plant bed by a state inspector until harvest. Inegal, the inspectors examine overall plant
quality and horticultural characteristics (incluglioultivars identity) and look for any disease
symptoms. If disease symptoms are observed andtaenproperly diagnosed in the field,
specimens are brought into the laboratory, whexmed personnel make a diagnosis. If the
plants are deep to be afflicted with a diseasentested with nematodes, they lose their

certification.
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2.1.5.4. Containerized transplant production
Containerized tomato transplants are an altern&bivield-produced transplants and direct

seeding for crop establishment. They are genemaldye expensive than field-produced
transplants or direct seeding. In spite of gratetial costs, growers of high-value fresh-
market tomatoes tend to use containerized trantsplagcause their rate of survival in the
field is a higher production time shorter than thiatield-seeded tomatoes. For example: As a
broad generalization, direct seeding is used pwgnfar the establishment of processing
tomatoes in California, field — grown transplants processing tomatoes in the eastern and
middle-western states for example USA, and contaieé transplants for fresh-market
tomato crops. The conditions and procedures foptbduction of high quality containerized
tomato transplants are outlined in the followingtems (Jones et al. 1991).

Seed

To qualify for effective use of containerizednsplants in production, tomato seed must
have a high germination potential and rate. Radoadrgence should occur within 3 days at
25° C, and germination should be complete in 7 daysddition, the seed must be disease
free and of high purity.

A seed protectant fungicides or disinfestasiich as thiram, captan, or calcium
hypochlorite (or a mixture of them), is universadigplied by the seed producer. Various seed
coatings, generally of diatomaceous earth or growerchiculite as well as other proprietary
constituents, are applied to the seed in a 4:1iyewsating. Coating is necessary for
unitization in the seeding process.

Media

Plant growing mixes of different sorts are aw used fore containerized-transplant
production. The most commonly used mixes have wuariproportions of high-grade
Canadient’s peat and no. 2 horticultural vermieulat without 2 horticultural perlit. The
proportion of the peat may vary from 50 to 85 %peteding upon the season of the year and
grower preference. The basic mix is amended witkeisuperphosphate, calcium nitrate,
micronutrients, and a wetting agent to produce fihal growing mix. Strict sanitation
practices, including the use of only intact oridicantainers, are followed throughout the
preparation of the mix.

Containers

Various sizes of expanded or hard polystymeraster containers are used for transplant

production. Individual cells within the containesually have an inverted cone or pyramid-

shape and open bottom to permit air pruning ofsodhe cell size for tomato transplants
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varies from 1.6 to 5cm in diameter and 3.8 to 7.@&®p. Probably the most commonly used
cell size is 2.8cm in diameter and 7.2cm deep. dUsentainers are meticulously steam
pasteurized or chlorine-treated prior to reuse.
Seeding

The rotary-drum vacuum type seeder is theagemost commonly used for the seeding
operation. At least three alternative seeding moe may be used: direct seeding to a final
stand, which requires exceptionally high-qualityedseand precision in all phases of the
operation; direct over-seeding, followed by thirgito a single plant per cell; and seeding into
1.3cm plug-type trays, followed by transplantingpigrowing trays 2 or 3 weeks later.
Scheduling

It is imperative that accurate schedules besldped to ensure the orderly movement of
the product through the transplant operation fdivdey on a specific date. Each grower must
develop a workable schedule to fit the circumstasicproduction. A growing schedule for
example: Florida, would require 4 weeks in sumnmel a2 weeks in winter for direct seeding,
4.5 weeks in summer and 7.5 weeks in winter fazaiseeding with thinning, and 5 weeks in
summer and 8 weeks in winter for seeding into pyyge trays and transplanting into

containers.

2.1.6. Culture and management
Sanitation in and around growing houses i®rggd to the production of high-quality

transplants. Anything that may come in contact witle growing trays is treated with
chlorine, bromine, or formalin solutions betweeops. Weeds in and around growing houses
are mechanically or chemically controlled. Smokiimg growing houses is universally
prohibited, and people are commonly required teaitheir hands with isopropyl alcohol
before entering.

The watering volume and frequency is influehbg the season of production and the cell
size. The initial watering after seeding and semeeng consists of spraying with a hollow-
cone nozzle to settle the covering, followed bhadugh watering with flat fan nozzles in a
watering tunnel. The trays are not watered agdihsttill they are placed in the growing
house after 3 days in the seed germination chanater stress should be avoided during
the early seedling development stage. During thewtyr stage, the watering frequency
increases from two or three to five or six timeday. During the finishing stage, through

watering is reduced to once per day, supplementedifting as needed.
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The temperature in the germination chamberasitained at 25° C for 3 days. Thereatfter,
the trays are placed in the growing house, opem wills, ventilators, shading, and fans are
used to reduce growing house temperatures. In coo&ather, night temperatures are
maintained at 15° C for 1 week after seeding argpéanting, followed by 13° C thereafter.
During the last two weeks, night temperatures #icavad to fall as low as 2° C if permit
ambient condition.

Fertilizer added to the growing mix is suféist to carry the plants to the cotyledon
expansion stage. Overhead liquid fertilization wathmixture of Ca (Ng), and KNQ with
nitrogen at 50ppm then applied on a 3-day schedideer, the nitrogen concentration is
raised to 200ppm and the frequency of applicatisninicreased to every other day.
Fertilization is reduced during finishing stage.

Sanitation is paramount for successful peshagament in transplant production an in
practiced in every phase of the operation. Preverapplications of crop protection chemicals
are applied on a regular basis for plant diseased) as bacterial spot and speck, early and
late blight, and target spot. Insecticides areiafphs needed for leaf miner and warms. The
selection of crop protection chemicals for use rowgng houses is challenging (because
many are not specifically registered for greenhouse) and complicated (because labels
sometimes do not explicit state that the mateaal @r can be used in greenhouses).
Hardening

The preparation of transplants for field plantisgaccomplished by reducing the nitrogen
concentration in the fertilizers to 50ppm for tweelks in the winter and for 1 week before
delivery data in the summer. Water applicationaduced concomitantly to one thorough
watering per day, so plants are slightly waterssted. In the winter, gradually lowered
temperature assists in the hardening process.

Postproduction handling

For plants to be pulled, a thorough waterieglone the afternoon before the shipment
date. For plant sold locally in returnable traymrough watering is delayed until the morning
of the shipping date. In both cases, a commeraigtiranspirant is applied prior to shipment.
Plants designated for distant locations are pudled placed in well ventilated, corrugated,
waxed-cartons. In the summer, the plants are pokedoto 10° C before shipment. Truck
shipments should be at the same temperature and noxed loads with ethylene-generating
fruits. Air shipments should be on direct flighteemever possible.
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The ultimate goal in the production of con&ined transplants is to produce disease- and
insect-free plants that are able to resume growith vavorable conditions shortly after
transplanting in the field.

2.1.7. Agricultural practices, tillage and cultivaions
As is the case with any agricultural crop, cultypehctices in tomato production have

been developed to optimally provide the essenttalsrop growth in order to achieve a desire
production level. These practices must be compmatiith maintaining a higher degree of
fruit quality. Hence, cultural practices are inteddto provide the producer with a much
control as possible over outside influences toqmtothe crop from adversity. These practices
are not universal to all growing situations; theg asually particular to the location where the
tomatoes are grown. They include methods for fiehdi bed preparation, irrigation and
drainage, fertilization, seeding or transplant usteking or trellising, and the use of row

covers or tunnels.

2.1.7.1. Field and bed preparation
Commercial production of tomatoes occurs in areare/isuitable climatic, soil and market

conditions exist. Field melioration procedures &gy site-dependent and must be taken into
account the drainage requirements, irrigation nebtlsoop nutritional requirements, and pH
control. Liming material is used to adjust the piHrtear 6.5 and can provide the crops
calcium and magnesium requirements. Control ofpHeis important for the avoidance of
certain diseases, such as Fusarium wilt diseasgrarydnold (which are favored by low soil
pH) and Verticillium wilt disease (which are favdrly high soil pH) (Jones et al. 1991).
Although tomatoes can be grown in many waysdgction fields are commonly prepared
by forming beds that may or may not be covered wi#istic mulch. The raised bed allows a
more defined root zone and improves drainage cbdurang high rainfall periods. These
beds can be spaced according to irrigation, drainamd harvesting requirements and
configurations may vary considerable. Plastic mudehves many purposes; it facilitates soil
fumigation for disease and nematode control, pes/iidieed control, reduced evaporation
from the cropped area, minimizes the leaching difliieer during heavy rains and, if staking
is not used, provides a protective barrier thatemés direct contact between fruit and soil and

subsequent fruit rots.
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2.1.7.2. Irrigation and drainage
Since tomato production requires a major far@nnvestment, irrigation is almost always

a necessity to ensure desired production leveks.chioice of irrigation system is depended on
soil conditions, availability of water, climate,awmics, and personal preference. Systems
that are commonly used include overhead sprinklemw, micro-irrigation, level-basin, and
sub-irrigation systems.

The quality of irrigation water can be sigoént factor, affecting both tomato plant and the
long-term composition of the soil or other rootmegdia. Both organic and inorganic
substances in irrigation water need to be knowastess the impact that is use will have on
the tomato plant.

Irrigation of tomatoes grown in soils wherslape and infiltration rates are excessive is
often achieved by using overhead sprinkler syst@&asides applying water required for crop
growth, overhead sprinkler irrigation can improvansplant establishment, apply fertilizer,
cool the crop, and in some situation, provide faydreeze protection in. The major drawback
of overhead sprinkler systems is the increasednpiateof foliar diseases due to increased
exposure of leaves surfaces to wet conditions.

Production areas where soils have sufficieatewholding capacities to support crop
growth for several days after a single irrigatiore® can use surface irrigation, such as
furrow or level-basin systems, if the slope of fieéd is slight. Even though these systems can
be very effective, they can be somewhat inefficienapplying more water than the crop
needs.

In production areas with a particularly higlater table is sub-irrigation systems may be
used. This systems operate by raising the natunadly water table to a level at which water
moves by capillary action into the production biereby maintaining optimum soil moisture
for crop growth. Water is conveyed in the fieldaingh surface ditches or buried drainpipe
and is applied continuously or for several houndyda maintain a high, stable water table.
This process prevents the loss of applied fertilinethe bed and the development of a deep
root system, which is susceptible to flood damagéis system has low-intensity
management, but it can in application efficiency.

In areas where water availability is limiteseimi desert”, micro-irrigation is being used.
These systems operates by applying water througtil-simmeter polyethylene tubing with
emission ports designed and spaced according towdwer-holding and transmission
characteristics of the soil and the desired apfidinarate. With a tube installed in each bed,

that system allows precise application of water mumgients in the crops rooting zone. Micro-
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irrigation systems can be very high in applicatefficiency; however, because so many
operation aspects require special attention, tm@nagement intensity is higher than most
other irrigation systems.

As important as irrigation is for tomato protian, one must not overlook the need for
proper of drainage, especially in areas where gsras heavy rainfall can occur or where soill
have very poor internal drainage. Although tomal@nts can tolerate high soil moisture,
inundation with water can cause severe crop logasigen depletion in the rooting zone or

by encouraging disease.

2.1.7.3. Fertilization
Maintaining proper nutritional condition foorhato production is critical not only for

obtaining a desired production level, but also &hieving a high level of fruit quality.
Nutritional conditions in the soil can play a rake preventing or causing certain disease
problems (as calcium does in blossom-end rot)ilizertcan be applied banded, broadcast, or
injected (as in micro-irrigation). The primary cenag is to provide to proper levels of
nutrients required at any stage of plant develogn&inthe same time, there is a need to use
fertilization procedures that minimize the potent@ leaching losses from the production
area, which may cause not only profit losses, bigb aan environmental problem.

Conscientious irrigation management can greatlyraal/oiding leaching losses.
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2.1.7.4. Planting methods
Tomatoes can be planted by direct, plug, aldeeding or as bare-rooted or containerized

transplants. In direct seeding, after seed germoimaplants are thinned to the desired
population. Plug seeding is a method in which sedmixed in a peat-vermiculate medium
and planted as plugs at desired interval in a Bel.seeding involves the use of a gelatinous
medium to germinate the tomato seeds prior to pignThe gel and pre-germinated seeds are
then inserted at the desired location in the beathBolug and gel seeding may require
thinning after the plants become established.

Containerized transplants are use very extelysiin commercial tomato production,
because the transplant offers a more uniform, waigerplant, normally grown under
controlled condition to avoid diseases, such aspiagroff and Fusarium crown rot. It use
allows a tomato producer the flexibility of havimgore control over the time between
planting and harvesting. Bare-rooted transplarésadower-cost alternative, but there may be
a higher incidence of transplant shock when plamtdte field, resulting in less control over
the uniformity of the plant stand. Transplants gemerally more costly then other planting

methods, but the advantage usually outweigh theased costs incurred.

2.1.7.5. Additionally agricultural practice
Staking or trellising can be used when mechanicaivésting is not implemented.

Although they involve increased material and labmsts, these practices can improve overall
production and fruit quality, because they give enaontrol over the canopy structure,
resulting in improved pesticide-spray coverage. (&g the canopy upright allows more air
movement through it, which minimize amount of tithat the foliage remains wet (from dew
or rainfall), and therefore lowers the potential diseases requiring high humidity. Also these
practices make hand harvesting easier and moraegitj since the laborer-spend less time
locating the fruit.

Synthetic tunnels or row covers are often ugecdooler climates to create an artificially
warmer environment, which give young seedlings aryestart at the beginning of the
growing season and provide some protection fromadgmg could periods.

In summer, cultural practices are used tHatvalhe producer as much control as possible
over the development and protection of the potaiop.cSince market conditions can be
extremely volatile, a producer must make the outaithe crop as predictable as possible.
Still, the tomato producer must ensure that théucall practices that are used have minimal

negative impact on environment.
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2.2. Diseases on Tomato
2.2.1. Bacterial Diseases on Tomato
2.2.1.1. BACTERIAL CANCERCIlavibacter michiganenssubspmichiganensis

Introduction and significance
Today is still an important tomato diseasenfibthroughout the world. Periodic outbreaks
can cause significant damage to tomato crops inenoms geographic regions.

Symptoms and diagnostic features
Initial symptoms are after primary, systemméection of the lower leaves as a curling of

leaflets, wilting, chlorosis and brown necrosis ahdiveling of leaf tissue. These symptoms
sometimes develop on only one side of the leafh whe other leaf side appearing normal.
Internal vascular tissue begins to turn light yellm tan in color. If disease is developed the
vascular tissue turns darker brown to red-brownco8eary fruit symptoms are very
characteristic and are a useful diagnostic featBp®ts occur on green fruit and are at first
small, round, and white or yellow (up to 3-4mm imardeter) and develop raised, brown
centers that remain encircled by white to creanoienl spots.
Causal agent

This pathogen ilavibacter michiganensisubspmichiganensisaerobic, non-spore-
forming Gram + bacterium.
Disease cycle
Infested seed is a particularly important a sowfteoculums because bacteria can spread
and disease can develop when plants are grown wgrdenhouse conditions. A 1% seed
transmission rate is sufficient to give 100% diseakhe practices of clipping or mowing
transplants and using overhead sprinkler irrigattam significantly spread the pathogen,
though young, diseased transplants may show femo@ymptoms of bacterial canker until
later their growth. During transplanting, the dss@or contaminated plants result in bacterial
spread to equipment, workers” hands and previctlened transplants. Bacteria enter the
tomato host via stoma’s, small wounds, and brakeshoma’s. After entering through these
openings, the pathogen can become systemic andaldhize and move through the xylem
tissue. The disease development is favorable bynwamdition (24-32° C) and factors that
create succulent growth of the tomato (Chang €981, Gleason et al. 1991).
Control

Monitor tomato seed fields regularly so tattbaal cancer problems can be detected at an
early stage and managed appropriately. Obtain &md pigh-quality seed that does not have
detectable, economically important levelSfmichiganensisubspmichiganensisUse a hot

water seed treatment or treat seed with hydroahlacid, calcium hypochlorite, or other
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recommended materials. Hot water treatments canceedeed viability and germination
percentages. Seed health testing and certificgiiograms help regulate the availability and
cleanliness of such seed. Such seed tests usoatlive the washing of a 10.000 seed sample
and subsequent planting of the liquid onto senectale medium. Discard heavily infested
seed. Use resistant cultivars if such are available
-Sanitize benches that hold transplants, planss trays, and equipment that come into
contact with plants.
-Lower the water pressure in irrigation equgnito reduce damage to leaves.
-Consider applying preventive fungicides (ceppased materials) for protecting
transplants.
-Realize that the practice of moving transfdda regulate transplant height can readily
spread the pathogen. Instead, implementigmppractices that involve air movement
or differential temperature management.
-Minimize damage to plants during transplagtitmansplant only when foliage is dry,
and periodically sanitize transplanting gauent.
-Avoid using overhead sprinkler irrigationtire field.
-In the field, use new wooden stakes that lmeen steamed or treated with chlorine.
-With an appropriate disinfectant, periodigalhd regularly sanitize tools such as
clippers and pruning shears.
-Do not allow equipment or workers to passtigh fields when foliage is wet.
-Copper sprays may provide some disease dontro
-Once the tomato crop is finished, incorpothtecrop residues to enhance plant
Decomposition and the dissipation of baateri
-Rotate to a non-host crop before returningptoato and do not allow volunteer tomato

or weed hosts to survive.

2.2.1.2. BACTERIALS SPOKanthomonas campestpsy. vesicatoria

Introduction and significance
While bacterial spot occurs throughout the ldjothis disease is most serious in tropical

and sub-tropical tomato growing areas, where biagh humidity and rainfall are present.
Symptoms and diagnostic features
Initial foliar symptoms consist of circular toegularly shaped, water-soaked spots on

leaves. These spots later turn dark brown and lysteahain smaller than 5mm in diameter.
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As disease progresses, the spots may coalescesultlin leaves having significant necrotic
areas. Severely infected seedlings can becomeiatefihl Dark streaks may develop on
petioles and stems. Early symptoms on green fromsist of small (less than 3mm in
diameter) raised blisters. These diseased spodsgeninto brown, rough scabs that have 5-
8mm in diameter.
Control

Use seed that does not have detectable, ecoalmimportant levels of the pathogen.
Regularly monitor tomato seed fields so that eartybreaks can be controlled. The control

measures are almost the same as in the case hbcterier (Goode and Sasser, M. 1980).

2.2.2 Fungal Disease
2.2.2.1 BLACK MOLD Alternaria alternata
Introduction and significance
Pathoger. alternataaffect only ripe tomato fruit. Significant fruit $ses can occur if the

environmental conditions favor disease development.
Symptoms and diagnostic features

On ripe tomato fruit the initial symptoms c@m®of an irregularly shaped flecks and stains
on the cuticle. The affect areas are small andtéabrown. With suitable environmental
conditions, the tinny infected areas expand intgdasunken-circular to oval-shaped lesions
that can extend deep into the fruit. The blackye®l growth of the pathogen covers the
surface of the lesions. Lesions break down andrthiewill rot. The large infected areas can
also support the growth of other decay fungi sushStemphyliumspecies, which are
considered by some researchers to be weak tomatopathogens, an@ladosporiumand
Aspergillusspecies, which are saprophytes. Postharvest spfettte disease can occur if
infected fruit are stored for a long time.
Causal agent

Black mold is caused by fungédternaria alternata The pathogen can be isolated on
standard microbiological media such as potato dsegtragar, and colonies are usually dark
green to black and have limited aerial myceliumni@@a are pale to gold brown, smooth or
verruculose, measure 20-63 x 9-18um, and havettrefeve cross septa and occasional
longitudinal septa. Conidia are produced in longich that sometimes branch. The pathogen
A. alternatais not host specific to tomato, and it is an acsaprophyte and can colonize
damage tissues of other plants and readily growdeaid organic matter. Sourde alternata
is commonly found on decaying plant material in andund fields, including senescent and

dead tomato leaves of the current crop. Fruit damdmy sunburn or blossom end rot (a
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calcium deficiency) are particularly susceptible dolonization byA. alternata Disease
development is most rapid at 24-28°.
Control

Harvest fruit in a timely manner so that rifpeit are not left in the field longer than
necessary. Do not irrigate with overhead sprinklagply protectant fungicides 4 to 6 weeks

before harvest (Pearson and Hall 1975).

2.2.2.2. EARLY BLIGHTAIternaria solani
Introduction and significance

Early blight occurs on tomato throughout th@lel and can be an important disease.
Symptoms and significance

The disease begins a small, brown to blackular lesions on mature leaves. Such lesions
may be surrounded by chlorotic tissue. As diseasectbps, the spots enlarge and can be 8 to
10mm or larger in diameter. At this later stagelda# spots contain characteristic concentric
rings. With severe infections, plants can beconfelidéed and the exposed fruit are subject
to sunburn damage. Infections on stems initiallysist of small, brown, sunken lesions. Stem
lesions expanded and become elongated or ovahkesiith concentric rings. Stem lesions
can eventually girdle the stem and result in stenplant death. Seedlings can show stem
lesions et the soil level when they are less thewe&ks old. Fruit infection, either the green or
ripe stage, evaluate consist of sunken, dark brmmplack, circular spots that also contain
concentric rings. Early blight green fruit and stegmptoms may resemble fruit and stem
infections caused by the Alternaria stem cankenqusn.
Causal agent

Early blight caused the fungus solani. The pathogen can be isolated on standard
microbiological media. Cultures appear gray-browrtelor and usually produce a yellow or
red diffusible pigment. Sporulation in culture ispgnded by exposing colonies to light.
Conidia are olivaceous brown to dark brown andoliavate to obpyriform, having seven to
eight cross septa, and occasional longitudinalasépbnidia usually have long-beaked apical
cells that can be the same as or exceed the lafgtie spore body. Conidia are produced
singly or in chains of two and measure 150-300 x19fm. Alternaria solaniproduces
resilient structures called chlamydospores, whithbé the pathogen to survive in soil for a
period of time. This pathogen is seedborne in tonaaid can result in diseased seedlings or
transplants. Affected seedlings may develop cotiaim which the base of the plant is girdled

due to a stem canker. Plants with collar rot cacobw stunted, wilted and dead. This
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pathogen also affects other solanaceous host ssichotato and aubergine (eggplant).
Alternaria patogens on tomato and potato, histthyidzoth designated aA. solani,may be
distinct species. Morphologically and geneticalie tearly blight isolates from tomato are
distinct from those from potato. Tomato isolate mi@e virulent to on tomato, and the potato
isolates are more aggressive on potato. The torsalates apparently do not produce spores
very well in culture, while the potato isolates spate extensively. The tomato early blight
pathogen is proposed to Betomatophilawhile the potato pathogen remain thesolani.
Disease cycle

Initial inoculum ofA. solaniis present on infested tomato crop debris and toreat¢d. In
addition, the pathogen can overwinter on volunteerato plants and on other solanaceous
plant such as aubergine (eggplant), potato, anavéieels black nightshad8dglanum nigrum
and horsenettleS( carolinense Conidia are blown onto plants via winds and sipiag water.
Wet, mild conditions (with a temperature range2#-29° C) are favor disease development.
In Europe, early blight is most important when susntemperatures are high.
Control

Used seed that does not have significant $evkethe pathogen. Treat the infested seed lots
with hot water or fungicides. Inspect and discarf@éted, symptomatic transplants. Multiple
applications of fungicides are usually requiredctmntrol this disease. Some forecasting
programs, such as TOMCAST, are used to assist fuitlgicide timing for early blight
control. Practice crop rotation so that the sekédield did not have tomato in the previous

year. Remove volunteer tomato and host weed species

2.2.2.3. SOUTHERN BLIGHMRthelia rolfsii anamorph =Sclerotium rolfsi
Introduction and significance

Southern blight, or Sclerotium stem rot, occurs a@nlarge number of vegetable and
ornamental especially in warmer regions of the dioflhis disease is found in many tomato
growing regions in the world.
Symptoms and diagnostic features

On the tomato, the early symptoms consist whter-soaked lesion on crown and lower
stem tissue that is in contact with the soil. Thesection sites turn light to dark brown and
can rapidly girdle the entire crown. Crown tissgeoften crocket or split. Above—ground
symptoms consist of wilting and a quick collapsealbfoliage. If soil moisture conditions are
suitable, the patogen will form thick, white myeeh or layer on crown, lower stem, even on
the surrounding soil around the crown. Scleroteasamnall (1-2mm in diameter), spherical, tan
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to light brown forma profusely on and in this whigeowth. Sclerotia are characterized by
having an outer, differentiated, pigment rind. Enm contact with infested soil can also
become infected, developing sunken, water-soakdne that later support the typical white
mycelium growth and sclerotia.
Causal agent

Southern blight is caused [8clerotium rolfsii,which is an imperfect fungus in the
mycelia-sterilia category and produces no asexpales (according older references list the
fungus agCorticium rolfsii). Sclerotium rolfsiihas a broad spectrum of host plant forms a
basidiomycetes with perfect stag&ti{elia rolfsii), though it is unknown whether this stage is
involved in the disease.
Disease cycles

Because of its resilient sclerotia, the pa#mogan survive in the soil and in crop debris for
many years. The fungus is favorable by high tentpeza above 30° C. In the soil, sclerotia
near host tissue will germinate, from infective myem, and directly penetrate root and
crown tissue of tomato.
Control

Rotate with non-host plants so that soil inooulevels are reduced. Deep plowing of
fields prior to planting, which inverts the soilgfite, may help reduced inoculum levels. Pre-
plant treatment of soil with effective fumigantslivgive short-term control; however, such
treatment may be too expensive to implement forcgssing tomato crops (Bulluck and
Ristaino, 2002).

2.2.2.4. GRAY MOLDBotryotinia fuckeliangteleomorp) asexual forotrytis cinerea
Introduction and significance

Gray mold is a commonly found disease of tanaatd is manifested in several ways. Gray
mold can be particularly damaging in greenhouserenments, due to the elevated humidity
in such structures.

Symptoms and diagnostic features

Petiole and stem become infected and developotdarker brown lesions. The developing
lesions can eventually girdle the entire petiolesiem and show concentric rings due to the
sporulation of the pathogen and coloration of #sdn. Leaves may also have brown lesions
with sporulation. The gray mold pathogen often digepetioles, stems, and leaves that are
damage or senescing. Senescing petals are alsstdgray mold infections; if such petals

are in contact with the developing fruit, the fusgran grow from the petal and into the fruit
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tissue. Infection on green or ripe fruit resulted d soft decayed, circular rot that can
eventually envelop the entire fruit. The fungusallsuproduces spores “sporulates” on the
fruit calyx or in the center of the fruit lesion efe the epidermis has split. A distinct fruit
infection, called “ghost spots”, occurs when théhpgen invades the fruit but then dies prior
causing decay. The resulting symptom is a whitgettow ring that can range from 3-10mm
in diameter. On green house tomatoes, stem infectaye the most prominent problem.
Cracked or wounded stems and cut stubs remainiteg &lit are harvested are primary
location for gray mold infections.
Causal agent

Gray molds, is caused by asexual funBogytis cinerea.The sexual stagdotryotinia
fuckeliana,is rarely found on the crop. Conidia are clustetthe branch tips and are singe
celled, pale brown, ellipsoid to obovoid, and measé-18 x 4-11 um. Some isolates of
pathogen produce spores poorly in culture unlessoiated under lights (12 h light/12 h dark).
If form, sclerotia are black, oblong or dome-shgmed measure 4-10mm. The fungus grows
best at 18-23° C but is inhibited at warm tempeeabove 32° C.
Disease cycles

B. cinereasurvives in and around fields as a saprophyterop debris, as a pathogen on
numerous crops and weed plants, and as sclerotilaeirsoil. Conidia develop from these
sources and become windborne. When conidia lanseaescent or damaged tomato tissue,
they will germinate if free moisture is availabledarapidly colonize this food base. Once
established, the pathogen will grow into adjaceealitny stems and leaves, resulting in
disease symptoms and the production of additionaidéa. Cool temperature, free water
moisture, and high humidity favor the developmehthe disease. Tomato tissues that are
damaged from other diseases can become colonizé®l binereathat act as a secondary
decay organism.
Disease control

Reduce plant wetness by avoiding or reducimgnkler irrigation. Adequate ventilate
greenhouses, or heat them to reduce overall hymigliingicides may be useful in protecting
fruit from gray mold. It is important to use a disgy of fungicides with different modes of
action becaus8. cinereacommonly develops resistance to such materialshl8ficanid is
useful for control of the ghost spot symptom ass ibne of the few fungicides that prevent
spore germination (Morgan, 1984).
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2.2.2.5. ANTHRACNOSKE  olletotrichum coccode€. gleosporioides, C. dematium
Introduction and significance
Anthracnose disease occurs in various parthefworld where tomato is grown. The

disease is usually of minor importance unless enwirental condition favor for development
of the pathogen.
Symptoms and diagnostic features

The disease primary affects the fruit. Yougggen fruit may be infected, but disease
symptoms are not expressed until fruit begin temiRipe fruit initially show small, circular,
depressed lesions. Lesions can then become ggé (A2-15mm in diameter), sunken, and
contain concentric rings. Lesion centers are uguall, but become black as fungal structures
(microsclerotia and acervuli) form in the tissugshumid, wet weather occurs, the fruiting
bodies in the lesions will release pink-colored repmasses, harvested fruit infected with
anthracnose will not ship or store well, and arey\&usceptible to secondary fruit decay
organisms. On leaves develop small, circular, amdtd brown spots that often are ringed
with yellow halos. Roots initially show brown les@and later rot. As root cortex tissue break
down, the black microsclerotia of the pathogen fqurofusely, giving this phase of the
disease the name black dot root rot. Black dot robis part of the brown root rot disease
complex that occurs on greenhouse-grown tomatainote.
Causal agents

Antracnose is caused by several species ofuihgus Colletotrichum C. coccodes, C.
gleosporiodesand C. dematiumC. coccodess the species most frequently associated with
the fruit disease and appears to be the only cagsait of black dot root rot. The minute
(about 0.3mm in diameter), cup-shape acervuliifrgitoodies are usually present in fruit
lesions. In acervuli release single-celled, hyatineidia that are cylindrical with obtuse ends.
Conidia measure 16-24 x 2-5um. Long, brown, segti@esare usually present in the acervuli.
The pathogen forms small (0.2-0.4mm), irregularlyamed survival structures called
microsclerotia.C. coccodesas a broad host range and can infect a numbethef plants
such as cucurbits, legumes, potato, and weeds.
Disease cycles

The fungus survives in the soil in the form mwiicrosclerotia or as acervuli and
microsclerotia on dried plant residue. The fungas lse seedborne. The pathogen is splashed
from the soil onto tomato foliage and fruit andtieties infections. In addition, the fruit that
are in contact with the soil become infected by®one inoculum. Ripe fruit are particularly
susceptible to infection. The root phase of anthwae disease is often found in infested
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greenhouse situations due to high concentrationsamfulum and favorable conditions for
disease development. Optimum temperatures for sksdavelopment are 20-24° C. When
wet, humid weather just com, acervuli and conidi&a produced and conidia are spread by
splashing water.
Control

Rotate crops so that non-host is grown at le@sry other year. Stake plants or use mulch
materials to reduce the number of fruit in contath soil. Avoid sprinkler irrigation which
spreads the conidia. Apply fungicides as necessaglyuse disease forecasting programs such
as TOMCAST to schedule applications. Harvest firuid timely manner so that they are not
overly ripe. Researchers are attempting to devedgstant cultivars (Batson and Roy, 1982,
Dillard, 1989).

2.2.2.6. FUSARIUM WILTFusarium oxysporum f.sp. lycopersici
Introduction and significance

Fusarium wilt occurs on tomato throughoutwmeld and can be an important disease.
Symptoms and diagnostic

If young seedlings are infected, plant carstomted and exhibit poor growth. Commonly
Fusarium wilt occurs on older plant. Initial sympt® on such plants are chlorosis of lower
leaves followed by wilting of that foliage. Charagstically, the yellow to yellow-gold
discolorations and wilting symptoms often first ocon only one side of the plant. A disease
progresses, the entire plant will turn chlorosdt, w&nd then collapse and dry up. The vascular
tissue is discolored and turns brown with the d@etion extending into the upper stems.
The extensive brown is a helpful feature in distisfing this disease from Fusarium crown
and root rot, in which vascular browning is fourrdyoin the lover stem.
Causal agent

Fusarium wilt is caused by the fungtissarium oxysporurhsp.lycopersici.The pathogen
morphology and colony characteristics are simantherF. oxysporumniungi.
Disease cyclus

Like other Fusarium wilt pathogents, oxysporunt.sp. lycopersiciis a soil inhabitant that
can survive in the soil for idenfinite periods ohé due to the production of overwintering
chlamydospores. The fungus is favorable by temperat and optimum wilt development
takes place at 28° C. Researchers find that Fusaniit may be more severe if plants are
grown under certain nutrient conditions. For exampbw nitrogen, low phosphorus, high

potassium, and ammoniacal forms of nitrogen mayeod disease.
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Control

Grower should be use resistant cultivars. hisate-base fertilizers instead of ammoniacal
ones. Do not plant tomato in fields having high yapons of root knot nematode
(Meloodogynespecies) as this nematode can cause the plangsidaswilt resistant to be
overcome. Practice good field sanitation so thdasied soil and mud are not spread to
infested fields (Borrero, Triallas, Ordovas, Tedlod Aviles, 2004).

2.2.2.7. FUSARIUM CROWN & ROOT ROF. oxysporunt.sp.radicis- lycopersici
Introduction and significance

Fusarium crown and root rot is found in mararte of the world on both field and
greenhouse grown tomatoes. The disease can beutetiy severe in greenhouse production

environments.

Symptoms and diagnostic features

The initial symptoms chlorosis is on the loleaves. Such leaves later become necrotic
and then witherln many causes, successively younger leaves deeéloposis and necrosis
until only the upper part of the plant has healttupctional foliage. Infected plantsan be
stunted and not productive. In other cases plamtslie more rapidly and collapse
completely. A tan to brown discoloration developstle vascular tissue of the root and
extends into the adjacent tissues of the lover stam does not extend beyond 10-30cm
above the soil line. This limited, lover discolooat is a helpful feature in distinguishing this
disease from Fusarium wilt, in which the vasculeswmning can extend far into the upper
stems. Examination of the outside surface of ptantvns and lover stems may reveal the
presence of large, irregual, brown, necrotic camk@n occasion orange spore deposits may
form on these cankers.

Causal agent

Fusarium crown and root rotate caused by tingusFusarium oxysporunisp. radicis-
lycopersici The pathogen morphology and colony charactesisdce similar to other
Fusarium oxysporunfungi. The fungus forms one-or two-celled, oval kioiney shaped
microconidia on monophialides, and four to six-eellfusiform curved macroconidia. are
usually produced in cushion-shape structures cajp@dodochia and appear orange-colored in
culture or in infected stem cankers. Chlamydospresalso formed. The pathogen is usually

readily isolated from symptomatic vascular tissue.
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Disease cycles

Like Fusarium wilt pathogengusarium oxysporuni.sp. radicis-lycopersiciis a soll
inhabitant that can survive in the soil for ind@knperiods of time due to the production of
overwintering chlamydospores. In addition to seibcdulum, the pathogen can also grow
saprophytically and produced conidia on decayinggaoic matter. In greenhouse,
microconidia can reach tomato plants by becomingpane or by being transported by fungus
gnats. Optimum disease development takes plaeengieratures between 20-22° C
Control

In greenhouses, steam the soil and then dppgicides prior to transplanting tomato. For
infested outdoor fields, no control measures hasenbdeveloped. In such cases, use crop
rotations that not include host plants. Some rasistultivars are being developed for this
disease (Rove and Farley, 1981, Rekah, ShtienbedgKatan, 2001).

2.2.2.8. POWDERY MILDEW Levellula taurica (anamorph Oidiopsis tauricaOidium
neolycopersici, O. lycopersici
Introduction and significance

Powdery mildew disease can significantly linoimato production in various parts of the

world. Severe disease can cause early plant sereesaad reduce yield.

Symptoms and diagnostic features

There are two types of powdery mildew fungattinfect tomato.Level Lula taurica
(anamorph =Oidiopsis tauricainitially causes light green, irregular shape kgabt. Spots can
have diffuse margins, but often tend to appear lang@nd vein-delimited. As the spots age,
the tissue becomes chlorose and then nectati@urica usually infects the older leaves; the
younger leaves escape infection until they mattlihee other powdery mildew on tomato is
caused by on or more species of Oidium. The powddigew disease produces in white
colonies on upper and on stems and petioles. Thetad, underlying tissue may initially turn
purple but later becomes chlorose and necroticelf@emfections cause leaves to be twisted

and deformed.
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Causal agents

ForL. taurica,the asexsual (anamorph) stage is naf@ethurica. Conidiophores develop
only from endofytic mycelium and emerge throughnsdta in the ower leaf epidermis. In
contrast toL. taurica, Oidium species produce epiphytic, conidiophore is beaiiyg
mycelium that grows superficially on host surfaces.
Disease cycle

Powdery mildew species are obligate pathogart survive on overwintering tomato,
alternate hosts, or possible as cleistothecia fitoeir respective perfect stages. The asexual
conidia of these fungi are dispersed by winds. Rowdildew development favorable under
mild temperatures below 30° C. Interestingly, irerhouses where humidity is extremely
high (95 % RH), powdery mildew caused ®ylycopersici O. lycopersiechay be suppressed.
Control

Fungicides, such as sulfur, may be used ifsiheere disease become. Irrigation systems
may influence disease severity; studie indicaté finaow irrigated tomato may have more
severe powdery mildew than sprinkler irrigated plags. No other control option is available
(Palti, J. 1971).

2.2.2.9. PHYTOPHTHORA ROOT ROFRFhytophthora capsici, P. cryptogea, P. drechsleri,
P. parasitica(=P. nicotianaevar. parasiticg
Introduction and significance

There are several soilborRéytophthoraspecies that cause diseases on tomato. Different
tomato-producing regions throughout the world mayehdifferent species involved in this
disease.

Symptoms and diagnostic features

Diseases caused Bytophthorasp. are manifested as seed decays, seedling dgibin
root rots and fruit rots. Symptoms of Phytophtharat rot initially consist of water-soaked
root lesions that later turn dark gray to browneTdiscoloration can occur on both the fine
feeder and larger taproots. As lesions expandyithaal roots become girdled or entirely
rotted. The discoloration will affect both vascutard stele tissues of the root and can move
up the main taproot and into the plant crown amgelomain stem. In advanced stages, the
root will be soft and decayed. The plant crown show surface and internal discoloration.
Above ground symptoms consist of foliage that fitshs dull gray-green, then later wilts.

The entire plant canopy can rapidly collapse aed di
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Phytophthora fruit disease is called buckeyeBuckeye rot almost always occurs on fruit
that are touching infested soil. Green and ripé fran show similar symptoms. The disease
start as small, brown spots on fruit surfaces imta&ct wit soil. Spots grow into large circular
or irregularly oblong lesions that can covered mibr@n half of the fruit. The lesions are
characterized by concentric rings of alternatimgptiand dark brown discoloration. Diseased
fruit are initially firm, but will later become sbfand rotted. The white mycelium of the
pathogen can sometimes be observed when the lbstaks open and rots. The early, firm
lesion symptoms on the fruit may resemble the fioiéctions caused by the late blight
pathogen.

Causal agents

Phytophthora root rot is caused by severatispancludingPhytophthora capsicum, P.
cryptogea, P. drechsleri, P. parasiti¢aP. nicotianaevar. parasiticg. Buckeye rot is caused
by P. capsici, P. drechsleri, and P. parasiticAll three species are oomycetes, soil
inhabitants and can persist in soils for extend&tbds of time.

Disease cycle

Phytophthora spores are diseminate by sukfatex and movement of infested soil (Café-
Filho and Daniway 1995). Infection process on lrotit and fruit require wet soil conditions.
Control

Plant tomato in the fields, that having vemglivdrain soils that drain well. Prepare soil so
that drainage is enhanced and law areas are avoik@fully manage irrigation so that
excess soil water is reduced. Stake plants to keépoff the ground, or use plastic mulches
on bed tops. Some fungicides may help manage loothand fruit infections (Neher, D.A.,
McKeen and Duniway, 1993).

2.2.2.10. LATE BLIGHTPhytophthora infestans
Introduction and significance

Late blight disease of potato is one of theldve most well known plant diseases because
of its historic significance and role in the Iripbtato famine of the 1840s. Late blight is also
important tomato disease. Worldwide, the late hligiemerged in the 1990s through early
2000s as a very serious disease, that concerroforgotato and tomato crop, and devastating
epidemics has been chronicled on various contingdten, C.E., Jinks, J.L., 1968, Cohen et
al., 1998).
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Symptoms and diagnostic feature

Initial late blight symptoms on tomato foliagee irregularly shaped, pale green, water-
soaked spots and areas on leaves. These arealy epdnd into large brown to gray leaf
lesions that in severe cases can kill the entiaé& I environmental conditions are suitable,
high humidity, low temperature 14-20° C, the leaflersides can be covered with the velvet
white growth of the pathogen. Stems and petiolesatso develop the water-soaked and later
brown to gray lesions. Stems lesions caused byblaght of tomato and potato (Photo 1.).

The pathogen can rapidly colonize tomato foliagd aause entire plants to turn brown,
shrivel and die. Infected green fruit develop diacuo oval to irregularly shaped lesions that
are green-brown to dark brown in color (Photo 2iitAinfections caused b. infestandate
blight disease of tomato). Such lesions can beaquite large, sometimes covering the entire
fruit. Characteristically these green fruit lesia@rg very firm and do not break down and rot
unless the infections are old and secondary degmnsms are present in the fruit.

Causal agent

Late blight is caused by the OomyceRs/tophthora infestan€Causal agent of Late
blight diseasePhytophthora infestanthat is heterothallic and requires two distincttina
types (Al and A2) to undergo sexual reproductich groduce the sexual spore, the oospores.
The presence and importance of oospores appealiféo depending on where the crops
(tomato and potato) are grown. In parts of the UisAuding California, even if both mating
types are present in one area, it appears thatasegoombination is not common; the
oospores are rarely found in host plant tissueh@se areas. In Canada (British Columbia),
Central Mexico, and parts of Europe (Netherlanddamd, Russia), the oospores is more
readily found too, and genetic evidence indicategeg diversity is present in populations,
which presupposed sexual recombination.

The causal agent is sometimes difficult to ntan in culture, though cultures can be
grown on V-8 juice, pea or rye B agar, and othedimelncubating the symptomatic tissue is
produced at low temperatures (below 20° C) and Wigin humidity will also encourage the
causal organismB. infestando grow and sporulate after only one to a few dMsgcelium is
coenocytes (lacking cell cross walls) and produsliigdsoid to ovoid, hyaline, semi-papillae
sporangia that measure 21-38 x 12-23um. Sporangidexiduous, have pedicels measuring
up to 3um long, and are distributed by winds andstpng water. Sporangia can germinate
directly and infect tomato tissues, or can prodws@mming zoospores (3-8in one

sporangium) that are realized and after penetrati@nplant tissue infect host plant. Optimum
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temperature for growth of the causal agent is 20T@nato and potato are the main hosts,
though other plants in the Solanaceae can alsoosuhe pathogen.

The recent increase in late blight severitycides with worldwide changes in population
genetics ofP. infestans Recent advance in molecular methods and DNA tolgy have
enabled researchers to precisely characterizedtésobnd obtain some insight into reasons
for this increased severity. Research reveals Rhahfestangs a very complex organism.
While all P. infestansisolates belong to one of two mating types, aflividuals also
simultaneously belong to one of serious distinatnally lineages, which are asexual
descendants from single genotypes. Prior to th@4,98e various regions of the world were
primarily populated byP. infestansisolates that were of thél mating type and
overwhelmingly belong to the US-12 clonally lineag®up that is sensitive to the widely
used fungicide mentality.

However, the recent serious outbreaks werenoftaused by novel lineages. In Nord
America, four such lines caused significant damiagerops (potato and tomato): UD-6 MR
(Al mating type; resistant to metalaxyl; highlyutlent to tomato), US-7 (A2 mating type;
resistant to metalaxyl; highly virulent to tomatd}S-8 (A2 mating type; resistant to
metalaxyl; highly virulent to potato), and US-111(Anating type; resistant to metalaxyl,
highly virulent to potato and tomato). The occuoemand spread of these new pathogen lines
is most likely due to the shipment of potato sadgkts, tomato fruit, and tomato transplants
between areas and continents.

The population genetics are in flux, because nlone lineages replace older ones a few
seasons. Significant changesAninfestangopulation structures have also been documented
in Europe, South America, and Asia. These new &ggre isolates can reproduce more
rapidly than older genotypes, thereby shortenirgdisease cycle to 5-7 days under favorable
condition. Additional changes in virulence and fiside insensitive could occur more
frequently in the future because sexual reprodoctul likely be more common now that
both mating types are widely distributed.

One additional parameter Bf infestandiversity is aggressiveness of isolates is highly
virulent on potato and tomato. The available evigeimdicates that the never genotypes are
pathologically more fit than populations made uph#f older isolates (discussed by Spielman
(1991) and Spielman et al. (19931). These and tiies summarized by Fry et al. (1993)
and Fry and Goodwin (1995) confirm tHat infestangs highly variable and because of its
ability to become adapted to different hosts arfteidint situation remains a major treat to

world food production. ThereforeR. infestanscan be further divided up into tomato-
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aggressive and tomato non-aggressive isolates.fa¢t@r is not as an important management
consideration; if tomato non-aggressive isolatepresent in a field-tomato, than crop loss
due to late blight is likely to be limited and fuciges may be needed less frequently. There is
some evidence that A2 mating type occurs more &etjy on tomato than on potato (Erwin
and Ribeiro 1996).
Disease cycle

In contrast to most oth&hytophthoraspeciesP. infestansusually is not considered a
soil-borne pathogens, though this aspect might gdnaihboth mating types are present and
oospores are formed that can persist in the soiséveral years. The causal agent over-
winters in volunteer host plants, potato cull pileed residential gardens. Potato plants and
cull tubers may be an important source of inocufantomato fields. Optimum growth of the
pathogen is at 18-22° C. A striking feature of lalight is the speed of disease development
and spread. If conditions are suitable for the pgéin, entire fields can become infected after

only few days.

Photo 1. Primary and ssamptoms of potato late blight
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Control

Fungicides are key tools for managing latgHili Apply protectant fungicides prior to late
blight infection. The pathogen has developed rasc# to some fungicide products such as
metalaxyl. Late blight forecasting systems may &lefial in deciding when fungicides should
best be applied. Several forecasting systems agd f identifying late blight infection
periods in potato crops. In the UK, Smith periodidine when whether conditioned is
favorable for blight infection. A full Smith periagquires relative humidity greater than 90%
for a minimum of 11 hours on two consecutive days temperature above 10° C.

Avoid or reduce the use of sprinklers forgation. Destroy old tomato fields after harvest
is completed. Eliminate pathogen reservoir sousteh as potato tuber or tomato fruit cull
piles and volunteer potato or tomato plants. Besalisease can develop on transplants inside
greenhouses, carefully inspect tomato transplards@moved suspect plants and trays. Some

resistant cultivars are available.

2.2.2.11. DAMPING-OFF, FRUIT ROOTSPhytophthoraspp.,Pythiumspp., Rhizoctonia
solani
Introduction and significance

Several soilborne pathogens cause seed, sgedind transplant diseases of tomato.
Pathogens include species Rifiytophthora, Pythimand Rhizoctonia.These pathogens can
also infect tomato fruit and cause field and p@svést fruit rots.

Symptoms and diagnostic features

These diseases have various phases. Tomal® cae be infected prior to germination and
result in seed death. Newly germinated seedlingsbeainfected to such a degree that plants
do not emerge above the soil (pre-emergence dargiin§eedlings might emerge from the
ground but become diseased after soil emergencg#t-@gmoergence damping-off). Finally,
transplants placed in the ground can develop rotd of stem lesions from these same
pathogens. Initial symptoms of post-emergence dagnrpff occur on seedlings stem contact
with the soil. These symptoms consist of shrivedegns that have discolored, tan to dark
brown lesions. With time the lower stem collapsesis decay, and the cotyledons and leaves
wilt. Such plants usually bend over. Damping-ofedises often result in death of the seedling
and subsequent reduction of plant stands. Howewen if plants do not succumb to these
pathogens, the surviving plant may be stunted asldydd in development. These three
pathogens can also infect roots and crowns of gitierts as well as fruit. Phytophthora fruit
infections are called buckey rot and can be causedeveral species d?hytophthora.
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Pythiumfruit infections are called watery rot and usuailifect ripe tomato fruit. Symptoms
consist of irregular, water soaked lesions on fthdt are in contact with the soil. Once
infected, the fruit is rapidly colonized by tRgthiumpathogen, the epidermis breaks, and the
fruit becomes soft and watery, White mycelia growéim be observed on the rotted tissues.
Rhizoctoniafruit rot can affect immature green fruit but is stlg a problem on a ripe fruit.
Dark brown, circular to oblong lesions develop gerruit that are touching the soil. These
lesions enlarge and break down into a mushy, saift rRhizoctonia solaniwill form
characteristic brown, persistant hyphae on thé suwiface.
Causal agents

Phytophthorand Pythiumspecies are in oomycete grolhytophthora cappsiandP.
parasitica usually infect roots of older plants, but can cadsenping-off. A number of
Pythiumspecies causdamping-off: P. aphanidermatum, P. arrhenomanes, P. debaryanum,
P. myriotylum, P. ultimumAll this organisms survive in the soil as saprapByand are
favored by wet soil conditions. With the exceptioihP. ultimum,these pathogens usually
produce zoospores that swim to and infect susdeptifsues. Sexual structures-antheridia,
oogonia, and zoospores-are produced by all speciesddition to tomato, these pathogens
can infect numerous other plants.

R. solaniis a soilborne fungus with a very brad host range. solanihas no asexual
spores, but produce characteristically coarse, braapproximately right-angle branching
hyphae. The hyphae are distinctly constricted ahdin points, and cross walls with dolipore
septa are deposited just after the branching. Hyglk#s with multi-nucleate are small, tan to
brown loosely aggregate clumps of mycelia functsrsclerotia. This fungus can survive by
infecting and thriving on a grate number of plaosts, besides tomato, and can also persist in
the soils as a saprophyte. The teleomorph sfalganatephorus cucumiss notcommonly
observed.

Disease cycle

Most of these soilborne pathogens surviveeia$ for indefinite amounts of time. Wet soil
conditions and cool temperatures (15-20° C) gehefaor these organisms and after ability
to grow and their ability to grow and infect hostdowever, for pathogen such R
aphanidermatunmand P. myriotylumwarmer soil conditions (32-37° C) are favorabléeT
seedling stage is most susceptible to infectiooygh these pathogens can infect the feeder

roots of mature plants.
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Control

The disease damping-off is primarily controlled bkeating conditions that are not
favorable for the pathogens, which are causal agéiant on raised beds and in soil, drain
well so that overly wet soil conditions are reduc€arefully manage irrigation and do not
apply excess water. Plant seed, that has beerdredth fungicides, and avoid planting seed
too deeply, which delays seedling emergence andases the chance of infection. Post-plant
fungicides may provide control for some of theséhpgens. Avoid planting too soon into
fields that still have extensive crop residua ie Hoil. Rotate crops, as consecutive tomato
plantings will increase the populations of the lsmihe pathogens. For transplants, prepare
good quality beds and do not plant too deep (Golded Van Gundy 1975).

To avoid fruit rots, keep bed tops dry by &altg managing the irrigation or by using
buried drip irrigation. Prepare soil to enhanceirdrge and avoid law areas. Stake plants or
use plastic mulches on the bed tops to keep fftithe ground. Some fungicides may help

manage both root and fruit infection.

2.2.2.12. CORKY ROOT ROTMPyrenochaeta lycopersici
Introduction and significance

Corky root rot, or brown rot, was first debed from Europe but now also occurs in North
America. Corky root rot is important where tomatops are grown repeatedly in the same
soil.

Symptoms and diagnostic features

Initial symptoms consist of plants that shomoipvigor, are sunken, and begin to wilt.
Leaves show chlorose color and later fall of thenpl The most characteristic symptoms
occur on large roots and consist of brown lesitiag have a rough corky or wrinkle texture.
Such lesion appears often as horizontal bandssatinedength of the root; lesions are dry and
have cracks that run lengthwise along the root. IlBméeeder roots may either show the
brown, rough lesions or may be completely rottederhal tissues of the large roots do not
exhibit discoloration or symptoms. Affected plardsely collapse and die, but can experience
a reduction in yield.

Causal agent

The PatogeRyrochaeta lycopersiaause the disease corky root. This pathogenl®aa s
growing fungus that forms gray colonies on standhaictobiological media but is difficult to
isolate without using semi-selective media. In wdtthe pathogen forms brown to black

pycnidia that measure 150-300 um in diameter. Byameleased spores through a circular
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pore (ostiolum) that is ringed with three to twelight brown setae. Single-celled, cylindrical
to allantoid, hyaline conidia measure 4-8 x 1.5-2amd are borne on conidiophores within
the pycnidial body. The fungus forms microscler@d®&5 x 448um (Campbell at al. 1995,
Grove and Campbell 1987).
Disease cycle

Pyrenochaeta lycopersits soilborne fungus and can survive for long pesiofitime as
microsclerotia in soil or on old tomato roots. Thagus prefers cool conditions and optimum
disease development takes place at 15-20° C, thilnggiange is from 8-32° C. The pathogen
can also infect aubergine (eggplant), melon, peppenflower, spinach, and squash.
Pyrenochaeta lycopersicoften co-infects tomato roots with the back dotthpgen
(Colletotrichum coccodés
Control

Apply fumigants to field soil, and steam omiigants to greenhouse planting areas. Rotate
away from tomato to avoid buildup of inoculum. Delalanting material until later in the
spring when soil is warmer. Some European tomaliivats are resistant to this pathogen.
Additional control measures including grafting tesistant rootstocks and mounding soil

around the stem base to allow new adventious toajsow.

2.2.2.13. WHITE MOLD, SCLEROTINIA ROBclerotinia minor, S. sclerotiorum
Introduction and significance

White mold, or Sclerotinia rot, is an occasibtomato problem. Both pathogens occur on
tomato throughout the world. Disease caused bySheclerotiorumspecies is the more
importantSclerotiniadisease.

Symptoms and diagnostic features

The type of symptoms are seen on tomato depend/hich species ofclerotiniais
involved. Sclerotinia minorinfects tomato tissues that are in contact withstiéSclerotinia
minor causes a water-soaked lesion to develop at thencemd a lower stem. The lesion
enlarges and can girdle the plant, resulting indbkapse of the canopy and foliage. With
time, the crown and stem lesions turn light tarotiewhite in color. White mycelium and
small (3-5mm), black, irregularly shaped sclerétian around and within the decayed crown
(Purdy, 1979).

Sclerotinia sclerotiorumis the other species that can attact tomato. Bec&
sclerotiorumhas an airborne spore stage, infection can otcaughout the tomato canopy.
These aboveground infections are usually occurredammaged stems or petioles, or where a
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nutrients source, such as a senescent flower pleid, onto stems or petioles. These
infections are water-soaked lesions that graduatiiarge and encircle the stems. Older
infections turn off-white to white-gray in color. Mfe mycelium can be observed on infected
lesions if conditions are favorable. The largechklaclerotia can grow on the outer surface or
in the central cavity of stens. sclerotioruncan also infect tomato crowns and lower stems.
Fruit can become infected and develop a soft, watsr(Lobo, Lopes and Silva, 2000). This
pathogen produces white mycelium and black, obtmndome-shaped sclerotia. Sclerotia are
significantly large (5-10 mm long) than thoseSofminor.
Causal agent

For detail, sclerotium d. sclerotiorungerminates carpogenically by forming apothecia
that are cup-shaped and stalked. Optimum conditfonsproducing apothecia are soll
temperature 15° C and soil water potentials betwé&e83 and —0.07 Map. Mature apothecia
contain cylindrical to clavate asci. Each ascudaios eight ascospores that are single-celled,
hyaline, elliptical, and measure 9-13 x 4-5 um. @yony of sclerotial germination and
ascospore production within flovering of tomatowkrs is an iomportant aspect of white
mold disease epidemiology (Abawi, and Grogan, 1979)
Contamination occurs in two ways:

* Through mycelium from sclerotia, at soil level.

* Through ascospores from apothecia (organ for sese@ioduction of the fungus
formed from sclerotia) which contaminate aerial thart of the tomato and
disseminate the disease over several hundred meters

Environments encouraging development: this fungus encouraged rddgtively low
temperatures between 15° C and 18° C and highvelatimidity either at soil level or within
the crop canopy. Light soil, rich in humus, is magitable for its development.
Control

During cultivation remove dead plants carrysateroses. Reduce humidity in greenhouses
by ventilating as much as possible. Avoid overhgradation. Apply a solution containing
one of the active ingredients of the following fisides* to the neck of the plants: benomyl,
thiophanat methyl, iprodione, vinclozoline, proailone. If air-borne contamination appears
to be occurring, spray with iprodione + neutral @it the end of cultivation, remove and
destroy the affected plants and their sclerotia.
Important note: *Approval of fungicides may vary different countries and local labels

should be consulted before use.
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2.2.2.14 VERTICILLIUM WILT Verticillium dahlie
Introduction and significance

Verticillium wilt is a well-known disease thatfects hundreds of different crops and is an
important tomato production factor throughdbe world. The closely related pepper and
aubergine (eggplant) are also subject to this desea
Symptoms and diagnostic feathers

On tomato, early consist of the chlorose aff imargins and tips of older, lower leaves;
these yellowed areas are sometimes angular in sdragheénterveinal. The chlorotic section
later turn necrotic and die. Shoot tips and foliagk, especially during the warmer times of
the day, and recover at night. Internal vascuksue discolors to a tan to light brown color.
This coloring is most evident in the main stemssetato the crown; such discoloration may
not be evident in the upper, smaller stems. Vdition wilt vascular discoloration tends to be
lighter and subtler than the vascular discoloratt@used by Fusarium wilt, though this
distinction is not always clear. Disease symptoans loe accentuated if the infected plant is
bearing a heavy load fruit or is stressed by sotherdactor. Even if diseased plants do not
collapse completely, plant growth and yields carsigeificantly reduced, sometimes by over
20%. The overall symptoms are similar to those edusy Fusarium wilt; hence disease
confirmation will require laboratory analysis. Gentato, Verticillium wilt tends to develop
more slowly than Fusarium wilt.

Causal agent

The causal agent Nerticillium dahlie. The pathogen can be isolated on standard
microbiological media, though semi-selective medixch as NP-10 can be useful for
isolation. On general purpose media, the pathogemnd the characteristic hyaline,
verticilliate conidiophores bearing three or fodrigdides at each node, and hyaline, single
celled, ellipsoidal conidia that measure 2-8 x Ia3|Cultures alder form dark-brown to black
torulose microsclerotia that consist of groups wbléen cells formed by repeated budding.
Microslerotia size varies greatly and is in thegaof 15-100um in diameter. Microsclerotia
enable the pathogen to survive in the soil for motperiods of time (up to 8 to 10 years).
Verticillium dahliaehas an extensive host range of crops and weeds distict tomato races
have been documented.

Disease cycles
The patogen survives in the soil as dormant mideostia, but can also persist as epiphytes

on non-host roots. Cool to moderate weather canditifavor the pathogen, end disease is
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enhanced at temperatures between 20-24° C. Theigueigters host roots through wounds,
and later systemically infects tomato vasculaugss

Control

Growing of plant resistant or tolerant cultivartie one of the best method for control. The
plant with Ve gene is resistant to tomato race dwéver, resistance has not yet been
identified for tomato race 2. It seems likely timegw races oi. dahliaewill continue to
emerge and overcome the currently available gemesistance. Pre-plant treatment of soil
with effective fumigants will give short-term coatbut will not eradicate the pathogen from
fields. For greenhouse production, steaming ofcanil also provide short-term control. Rotate
crops so that tomato is not planted in fields hgwanhistory of the problem. Rotation with
non-host crops, such as small grains and cornjaveer inoculum levels in the soil but will
not eradicate the pathogen. Minimize spread ofsief soil to other, uninfected areas
(Ashworth, Huisman, Harper, and Stromberg, 1979riRigton, and Robinson, 2000).

2.2.3 Virus diseases

2.2.3.1 ALFALFA MOSAIC Alfalfa mosaic virus
Introduction and significance

Alfalfa mosaic virugAMV) is present throughout the world but is aiges production
concern in only certain regions.
Symptoms and diagnostic features

Tomato plants that are infected early in tligvelopment may die. Leaves will develop
irregularly shaped, bright yellow patches and anbeodiscoloration. Foliage of severely
diseased plants will curl downward. A red to redvlan discoloration occurs in the vascular
tissue of the lower main stem. Symptomatic fruib de distorted and exhibit irregularly,
sunken, dark brown, necrotic spots, rings shapsdipatches.

Causal agens,

AMYV is the only member of the alfamovirus gpoand has particles that are bacilliform
and measure 30-56x18nm. The particles contain thiregte-stranded genomic RNA and a
fourth subgenomic RNA. AMV is transmitted by a nuwenlof aphid vectors and can be
seedborne in tomato.

Disease cycle
Disease is usually most severe when tomatdsfiare planted close to infected alfalfa

plantings. AMV is also seedborne in tomato.
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Control
According general suggests, use seed thatrmdsave significant levels of the pathogen

for its transmission in the tomato crops.

2.2.3.2 BEET CURLY TOP Beet curly top virus
Introduction and significance

Beet curly top viru¢BCTV) occurs in North and South America, Asiag tiddle East,
and the Mediterranean region. This virus is an irigm pathogen of many crops such as
tomato, pepper, andhenopodiunplants (Soto and Gilbertson, 2003).

Symptoms and diagnostic features

If infected early in development, tomato ptamtill die. Plants, that are infected later
remain extremely stunted and become very chlondis a bronze or purple tinge. Leaves
become thick and brittle in texture, chlorosis watlrple veins, and rolls upwards. Fruit ripen
prematurely and are small, wrinkled, and red.

Causal agent

BCTV is a geminivirus with isometric particldsat measure 18-22 in diameter and which
occur singly or in pairs. The BCTV genome is a Ergranded circular DNA. BCTV is
vectored in a persistent manner by the leafhoppecijlifer tenelu3. C. opacipennis is a
vector in Mediterranean region. In the plant, BCiBWestricted to the phloem tissue. On a
molecular level, researchers have compared stdiCTV from North America and the
Middle East and found them to be similar, providewydence, that these various strains share
a common origin.

Disease cycle

This virus infected many weed and crop hdecent research on curly top disease as it
occurs on Amaranthaceae, Fabaceae, Solanaceagthandrops indicates that the viral agent
may differ depending upon the host being consideBedt curly top as a disease may actually
be caused by one of four different curly top vigpeciesBeet curly top virugBCTV), Beet
mild curly top virus(BMCTV), Beet severe curly top viry(BSCTV), andSpinach curly top
virus (SCTV). Research is ongoing to further determine riblationships of these various
viruses.

Control

According general suggests for managing uiliesases.
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2.2.3.3 CUCUMBER MOSAIC VIRUS Cucumber mosaic virus
Introduction and significance

Cucumber mosaic virl€MV) is commonly found throughout the world anahccause
disease on over 800 crops and weed hosts, includmgto and many other vegetable crops.
CMV is most prevalent in temperate regions.

Symptoms and diagnostic features

CMV severely stunts tomato plant growth andyeenfections results in small, yellow,
bushy plants. Leaves may show a mottled pattemmoAt striking symptom occurs when leaf
blades do not develop and the leaves take on amgated, filiform shape known as
“shoestring” or “strap-leaf”. Infected plants magtrmproduce many fruit, or fruit that do

develop are small and slow to mature.

Causal agent and disease cycle

CMV is a cucumovirus with particles that asermetric in shape (29nm in diameter) and
contain three single-stranded (ssRNAjany CMV strains have been documented, an on
tomato alone many different strains have been fo@MV is transmitted in a non-persistent
manner by several aphid vectors.
Control
CMV is difficult to control because of its extremelide host range. According general
suggests for managing virus diseases. Use seedidkatnot have significant levels of the
pathogen (Palukaitis, Roossinck, Dietzgen and Fkiah92).

2.2.3.4. POTATO VIRUS Y Potato virus Y
Introduction and significance

Potato virus YPVY) is a patogen of solanaceous plants arouadvitrld and is of major
economic importance.
Symptoms and diagnostic features

Symptoms can vary greatly but generally cdnsfsveinbunding, in which dark green
bands form along leaf veins, and a downward roltihthe leaves. Mottle and mosaic patterns
and some leaf distortions can also occur. A disdaselops; leaves can show brown, necrotic
interveinal lesions. Fruit usually do not exhibjitrgoptoms.

Causal agent and disease cycle
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PVY is a potyvirus with long (730 x 11nm) flexousds that contain sSRNA. It is vectored in
a non-persistent manner by several aphids, Mighus persicadeing particularly important.
This virus is also readily transmitted mechanically

Control

According general suggests for managing uiliesases.

2.2.3.5. TOBACCO MOSAIC Tobacco mosaic virus
TOMATO MOSAIC Tomato mosaic virus

Introduction and significance

Tobacco mosaic virudMV) and Tomato mosaic viru§ToMV) virusesare two closely
related virus pathogens. Both viruses can be iefettimato and other solanaceous plants.
Symptoms and diagnostic features

TMV and ToMV both can infect tomato and caligkt and dark green mottling or mosaic
on foliage. Leaflets may be deformed and narrowingithe leaf a fern-like appearance. Fruit
set may be reduced, and fruit may ripen unevenly.
Causal agents and disease cycle

TMV and ToMV TMV and ToMV are viriuses in thebamovirus group. These viruses
have straight rod particles that measure 300 x 18ndhcontain single-stranded linear RNA
genom. TMV has no known vector and is readily tnaitted mechanically. ToMV also lack a
known vector, is transmit mechanically, and carséed-borne in tomato.
Control

According general suggests for managing viliseases. Because ToMV is seed-borne in
tomato, use seed that does not have significamtidesf the pathogen. Seed infested with
ToMV can also treated with dry heat (70° C for 24taays) or within trisodium phosphate
(10% for 15 minutes) (Broadbent, L. 1976).

2.2.3.6. TOMATO SPOTTED WILLT Tomato spotted wiltus
Introduction and significance

In some regions, this virus is very commort@nato, pepper and many other crops.
Symptoms and diagnostic futures

Tomato spotted wilt virug $WV) causes on leaves spots that have irregusdudye, and
are small (3-8mm in diameter), circular with blakor. Stem and shoots may have a streaks
or lesion on the epidermis. Severally affected slamay wilt or be stunted. Symptomatic fruit
will develop chlorosis rings, patches and lesions.
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Causal agent

TSWV is a tospovirus and has isometric paticimeasuring approximately 80-110 nm,
which are surrounded with membranes. TSWV has argeronsisting of three linear single
stranded RNASs vectored by several species of trips; at leagitespecies are found to be
vectors. The western floweFrankliniella occidentali} and tobaccoK. fuscg thrips are
probably by the most important vectors.
Disease cycle

TSWYV has one of the most extensive host ranfi@esy known plant virus and can infect
over 900 different cultivated and weedy plant specilherefore initial inoculum can come
from any number of landscape plants, weeds, aret plants. Thrips insects vector, the virus
disseminated into the tomato crops. It is well doeated that thrips insects can only acquire
the virus as larvae that feed on diseased plaft&s; acquiring the virus, the insects carry the
virus for the rest of their lives.
Control

According general suggests for managing vitiseases. The broad host range of TSWV
and the difficulty in controlling thrips makes thiisease particularly difficult to manage
(Momol, Olson, Funderburk, Stavisky, and Marois£200

2.3.3.7. TOMATO YELLOW LEAF CURL Tomato yellow lealrl
Introduction and significance

Tomato yellow leaf cur(TYLCV) is one of the most damaging tomato virusedses in
tropical and sub-tropical areas, where entire tonpdéintings can become infected if vector
population is high. The disease has become widslyiliuited and has been reported in the
Mediterranean region (particularly in southern B The Middle East (Israel), Africa, and
recently in North America (Caribbean area, soutteeasdJSA, and Mexico).
Symptoms and diagnostic features

If infected at a young stage, tomato plants loa severely stunted and will not produce
fruit. Foliage shows an upright or erect growth ihaleaves curl upwards and may be
crumpled. Interveinal chlorosis is also observethanleaves.
Causal agent and disease cycle

TYLCYV is a Geminivirus that consists of twirthieosahedral particles and single-stranded
ssDNA genoms. Been, pepper, and weeds are alss. iogtCV is vectored in a persisted
manner by the sweet potato whitefBe(misia tabagi This virus is apparently not seedborne

in tomato. Researchers in Europe believe two rdistspecies of this virus existomato
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yellow leaf curl-sardinia(TYLCV-Sar), Tomato yellow leaf curl —Israe(TYLCV-Is.)
(Accotto et al. 2000, Dellate, Dalmon and 2003).
Control

According general suggests for managing uiliesases.

2.2.4. Disordies caused by abiotic factors and phgsogical conditions
2.2.4.1 BLOSSOM END ROT
Symptoms and diagnostics features

Blossom end rot is a physiological disordetawhato fruit. Initial symptoms can occur on
green fruit and consist of small, light brown flecnd lesion that are usually clustered on the
blossom end of the developing fruit. At the disordersens, the blossom end has a circular
to oblong lesion that is dark brown to black inaroffirm in texture, and sunken. Secondary
decay organisms may colonize the lesion and rasalfruit rot.
Causal agent

Blossom end rot is caused by a calcium defajein the tissue at the end of the fruit.
Calcium is not particularly mobile in plant tissuee the distal end of the fruit can experience
shortages of this nutrient. Plants that are growiagidly, subject to water stress, and
fertilized with nitrogen rates may be more susd#etiUneven watering practices contribute
to the development of the disorder. Pepper and ségdauit can also develop similar
symptoms due to calcium deficiencies.
Control

To minimize damage from this disorder, do ongr fertilize with high-nitrogen fertilizers.
Irrigate crops regularly and with appropriate antewf water. Calcium fertilizer supplements
may help in some cases, but these treatments aszallg ineffective. Choose cultivars that

tend to develop this problem less frequently thiueis.
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3. Materials and Methods
3.1. Plant materials
The seeds of tomato were collected from caitivFlora of tomato crop that was growing

under plastic tunnel of Tropical and Subtropicadtitute of the Czech University of Live
Science at Prague — Suchdol in October 2006. @etid of growing period, the most of the
tomato plants are infested IBhytophthora infestanghe leaves and fruit carry out severe
symptoms of late blight disease (Photo 3).

For planned experiments we are sampled faumtsleaves with characteristic symptoms of
late blight disease during two weeks, when the fnature, and we transit these fruits to the
laboratory of the Department of Plant Protectiofra€ulty of Agrobiology, Food and Natural
Resources in October 2006.

At the laboratory the seeds of tomato fromdheFlora were separated from fruits, which
carry out severe symptoms of the late blight diseesused byP. infestans According
microscopy control of the washing water in whichrevevashed extracted seeds, we are seen
typical size and form of sporangia, and myceliurthaut septum of causal agdhtinfestans
(Microphoto 4).

3.1.1. Washing process of tomato seed was dividedto three steps
1. Samples of tomato fruits are cleaned, crushed aed extracted by hand from tomato

fruit matrix.

2. Extracted seed was washed by coarse sieve, anthidhee seed stay on this sieve;
and the most of the fruit tissues (the pulp, skurgjeveloped seed and other tomato
material) float off throughout the coarse sieve.

3. Last step continue over night, as a short fermemtatt the laboratory temperature (20

+ 2° C), is required to separate the seed fronosuading gelatinous matrix.

3.1.2. Drying tomato seed that are separated fromiskased tomato fruits byP. infestans
The cleaned seeds were dried at the laboréonperature (20 + 2° C) on trays with

filter paper for several days. One parts of the slegds we are immediately used for the
seedborne test and the second parts of dry seedtoreel several months at the same stored

temperature for seedborne test after stored timegef 4 months in 2007.

3.1.3. Laboratory test for the detection of Phytopthora infestans in seed of tomato
For this test we use 19 sterile plastic platgh 6 x 4 wells fill up with 1 ml of sterile

water and part of tomato leaflet disc cv. Florahwiiameter 10mm and 1 dried seed of

tomato. Each plate was covered with top and wrapywpransparent plastic envelope that
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maintained adequate humidity for germinating of feed, sporangiospores and growth of
mycelium ofPhytophthora infestan$terile plasticplates were kept in thermostat at@ °
C during testing period (3 weeks).

Germinating of the seed and growth of contamis were evaluates three times by
eyesight through covered plastic top of plates agdin wrap up with transparent plastic
envelope. After the third week was open each madtte and by microscopy control were
determined contaminants according type and sizeredented spores and mycelium. After
each eyesight control plastic plate is wrappingvitp transparent plastic envelope again. The
final evaluation of germinated seeds was after eeek later by microscopy. (See
Microphoto documentation). For the microscopy eatibn we are used laboratory light
microscopy NIKON and inverted microscopy NIKON. Haboratory test we are used plastic
plates and each plate contents 24 wells. Dry setds. Flora prepared according washing
process and stored only 1 week after drying. Tingpegature during the laboratory test in

thermostat was 161 ° C.

3.1.4. Isolation the causal ager®. infestans from leaflets with symptoms of late blight
potato/tomato disease in pure culture
For isolation pathogeP. infestansutilize international method “CIP-Quito Isolation

Phytophthora infestansethod in laboratory of the Department of Plamtté&stion of Faculty
of Agrobiology, Food and Natural Resources.

3.1.5. Isolation and maintenance dP. infestansin pure culture
Leaves and fruits of tomato with lesions wplaced into a moist chamber (an inverted

Petri dish with water agar). After the visible in$&ve sporulation mycelium with sporangia
was transferred on a small piece of a surfaceligetipotato tuber of cv. Ditta. These pieces
of the tuber were put on B rye agaraf€N, JNKS, 1968) with antibiotics and fungicides.

Petri dishes were incubated in the dark at 15 €1&hd re-inoculated every 2-3 weeks to
maintain pure uncontaminated pure cultures Pf infestans (See in CIP Quito

http://www.cipotato.org).
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Priloha ¢. 4: Postup izolace Phytophthory infestans.
(Pfevzato z http://www cipotato.org)

Figure. 1 Isolation ofP. infestans from the leaf to water agar and otteggssof of
purification of this isolate into puzalture semi artificial substrate in P. dish.
according Mazakova 2000 Dipl. Thesis.

3.1.6. Biological test for determination of matingypes Al, A2 of patogerP. infestans

The mating types were determined by pairing oekstolates with standard isolate of the
known mating type A2 on B rye agar or V8 juice agan one side of the Petri dish a tested
isolate was placed and on the other side A2 stdndalate was placed. The Petri dishes were
incubated at 15-18° C in the dark for 10 days apprately or until the oospores were
formed. On the basis of observation of oosporeedesolates were classified as the mating
type Al or A2 (OOLEY et al, 1989). The isolate that produced oospores wihstandard
isolate was characterized as A1 mating type isolatdate that did not create oospores was
determined as A2 mating type isolate (Fig. 1,).nfrigroup of A1 mating type isolates, one
isolate was chosen as Al standard isolate ands@lhtes were paired with this isolate to
confirm mating type classification. Every isolatesre again examined with standard Al and
A2 that was obtained from Scottish crop researdtitute in Dundee in 2004 by Miss. J.
Mazakova from the Department of Plant ProtectiordbzUniversity of Live Sciences in

Prague.

53



3.1.7. Detection of oospores in the tissue of naally infected tomato leaves
For this test we are used circle segments (d%h diameter) tomato naturally infected

leaves byPhytophthora infestanm glasshouse of ITS University of Live SciencePaague.
These circle segments were boiled (5-10 minuted6ib of ethanol bath water) to achieve
clear microscopy field for determination of oosmorender 40x magnified by Microscopy
TMS Nikon (Cohen et al., 1997).
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4. Results
4.1 Testing tomato seed if are infested Y. infestans

In the following table are results of the ledtory test for the detection &hytophthora
infestansin the seed of tomato harvesting from the tomaiis infested by this pathogen. In
this table you can see a situation about possilséeds of tomato disseminate infectiorPof

infestans.

Table 2. The results of the laboratory experiment wh pathogen Phytophthora infestans
presented after germinated in the seed of tomato ahe floated disc from tomato leaves

No. of No. of No. of not | Brown Color | White Color | Presence of
Plate with | germination | germination | of mycelium | of mycelium | sporangium
6 x 4 wells| seeds seeds round seed | round seed | P. infestans
1 20 4 10 14 -
2 24 0 16 8 + prim. inf]
3 12 12 14 10 + prim. inf]
4 17 7 12 12 -
5 18 6 13 11 +?
Contaminate
6 23 1 14 10 -
7 24 0 19 5 -
8 19 5 18 6 -
9 12 12 7 17 -
10 15 9 5 6 -
11 19 5 17 2 -
12 12 12 8 3 -
13 11 13 5 9 -
14 17 7 17 7 -
15 20 4 17 7 -
16 18 6 12 12 -
17 19 5 17 7 -
18 23 1 8 16 -
19 16 8 7 17 -
456wells | 339 117 236 173 2
100 % 74,3 % 25,6 % 51,7 % 37,9% 0,43 %

In the laboratory test we were used 456 seédismato plants cv. Flora that are growing
under plastic tunnel and were naturally infestethwiathogerP. infestans During second
half of September and at the beginning of Octoberlate blight disease of tomato was very
intensive mainly on the fruits. From these fruiggrihge by late blight disease we have receive

above mention seeds for laboratory test. Accordiegresults of laboratory test we can see,
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that the seeds germinated on level 74,3 %, whidd s®t germinated was the rest, that is one

four. Also contamination of the seeds was very high

Microphoto 1 Contaminant of the tomato sed€iss@riumculmorumand other different
spore and mycelium

89.6 %, and affected both not germinated seedsyandinated seeds. Only, just less 10 %
germinated seeds germinate without surroundings ehwyn. Characteristic one cell
sporangium-spores and without septum myceliunP ofnfestanswas present only in two
cases that is only 0.43%. This result is correspaunaith general agreement, that pathogen
P. infestangs not seed-born with tomato seeds. A tomato se&dto 5mm in size, silky in
appearance, flat, and light cream to brown in cdb@ed size is determined by both fruit type
and degree of viability. Mature seed can remaibleidor up to 4 years in hermetically sealed

containers at seed moisture content 5.5%.

Prevail dark spores and mycelium was frohternaria spp., Botrytis cinerea
Cladosporiumdark mycelium ofRhizoctoniaspp., and prevail white spores and mycelium
was Fusariumspp. with specific form of sporeshite mycelium ofSclerotinia sclerotiorum

andSclerotium rolfsiimycelia sterilia).
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Microphoto Alternariaspp Spores growth around tomato seed

Microphoto 3. Fusarium oxysporum spp. growth arotomlato-seed
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4.2. IsolationPhytophthora infestans in pure culture from tomato crop growing in plastic
tunnel
By collection of sample leaves and fruit omtto with the symptoms of late blight
diseases, for isolation, serial geniculation andsés caused by bacterial and fungal
contamination, we are received 4 isolates in puttuie; 2 isolates originated from infected
tomato leaves and 2 isolate was from infected torfrait. On the Microphoto 1, we can see
characteristic sporangia, mycelium without septungh sporangiospores.

Microphoto 4.
Sporangiospores .
infestans

4.3. Biological test for

determination of mating types Al, A2 ofP. infestans isolate from tomato plant in

plastic tunnel

All four isolates were used in biologicalttes1 mating type was found in all cases. These
findings corresponding with present knowledge odldmgical and diseases cycles Bf
infestans which is not seed-born and it is not mix matipges Al, A2 presented together in
the location of local tomato crop. The same resedteived in the year 2006 and 2007
(Mazékova et al. 2007).

58



Microphoto 5. Pairing between mating types Al + A2

Microphoto 6 and 7. After pairing of maiting typa&, A2 mycelium created
oospg(Microphoto 6. detail of oospores)
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5. Discussion
Causal agent of Late blight disease of potatd tomatoPhytophthora infestanthat is

heterothallic organisms and requires two distinetting types (A1,A2) to undergo sexual
reproduction and produce the sexual oospores. iRresnd importance of oospores appears
to differ depending on where the crops (tomato poto) are grown. In parts of different
countries in Europe (The Netherlands, Poland, Rud4$5A, Canada, Mexico, the oospores
are more readily found and genetic evidence indgagrater diversity is present in
populations, which presupposed sexual recombinatidme causal agent is sometimes
difficult to maintain in pure culture, though cukucan be grown on V-8 juice, rye B agar and
other media. Incubating the symptomatic tissueattemperatures (bellow 20° C) and with
high humidity will also encourage the causal orgargP. infestango grow and produce
sporangia after only one to a few days.

The recent increase in late blight severityncdes with worldwide changes in the
populations genetic oP. infestans Recent advance in molecular methods and DNA
technology have enabled researchers to precisedyacterized isolates and obtain some
insight into reasons for this increased severitgsdarch reveals th& infestands a very
complex organism. While alP. infestangsolates belong to one of two mating types, all
individuals also simultaneously belong to one dfesedistinct clone lineages, which are
asexual descendants from single genotypes. Prithedl980s, the various regions of the
world were primarily populated bl. infestangsolates, which were of the A1 mating type
and overwhelmingly belong to the US-12 clone lireeggoup that is sensitive to the widely
used fungicide metalaxyl.

However, the recent serious outbreaks werenoftaused by novel lineages. In Nord
America, four such lines caused significant damagerops (potato and tomato): UD-6 MR
(A1l mating type; resistant to metalaxyl; highlyutent to tomato), US-7 (A2 mating type;
resistant to metalaxyl; highly virulent to tomatd}S-8 (A2 mating type; resistant to
metalaxyl; highly virulent to potato), and US-{(A1 mating type; resistant to metalaxyl;
highly virulent to potato and tomato) Goodwin et @998). The occurrence and spread of
these new pathogen lines is most likely due tosthipments of potato seed tubers, tomato
fruit, and tomato transplants between areas antinesnts. The population genetics are in
flux, because new clone lineages replace older arfesv seasons. Significant change®in
infestanspopulation structures have also been documentdtuiiope, South America, and
Asia. These new aggressive isolates can reprodoce rapidly than older genotypes, thereby

shortening the disease cycle to 5-7 days underrdél® condition. Additional changes in
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virulence and fungicide insensitive could occur enbequently in the future because sexual
reproduction will likely be more common now, whidioth mating types are widely
distributed. According Mazakova et al. (2006) thens situation is in Czech Republic.

One additionally parameter Bf infestangliversity is aggressiveness of isolates are highly
virulent on potato. Therefor®,. infestans can be further divided up into tomato-aggressive
and tomato non-aggressive isolates is present tomato field, than crop loss due to late
blight is likely to be limited and fungicides mayg Ineeded less frequently. There is some
evidence that A2 mating type occurs more frequestitomato than on potato in open field
condition Lergad et al. (1995).

Ours results confirm, that pathodgeninfestansare not significant seed-born. Only in two
cases was presented seed-born of pathBgenfestansy tomato seed on the level 0.43%.
This tomato seed-born was obtain in the case byrRato seeds, that we are tested
immediately one week later after seed drying. Agylas we were tested 336 tomato seeds
after storage period time 4 months, we are notepathoger. infestandy tomato seed
its provenance is from the tomato late blight Bui®n the contrary Porter and Jones (2004)

published, that pathogéh infestansurvived in surface water.
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6. Summary
The first of aim of this Diploma Thesis was isadatiof causal agent of late blight of

tomato/potatdPhytophthora infestanandits isolation is very exacting for who star witls it
isolation into end of pure permanent culture. Ak same is with maintain pure culture for
long period time several months.

Also the second aim of my Diploma Thesis is possib it only with pure culture of
both standard mating type A1 and A2Rxfinfestansand so new isolates in pure culture too.
According our results the pathogeninfestan®©n tomato is mating type Al.

The third aim of my Diploma Thesis was very harditoit tomato seed-born test for the
patogenP. infestans According our results we can say, that pathdgemfestangs not
significantly seedborne by tomato seeds. Sporaidisorne on the level 0.43 % of pathogen
P. infestansvas determined only by the seed stored after wwgsiwo weeks but after storage
seed for several months (4) over the winter time plathogen was not by tomato seed born in

any tested of 336 tomato seeds.
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8. ANNEX

Test of tomato seeds for seed-bBhytophthora infestans plates with 24 well
and wrap translucent plastic
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Technique of laboratory seed-born tesHbytophthoranfestans
of tomato late blight

Pipet sterile water in each well of plastic
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Tomato fruits disease by late blight from which evegceive seeds for
seed-born test d?. infestans

Lay the tomato seed from late blight disease bnisegment of tomato
leaf of each well
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Wrap closed experimental plates in translucent lepesfor maintain
adequate humidity

Microscopy inspection of germination seeds forusgnce of sporangia
P. infestans
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Mycelium is hyaline and coenocytic, sporangioph@ned sporangia d?.
infestans

Tomato experimental plant growth in absenc® ahfestas for
seedborne test
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