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THE ORGANISM S

Pythium is a generic term used herein to represent
numerous species of fungd-like organisms within the
Genus Pythium. Pythium spp. occur throughout the
world and are common in association with roots of plants
and other plant partsin contact with or in the proximity
of soil. When environmenta conditions are favorable
for these organisms and adverse for the plant, infection
of plants may occur. Infections typically occur in roots,
lower stems, fruit near or in contact with the soil, and
Soft plant tissueswhich exig naturdly in seedlingsof plants
prior to or shortly after emergencefrom the soil. Pythium
op. that are not parasitic in plants have caused diseases
in fish, crustacea, and even other Pythium spp.

Over time, taxonomigts (scientists who study sys-
temdtics, the system of dlassfication) have changed the
classfication pogtion of Pythium spp. frombeingwithin
the kingdom Planta to being within the kingdom
Chromiga. The newest classification schemes place
Pythium spp. as being more closdly related to diatoms
and brown or golden dgae than fungi. In the newest
classfication systems, based upon single evolutionary
lines and unique morphologica and biochemicd char-
acterigtics, most of the other fungi, such as Fusarium
Spp. or Rhizoctonia spp. that wereformerly inthe plant
kingdom, are now placed in the kingdom Eumycota
(named Mycota or Fungi by some authorities). A few
of the fungi, such as Plasmodiophora spp., are in the
kingdom Protozoa. All of these organisms, however,
may gill by referred to by the common or colloquid
term fungi because they are dl spore-bearing eukary-

otes, without chlorophyll, that typicdly have a walled,
filamentous or plasmodid thalus and the ability to ab-
sorb their food. Thus, dthough different fungi are clas-
gfiedinthreebiologica kingdoms they al retainthecom-
mon name (fungus, fungi, pl.) based upon common life
formsand functions. Thereader should redizethat these
academic developments have not changed thelifecycles
of Pythium spp. nor have they effectudly influenced
our gpproaches used for control and management of the
diseases caused by Pythium spp. Thisinformation pro-
vides the reader with some of the dynamic turns and
twists that occur in science.

The most common species of Pythium that cause
important plant diseases in Florida are Pythium
myriotylumand P. aphanidermatum. Other species
of Pythium that are sometimes associated with dysfunc-
tiond plantsin Foridaare P. splendens, P. irregulare,
and P. vexans. It is generally considered that P.
myriotylumand P. aphanidermatum abound in Horida
because they are adapted to high soil temperature.
Growth of these later two species can occur from 40 or
50° Fto 105° F, but the optimum temperaturesfor their
growth and infection of plants range between 86 and
98° F. Inother locationsin theworld, other species of
Pythium cause plant diseases. For example, inthenorth-
ern United States, P. ultimum prevalls in some Stua-
tions. Pythiumultimum prevailsin cooler to cold soils;
it can grow across as wide arange of temperatures as
the other two, but its optimum for growth is between 77
and 86° F. Interegtingly, the optimum for infection of plant
tissueby P. ultimumis dightly lower (74° F or dightly
below). Typicdly, Pythium spp. are composed of mi-
croscopic, dender, round tubes (strands) called hyphae



(Fig.l). A massof these hypheeiscdled a mycdium
(mycdia, pl.) andiswhite. Sometimeslargemycdid colo-
nies can be seen growing on infected tissue (Figs. 18,
19, & 20). A colony of mycdium can grow more than
an inch per day when moist and warm conditions pre-
vall.

Multiplication of Pythium spp. is done by growth of
the hyphae and production of microscopic spores. Four
types of spores are produced, sporangia, zOOSPOres,
oospores and chlamydospores.  Chlamydospores are
formed as thickened segments of hyphae, but they are
not considered important for Pythium spp. that cause
plant diseasesin Horida.  Sporangia can germinate to
form new hyphae, but typicdly the role of sporangia
within the disease cycle is to produce vesiclesin which
zoospores are formed.

Zoosporesarefragile, non-sexudly produced spores
without cell walls and they have two flagella (talls) thet
propel the organism in water. Zoospores are produced
in microscopic vescles (bulb-like, unwalled structures)
that are attached to sporangia (also abulb-like or lobe-
like ructures, with cdl wdls) which arein turn formed
on staks or formed as enlarged hyphae (Fig 1). Water
is necessary for production of sporangia, vesicles, and
zoospores, and thus, Pythium spp. have been referred
to commonly as belonging to the Awater molds§ Con-
sequently, standing weter in fields, ditches, ponds, lakes,
and hydroponic systems are places that Pythium spp.
can exig, multiply to great numbers and spread. To il-
lugtrate the small size of zoospores, it would take about
2500 zoosporesin alineto equa oneinch. Zoospores
can swim for 20 to 30 hours and move three or more
inches through soil. Without free water they die rapidly
or sometimes they can encyst by forming a thick wall
and may survive up to 7 days in soil. Zoospores swim
againg gravity and after reaching the surface of flooded
s0il, may be carried to new rootsif the water is moving.
The zoospores are then attracted by chemicals to root
tips where infection typicaly occurs. Naturd or artifi-
cid movement of water infested with Pythium spp. pro-
vides a method by which rapid spread of these plant
pathogens can occur over greater distances.

An oospore (Fig. 2) forms after mating by male and
femde portions of the thalus (the entire mass of the or-

ganism). Most speciesof Pythium are hermaphroditic
(homoethdlic) and thusare sdf fertile. Because oospores
aretheresult of sexud mating, the organism hasamecha-
nism for recombining genes to enhance variation within
thespecies. Also, oospores provide an effective method
for survivd of Pythium spp. because oospores typi-

cdly havethickened walls. Oosporessurviveinold crop
debris such asundecomposed roots and stemsthat were
infected earlier and they survivein soil or old containers
or on implements that contain infected plant tissue or
infested soil. Oospores are extremely durable and have
survived for more than 10 years.  Pythium spp. have
survived passage through the intestindl tracts or earth-

worms, snals, and birds.

The primary habitat for Pythium spp. isinthe soil or
previous crop debris, such asrootsand sems. Pythium
Spp. can be found typicdly in the upper 12 inches of
soil, but they have been found as deep as 12 feet.
Pythium spp. can dso exist in old plant debris in cull
pilesor areaswhereinfected plantsare discarded. These
fungi commonly exist in ponds, lakes, or other sources
of standing water. Soil and these bodies of water are
the most common sources of inocula (spores or hypha
fragments) for pathogenic species. Pythium spp. are
not seedborne, but they can reside in clondly propa
gated stock such as seed pieces of potatoes, sweet po-
tatoes, sugarcane or trangplants of strawberry. Trans-
plants of any crop can carry Pythium spp. in colonized
tissue or by infestation of associated soil and transplant
trays.

Mog infections from Pythium spp. occur by the
penetration of the root (particularly root tips) or other
susceptible tissue from germ tubes that arise from the
zoospores. Because zoospores can be produced in
extremely high numbers, visble disease gppears to oc-
cur Admost overnight.¢ In fact, one generation (i.e.
zoospore to zoospore) can occur in 18 hours or less.
Hyphd infections can occur aso, but they are less effi-
cient and they would require sgnificantly more time to
atain an equivdent amount of disease to that resulting
from zoogpores. When these organisms colonize and
then penetrate plant tissue, hyphae absorb nourishment
from ther living or non-living subgirate. Colonization of
plant tissue by P. aphanidermatum is asssted by the
ability of thisorganismto produce pectolytic or cdlulytic



enzymesthat breakdown tissue. Pythium myriotylum
aso may produce toxinsthat assst in breakdown of the
hogt tisuue. Often, infectionsfrom Pythium spp. havea
greasy or water-soaked appearance in the plant tissue
because of leskage of the moist cdlular contents from
plant cdls that occurs from the enzymatic activity men-
tioned earlier. Because the enzymatic activity from
Pythium spp. Abreaks down( the soft (parenchymous)
tissue, it is common to see the outer portion of dysfunc-
tiond roots rotted and the harder vascular tissue in the
center of the root remains intact (Fig. 3 ). This can be
detected in the field by trying to dip the outer portion of
the root off of the central vascular tissue (stele). Con-
trast this effect with a heathy gppearing root seen mi-
croscopicdly inFig. 4.

Infection is promoted asthe population of aPythium
. increases.  Factors that influence the population of
Pythium spp. inthe soil include soil water content, soil
amosphere (O, CO, and volatiles), soil temperature,
soil pH, nutrient satus of soil, usage of certain pedti-
cides in the soil, and other microorganisms.  For ex-
ample, microflorain the soil, such as the fungi Tricho-
derma spp. and actinomycotic organisms such as Acti-
nomyces spp., can interfere with the life cycles of
Pythium spp. Roots or plant parts that are infected
with Pythium spp.may be infected with other parasitic
organisms. For example, infection with other organisms,
such as Rhizoctonia solani or Fusarium oxyspsorum
and nematodes, such as root knot nematode or sting
nematode, can occur in the same tissue as that infected
with Pythium spp. Conversdly, some bacteriaor fungi,
such as the fungus Trichoderma, may colonize roots
aong with Pythium spp. and reduce damage.

The host range for Pythium spp. isextremely large.
Broadlesf and grass plants are susceptible to multiple
gpecies of Pythium. For example, P. myriotylum and
P. aphanidermatum are both capabl e of infecting broa:
dieaf plants such as tomatoes, cucurbits, peanuts, or
ornamentals, as well as grasses such as whest, corn, or
turfgrasses. The crop speciesthat have been commonly
infected with Pythium spp. in Horida include foliage
ornamentass, turfgrasses, Bermudagrass used in pastures,
peppers, tomatoes, beans, soybeans, southern peas, and
amdl grains(e.g. whedt, oats, rye). Solanaceousweeds,
Crotalaria spp., many weedy grasses, and other weeds

may be hosts of Pythium spp. and serve as important
sources of inocula

With the anticipated loss of methyl bromide as a ol
fumigant in 2005, it islikely that cropsthet are now com-
monly grown on methyl bromide/chloropicrin-fumigated
fidld soil, such astomatoes, peppers, strawberries, and
many others, will incur grester incidences of visbledis-
easefrom Pythium spp. Infection of roots by Pythium
Sop. has occurred to some degree in crops that have
been grown in methyl bromide/chloropicrin-fumigated
s0il or treated with some other chemical, but the leve of
infection has generdly been a a lower levd and thus,
symptoms have been suppressed. Chloropicrin, which
is commonly formulated with methyl bromide, tends to
be morefungicidd than methyl bromide but the combi-
nation of methyl bromide plus chloropicrin has had a
synergidic effect on soilborne organisms such asPythium
spp., Rhizoctonia spp., Fusarium spp. and many oth-
ers.

DIAGNOSISAND SYMPTOMS

For accurate diagnoses of plants suspected of hav-
ing Pythium-induced dysfunctions, it would be best to
submit quality samplesto areputable diagnogtic |abora
tory. With continued experience, you should be ableto
learn which Stuationswill require submission of samples.
You should redlize that discolored roots or tissue are
not alway's associated with parasitic organisms. Excess
fertilizer, flooded soils, insect feeding, and nematode
feeding are just a few of the other causes of dysfunc-
tiond roots. Generdly, dl dysfunctions where root rot
is a portion of the problem should have a laboratory
assessment to determine if Pythium spp. are involved
by themselves, or in conjunction with infections from
other organisms such as Rhizoctonia spp., Fusarium
spp., Macrophomina spp. or amyriad of other possi-
bilities. Diagnogticians use microscopic techniques and
aseptic culturing to assess for the presence of Pythium
$p. Some serologica kits are available for usein the
field but the user should redlize that because of the di-
versty of Pythium spp. in the soil and in plant tissue,
and because of the likelihood of mixed infections with
other organisms, serological techniques for Pythium
adonearenat likely to provide acomplete diagnosis un-
less a complete array of test kits are used for the one



Stuation a hand.

Pythium spp. are often associated with seedling
blightsfor many crops. Both grass crops and broadl eaf
crops incur this type of disease. Seedlings can be in-
fected prior to (pre emergent damping off) or after (post
emergent damping off) emergence from the soil. For
the spinach and soybeans pictured herein (Figs. 5 & 6),
the seedling blights were both pre emergent and post
emergent for both crops and the damage was the result
of infection by both Pythium spp. and Rhizoctonia
solani. Itisrisky to decidewhat pathogensareinvolved
with seedling blights, root rots, and lower semrotswith-
out assessments in the laboratory, but one of the char-
acterigtics of tissue infected with Pythium spp. is the
presence of water-soaked or greasy appearing tissue.
In Figure 6, the water soaked tissue of soybean seed-
lingsis caused by the infection with a Pythium sp. and
the distinct, orange to red to dark, sunken lesions were
caused by Rhizoctonia solani.

Cultures of a Pythium sp. were isolated from the
water-soaked, lower stem tissue (Fig. 7) of these hy-
droponicaly grown tomatoes. The symptoms in the
leavesinclude dried and necrotic (brown) areasthat begin
near the tips or margins of the lesflets. When roots or
lower sems are infected with Pythium spp. or other
pathogens, symptoms in the upper parts of plants are
expressed indirectly because the effect from root and
gemrotsisto partidly or totaly inhibit the movement of
water and nutrientsfrom the soil to the upper portions of
the plants.  In this Stuation with tomatoes, the leaves
turned brown, but as shall be seen later, chlorogs (ye-
lowing) of leavesis another common indirect symptom.

In smdl plants planted thickly, such as in trangplant
trays in the greenhouse, Pythium spp. can infect and
colonize the plants with the result that the entire plant is
destroyed (Fig. 8). Notethewater-soaked tissueinthis
gtuation with lettuce (Fig. 8). Itiscommon to seewhite,
mycdid growth associated with dead or dysfunctiond
plantsthat are infected with these pathogens. Mycdid
growth was present in thissituation, but ahand lenswas
necessary to see the hyphal strands.

Another mgor symptom in plants that possess root
and lower stem rot caused by Pythium spp. is yellow-

ing of leaves. Typicdly, the yelowing begins on the
lower leavesfirdt, but cases where ydlowing begins on
upper portions of the plant are not rare. In some Stua
tions, the entire plant will becomeyedlow. Thisledf yd-
lowing occursin both broadleaf plantsand grasses(Figs.
9,10, 12, 13, and 14). Lower leaf yellowing can also
be caused by a deficiency of nitrogen.

Thelevd of infection can be so severethat plantsdie
(Figs. 9 and 13). In some Stuations, infections from
Pythium spp. dong with another pathogen may pro-
duce dmilar symptoms, as is the case with wheet in-
fected with Pythium and soilborne wheat mosaic virus
a the same time (Fig. 14). Fidd examination of roots
infected with Pythium spp. may revea an abbreviated
root system, as was the case with the millet pictured
herein (Figs. 10 and 11). Reductions in grain and fruit
yield can occur and the quantity and qudity of anima
feed can bereduced. If Pythium root rot occursearly in
the life of the crop, it may cause an infected root to
produce multiple rootsthat are smaller in diameter, as
occursin carrot (Fig. 15). Such carrot roots are obvi-
oudy unmarketable.

Infection with Pythium spp. can causewilting of nu-
merous crop species. Peppers commonly wilt whenin-
fected with Pythium spp. (Fig. 16). Inpeanut, Pythium
root rot can causewilt of theentire plant or adark brown
to black discoloration of thepods (Fig. 17). Sometimes
infectionsby Pythium spp. are accompanied by infec-
tion with root knot nematode (Fig 17).

If wet and warm conditions prevail because of fre-
quent rains or irrigetion, moist and overcast days, or the
gteistypicaly wet, the white mycdia of Pythium spp.
may become evident in the fidd. A common name for
this disease is Acottony leak.)i The cottony portion of
the nameisfrom the white mycdliad growth and the lesk
portion of the name is because the infected tissue is of -
ten greasy and water soaked as aresult of tissue break-
down from the enzymes produced by Pythiumspp. An
enclosed crop canopy is another Stuation where mois-
ture is retained, but if ambient conditions are wet, an
enclosed canopy is not necessary for cottony leak to
occur.  Some of the crops where cottony lesk is seen
include bean (Fig 18), squash (Fig. 19), cucumber (Fig.
20), and sdlad crops such as lettuce.



CONTROL AND MANAGEMENT

Suppression of plant diseases caused by Pythium
p. requires a different sequence of tactics for differ-
ent Stuations. For example, suppression of seedling
blights, caused by Pythium spp., requires different tac-
ticsthan suppression of cottony lesk, caused by Pythium
op., in cucumber fruit. It is best to use dl the tactics
avallablefor any Stuation becauseno onetacticisapana
cea. A planned, systematic gpproach is best for con-
tralling any plant disease. Resigtant cultivarstoPythium
do not exist and thus, the control program for Pythium
pp. must be done without this important control mea
sure.  Hardened and woody tissue of al plantstend to
be more resstant that soft and young tissue.

For dl fied Stuations, crop rotation with unrelated
crops should be used. Many plant pests, such as nema:
todes, fungi that causewilts, and some leaf spot patho-
gens, are significantly suppressed by crop rotation. Be-
cause Pythium spp. infect and colonize many broadleaf
and grass crops, crop rotation may not providethelevel
of control atained with those pests that are more crop
gpecific, such as a fungus that causes Fusarium wilt.
However crop rotation may prevent agivenAdraini of a
Pythium sp. from increasing to unmanageable levelson
a crop that is grown on the same soil over and over.
Keep in mind that crop rotation refers to years and not
seasons.  For example, dternate cropping wheat and
soybeans on the same land within the same year is con-
Sdered double cropping and not crop rotetion. The plant-
ing of whegt or soybean, in this case, one year after
another is generdly not considered an adequate period
of time to suppress soil populations of Pythium spp. or
other soilborne pests, such as other fungi or nematodes.

Crops should be planted in well drained soils be-
cause Pythium spp. thrive in moigt soils. They multiply
and move in free water with the production and move-
ment of the swimming zoospores. Oneismost likely to
encounter Pythium-induced diseases a dites that have
anding water or saturated soilsfor long periodsof time.
However, zoospores are produced rapidly and may be
detected within haf an hour after a Ste is flooded and
remainsinundated. The sandy soilsin Horidaare gen-
eraly consdered quite well drained because of their

porogity, but certain conditions can counteract this natu-
ra porogty. If enough rain or irrigation occurs, water
can gand in portions of fidds with sandy soils either
because those portions of the fields are low and water
accumulates or hard pans occur below the soil surface.
Hard pans in soils are formed ether from compaction
by repeated use of tractor and implement usage or be-
cause of an underlying layer of afiner sand or clay that
congeds. Hard pansmay exist on new land. Oneof the
characteristics of the Aflatwoodsi soils in peninsular
Floridaisthe naturd existence of ahard pan. Subsoiling
equipment is available to break hard pans; this practice
will enhance drainage and deeper penetration of roots.
Where seepageirrigation is used on a natural hardpan,
destruction of this hardpan would be counterproduc-
tive. Unnaturd hardpans above thisnatura hardpan can
form and may need to be disrupted.

Seed or transplants should not be placed too deep.
The longer it takes for seedlings to emerge, the more
likely seedling blights will occur. Prior to planting every
effort should be made to suppress nematodes and in-
sects in the soil. Damage from these pests to the roots
or lower stems provides entry points for Pythium spp.
and other pathogens.

High dengty plant populations should be avoided.
While high dengity plantings have some advantages for
some crops in some Situations, they do create more fa
vorable environments for growth of Pythium spp. and
certain other pathogens because aeration and drying
within the canopy is reduced.

Mechanicd cultivation of an established planting for
weed control can influence diseases caused by Pythium
sop. and other pathogens. If the cultivating implement
damages the roots of the crop, it would not be unex-
pected to have increased root or lower stem rots later.
Also, when cultivating, avoid moving soil onto the es-
tablished plant. The soil deposited onto the stem can
contain disease-causing organisms which can infect the
tender sem. An older and hardened semismoreresis-
tant to such infections. Depogiting hot soil on slemshas
caused heat scald in the stems, which was followed by
infections by severd parasitic organisms.

The time of year when a crop is planted may influ-



encethe quditative and quantitative aspects of Pythium-
induced diseases. For example, the planting of smal
grains, such aswhedt, oats, or rye, early inthefal (Sep-
tember to mid October) in northern Florida, when the
soil isdill quite warm, is desirable for using the crop for
livestock forage. However, such early plantingsare com-
monly damaged by Pythium aphanider matum. which
causes seedling blightsand root rots. Planting those smdll
grains in November to early December progressively
reduces the risk from Pythium spp. Vegetables, such
ascollards, turnips, and mustard, thet are planted in early
fdl can incur the same problem as they grow best at
cooler temperatures. For vegetables that grow best in
warmer s0ils, such as okra, planting in warm soils pro-
motes earlier emergence and reduces the possibility of
seedling blight caused by Pythium spp.

To reduce problems with Pythium spp. in crops
planted early inthefdl, somecontrol techniquesareavail-
ablein additionto the previoudy mentioned tactics. For
the samdl grains planted in early fdl, certain seed treat-
ment chemicdsare available. Some of the broad spec-
trum, non-systemic chemicals, such ascaptan and thiram,
provide low leves of suppresson. However, certain
systemic chemicals (eg mefenoxam) providelonger pro-
tection astheseedling enlarges. For theearly fal-planted
vegetables or vegetables planted at any time, one can
bypassthe highly susceptible seedling crop growth stage
by using hedlthy transplants. Trangplants can beinfected
with Pythium spp. or other pathogens during their pro-
duction; thus, it isimperativeto use pest-free transplants.
Ask your supplier if the transplants were certified pest
free by an authorized government agency. Although such
an ingpection and certification isnot aguaranteefor per-
fect plants, it is better than no ingpection & all. If certi-
fied plants are not available from your supplier, Sart
deding with a supplier who provides qudity plants.

Production of hedthy transplants is the result of the
deliberate use of sanitary practices. If the plants are
produced outdoorsin ground level beds, such asthose
used for tobacco in northern Horidafor over 100 years,
severd tactics are avallable. Do not use the same Ste
each year for producing transplants. Isolate the trans-
plant production area from crop production fields.
Choose agtethat has adequate drainagefor water. When
preparing the ste with tillage equipment, plow under old

weed and crop debris at least 30 days prior to seeding
the bed, particularly if asoil fumigant is not to be used.
Thisintervd of time alowsbeneficid organiamsto build
up inthesoil and reduce parasitic fungi, such asPythium
spp. and Rhizoctonia pp. that can abound on recently
plowed down plant debris. Wash off soil and crop de-
brisfrom tractor tires and implementswhen moving from
afield known to be infested with Pythium spp. or other
pests. Thefinished transplant bed should beraised above
the perimeter area by at least Sx inchesto alow for run
off of excess water and reduce the chance of the pre-
pared bed from being further contaminated with disease-
causing organiams.  If asoil fumigant is used to reduce
soilborne pests, such asPythium spp. and Rhizoctonia
p., the use of a raised bed is even more important.
Fumigated, Sterilized or pasturized soil have minima or
no beneficid, soilborne organisms to compete against
pathogenic organisms. Without competition, Pythium
spp. and Rhizoctonia spp. tend to grow and multiply a
faster rates when compared to their growth in the pres-
ence of competitors. Do not use pond or ditch water
for irrigation; they are commonly infested with patho-
genic organisms.

For transplants that are grown in a greenhouse-type
gtudtion in containers or trays, severd sanitary tactics
areavaladleto minimize infestations and subsequent in-
fection from Pythium spp. and other parasitic organ-
isms. A soil mix that has been derilized or sanitized,
such as MetroMix, should be used. Use a loose mix
that alows excess water to drain.  Many commercid
brands of such soil mixesare available or you can blend
your own soil mix and then sanitize it with dther dry
heet, steam or an available soil fumigant, such as methyl
bromide. However, note thet & the time of this writing,
methyl bromideisscheduled to betotaly unavailablefor
any useexcept for quarantine purposes by theyear 2005.

The site of the trangplant production area should be
away from production fields and the perimeter around
the gte should be awdl maintained grass.  The trans-
plant production trays or containers should be on raised
benches to minimize the chance of contamination with
infested soil. They should never be placed on the floor
anywhere within the premises. Hands should be thor-
oughly washed with sogp and weater before handling the
planting equipment, containers or plants. Specific per-



sonnd should be assigned to the transplant production
area, and they should not be allowed to return to the
transplant production areaif they leavethesteand make
any contact with soil until they have washed their hands
andforearms.  All implementsfor planting thet arelikey
to comeinto contact with the containersor plants should
be sanitized. If atray or plant fdls to the ground leve
soil, do not place it back onto the raised bench until it
has been sanitized. The discharge end of hoses or wa
tering devices, and other implements should not be -
lowed to be on the ground wherethey can become con-
taminated.

Wakways and access ways within the production
areashould be concrete or amaterid that can be easily
washed. The soil under the raised benches or frames
should be void of weeds and volunteer plants. Some
greenhouse production Stes have diminated exposed
soil by pouring the entire Ste with concrete for easier
cleaning and maintenance. All soil mixesand containers
should not be stored in contact with the flooring of the
dructureevenif itisconcrete. They should dso be stored
in such away that when the concrete floor is washed,
water splash from the floor will not contact the soil or
containers. Do not use pond or ditch water for washing
or irrigation. Cull piles of plants and used containers
should not be near areas used for plant production or
planting purposesand they should beburied or destroyed
as soon as possible.

Containers used for transplant production can be
reused repeatedly provided they are sanitized between
uses. All dleaning operationsshould beaway fromtrans-
plant and production aress. Prior to sanitizing the con-
tainersor trays, wash off the clinging soil and plant parts.
The washed containers can then be sanitized by soaking
them for at least 30 minutes in a commercid bleach
(5.25%) solution that isdiluted to 10% (one part 5.25%
bleach to nine parts of tap or well water). Other sanitiz-
ing agents and formulations are available, but the above
suggestion is made because it is known to be effective.
One logigticd problem that exists when trying to sub-
merge polystyrene trays in a sanitizing solution is their
buoyancy. It will take sgnificant overhead weight or
mechanical forceto keep them submerged. Solid, plas-
tictraysarebecomingincreasingly popular becausethey
are eadly washed and they submerge easlly. However,

they will not float if one is usng a floa-type transplant
production system.

At firgt sighting of some trangplants having disease of
any kind, the container or tray with those plants should
be removed from the production area until the cause of
the problemisdetermined. If they arenot removed, these
first groups of plantswith disease may serve asasource
of inoculum for the remainder of your operaion. It is
better to play it safe early rather than having a mgor
problem later.

For crops such as tomatoes or cucumbers that are
produced in hydroponic systems in the greenhouse, the
same level of sanitation used for production of trans-
plants must be utilized. Contamination of the rooting
zone of plants must be diminated whether the sysemiis
an ebb and flow water system or bags of moistened soil
are used for growing the plants. The same sanitary tech-
niques used for transplant production can be utilized for
crop production in the greenhouse.

Severd types of chemicals can be use for suppres-
son of Pythium spp. As mentioned above, sanitizing
compounds such as bleach are available and effective.
Many chemical seed trestments have been used for de-
cades. At the time of this writing, formulations of seed
trestment fungicidesthat contain mefenoxam (eg Apron)
are best because they strongly suppress Pythium spp.
and they are systemic. One of the negative characteris-
tics of mefenoxam and certain other non-broad spec-
trum fungicidesisthat resstance within the popul ation of
the intended pest develops and renders the product in-
effective againg those non-sengitive strains. For thisrea
sonitisadvised that aseed trestment be composed of a
seective fungicide, like mefenoxam, and a broad spec-
trum fungicide, such as captan and thiram.

Pre-plant, soil fumigation with chemicas such as
methyl bromide (available aslimited suppliesuntil 2005),
chloropicrin and metam-sodium are available. They are
effective if applied correctly. Soil fumigants are most
effectiveif gppliedintowell tilled soil thet isdightly moigt.
If the soil istoo wet, the vapors of the fumigant do not
move adequately through the air poresin the soil. If the
s0il istoo dry, the fumigant moves too quickly and the
exposure time of the plant pest a any one gtein the sail



isnot long enough. The linear air pockets from fumigant
chisals, disks, or shanks that remain to the soil surface
after thefumigation processmust be solidly seded. Fall-
ure to do so will dlow for an immediate and premature
escgpe of the fumigant from the soil which in turn, mini-
mizesthe needed effectsfrom the fumigant. Each fumi-
gant hasagtandard waiting timefrom time of gpplication
to time of planting or trangplanting. With chloropicirin
and metam-sodium, thewaiting period can beaslong as
threeweeksin heavier soilswith clay. With sandier soils,
dightly shorter waiting periods can be used, but if the
s0il ismoig, it would be best to wait thefull threeweeks,
even in sandy soils.

Somefungicidesfor suppression of Pythium-induced
diseases are available as sprays. These products can
be somewhat effective against diseases caused by
Pythium spp. that occur above the soil surface, such as
cottony lesk Mogt fungicidesthat are applied as sprays
will not adequately suppress disease below the soil sur-
face. If thefungicideiswater soluble and directed to the
s0il surface, the compound will leach into the rooting
zone and suppressthe funga activity below the soil sur-
face. Such isthe case with mefenoxam-containing fun-
gicides (eg. Ridomil Gold) for suppression of seedling
blightsand root rotsin young plants caused by Pythium
$p. However, if the spray is applied after infection
occurs, you will be less likely to dtain a postive re-
sponse. WITH ALL CHEMICALS, READ AND
UNDERSTAND THE INTENTIONS OF THE
LABEL. ITHASINFORMATION ON USE PAT-
TERNSAND RESTRICTIONS.

Heat can be used for suppression of diseases caused
Pythium spp. For suppression of Pythium spp., the
s0il must be heated to at least 120° F for at least 30
consecutive minutes to reduce the population. Thiscan
be done with steam for use in greenhouse operations or
solarization for useinthefied or greenhouse. For green-
house soil, steam can be rel eased into an enclosed body
of soil until the temperature of the soil at al Stesreaches
120° F for at least 30 min. In redity, to control other
funga pathogens, insects and weed seeds, a tempera-
ture of 180° F throughout the soil mass for 30 consecu-
tive minutesisrecommended. Because the seam may
not be ableto permeste deeply into soil fromitsgection
dte, smaller batchs of soil should be used to insure com-

plete pasteurization. Start the 30 minute count when al

the soil mass has achieved 180° F as indicated by a
reliable thermometer. Dry heat can be used but it is
typicaly not as effective as moist heat (Steam).

In the fidd, solarization of soil before planting can
increase the temperature of the soil and reduce popula
tions of soil pathogens, such asPythium spp. Solariza-
tion is done by securing clear plagtic over the soil sur-
face for up to 9x weeks. The soil temperature will in-
crease provided that direct sunlight is available. The
upper few inches of soil will incur the grestest increase
intemperature, 0 it islikely that solarization will be most
beneficid while the roots of the plants remain in the up-
per few inches of soil. Thismay provide some suppres-
son of diseasethrough the seedling or young plant Sages.
If dloudy conditions prevall during the solarization pe-
riod, minima benefit, if any, will result. Solarization has
been mogt effective in drier climates, such aslsradl and
Oklahoma, wherethe number of cloudlessdaysisgreater
than that in Horida

Fire can be used to reduce levels of pathogensin the
s0il. Theburning of brush piles on soil increasesitstem-
perature and will reduce pests in the soil where brush
pilesare burned. Thisismod likely to be useful in gar-
den or amdl gtes. Another advantage of such burnsis
the recycling of nutrients back to the soil.

Trellisng cropsto grow verticaly rather than on bare
soil will gnificantly reduceinfection fromPythium spp.,
paticularly in fruit. This technique has been extremdy
effective in reducing cottony lesk in fruit of tomatoes,
cucumbers, srawberries, and in beansthat producelong
vines. Smilarly, the use of plagtic mulch over the soil to
grow acrop will sgnificantly reduce fruit rots by smply
having abarrier between the soil and the fruit.

Manipulating organic matter, either by the direct ap-
plication of amendments or by planting crops for living
or debris mulches, may by beneficid in developing soils
with high levels of microorganiams that are antagonidtic
to or competitive with Pythium spp. Organic amend-
ments, such as sewage dudge or cotton gin trash and
mature composts from yard wastes and animal wastes,
may be used to reduce damage from Pythium spp. in
the greenhouse or fidd, but generdly, very high, and of-



ten uneconomical, amounts of the amendments are
needed. Solarization of soil that has been amended with
aged chicken manure plus aged yard waste has suc-
cessfully suppressed Pythium spp. Certain typesof peat
or composted hardwood bark have effectively sup-
pressed Pythium spp. in potting media in greenhouse
production systems.

Panting living mulches may support competing or-
ganigms in the fidd, but unless tested, may result inin-
creased populations of the pathogen. Some soils are
naturally suppressive to diseases caused by Pythium
Spp. or may become suppressve with increased organic
matter, manipulation of soil pH, or some crop rotations.
Combingtions of minimum tillage and multicropping re-
sulted in lower incidences of damage by Pythium spp.
on some crops, such as soybean, rotated with corn with
minimum tillage when compared to conventiond tillage.
Living mulches or plant debris used on the soil surface
for mulch may redtrict the movement of inoculum in
splashing water and, thus, reduce spread of the disease.
At thetime of thiswriting, many claims have been made
by othersin relation to the use of suppressive mulches,
s0il mixes, and fidld soils. Thepositivesde of thisisthat
research isbeing conducted, but the negative sdeisthat
this dedrable tactic is ill along way from being em-
ployed rdigbly.

Severd biologicd control agents, including actino-
mycetes and other ba:terla, fung| and even sdected
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Flg 1. Hyphae zoospores |n'a veS|cIe and
sporangia of Pythium aphanidermatum.

speciesof Pythium, areavailable commercidly individu-
aly or ascombinationsfor suppression of soilborne plant
pathogens. Although agrest dedl of effort has been ex-
pended for the devel opment of these products, their suc-
cess rate has been varigble, at best. The mogt likely
stesfor their success arein highly controlled locations,
such as hydroponic systems or containerized nursery
systems, that alow the addition of the biological control
agentsto apasteurized or serilized growth medium prior
to the buildup or recontamination by the pathogen, such
as Pythium spp., or prior to asmilar buildup of poten-
tid microbid antagonigtsto the biologica agents.

Congant plant growth and proper nutrition of the plant
are capable of reducing infection from Pythium spp.
Thisis exemplified by increased plant growth when ni-
trogen fertilizer (ammonium nitrate) was applied to oats
and millet (Fig. 10) that wereydlow and dightly stunted
because of infections from Pythium spp. in the roots.
Thenitrogenisnot fungicidd; it alowsthe plant to grow
quicker if even a dight nitrogen deficiency exidsin the
soil. If the plants are severdly stunted and near degth,

this tactic will be usdess. The suppressve effects of
various nutritive amendments, such as calcium and po-
tassum, have been studied for control of Pythium spp.
No definitive statements can be made with rdiability on
thissubject a thistime except that someindividuascdam
that the addition of calcium or potassum ions have had
suppressive effects againg Pythium spp.

Fig. 2. Oospores of Pythlum sp. In ceII
root tissue.



Fig. 3. Microscopic view showing sloughing  Fig. 4. Microscopic view of healthy root with

off of root cortex from infection by Pythium. intact cortex.
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Fig. .5. Seedling blight of spinach caused by Fig. 6. Seet_jling blight of _'_:oybeans caused by
Pythium sp. and Rhizoctonia sp. Rhizoctonia sp. and Pythium sp.

.




Fig. 7. Stem rot of tomato caused by Pythiumsp.  Fig. 8. Pythium blight in lettuce transplants.

Fig. 9. Yellowing of pepper seedlings from  Fig. 10. Yellowing of pearl millet from
Pythium root rot. Pythium root rot.



Fig. 11. Root rot of pear! millet caused by Fig. 12 Ydlowing of wheat leaves caused by
Pythium sp. (on left) and healthier root system Pythium root rot.
on right.

Fig. 13. Death of wheat plants from Pythium Fig. 14. Yellowing and stunting of wheat
root rot. caused by infection by Pythium sp. And
soilborne wheat mosaic virus.



Fig. 15. Pythium root rot (Brown rot) of Fig. 16. Wilting of pepper s caused by infection
carrot. with Pythium sp. in roots.

Fig. 17. Pod rot of peanut (black) caused by Fig. 18. Aerial blight (cottony leak) of young
Pythium sp. and galls caused by root knot nema-  bean plants caused by Pythium sp.
tode.



Fig. 19. Aerial blight (Cottony L eak) of fruit of Fig. 20. Fruit rot (Cottony Leak) of cucumber
yellow summer squash caused by Pythium sp. fruit caused by Pythium sp.



