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CHAPTER I
INTRODUCTION AND REVIEW OF LITERATURE

Gerahium (Pelargonium hortorum): Seedlings

vs., Cuttings

Geranlums are perennlal herbs or shrubs, mostly of Affica, and
grow in the open in warm regions. The numerous horticultural forms are
usually not distinguished in reports, but the following species or
varieties are sometimes distinguished (16): (a) P. domesticum Bailey,
Lady Washingtdn geranium; (b) P. giaveolens L'Her., rose géranium; (¢c)

_P. hortorum Bailey (X P. zonale Willd.), fish geranium; (d) P. peltatum
Adt., ivy geranium.

Geranlums represent one of the most exciting commercial flower
crops in the country.. No other fléwér has shown a greater rate of
increase in dollar value to commercial floriculture and better perform-
ance for purchasers during the last twenty years. In 1959, geraniums
were the sixth most important flower crop in the United States.
Chrysanthemums, bedding plants, roses, carnations, and foliage plants,
in that order, ranked higher than geraﬁiums (19). In many areas, it is
the No. 1 pot-plant. Current economic trends indicate that the demand
for geraniﬁms is still on the increaée. One of the chief reasons for
its great popularity is its ability to grow and flower under adverse

and varylng conditions of temperature, soll, light and moisture. It is



Qéfy versatile,iﬁ its‘ﬁsage and adépts well to tﬁe»averége homeowner's
‘1dea of what a plant should do; namely, flowef ali summef:long;ﬁithoﬁt
recelving much care.

" Surely, a majbr development’inrgeraniumé'is thé newer seed-
vpropagated strainé.v For the firsﬁ'timé, seed—geraniuﬁs are seriously
challenging‘cutfing—propagated planfs including the all important
"4—-inch in flower" market for April-May sales. The ﬁain thing
hindering the‘expansion of the seed geranium markeﬁ is that many
growefs just donft bélié?e they Qill flower‘in May. Too many growers
had'ﬁhfortuﬁate experiences with earliervvarietiés. In Spring 1977,
hundreds of growers across the U.S;‘gréw millions of.seed geraniums-
both asvflafs and 4's. Théy'confirmed.one point that flowering df»ééed
geraniums ‘is reiiable (3). |

- The seed geianium has experienced‘avrapid rise in popularity'ih,
recent yeafs énd are now . in seventh pléce among the’1979‘seasqn's major
bedding plants (29). _Impatiéns, marigoids,‘begbniaé, geraniums from
cuttings, vegetable plants; and petunias, in that order, ranked highér
;han seed geraniums. Seéd strains are not all'thingsuto’all growers.
Tﬁey still havé mainlyva single flofet vs. the semi—ddubles’of most
v cﬁttings..‘Alsos there ié a tendenéy for some seeded éhltivérs to drop
petals during shipment. But tﬁe economics’came were obvious:' seed
propagation eliﬁinates the'fuel-costly growing’of mother plants from\_:
Septembef through March. Seed pfbpagation'perﬁitS‘schéduling.large
biocks_of plants to flower at once ahd_dbne'properiy, they will all
flower'uniformly. Also, seedling'geraniums often perfofm better out-
dooré in the summer‘than.the plants,frpm cuttings (3, 4). Seed_:

geraniums are relatively free of viruses or other pathogens that:



plague most cutting types. ‘This does not mean that seed geraniums are‘
particulafly resistant to diseases. It dbeé mean starting with a
healthy plant. vThere may be éerﬁain disease organisms preseﬁt on or in
the seed that infect‘the young seedlings, but seeds are usually
surface—treéted with fungicide.

Seed geraniums are ﬁot‘being pUshed'to replace cuftings but to
~ develop a new market for geraniums as a bedding plant, along with

petunias, impatiens, etc.
Séedfborne Diseases

Seedling diseases are important to the growerS'because‘of: ‘(a)‘
poor stands, (b) a decrease in production, (c) excess amount of seed
being reéuired, and (d) weakeﬁing.of.the plants, making it much eéasier
- for secondary organisms to infect.k The contfol of disease.during seed

germination is one of the most important tasks of therprbpagatdr. vThe
most universally destructive pathogens are those that. cause "dampihg—
off," which may cause serious losses of young plants. There are mény
fungal, Qirél, and bacterial diseasesvthat are seedborne and are
responsible for damping-off and other seedling diseases. iq sucﬁ
cases, Specific methods of control aré required during propagation.
Seed treatment with fungicides is the most practical and ecdnomiéally
'éouﬁd means for proﬁection againsﬁ.soilborne or seedborne‘diseases.:
 Fungicides used_to‘treat seédé, arerchloranil; thiram, ferbam, benomyl,
‘captan, and ziné trichlorophenate. All are availlable under various -
trade names., | |

Even though geranium seeds are usualiy fungicide*tfeatea, it would

be of intetest to know which, 1if any disease organisms are on br in the



.seeds of 'Sooner Red' and 'Fire Flash' harvested in Baha, California

and Costa,Rica.1 This is the area where much of the seed is produced.

tRythium ultimum Trow v

Background

The genus Pythium was established by Pringsheim in 1858. buring o
the past several decades;- research on plant dlseases causing economic
loss in specific crops. has stressed the role of Pythium spp as root
pathogens. ‘The genus Pzthium includes a number of readlly recognlzed
species with wide dlstributlons and host»rangesf

ThevdiseaSe'that tops any geraniun:grower's list is conmenly
called stem rot or blackleg;‘ It nanifests,iﬁself,by blackened, rotte&
areas of the'stem;‘ The blackleg disease'of gereniums caused by species
of Pzthiun was found by ward in England in 1883 (19, 31). UDuring the
1attefbpart of 1919;>£. debarzanum‘Hésse sensu Mid&ie;on and‘tnfee‘
bother fungi belonging to'the same. genus were isoleted from blackened
gerenium stems inlthe aéricultnral greenhouses:at Washington D.C., and
were found capable of reprodncing‘this conditien when‘inoculated inte
healthy cuttings (9). According to Middleton (22); Pzthium'spp. fhat

~infected Pelargonium spp. were P. ultimum, E:’splendens, P. debaryanum,

P. vexans, P. megalacanthum,_B.‘intermedium, 2, mamillatum, and. other .
related species. The disease appears first as a brown water—soaking'

at the base of the cutting or weunds on the ycung plants. ' The rotted

1Seeds for this study were donated by the Ball Seed Company, West
“Chicago, 1llinois 'Sooner Red' seeds were harvested in Baha,
California, and 'Fire Flash' seeds were harvested in Costa Rica.:
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area rapldly enlarges and turns coal-black, progfessiﬁg 3 or 4 inches
up the stem from the base of the cutting (9).

Pelargonium cuttings were easily infected by thhium spp. and
often mentioned in the early literature (9, 10, 11), whereas little or
nce information was -discussed relative to the blackleg disease of seed
geraniums.

Pythium ultimum was first described by Trow (28) in 1901 as a

pathogen in rotton cress-seedlings and first mentioned by Gill (22) in
1336 as a pathogen infecting Pelargonium hortorum. According to
Middleton (22), P. ultimum is Cloéely related to P. debaryanum which
causeé serious disease on a variety of plants including:Pelargonium
spp;e P. ultimum affects # large‘ﬁumber of plant species of Aloe,

Antirrhinum, Azalea, Begonia, Brassilca, Calceolaria, Calendula, Citrus

aurantium, Coleus, Dahlia, Euphorbia, Lilium, Pelargonium, and

Saintpaulia. In addition to a wide host range, this pathogen aiso has‘
a wide geographic distributién includihg areas such as the United
States, the Union of South Africa, Canadé, England, Philippine Islands,
Australia, Rhodesia, Francé, New Zealand, Germany, and Denmark (22).

Pythium ultimum is perhaps the most common member of the genus

in the United States and frequently reported throughout the world
and is a major root pathogen affecting a large number of plant'

species, especially in the seedling stage (1, 13, 18, 20, 22, 25).
Infection

Most -Pythium spp. infect mainly juvenile or succulent tissues.
This restricts their parasitism to seedlings or the feeder roots or

root tips of older plants, and to watery fruits or stem tissues. They



do not-spréud widely throughout host cells. and nfu qﬁickl} followed by -
more éggressi&e-ér faster érbwingvfuﬁgi;'-Juvenile or sucéulent host
tissue is very suSceptible to infection and Pzthiﬁm spﬁg éommdnly,
infect seéd'and thé radicals causing seed roﬁ and ﬁré—emergenée .
‘dampiﬁg—off. This disease 1is most notiCeéble in nurséry beds;'greeh—
house flats, and row croﬁs because stptons’devélop‘suddenly, killiﬁg
‘ ?1arge>numbers éf seedlings in 1o¢él areas (13). 'Atvé later stage,
when cells of stems and main roofs have developed secondary Wéll
thickenings, infection ié restficted to feeder roots, causing seedlings
to become stuntéd and chiorotic; Thié éarly roqt‘rot is an important
cause of poor growth and‘yield in many agricultural crops, since'plaﬂts
‘frequently fail tb recover even 1f conditions becomevunfavorable fof
further diséase deVeldpﬁent.-»Suéééptibleffeedef roots are almost
constantly present under perenﬁial pianté, and bééome infécted when
envirdnmentél conditioﬁs are favorable.

Many histologicai studies of penetration have been méde. vspencer
& Cooper found that infectién of cotton fddts by gerﬁ tubes from
éoospores océuréd in- about 2 hours, while inféétipn by mycelial‘fragﬁ
ments took about 12 hours (26); P. ultimuﬁ penetratés the roots of
peach by meaﬁs of iﬁfectién pegs'produéed ffom éppressoria. Subéequent
growth of this fungus is both intercellular éﬁdvintracellular.f'Hyphae
of 2, ultimum penetrate the roqt,'within 5 to 8 hours, mainly at Junc=
tions of epidermal cells, with intraééliularbinVééionvoccuring into an
adjacent cell. Colonization of thé cortex 6ccurs withih 24bhogrs;~énd
stelar invasion by 36 hours. . Ceil collapse aﬁd Sepafatiop.follow.‘
Colonization of rpdt cells is limited to those ceils 1acking secondary

thickening of the cell walls (23).



Envirohmental‘Factors Influencing Disease

Develogment

Diseaserdevelopment‘depends on environmehtal conditidns; hest
suseeptibility, and the breeence‘of virulent Pythium Spp- Soil tem-
perature and moisture are the most importane‘factors. Which faefor.
is mere important in’eny‘given instances 1s sd@etimes depeﬁdentfon the
vathium species involved (13). Biesbock & Hendrix (8)efound that.g}
vexans responded more to soll moisture than to soil teﬁperature, par—'
ticularly to.a wef—dry cycle involQing saturated soil. ’Ef irregulare
responded more to soil temperéture than to soil moisture. Klisiewicz
(17 found that certain Ezghigmbspp, caused more damping-off and foet
rot at low temperetures,,wﬁile'otheré were more’damaging at high tem-
peretures, Generally, P. irregulare,,g, ultimum and related species

are more damaging at lower temperatures, while P. mzriotzlum, 2,‘

'aphanidermatum,_g. arrhenomanes, P. sglendens anderelated species are
more daﬁeging at higher tempefatures“ ’According to Middletoﬁ‘(22), tﬁe
‘minimum temperature for mycelial growth‘of P. ultimum on'corn'meel agar
- was loC, an eptimum of 280C, end a maximum of 37%. Bateman (6) dis- -
~ covered that’Poihsettia reot rot due to P. uitimumkwés_very severe whenk
the soil moieture level was above 70%;5but mech less severe 5£ values
lower ‘than 70%;‘ g.‘ultimum eaprOphytieally colonieed 8;12% of dead,
exclsed peach roots in soil at 30-90% meiseure holding capacity.
Griffin (12) found that £, ult1mum‘grew well under_conditions‘where‘tﬁe
pore'space‘was filledeifh either weter or air. He‘concludedfthat
toleration of high soil”moistufe and conditions of poor gae exchange

were an ecological advantage to this fungus.:



Survival

Pythium Spp. survive in soil by séprophytic growth ‘and by
.resistant resting structures;_ Tﬁey are not vigorous competifors, and 
their séprothtic activities.are greatiy restricted (5). Generally,
they groW'sapropﬁytically only under circumstances where otheflérgan—

_‘isms either are not present or»havé greatly reduced activity due to
envirénmental cbnditions. | |
The chief mechanism of survi§al for PZthidm spp. is by means of
zoosporesuand sporangla for short and ihfermediate periods, and k
oospores for longer periodée, Stanghellini &‘Hancock @27 fbund'that
sporangia of P. ultimgm persisted for 1l months in air-dried and ﬁoist
field soil with little or ﬁo decrease in eithér the rate or pefcentage
germination. - P. ultimum has'élso béen,reportéd to survive at -18°C

for 24 months, and in air—dried soil fot 12 years (15).

Control Measures

As with many other plant prdblems, ﬁrevention of root rots is
the best measure against infection.v Most Pythium spp., once estab-
liéhed in soil, produce oqspofes that petsiét for many years. Once
‘established in the soil, these resting stfuctures are virtuaily impés—
sible to eliminate except with wide spectrum soil fumigénts (13).

On a smail scale, Pzthiﬁm spp; can be eliminated ffom soil for
greenhouée use by heating. The cdmmon‘method is Bybsteam treatmept
or pasteufization. Thenlattef.methdd 1s preferred because it does not
kill all organisms or drastically»élter soil structure. Excessive heat

treatment may so change the blotic flora as to render the soil unfit



for plant growth.

Fumigation with chloropicrin or methyl bfomides or combinations of
the two, is now standard practice'in many nursery and horticultural
operations. - An important advantage of fumigatiqn is the control of
weeds, many of which also harbor pathogens.

Captan, ferbam, thiram, and zineb have been tried to control
'Pzthium'root diseases with limited success in greenhouse tests.v Soil
drenching has also proved effective. Lesan (Dexon) (p-dimethyl~
aminobenzenediazo sodium sulfonate) is active against several Pythium
spp. Truban (ETMT, Terrazole) {(S-ethoxy-3-trichloromethyl-1,2,4,-
thiadiazole) was introduced in 1970; The 1978 Farm ChemicalvHandbook,

indicated that Truban is used for control of Pythium and Phytophthora.

It is available in combination with methyl thiophanate as the brﬁad
spectrum soil fungicide Banrot. Wheeler, Hine and Boyle (32) found
that Terrazole had activity as great or greater than Lesan against
Pythium spp. |

Most pre~ and some post-emergence dambing-off may be controllied by
seed treatment with a suitable fungicide or combinations of fungicides
such as captan or thiram.

In the lbng run, control of Pythium diseases by resistant culti-
vars may be a promising and enduring approach to effective‘contfol,k
Due to the wide host range of many Pythium spp., this will be a

difficult breeding job.
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Research Objectives

The objectives of this study were:

L.

To determine what organisms were associated with seed-borne

diseases of Pelargonium hortorum cultivars ‘Sooner Red' and

'Fire Flash'’;
To observe the effectiveness of two fungicides, Truban (Mall—
inckrodt Inc.) and RE 20615 (Chevron Chemical Co.), against

Pythium ultimum inoculated on 'Sooner Red' and 'Fire Flash'

plants at.two different ages; and
To observe the effect of time of fungicide application on

control of Pythium ultimum.




CHAPTER II
'MATERIALS AND METHODS

Experiment l: Isolation and Pathogenicity

Test of Seed-borne Organisms

The geranium seed used in this experiment and the following
experiments consisted of two cultivars 'Sooﬁef Red' harvested in Baha,
Califorhia, and"Firé Flash® harvested’in Costa Rica. These seé&s were
contributed by the Ball Seed Company, West Chicago, Illinocis, and had
not been treated with a fungicide when received. The‘experiment.was

conducted in the transfer room of the Plant Pathology Labbrétory.

Isolation of Organisms from Seed

The»seeds were divided into ‘two portions. One portion was un-
treated to determine Whetﬁer surface~borne pathogeﬁs were‘present, The
other portion was surface diéinfested to determine if pathogeﬁs were’
preéent within the seed.

The first portion of 150 seeds of each cultivar were soaked in(
running.tap water for‘45’minutes and théﬁ rinsed three -times with |
sterile, distilled water.. Thfeé seeds were placed (piated—dut) on
each of 50 water agar (WA) plates.

The‘second portion of 150 seeds of each cultivar were SOaked in

running tap water for 45 minutes and then disinfested with a 1:4

11
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dilution of 5.25% sodium hypochlorite {(Clorox). The disinfestant was
drained off and the seeds washed three times with sterile, distilled
ﬁater. Three seeds Were_plated—out on each of 50 WA‘plates.

All plates were incubated at foom‘tempefature (25°C). After 4
weeks, some seeds and seedlings were surrounded with unknown organisms;
bEach organism waé transferredkby hyphal tips onto Potato—ﬁextrose Agar
" (PDA) for inoculum increase. Eéch PDA plate received one organism and

was incubated at room temperature.
Pathogenicity Test

First Pathogenicity Test

Surface-disinfested seeds of the two cuitivars were plated-out on
PDA plates and germinated at room temperature. Each PDA plate received
10 evenly separated seeds of’the samé cultivar. The plates were
examined with a low-power dissecting microécope at 24~hour intervals.
Some seceds were free of contamination and some contained contaminating
colonies'whiqh were carefully cut from the agar. Approximately 5 days
later, seedlings which appeared norm#l and organismwfree under the
dissecting microscope were individually transplanted. Three seedlings’
of the same cultivar were moved with forceps andvplaced at regularu
intervals on a special agar in Bi-petri plates (30) (Figure 3, P. 26),
One half of each Bi-petri piate was filled with 27 agar made with 2/3-
vstréngth Hoagland's solution (145. "The Hoagiand-agar plates (HAP) were
placed horizontally at room temperature for 6—8vhoﬁrs. This allowed
the primary root tb start down into the agar. The plates were then

placed on edge to allow the séedlings to orient nofmally, and allow the
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vtopé to groﬁ uphard into‘the égar—free‘half of the plate.  The
seedlingé,received 200 ft-c of»coél white fldoréséent light for 8 hqgfs
,é day;v ' | | |
Four‘days after tfansplahting ybung seedlings to HAP; the éfgah—
isms‘previou31y isolated_frdﬁfthe seed Weré cut with a cork borer
into several_égaf diécs and one disé'of:inoculum'was placed between
;he roots of 2 adjacent,see&lings'about>6 mﬁ_beléw fhe uppér,HAP
surface. Each HAP plate received one kind of‘orgahism»which ﬁas‘
‘isolated from the séﬁe_cultivar as the seedlings grown on ‘the HAP»
plate. The mycelia grew intq cdntact with tﬁe seedlings.  Two. weeks
after inoculation,’soﬁe organisms were found to bevpathogenié, some
wéré not. Those having batﬁogenicity wefe'reisoiated Qﬁ PDA plafes, 

‘Pure cultures;were made,at'this time by hyphal tip transfer.

‘Second Pathogenicity Test and Identification

The pure cultures were tested again;fdr ﬁathqgenicitybusihgfthe.
same method,aﬁd prdcedurévdeégribéd aone; Each organiéﬁ was>inocu—'
lated on both seedling cﬁltivars and‘3 repiicatiohs were made. . Two
weeks after inoculation, those again shdﬁing‘pathogenicity'were_ : |

collected and identified.

Pathogenicity Test on Different Seedling Stages

The éeedliﬁgs of Both‘cultivars were grown  on HAP until i, 2, 3,.‘
4"59 and 6-wk—01d. The pathogenié organiéms identified‘ﬁere used
to inoculate theée.six_seedling stages. Ih addition; three.honpétho_
vgenic organismsvisolated from the same éeed were used'to ihoCulaté thé

l-wk-old seedlings. The inoculation procedure was the same as above.
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Experiment 2: Comparison of Two Fungicides -
on Control of Pythium Blackleg onb

14—wk—01d Plants

Experimental Treatment

 A total of 12 treatments with two_éultivars were asvfollows:

"Sooner Red'

1.  Contfo1.—- Non infested soil; no fungicides

2. Control = Soil‘artifiéially infested with‘Pythium ﬁltimum;
‘nO‘fungicides' | | | | »
‘3° Infestéd,‘Truban apﬁiied at‘transplénting
4, FInfésted, Truban épplied one week after tranSplantiﬁg.
A 5{v Infeéted, RE 20615vépplied at transplanting

6. Inféstéd, RE 20615 appliéd’one‘week after transplanting

"Fire Flash'

Treatments 7 through 12 were in the‘samelsequence as shown above.

Seedling Culture

'Sooﬁer Red’ and ’Fire‘Flaéh"Seed:tréated with Thiram.were
directly seeded with i seed per 7.62 cm (3ein¢ﬁ) plastic pot on
January 31{ 1979.. . The grqwing medium wés Rédi—Ea?thl,WhiChuhad been
steam éteriiized., o | B |

, TS v o o
Germination was under an intermittent mist system and a 21°C

: lRedi--Earth is a commercial péat¥vermiculite’growing medium, from
‘W.R. Grace Company. - i B o 3
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(70°F) soil temperature was‘maintained,  After germiﬁation, the
Aseedlings were movéd to a greenhouse maintéined»at a night temperaturé
of 17°Cv(62bF) and a dayvtemperatgrebof 21;240C (70—75°F).1'
vPlants,were'watered with tap water applied;wifh a clean beéker.'
so as to pre#ent splashing; The-SOil was éll&wed to become dry to the_
touch between waterings. . Aftér,eStéblishment in 7.62:cm poﬁs; the
" seedlings wérefertilizea with 500 ppm of N’-PZOS and K20 using'20—20fv
20 weekly.

The seedlings weré,utilized in the experiment when they were

14-wk-oid.

Inoculum Preparation

A culture of Pythium ultimum was obtained from the University of

Illinois, Urbana, Illinois.z,’Ihe source was‘from:beans frdm'the
Experiment Station at Geneéva, New York. A pure culture’was madé by
. hypal tip transfer after the cu1ture was received. The’pure.isolate
bwas maihtained on PDA and transferredbmontﬁly. The,same’iéolaté'waé
used.for all experiments. | B
For soil infesfation, the fungus was groﬁn on a médium 6f corn- -
meal and s.and.‘3 The pufe isblate was grown in: the mediﬁm in onquuaft
fruit jars for 12-14 days at room temperafure, The inoculum then was

dumped out and grOhhdvfinely-in a'sﬁrface-sterilized grinder. This -

2Courteéy of Dr. R. D. Neely, Plant Pathology Departmeﬁt.

'3Corn—meal_sand medium: S
" Water =m—mmoem 1500 ml
Corn-meal m=w=rommmm——— 1000 g
- Washed white sand -=--- 1000 g
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'finely greund inoculum was mixed well to gilve a uniform 6rganism

density.

Fungicides

" The fungieides used were Truban (30 W.P;)4eand a new experimental

fungicide -~ RE 20615 (50 W.P.),5 According to recommendations,'the

‘“rates used were:

Truban - 2. 3 g per 3 78 liter (8 oz/lOO gal of water) ‘and 90 ml
per 11.43 cm plastic pot (3 0z/4.5" pot).
Re 20615 - 1.4 g per 3.78 liter (4-8‘02/100 gal of water) and.

90 ml per 11,43 cm plastic pot (3 dz/4n5”'p0t);

Soil Infestation and Fungicide Application

Ttanaplanting‘and~infeatation were done May 9, 1979.. In tfaﬁs—
’planting,the'l4—wk—old élants from’7.62 cm pots to 11.43 cm pots, the
root ballsvwere"handled With'ﬁinimum damage. Each 11.43 cm pot’j
vfeceived 120 g of steam—sterilized.RediéEarth and 60 g of’prepared
| inoculum. The growing medium and inoculum were mixed thoroughly

The application of each fungicide to the ‘11. 43 cm pot was made
immediately after transp]anting and divided into two. parts fortyffive

‘ ml of fungicide was applied first, 104 ml of tap water was added

4Truban '
‘Mallinckrodt Chemical Inc. :
"5~ethoxy 3~trichloromethyl 1,2, 4 thiadiazole
SRE 20615: |
" Chevron Chemical Co. ' Lt
2-chloro=-N=(2,6- dimethylphenyl) N-(tetrahydro—Z—oxo—S--
furanyl) acetamide '
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folloWéd by another 45 ml éﬁ‘fungicide and. finally another 104 ml of
_wafer.‘.This split appiication wés to improve th¢ pene£ration of
Vfungicides} The total amount offfluid‘the 11;43 cm pot réceiVed was
1258 ml (10 oz) of which 90 ml was fungicide and 208 ml water. No
| léaéhing occurred: o | o

The.fuﬁgicidés were applied at 4-week intervals following thé

““"rates and method described above.

Watering System

In order.tb avoid’sﬁlashing water an@ possibly leaching thé
: Qrganism and fungicides through thé b9ttom holés'of the pot, a plastic -
-saucer 17 cm‘in diaﬁeter holding about 267 ml water was placéd.undérv. 
each.ll.43 cm‘pot; WAter was added ﬁo the saucer and the‘water was

: ébsofbed ﬁykcépillar§ mgveméht. Thé saucers were filled every'ﬁfher

day and any water remaining iﬁ the saucer Qas dumped but 8 hours later{ g
‘ ‘ b using 20—20-2061

Plants were fertilized with 500 ppﬁ of N,P205 and K,

weekly, applied. in the saucers.

Experimental Design

A randomized complete block design was used with one'pot per

treatment that was replicatedztwelve times.

Physical Arrangementb

The study was. conducted in‘the_Horticulture Greenhouses. TWelve

wire benchés each 107 x 365 cm were used. . Pots were. spaced 54.8 x 76.2

6Pe:er Fertilizer Products, W. R.. Grace & Co.
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cm apart. The blocks ran. from east to west along the length of ‘the
bench. Block 1 was closest to the cooling pads while block:12:was
farthest from the pads (Figure 1), Border piants werejplacéd on the -

" east and west ends of the bench.

Environmental Conditions

The plants weré &fanspianted aﬁq inodulatéa,May 9, 1979 and the
termination date of'the experiment was June 20, 1979. ‘During this
period of'timé, the sdil‘témperature was épproximately 214240CL'
(7O~750F),.the night air temﬁeratUre was gboutVZOOC:(68QF), andifhe day“'
temperature was,aﬁproximétely 24-31°% (754880F). 'Light intensity was
appfoximately 4000—4500 fbot-qandles~during the brighﬁest part of thé‘f

day.

Phytotoxiéity Test

Fofty—eight plants-were’uséd to test phytotoxicity. Twenty-four
-plants of each cultivar were treated with Truban and another 24 plants
of each cultivar were treated with.RE 20615 at the rate and amounts

petr pot previously described.

Data Recorded

1. Top rating - A scale of 1-7 was used; 1 having the loﬁest &is—
ease severity and 7 having the highest (Figure:2). Feétufes taken into’
consideration were: 'degréé of‘chlorqsis, blbom quality, amount of
'vegetativé growth,.and’numﬁer‘of breaks;v Tob féting ﬁas taken‘tWice,
the first time was four‘weeks after ihocuiatibn énd‘thevsecond Qas six}

weeks after‘inoculatiOn.



Figure 1. View of Overall Experiment for l4-wk-
ald Plants for Pythium - Fungicide
Studies. Plants Were Set in A Ran-
domized Complete Block Design With
Border Plants on the East and West
Sides of Each Bench.



1: Healthy
7: Most Severe
Cultivar: ‘'Fire Flash'

Figure 2. Top Rating Scale From 1-7

20
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All data below were racorded éix weeks after inoculétion only.

.2. Plant height (cm) - The height was measured ffom the soil line
fo the first top node of the‘highest brénch.

3. Tép fresh weight (g) - The abové—groupd plant parts ﬁere care-
fully handled ﬁithout losing dead tissue still hanging on the“plant,
The fresh top‘was_weighed as éoon as it was cut off.

4. Ratio of the length of stem diScoloration to the tob height in

.percentage.

Other Data Recorded

1. Flower Bud Formation -- To observe whether flower'budé fofmed
after inoculation.

2. Reisolation -- Stems from which isolations were to be made
were. first scrubbed ffee of adhering soil, then rinsed in 75% alcohoi.
Bits of tissue at the infection marginvwere quickly excised with a
flaméd scalpel and pléced on water agar plates which were incubated at
rocm temperature. About 36 hours later, hypal tip transfer to PDA

plates was made and after a week of growth the isolates were identified,

Experiment 3: Comparison of Two Fungicides
on Control of Pythium Blackleg on

7-wk~o0ld Plants

Except as indicated below all experimental procedures were the
- game as those employed in Experimenth.
The age of the plants used was 7 weeks. Watering was done every

two days. The transplanting and inoculation date was June 13, and the



termination date was July 26,~1979.. During this period Qf ﬁime, the
soil temperature was 22-31°¢ (72—880F),‘the:night air temperatﬁre was,lx
'about 22% (72°F), and day temperature range was 27-35°C (80—95°F);

The light intenSity was approximately 4500;5000‘f§ot;candles.dgring

the brightest part of the day.



 CHAPTER 1II
RESULTS AND DISCUSSION

Experiment 1: Isolation and Pathogenicity

Test of Seed-borne Organisms
Results

After the secdnd pathogenicity test,: seven pathogenic isolatés
were obtained. Five werevidentified as Alternaria spp., one as
Nigrospora sp.,.and one as Curvularia sp.. Curvularia sp. was isolated
from 'Fire Flash' with no surface~disinfestion; Nigrospora sp. from
'Sooner Red' with surface-disinfestion; and Alternaria was isolated
twice from 'Sooner Red', once with surface—disinfestion; once with no
surface-disinfestion and three Alternaria isolates were obtained from
'Fire Flash', two with no surface-disinfestion and one with surface~-
disinfestion (Table I). In addition, five nonpathogenic organisms --

species of Aspergillus, Penicillium, Torula, Hormicium and Cladosporium

were also isolated.

The three iéélated seed-borne pathogens -- Alternaria, Nigrospora

and Curvularia, were used to inoculate the six different seedling
stages of both cultivars. These three isolates proved to be highly
pathogenic to 1, 2, and 3-wk-old seedlings of both cultivars, but they

had little or no effect on 4, 5, and 6-~wk-old seedlings of both cul-

tivars. Species of Aspergillus, Cladosporiﬁm and Torula were not

23



TABLE I

PATHOGENIC ORGANISMS ISOLATED FROM SEED

Sooner Red Fire Flash
Organisms sp” NSD° . SD _ NSD Total
Alternaria ‘ 1* 1 v 1 , 2 5
Nigrospora 1 1
Curvularia 1 1

xNumber of isclates
Ysurface-disinfested (tréated with 1:4 Clorox)

zNon—surfaceadisinfested

24
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pathogenic on l-wk-old seedlings of either cultivar (Figure 3).
Discussion

Both"Seoner Red' and 'Fire Flash' had seed-borne pafhogens
regardless of the location whefe,they were produced. According to the
results; Alternaria might be in or on the seed, Curvularia on the seed,
and Nigrospora in the seed. However, this may not be the‘eese.

Further study is needed to determine if the pathogens are carried
internally. Alternaria spp. were isolated five times from seed, -and

- appears to be a more prevalent seed=borne pathogen.

Alternaria; Nigrosﬁora, and Curvularia were very pathogenic to
1, 2, and 3fwk~old seedlings, but appear to be less virulent as the
seedling age increases. This means that they are weak pathogens but
the fungicidal seed tfeetment is still needed to get a good germination

rate.

Aspergillus, Cladosporium, and Torula caused no damage on l-wk-o0ld

seedlings whereas Alternaria, Nigrospora, and Curvuiaria did."This
means that pathogenicity was not associated with age of seedlings in
these studies and that the former three organisms were not pathogenic.
It should be pointed out that the results of isolations vary
according to the techniques used. Other,pathogehs might have been

isolated with different techniques.

Experiment 2: Comparison of Two Fungicides
on Control of Pythium Blackleg on

l4-wk~0ld Plants

According to the Analysis of Variance (AOV), the data for



a). Inocculated with Curvularia on l-wk-o0ld b).
Seedlings. .
Upper Left: ‘Fire Flash', Dead
Upper Right: 'Soomer Red’, Dead
Lower Left: ‘'Fire Flash', Contrel
Lower Right: 'Sooner Red', Control

Figure 3. Geranium Seedlings Growing in Bi-petri Plates on Agar Made With 2/3-Strength Hoagland's

Solution (HAP) After a 2-Wk-Infection Period.

Inoculated with Nigrospora on l-wk-old

Seedlings. .
Upper Left:s 'Fire Flash', Dead =
Upper Right: ‘'Sooner Red!, Dead :
Lower Left: 'Fire Flash', -Control
Lower Right: ‘Sooner Red', Control

9¢



). Inoculated with Alternaria om l-wk—old
Seedlings. .
Upper Left: ‘Fire Flash®, Dead
Upper Right: ‘Soomer Red', Dead
Lower Lefts 'Fire Flash', Comntrol
Lower Right: "Soomer Red", Control

Figure 3. (Continued)

d).

Inoculated with Aspergillus on l-wk=-old
Seedlings. :

Upper Left: 'Fire Flash', Healthy

Upper Right: 'Sooner Red', Healthy

Lower Left: ‘'Fire Flash'®, Control

Lower Right: "Sooner Red', Control’

Lt



e).

Inoculated with Cladosporium on l=wk-o0ld

Seedlings. : .
Upper Left: 'Fire-Flash', Healthy

Upper Right: 'Sooner Red', Healthy
" Lower Left: 'Fire Flash', Control
Lower Right: "Sooner Red', Control

Figure 3. (Continued)

‘Inoculated with Torula on l-wk-old

Seedlings.
Upper Left:  'Fire Flash', Healthy
Upper Right: 'Sooner Red', Healthy
Lower Left:;  'Fire Flash", Control
Lower Right: 'Sooner Red', Control

8z



g). -Inoculated with Alternaria om 2-wk~-o0ld
o Seedlings.
Upper Left: 'Fire Flash', Dead
Upper Right: 'Sooner Red', Dead
Lower Left: fFire Flash', Control
Lower Right: 'Sooner Red', Control

Figﬁre 3. (Cdntinﬁed)

hY.

Inoculated with Nigrospora on 2-wk-o0ld

Seedlings.

' Upper Left: ‘Fire Flash', Dead

Upper Right: 'Sooner Red', Dead
Lower. Left: ‘Fire Flash', Control
Lower Right: 'Sooner Red', Control.

67



i).

Inoculated with Curvularia on 2-wk-old = i).
Seedlings. : '

Upper Left: 'Fire Flash', Dead

Upper Right: 'Sooner Red', Dead

Lower Left: 'Fire Flash', Control

Lower Right: "Sooner Red’, Control

Figure 3. (Continued)

Inoculated with Curvularia on 3-wk-old
Seedlings.

Upper Left: 'Fire Flash', Dead

Upper Right: 'Sooner Red', Dead

Lower Left: ‘Fire Flash', Control

Lower Right: 'Sooner Red', Control

o€



k). Inoculated with Alternaria on 3-wk-old

Seedlings.
Upper Left: ‘'Fire Flash', Dead

Upper
Lower
Lower

Figure 3.

Right: 'Sooner Red', Dead
Left: 'Fire Flash', Control
Right: 'Sooner Red’, Control

(Continued)

Inoculated with Nigrospora on 3-wk-old
Seedlings.

Upper Left: 'Fire Flash', Dead

Upper Right: 'Sooner Red', Dead

Lower Left: 'Fire Flash', Control

Lower Right: 'Sooner Red', Control

1



m). Four—wk-old Seedlings of ‘Flre Flash'
Inoculated with:
Nigrospora - One Dying, No Effect on
the Others
Curvularia - No Effect
Alternaria - No: Effect

Figure 3. (Continued)

n). Four—wk—old Seedlings of fSooner Red' .

Inoculated with:
ngrosgora - One Dying, No Effect on
the Others
Curvularia - No Effect
. Alternaria - No Effect

[A



o). Five-wk-=old Seedlings of "Sooner Red' =~ ‘“p). Five-wk-old Seedlings of '"Fire Flash'

Tnoculated with: » , . Inoculated with:

Nigrospora - No Effect . _ Nigrospora ~ No Effect
Alternaria -~ No Effect - : Alternaria - No Effect
Curvularia - No Effect _ _ : Curvularia.- No Effect

Figure 3. (Continued)

€€



g). Six-wk-old Seedlings of 'Fire Flash’
-Inoculated with: :

Nigrospora - No Effect
Alternaria - No Effect

Curvularia -~ No Effect

Figure 3. (Continued)

2

r). ~Six-wk-old Seedlings of 'Sooner
Inoculated with:

Nigrospora - No Effect
Alternaria - No Effect
Curvularia - No Effect

e
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expériment 2 showed twb common results: the non-inoculated cdntroi was
“~always significantly different from the inoculated control and the
inoculated control was significantly different from the plants;which
were inoculated and received fungicide treatments (Appendix, Table VII-
XII). It was evident in Figuré 4 that the iﬁoculated-cpntroi was vefyk

severe and non-inoculated control was healthybfor both cultivars.

Top Rating

Accordingrto the AOV for tﬁe early top rating made 4 weeks after
inoculation (Appendix, Table VII), type of fungicide and the timeiof
fungicide applicaﬁion had a sigﬁificant effect on the top quality
(Table II). This indicated that better top growth was obtained with
RE 20165 than Truban and that fungicides applied at transplanting were
better than when applied 1 week later (Figure 5). There were no
interactions among treatments.

According to the AOV for thellate top rating madev6 weeks aftef
inoculation (Appendix, Table VIII), fhe results were the same as those
of the early top rating (Table III{ Figure 6).

There was a significant differehce between the early and the late
top ratings {Appendix, Table IX). Thié indicated thaf over all_tréat—
ments top quality at four weeks after inoculation was better than thét

six weeks after inoculation.

Plant Height

According to the AOV {(Appendix,; Table X), cultivar, type of fungi—
cide and time of fungicide application had significant effects on

height. This indicated that 'Sooner Red' was taller than 'Fire Flash',



a). Cultivar: 'Fire Flash' ) b). Cultivar: 'Sooner Red'
Incculated Control (right): Dying Inoculated Control {right}: Dying
Non-inocculated Control (left): Healthy Non-inoculated Control (left): Healthy

Figure 4. ' Comparison Between Inoculated Control and Non~inoculated Control 6 Weeks After Imoculation
for 14-Wk-01ld Plants.

9¢



TABLE II

'MEANS OF EARLY TOP RATING* FOR THE SECOND {14-WK-OLD)
AND THE THIRD (7-WK-OLD) EXPERIMENTS

Fire Flash. Sooner Red Average Totals -
Treatment: : ! 14wk 7-wk l4-wk 7-wk 4wk = 7=-wk T4~wk 7-wk
Control : : ‘ | _ '
non-inoculated . - 1.000 1.000 1.000 1.166 1.000 1.083
Control . . ) . '
inoculated . ’ 4.208 4.250 3.916 5.041 4.062 4.645
Average : 2.604 2.625 2.458 ©3.103
‘Truban at : ‘ ' : : » v
transplanting 2.708 3.666 3,291 3.833 3.000 3.75C
' ' ” ' » 3.239 3.854
1 wk later - E 3.291 3.750 -~ 3.666 4.166 3.479 3.958 : :
Average , 3.000 3.708 3.479 4.000
RE 20615 at _ o _
transplanting : 2.791 -3.916 2.416 - 3.833 2.604 3.875 .
o ' _ . 2.75 3.375
1 wk later 2.750° 2.791 - 3.041 - 2.958 2.895 2.875
Average : | 2.770 3.354 © 2,729 3.395
Fungicides applied : .
~ at transplanting - 2.75 3.791 - .2.854 3.833- 2.802 3.812
| 1.wk later : vf 3.020 3,270 3.354 3.562 3.187 3.416

N o . T
Rating made 4 weeks after inoculation, based on a scale of 1-7, 1 healthy 7 most severe

T
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B RE 2 0815

, wm TRUBAN

EARLY TOP RATING

e T

 TIME

Figure 5. The Effect of Fungicides (Truban and RE 20615)
and Timing of Application. Rating Made 4
Weeks After Inoculation for l4~wk-old Plants,
Using a Scale of 1-7 with 1 Healthy 7 Most
Severe. '



TABLE III

‘ MEANS OF LATE TOP RATING* FOR THE SECOND (14-WK-OLD)

AND THE THIRD (7-WK-OLD) EXPERIMENTS

Rating made 6 weeks after inoculation, using a scale of

1-7, 1 healthy 7 most Sevefe

Fire Flash Sooner Red Average Totals
Treatment l4-wk 7-wk 14-wk: 7-wk 14-wk 7-wk 14-wk ~7-wk
Control . .
non-inoculated 1.241 1.000 1,183 i.166 1.212 1.083
‘Control ‘ .
Inoculated 4.458 4,791 4.000 5.458 4,229 5.125 .
Average 2.850 2.895 2.591 3.312
Truban at ; » : > : v
transplanting 2.960 4.083 3.350 4.041 3.125 4.062
: 3.402 4.416
-1 wk later 3.300 4.833 4.058 4.708 3.679 4.770 ‘
. Average 3.100 4.458 3.704 4.375
RE 20615 at - :
transplanting 2.708 3.291 2.391 3.666 2.550 3.479 .
: 2.800 3.125
1 wk later 2.833 2.666 3.266 2.875 3.050 2,770
Average 2.770 2.979 2.829 3.270
Fungicides applied _
at transplanting 2.804 3.687 2.870 3.854 2.837 "3.770
1 wk later . 3.066 3.750 3.662 3.791 3.364 3.770
%

6€



LATE TOP RATING

Figure 6.
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lfillflﬂﬁﬁb@is

s T RUBAN

- TIME

The Effect of Fungicides (Truban and RE 20615)
and Timing of Application. Rating Made 6.

- Weeks After Inoculation for l4-wk-old Plants,
Using 'a Scale of 1<7 with 1 Healthy 7 Most
Severe. - ;
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RE 20615 uasﬂﬁetter than Truban relative to plant height and greater
plant height occurred when fungicides'werebapplied atvtransplanting
than‘wheu appiied onevueek later (Table IV). |

There was an fnteraCfion betweeu type of fungicide aud culfiVar
(Figure 7). ‘Thie indfceted that 'Sooner Red' was more'seusitive tc RE
:20615 than Truban while type‘of fungicide showed no effect on 'Fire

Flash'.

Top Fresh Weight

According'the‘the AOV (Appeudix, Table‘XI), cultivar, type of
fungicide aud the time offfungici&e application had significaut effects
~on top weight.(Table v, Figure 8). The reeults indicatedvthatb'Fire
Flash' gained more weight than 'Sooner Red', more top weight was
obtained with RE 20615 and greater top weight was obtained wﬁen fungi—
vCides were applied at transplauting thanfwhen apulied one week after

-transplanting. ‘There were no interactions among treatments.

Ratio. of Length of Stem Discoloration to

Top Height in Percentage

According fo.the Aoﬁ (Appendix, Table XII), there was‘au inter-
~action between cultivars and inoculated control. This indicated that .
vwhen inoculating,wfth P, ultimuﬁ with fUngicide'epulicatiou,,'Fire
Flash' was more diseased than 'Sooner Red’; There,wes no siguificant
effects relative to typefof fungicide, timeuof'fungicide~application

and interaction between them (Table VI).



TABLE 1V

'MEANS OF PLANT HEIGHT (CM) FOR THE SECOND (14-WK-OLD)
AND THE THIRD (7-WK-OLD) Experiments

1 wk later

21.

. 050

Fire Flash Sooner Red Average Totals
Treatment 14-wk 7-wk 14~wk 7-wk 14-wk - 7-wk l4-wk 7wk
Control . »
non-inoculated 28.166 16.000 31.416 17.125 29.791 16.562
Control : '
inoculated 17.583 6.250 - 20.750 5.458 19.166 5.854
Average’ 22.875 11.125 26.083 11.291
Truban at . ' : :
transplanting 23.500 7.541 23.250 8.541 23,375 8.041
: 7 ‘ 21.916 7.764
1 wk later 20.500 7.750 20.416 7.225 20.458 7.487 :
Average 22.0G00 7.645 21,833 7.883
RE 20615 at
transplanting 23.166 7.391 28.916 8.566 26.041 7.979
_ . ' ' 24,166 9.295
i1 wk later 21.166 10.183 23.416 11.041 22,291 16.612 : ’
Average 22.166 8.787 26.166 9.804%
Fungicides applied
at transplanting 23,333 7.466 26.083 8.554 24,708 8.010
20.833 8.966 916 9.133 21.375 9

4
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Figure 7. The Effect of Interaction Between Cultivars and-
Type of Fungicide in Controlling P. ultimum
on l4-wk-old Plants. ~Two Unparallel Lines.
indicate That There Was an Interaction.



'TABLE V

' .MEANS OF TOP WEIGHT® (G) FORVTHE SECOND  (14~WK-OLD)
’ AND THE THIRD (7-WK-OLD) EXPERIMENTS

Totals

1 wk later

Fire Flash Sooner Red Average
Treatment lé~wk Tk 14-wk 7wk ld-wk 7-wk ld—wk 7-wk
Control o v » s
non-inoculated 243.641 93.666 211.466 80.633 227.554 87.150
Control- ’ :
inoculated - 80.991 13.558 102.725 9.650 91.858 11.604
Average ©162.316 - 53.612  157.095  45.141
Truban at v . L , : .
transplanting - 1170.200 25.658 . 142.750 25.491 156.475 ~ 25.575
. B T h : 138.727  23.562
1 wk later. 137.550 21.925 104.408 ~ 21.175 120.979  21.550. :
Average '153.875 23.791 123.579 29.333
RE 20615 at o } .
transplanting 180.116 29.191 181.783 26.875 180.950 - 28.033
c , . _ ’ ' o 170.168 35.583
1 wk later 169.841  43.241 - 48.933 43.025 . 159.387 - 43.133 o
Average 174.979 36.216 165.358 34.950
Fungicides applied ’ : _ : o
at transplanting. 175.158 . 27.425 162.266 26.183 168.712 26.804
153.695  32.583 - 126.670  32.100  140.183  32.341

xTop weight obtained 6 weeks after inoéulation, grams of

fresh weight of above

ground parts

vy
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Figure 8. The Effect of Fungicides (Truban and RE 20615) and
Timing of Application. Top Fresh Weight Obtained
6 Weeks After Inoculation (Grams of Fresh Weight of
Above Ground Plant-Parts for l4-wk-old Plant).



TABLE VI

MEANS OF RATIO FO LENGTH1OF STEM DISCOLORATION TO PLANT HEIGHTFFOR
THE SECOND (14~WK~OLD) -AND THE THIRD (7-WK-OLD) EXPERIMENTS

‘ Fire Flash Sooner Red - Average Totals
Treatment - 14wk 7-wk l4—wk . 7-wk 14-wk 7-wk 14-wk 7-wk
Control
non~inoculated 0.000 0.000 0.000 0.0600 0.000 0.000
Control ‘ , ’ :
inoculated 25.650°  38.366  8.516 59.408 17.083 48.887
Average 12.825  19.183 4.258  29.704
Truban at , ' '
transplanting 0.641 22.133 1.991 34.708 1.316  28.420
C . ‘ : ‘ 2.485 31.847
1 wk later 2.650 31.641 4.700 38.908 3.675 35.275
Average | 1.645 26,887 3.345 . 36.808
RE 20615 at _ ' :
transplanting 0.000 18.150 0,000 18.750 0.000 18,450
: 0. 100 17.602
1 wk later 0.000 16.666 0.400 16,841 0.200 16.754
Average 0.000 17.408 0.200 17.795
Fungicides applied »
at tramsplanting: 0. 320 20.141 0.995 26.729 0.658 23.435.

1 wk later - 1.325 24.154 2.550  .27.875 1.937 26.014

9%
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.Phytotoxicity Test

No phytotoxic effects were observed on either cultivar due to
fungicide application {on buffer row.plants) during the entire

experiment.
Reisolatioﬁ

Pythium was not isolated from the non~inoculatedcontrols,however,

some species of Aspergillus, Alternaria and Fusarium were isolated from

them. Pythium was reisolated from most of the inoculated controls. In

addition, many Fusarium, Rhizopus, Aspergillus were found. For all
fungicide~treated plahts, Pythium was sometimes reisolated from stunted
plants with or without discoloration. »SeVerél of isolates of species

such as Fusarium, Alternaria, Aspergillus and Rhizopus were‘also

obtained.

Flower Bud Formation

At time of inoculation with Pythium most of the l4-wk-old plants

of both cultivars had flowered or had unopened buds.
- Discussion

" Even though f, ul t imum affécts root grdwth, a rOot—réting was not
attempted due to certain difficultieé in evaluation: ‘the drastic
reduction of root growth in conttpls_when ﬁhe plénts became pot bound;
continued glow growth of'inéculéted plént4roots; and difficulty in
removing all the growing medium from the footsa waever, thé other

growth evaluations made were sufficient to draw conclusions.
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Top rét}ng,’top’fresh weigﬁt, énd plant’height all indicétéd'thaf
RE 20615‘wa$ mére éffeCtiQe in controllingdg. ultimum than Trubén aﬁd
that fungiéidevapplication at.transpianting gave better control of
Pztﬁium than‘when aﬁplied oneyWéek later. HdwéVef,vtimingvhad no |
significantieffebt on.stem discolorétion. B

All non-inoculated‘COntrolé wéré healthy and all inoculated
" “controls were severely diseased. Two appliCatioﬁs~of Truban or RE
-20615 aﬁpeared to give a measureléfprdteétionvwhich was significantly
’ differént from Ehe inoculated controls. kNeithef fuﬁgicide tested
afforded cbﬁplete protéction against infectioﬁ by P. ultimum. By
compaﬁing the late top rating with the eérly one,‘it Was evident‘that
" the second‘fungicide appiication (four weeks after the first épplicé— :
tion) did not do a good job. Since ﬁost fuﬁgicides act as protecténts
father than,eradiéants, once Pythium has Bgcbme well established it
will be difficult to control. Theréforé, the earlier the.fungicide
_.1s applied the better tﬁe effect wiliibe. |

| An ideal fungicide should be ﬁonwtoxic to growing piants, effec4'

- tive in breventing the establishment of Pzthium'over the’period‘of_
time required'tq produce 'a crop, and efféct under conditions moét
favorable for development of the pathogeh. In,this’case, RE 20615 was
not toxic to the plants and wés effective in controlliﬁg P. ultimum.

From empirical obsérvatipns,‘it appeared that foot rbt was not
élways correléted with redQCtions ih shoot height. Some plants were
stunted but with no discoloration. FIh this experiment,vthe'mbst con- -
Bpicuous.symfton caused byAg;’ultimum was stunting. Pbssible reaSOné
for this were: 1. 'ThevplantS»when inoculated were 14 weeks: old,

infections were confined to the younger and more Succulentifeedervfoots
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causing sﬁunting and chlbrosis. 2). Fertilization ——‘MEllano et al
found that in the absencé 6f P. ultiﬁﬁﬁ fﬁe'tops of the”fertilized

. plants were much larger than those’of unfertilizéd plants, while in

thé presénée of roct rot, stunting'Of the top was always more severe in
fertilized plants than in Unfértilizéa plants (21). 3).‘ If the fungus
grew into the cells of the mature portions of.the primaryiand secondary
’ﬁrdots, hyphal growth first slowed and then’stopped:(Zl). 4). .Stoppage
of,infeétion is prbbably‘due to a host resiStahcetreaction manifestea
by the formation:of‘a‘cork‘cambiumvcoﬁpletely across -and ﬁithin the
stem, barring further prdgreés of the hyphae after.infectioh haé
alréady proceeded some distaﬁce from the point of inoculation (9). No
further rapid'growth took'p1ace, but; the‘plénts'reméined turgid and"
,&warféd. ‘

Soil moisture and témperature, imporfant fact6rs in disease
deveiopment, were notvinvestigated in this experiment."However,
filling~up the Saucers every other dayicaused‘the éoil surface to
remain félatively‘moista‘ According td Roricadori & McCarﬁérv(Zﬁ), root.
necrosis and stﬁnting are affected greatly by soil temperatﬁre. The
soil temperature range.for this experimenﬁ_was 21-24°¢C which was more
‘ favorabie_for ihfection (2) although the'optimumvtemperature fbf.g. |
ultimum gfowth in culture was 28°C (22); |

It is difficult to evaluate how,much moisture and temperéture
conﬁribu;ed to the disease developmenf iﬁvthis e#pefiment;'but plots
were well randﬁmized and effects should have been spreadvover.all-
treatméntsa‘

in addition to P. ultimum which was reisolated from inoculated

plants,-Fusafium, Alternarié, Aspergillus, and RhizoBusvspeCies also
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were isolated from nonwinoculated‘controls and inoculated plaﬁts.

. According te Experiment 1, Alternaria and Aspergillus were seed-borne -
organisms which might not be eradicated by Thiram seed treatmént and

8111 existed as the plants grew. . Rhizopus was possibly a contaminant.

Consequentiy, Alternaria, Aépergillﬁs and Rhizopus apparently did not
damage‘the established plahts. Althpugh Fusariuﬁ waé‘asséciated with
‘necrotic roots more cften than oﬁhef fungi, their impbftaﬁce,ih
stunting is doubtful (24). Also, in a preliminary test made prior to_ ’
.this experiment in the samekgréenhouse, inoculating with Fuéarium sp.. ‘
on the same seedling cﬁltivars:that wgrelé—wk»bld'éausea'no patho-
génicity. Therefofe,.ﬁﬁly.g, ultimum was asspciated conéisteﬁtly:with

root and stem rot and stunted plants.

vExperiment 3: Comparison‘of’Two-Fungicides
.on Control of thhium Blackleg on

7-wk-old Plants

According to the AOV, all the daté recordedvbélow showed two
common results: - the nonwinoculétedvcéntrollwas significantly different
from the inocculated confrol and inoculated control was'significahtly‘
different from'inbculated plants receiving fungicide treatments
(Appendix, Table VII-XII). It was evident iﬁ Figure 9 that the inocu-
lated control was very severély infectéd andAthe'ﬁon—inoculated control

was healthy.

ToE’Rating

' The AOV for the early top rating (Appendix, Table VII)vindicated

that there were no significant differences among the treatments



a). ‘Cultivar: 'Fire Flash' : b). Cultivar: 'Sooner Red'
Inoculated Control (right): Dead : Inoculated Control (right): Dead
Non—inoculated Control (left): Healthy Non-~inoculated Control (left): Healthy

Figure 9. Comparison'Between Inoculated Control and Non-inoculated Control 6 Weeks After Inoculation
for 7-Wk-0ld Plants.

is
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(Table II) while for the late top rating (Appendix,’Table VIIi); the
type of fungicide had‘a significant effect on top quality, i.e., RE.
20615 géVe a better top’quality than Truban (Table III). In addition,v
the AQV (Appendix, Table IX) showéd‘that plants rated six weeks after
inoculation (late top rating) were more diseased than when the plaﬁts

were rated earlier (four weeks after inoculatioh).

-~ Plant Height

The AOV (Appendix,: Table X) indicated that there were no signifi-

cant differences among treatments (Table IV).

Top Weight

According to the AQV (Appendix,jTable le, type of fungicide had”
a éignificant.effect on top'weight, i.e,, RE 20615 waé better than
Truban in contrelling the diéease‘(Table V). Iﬁ addition, there was an
.interaction between type of f#ﬁgicideband application time (Figure 10).
This interaction indicated thét RE‘20615 showed a Better effect’on top
weight when applied one week latéf‘while Truban’showed a slightly
decreasing effect when applied4one week later. The result of bettef
top weight with later application of RE 20615 is not consistant with
mdst of thé other results in these‘expefiments. More ‘research should

“be done to clarify these results.

- "Ratio of Length of Stem Discoloration to Top

Height in Percentage

The AOV (Appendix, Table XII) indicated that there were no signif-

icant differences among treatments (Table VI).
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Figure 10. The Effect of Interaction Between Fungicide. and
Application Time for 7-wk-old Plants of Both
Cultivars. “Two Unparallel Lines Indicate That
There Was'an Interaction.
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. Phytqtoxicity Test

There were no phytotoxic effects due to fungicides applied to

. buffer row’plahts during the entire experiment,'
' Reisolation

The results were the same as preViously described for Experiment

2.

“Flower Bud Formation

There was nobflower bud fo;matioﬁ Wﬁen the'inoculation was first
made 6n’7-Wk~dld planﬁs. - Six weeks after'inoéulation, only 37 plants
were without flower buds Whiie the others (107 plants) had flower buds.
vOf the 37 without flower buds, 9 were inoculated conﬁrois ahd;28 were
dead about three weeks after inoCuiatién. ‘These 28 deéd plants ‘did ﬁot"

haVe,énough time to form buds.
Discussion

Accor&iné to the results obtained above; only the laﬁe’toﬁ ratiﬁg‘
and top weight showed a significgnt difference for typé ofbfungicidé,
i.e., RE'ZOGIS was better than Truban. There was no timé difference
~ for fungicide a?plication for‘each'datdm recorded. .This might be due
.to the foilowiﬁgvfeasons:

1. Since the plarnts whén inoculated were 7-wk-old (haif the age
of the‘planté used in the.previous experiment), they were more'sﬁscep-
tible to_g; ul timum which teﬁdsbtb'infect‘mainly juvenile or éqécuient

tissues.



55

2. The Pythium inoculum used here'waé‘the same amount as Experi-
ment 2. Thi& inoculum was probably too much for the 7-wk-old plants and
'fungicides applied at,transplantiﬁgvcould not reducePzthiwmsufficient;
ly and the fungus still had the aEility to damége the young plants,

3. For geraniums, the optimum day témperéture is 18-21°C on
clbudy days and 21-246°C on bright days and optimum night temperatufe is
'1641800 (14). However, in this ekpérimeﬁt, both night tempefatﬁre'
(ZZOC) and day temperature'(27°—35°c) were not so favorable for thevv
geranium growth wheréas the éoil teﬁperature (220-31°C) ﬁas.still
favorable fof thﬂium growth. Ac.co_rdingly9 these higher tempefafureé
possibly weakened the plants. In most cases, where optimum temperature
haé been reported for diSease deﬁelopmeﬁt by Pythium on'its;various
hosts, disease had been most severe at temperatures hnfavoraﬁle for
growth of the host plant with little relation to the temperatures
favoring fungal growth (7). | |

Thefefore, ﬁhen fungicides were applied at transplanting, enoughv
Pythium inoculum survivg&‘to cause damage té the younger and weakehed
plants. The degreé.of damage was probably no less than that of plants
wiﬁh fungicides applied one week later so.that there was no significantv
difference for the timing of fungicide application.

In ad&ition? there was no delay in flower bud formatiomn. Most
plants had formed flower buds six weeké after inoculation} Even the
moat’stuﬁted and severely diseased plants had bhds'(Figure»ll).

Statistically, we cbuld‘not compare thevtwo different growth
stages of seedling geraniums due'td the different experimental time,
'howeverg the 7~wk—old'plaﬁts seemed more suscéptiblé to. P. ultimumv

than the 14-wk-0ld plants.



Figure

1
i

1. ¥Flowers and Flower Buds Seen Even
‘ in Stunted Severely Rotted Plants
for 7-Wk-~0ld Plants.
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CHAPTER IV
PRINCIPAL CONCLUSIONS

1. Organisms isclated in this study were present in or on the
seed of 'Fire Flash' and 'Sooner Red' geraniums. Isolates of

Alternaria, Curvularia, and Nigrospora species were pathogenic to 1,

2, and 3-wk-old seedlings in laboratory tests but caused little or no

damage on 4, 5, and 6-~wk-old seedlings. Alternaria was the most prev-

alent in or on the seed. Isolates of Aspergillus, Torula, Clado-

sporium, Penicillium and Hormicium species were not pathogenic to

the very young geranium seedlings.

2. The plants inoculated with P. ulﬁimum developed seVere‘
symptoms of stunting, stem discoloration,vthe upper leaves of many ..
plants were chlorotic, many iéwer‘leaves were dead, and eventual death
resulﬁed in ﬁany cases.

3. The experimental fungiclide RE 20615 was more’effective>than
.Truban in most cases and no phytotoxicity occurred.
| 4. For lbd-wk-old plants, both fungicidés applied at transplanting
were more effecpive than when appliéd one week later, but no signifi-
cant effect of timing was dbservéd on 7-wk-o0ld plants. This was
probably because the younger plants were damaged rapidly.'

5. P. ultimum infection did not delay flower bud formation.

6. In addition to P. ultimum which was reisolated from inoculated

plants, other fungi such as Fusarium, Alternaria, Aspergillus ahd 

57
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Rhizopus species were also isolatéd from all planté, These fungi
aéparently caﬁsed no damage on the geraniﬁms. |

7. For lé-wk«old plant$; there,weré significant differences on
cultivars for top'weighf and plant height. 'Fire Flash' gained more
weight but was shorter than 'Sodner Red'. 'Neither cultivéx appeared to

be more resistant to P. altimum than -the other:
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TABLE VII

ANALYSIS OF VARIANCE: EARLY TOP RATING FOR THE SECOND

(14-WK~-OLD) AND THE THIRD (7-WK-0LD) EXPERIMENTS

Sum of Squares

Mean Squares

Observed F Required F

Source Df 14—wk - 7-wk 14-wk 7-wk  l4-wk 7-wk 05

No Fungicide
Cultivar (CV) 1 0.25 2.75 - 0.25 2.75 . 0.32 0.88 3.92
Fungus 1 112.54 152.30 112.54 152.30 141.12%  48.97%
CV*Fungus 1 0.25 1.17 0.25 1.17 ' 0.32 0.38

With Fungicides : ‘ , ' '
cv 1 1.15° 10.67 1.15 0.67 1.44 0.21
Fungicide - 1 5.75 5.51 5.75 5.51 7.21% 1.77
CV*Fungicide 1 1.63 0.38 1.63 0.38 2.04  0.12
Time 1 3.57 3.76 3.56 3.76 4.47% 1.21
CV*Time 1 0.32 0.38 0.32 0.38 0.38  0.12
Fungicide*Time 1 0.21 ' 8.76 0.21 8.76 £ 0.26 2.82
CV*Fungicide*Time 1 1.15 0.00 1.15 0.00 1.44 6.00

With Inoculation : _ : . o
Control vs Others: 1 21.88 20.42 21.88 20.42 - 27.34% 6.56%

Error 121 96.51 376.35 0.80 3.11

*

Significant at 57 level

£9



ANATYSIS OF VARIANCE:

TABLE VIIT

LATE TOP RATING FOR THE SECOND

(14-WK-OLD) AND THE THIRD (7-WK-~OLD) EXPERIMENTS

Sum of Squares

Mean Squares

Observed F Required F

Source Df 14-wk 7-wk 14-wk 7-wk l4-wk 7-wk 03
No Fungicide
Cultivar (CV) 1 0.80 2.08 0.80 2.08 0.82 0.54 3.92
Fungus 1 109.20 196.02 109,20 196.02 111.43% 50.91*
CV*¥Fungus 1 0.48 0.75 0.48 0.75 0.49 0.19
With Fungicides ) :
Ccv 1 2.93 0.26 2.63 0.26 2.68 0.067
Fungicide 1 8.70 - 40.04 8.70 40,04 8.87 10.41%
CV*Fungicide i 1.78° 0.84 1.78 0.84 1.82 0.22
Time 1 6.66 0.00 - 6.66 0.00 6.80 0.00
CV#*Time 1 1.68 0.09 1.68 0.09 o 1.71 0.02
‘Fungicide*Time 1 0,01 12.04 0.01 12.04 0.02 3.13
CV*Fungicide*Time 1 0.29 0.01 0.29 0.01 C.29
With Incculation : : _ :
Control vs Others 1 24,43 "35.21. 24.43 35.21 24.93% 9.15%
118.63 465,30 0.98 3.85

Error 121

* .
Significant at 5% level

%9



TABLE IX

ANALYSIS OF VARIANCE: EARLY AND LATE TOP RATINGS
FOR THE SECOND (14-WK-OLD} AND THE THIRD
(7-WK-~OLD) EXPERIMENTS

v Sum of Squéres Mean Squares Cbserved F Required F 05

Source DE lo=wk T-wk t4-wk 7-wk 14-wk 7-wk i
Cultivar (CV) 1 0.97 4.13  0.97 4.13 0.57 0.63  3.92
Treatment 5 257.59 439.23 51.52 87.85 30.52% 13.34%* 2.29

T CVATreatment 5 10.7¢ 3.56 2.15 0.71 1.28 §.10

"Error 121 204.28 796,63 1.69 6.58

‘Periodl 1 1.29 2.44 1.29 2.44 14.29% 6.03* 3.91
Error 132 11.94 ~ 53.32 0.09 - T 0.40

aEarly’Top Rating vs. Late Top Rating

*
Significant at 5% level

)



ANALYSIS OF VARIANCE:

TABLE X

(14-WK-OLD) AND THE THIRD (7-WK-OLD) EXPERIMENTS

PLANT HEIGHT (CM) FOR THE SECOND

Sum of Squares

Mean Squares

Observed F Required F

Source Df l4-wk 7-wk 14-wk 7~wk 14wk 7-wlk 02

No Fungicide : :
Cultivar (CV) 1 123.52 0.33 123.52 . 0.33 7.16% .02 3.92
Fungus 1 1354.69 1376.02-  1354.69 - 1376.02 78.59%  84.21%
CV*Fungus 1 0.02 11.02 0.02 11,02 0.67

With Fungicides
cv . 1 88.17 9.44 88.17 9.44 5.11% 0.58
Fingicide 1 121.50 56.27 121.50 56.27 7.05% 3,44
CV#Fungicide 1 104,16 3.64 104.16 3.64 6.04% 0.22
Time 1 266.67 "25.94 266.67 25,94 15.47% 1.59
CV#Time 1 16.67. 5.09 16.67 5.09 0.986 0.31
Fungicide*Time 1 4.17 60.96 4.17 60.96 0.24 3.73
CV#Fungicide*Time 1 20.17 2.1¢9 20,17 2.19 1.16 6.13

With Inoculation : :
Control vs Others 1 288.15 137.47 288.15 137.47 16.72% 8.41%

Error 121 2085.56 1977.66 17.24 16.34

nSignificant at 5% level
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ANALYSIS OF VARIANCE:

TABLE XI

TOP WEIGHT (G) FOR THE SECOND
(14~WK-OLD) AND THE THIRD (7-WK-OLD) EXPERIMENTS

Sum of Squares

Mean Squares

Observed F Required F

Source Df léd-wk 7-wk 14-wk 7-wk 14-wk 7wk -0>

No: Fungicide .

. Cultivar (CV) 1 - 327.08 861.06 327.08 861.06 0.14 2.84 3.92
Fungus 1 22096.31 68486.07 220960.31 68486.07 91.42% 225.57%
CV#Fungus 1 8718.32 249,79  8718.32  249.79 3.60 0.82

With Funglcldes L -
cv 1 9560.04 17.85 - 9560.04 '17.85 3.96% 0.06
Fungicide 1.°23725.88  3468.01 23725.88  3468.01 9.81%  1l1.42%*

CV*Fungicide 1. 2564.73 3.92  2564.73 3.92 1.06 0.01 -

- Time 1 19533.92 '735.93 19533.92 735.93 8.08% 2.42
CV*Time 1 1198.51 3,45 1198.51 -3.45 0.49 ~.0.01
Fungicide*Time 1 1164.83 - 2194.59 1164.83  2194.59 0.48 7.23%

. CV#Fungicide*Time 1 427.57 10.80 427.57 - 10.80 0.17 0.04 -

Wlth Inoculation : : E
Control vs Others 1 75215.25 6199.21 75215.25  6199.21 31.12%  20.42%

Error o - 121 292443.79 36735.80 = 2416.89 303.60

* N
Significant at 57 level

L9



TABLE XII

ANALYSIS OF VARIANCE: RATIOX FOR THE SECOND (14~WK-OLD)
AND THE THIRD(7-WK-OLD) EXPERIMENTS

‘ _ - Sum of Squares Mean Squares_ Observed ¥  Required F 05
Source < Df 14wk 7-wk 14-wk 7=wk 14-wk 7wk _ "

No Fungicide oo ' '
880.65 1328.25 880.65 1328.25- 6.18* 1.00 3.92

Cultivar (CV) 1 ;
Fungus ' 1 3502.08 28679.85 ~ 3502.08 28679.85 24.61%  21.61%
CV#Fungus i 880.65 = 1328.25 880.65  1328.25 6.18% 1.00
With Fungicides - . ' : :
o i 21.66 ~ 637.57 21.66 637.57 0.15 0.48
Fungicide 1 137.76  4870.65 137.76  4870.65 0.97 3.67
CV*Fungicide I 13.50 545.30 13.50 545.30. 0.09 0.41
Time 1 39.27 - 159.65 39.27 . 159.65 0.28 0.12
CV#Time 1 1.82 49.30 1.82 49.30 0.0 . 0.04
 Fungicide*Time 1 27.95  438.62 27.95 438.62  .0.19.  0.33
CV*Fungicide*Time 1 0.14 . 35.77 0.14 35.77 R 0.03
With Inoculation - - « ’ _ : :
Control vs Others = 1 ~4784.23 11209.53 4784.23 11209.53 33.63% 8.45%

~Error » _ 121 17214.87 160558.70- 142,27 1326.93.

XLength of stem discoloration to top height in percent

%
Significant at 57 level

89.
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