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ABSTRACT

Five isolates of Phytophthora freguently infecting

certain ornamentals and agricultural crops in Arizona were

emploved in this study. The isolate from citrus identified

as.thtophthQra barasitica’Dast.IWas used for comparison
with thé other 4 isolatés on the basis of. morphology,
physiology, and host range. No significant differences in
morpholbgy were found among the 5 isolates. Experiments

employing crosses of the 5 isolates in all possible combi-

the isolates was capable of

t

nations revealed that none o
increasing oospore production with any other isolate,
Studies usinglmalachite_green demonstrated a close rela-
tionship amohg.the isolates in their sensitivity to the
dye. Optimum and mnaximum tempeféturés were found -to be
similar when the isolates were grown in liguid medjium oxr on
agar. Howéver, isolates did vary din rate of growth. The

5 isolates, except P-45 which was unable to use xuylose,
utilized all carbon sources, Slight differences appeared
among isolates in the utilization of carbon sources for
bestrgrowt‘n° Asparagine was found‘to be the best nitrogen
source for all 5 isolaﬁés with only P-49 being capable of
utilizing all the sources. All 5 isolates infected rose-

mary, citrus trees and fruits. Only the isolate from

ix
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- petunia (P-48) iﬁfected petunia; Ndné o th§‘5 isolates:
infecfed tomato. The isclate from tomato (P-30), used as
a'check; did infect tomato. All 5 isclates infeéted orangé
fruitsﬂ but difféied‘in the size of lesion produced. Close
similarities in'morphology and the ability of the 5
iéoléteé to infect rosemary,'citrus trees and fruits led to

the conclusion -that the 5 isolates are probably strains of

Phytophthora parasitica. Terrazocle was found to be the

most effective fungicide of those tested when incorporated
in agar, used as a soil drench, or mixed with the soil.

The latter method gave the best results.
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Phvtophthora spp. have long been known to infect
many economically important crops and ornamentals in the

Southwest (3, 4, 11

15, 16, 23, 24, 28, 32)., Studies
reﬁorted'updn in this papexr were conducted to determine

sible taxonomic relationships of Phytophthora isolates
in,Arizona‘based upon morphology, physiology, and host
range. |

-~

Phyvtophthora spp. have been isolated from petunia

-

" (Petunia spp.), rosemary (Rosmarinus officinalis L.)

I

citrus (Citrus spp.), palm (Washingtonia spp.), Texas

h

ranger (Leuconhyllum

rutescens Johnston), tomato {(Lycoper-

sicum esculentum Mill.), and other plants in Arizon

L (4),

w

ol

Tu

n

ies were instigated using Phytophthora isolates from

rosemary, palm, petunia, Texas ranger, and citrus. The

citrus isolate was identified as nvbopnbhora parasitica

~

Dast. and was used for comparison with other isolates,

tudies were also conducted to f£ind an effective

fungicide to cont?ol Phytophthora spp. Many workers have

studlpd fungicidal acc1v1tv against Phvtoohthora spp.
(9, 25, 30, 37, 39). Baines, et al. (2) have looked at the



is limited information concerning the fungicides and the

concentrations effective in controlling Phvtophthora spp.

.in Arizona.



morpnolo jical cnavacterlot¢cs have been used by

some workers in the Jden ification of Phytonmhthora spp. -

(3, 36

1

, 38). Waterhouse (38) employed morpnology of

sporangia as the main taxonomic character in developing a
key to the genus. Waterhouse (38) also used the morphology
of vegetative structures and sexual cells to further define

each species. Bell (3) and Haasis (18) considered char-

acters of sporangia and sex_al structures in the

identification of P. parasitica from boxwood, Morphological

-

tics in identification of Phytophthora spp. were

characteris
considered of limited value by Tucker (36).

Emoha31s has been placed on physiological characters

of Phvtophthora spp. in determining relationships and

38). Dimitnman and Zentmeyer

identifying species (27, 36,

(13) cwnlojmd different carbon sources with other nutrient

-additives to help separate P. parasitica and Phytophthora

Y

LI Ty " t

citrophthora R, E, Smith and E. H,

mith isolated from
citrus. Cameron and Milbrath (5), Lopoticki and Hewton
(29) and others (27, 33) have used different carbon and

nitrogen sources with other essential nutrients in comparing

species. Temperature relations have also been helpful in

W
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-differentiation of species. Temperature reguirements of

Phyvtophthora nicotianae var. parasitica Waterhouse and

1

Phy;oonthoxa n1c0c11r1e var. nicotinae Waterhouse aided

Wate housé‘(BB)'in,separub Lng these 2 varieties., Growth of

VPhytophthora spp. on various concentrations of malachite
green has aided scme workers in showing relationships (27).

Host range. studies are useful in the identification of

species. P. parasitica from Petunia spp. is thought to be

P fic (1%). Tucker (36) ewployeﬂ pathogenic potential
on'tobaCCo to separate Phytophthora parasitica var.

nlco ianae Tucker from P. parasitica and considers patho-

genicity an important character in the identification of

1VLOOh thora spp.

Some -success has been obtained in control of

FPhycomycetes with chemicals (20, 35). Zentmeyer, Mircetich,

and Johnson'(39) demonstrated that Dexon controlled

‘Phytophthora cinnamomi Rapds on avovado by using 3% 1lb of

an area of 225-250 ft.

L&

5% granular on a root zone coverin
Leach, Garber, and Tolmsoff (26) reported good control of

1

Pvthium ultimum Trow., with Dexon and Panogen in the green-

house., Grossman (17) showed that 9 fungicides in the

7 3

hiocarbamate and thiuram group significantly reduced

‘.1.‘

o

hvtophthora infestans (bOﬂL ) De Bary infection when the

oy 4

organism was sprayved on tomato foliagea' Erspamer--an

Zentmeyer (15) using Vapam at 100 ppm controlled root rot



5;
of avocado. caused by g.vcinnamomi. Haglund (20) controlled
pea root rot by Pythium sp. using 5 lb/acre of Dexon in the
furrow at the time of sowing. McCain'énd Byrne (30) con- -
trblled Pythium root rot of ornamentals with a soil drench
“of 70:ppﬁ Dexon, He aiso found Terrazole at 55 ppm to be
effectiﬁe against Bytlium-root fot of ornamentalsor Hine

~and Aragaki (22) recommended Captan as a control for

Carnation root rot caused by P. Darasi%ica, especially in

wet weather and after pruning. AaAllen (1) suggested the use
1

of Bordeaux solution for contribution to the control of

. Phytophthora Ffoot rot of citrus.



MATERIALS AWD METHODS

Phyvtophthora spp. were- -isolated from roots of rose-

rary and - Texas fanger by use of thé applé tecﬁnique (6) and
from petunia rOCts, citrus canker,rand palm petiole by |
using pimaricine at 100 ppm and chloromycetin at 125 ppm

in water agar (14). Isolates were maintained on commercial
corn meal agar plus 5 grams.dextrosé, and 5 grams yeast
extract per liter (CMA—:—)° Inoculum used in all experiments
[coﬁsiéted of mycelium and sporangia of‘the fungi grown in
_glass petri rlates. 88 mm in diameter containing 25 ml of

Cra+.

Morphology .
The morphological characteristics of the various
isolates were determined by growing the fungi on CHMA in

petri dishes, using the methods and criteria established by

Waterhouse (38). "The characteristics considered were

dimensions, form, and color of sporangia; sporangiophore .

: , position, color, and

width and type of branching: presence ,

s

diameter  of chlamydospores: presence and diameter of oogonia-

and oospores: hyprhal width: and colony color and appearance,.

Cultures of P, parasitica and g; citrophthora obtained from

California were used to verify the identity of the Arizona

(o))
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7 days in a shaking water bath at 15, 20, 25, 28, 30

2T
7 ’ AT

and»3S,C,v The mycelial mats were harvested under suction
on a tightly wovén cloth over a Buchnmer funnel., Each of
the 3 replications was placéd on pieces-of tared aluminum
foil, oven dried at 60 C fdr 48‘hr; and weighed after
étandinﬁ 1 hx at room temperatufeo' Weights of mycélia
f#dm replic Ces were aver ged. |

Three replications of CMA+ petgi éish cultures were
~used fOI’measurements of linear growth of the 5 Phytophtho;a
isolates at 16 ZOvh24, 27, 30, 35, and 38 C. leasurements

s ! 7

were taken every 2 days over a 10 day period and the average
.computed as in the malachite green study.

| Studies to determine utilization of carbon were
Acbnduqted in liquid.mediumrusing the same materials and:
methods used in the temperature experiment, but varying the
carbon séurce. Manose, xylose, maltose, g gluc se, and
sucrose were used. Three replications were used for each
isclate., The pvH of the medium aftef autoclaving ranged

, ‘ )

from 5.42 to 5.50., The isolates were grown in shake culture
for 7 days at room temperature (26;28 C) and the final pH of
‘the medium was rmcoraed

Materials and methods used in the nitrogen study

-

were similar to those used in the carbon study except that
the carbon source found optimum for each isolate was used

and the nitrogen source was varied. Urea, L-arginine,

K



S
‘asparagihe, casein, and (NH4)ZSO4 were,used; Totai nitrogen
for each N source was calculated on the basis of total W
in‘asparagine. The pH of the medium after autoclaving
ranged between 5.00 éhd 5.30. Final pH values for each

treatment were recorded.

Host Rénge-Studies
The objective of the host range stﬁdies was to com~
pare the ability of the isolates to parasitize_the-various
~hosts. Host fange étudies were carried out in the green-
- house, Expérime“ts using root inoculation were ceonducted

in water-baths at 28-30 C. Plants were inoculated while

growing in sterile soil composed of 1/3 sand; 1/3 peat, and

0

1/3 clay loam uniess otherwise stated. ﬁnles{ otherwise

stated, the containers used in the temperature tank experi-
ments consisted of i gallon cans with a rubber inner liner
haﬁinﬁ drainage holes in the bottom., The .inoculum uéed‘was

from 10 day old CMA+ petri dish cultures. Plates were

checked to insure the presence of sporangia. The fungil

o

were reisolated after symptoms appeared. Plant material was
washed. thoroughly in tap water for 1 to 3 hours, cut into
-small pieces, and plated on water agar containing 125 pom

‘chloromycetin and 100 ppm pimaricine, or water agar con-

=

taining 125 ppm chloromycetin.

4]

terile rosemary cuttings were used as a source of

disease-free plant material, Cuttings were made from the

’



10

ends of branches of healthy rosemary plants. The cut end

was stripped of branches 1-2 inches back and dipped in
distilled'watera Rootone pomder (Thiran 4%, inert 96%,

ﬂaDDLDYWBCGLau*&e 0.60%, Z—methyl*l~naphthylactiq acid
_0.033% ‘indol~3— utyric acid 0.057%) was rubbed on the cut
ends and thé strlppecl—areao 'Tle cuttings were then plac“q
in vermiculite. After 2 weeks, the rooted plants were
transfer ‘ed to 1 gallon containers.

Three experiments using rosemary plaﬁts were con-—
'ducted using b5 féplications of each iso luLe‘and 5 controls.

(periment em010yeo the mixing of inoculum in the

The first exy
éoil around the root'zone. Ten plates of inoculum for each
isolate were blended in a Wa:in@ blender for*lS sec and
mixed wifh diétilled water to egual 1L liter, lr61ChvS were
made arou idrtle roots to_injure thém, Two hundred ml'of
inoculum'cpnsisting of sporangia and mycélium were poured
into the trenches. A spatula was used to mix the‘inoculum
with the éoil;, The *?eﬁcnes were then filled with soil.
CMA+ was éimilarly added to soil for use as controls.

The second experiment using rosemary plants was

.

identical to‘tne first except that the inoculum consisted
of small pieces of ank‘cultu:es placed in thevﬁrenches,
Inoculum from 2 plates was incorpgratgd into the'soil and
covered,witﬁ soil, A liberal amount of water was then

added to each pot. This method was used in all subseguent

root inoculation experimentso
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The third experiment involved the iﬁsertion of a
piece of iﬁoculum, approximately 10 mm x 5 mm, under a flap
of bark (free end down) cut in the stem at % inch, above the
soil line. A piece of éoﬁtoﬁ was wrapped around the cut
and eémbedded in the soil té hold the,flap closed, Five
‘rosemaryvplants were inoculaté& with each i olate andll
sterile pieces of CMA+ were uéed as the controls.

Petunias were grown from seed in vermiculite and 5
were transplanted intovfhe standard sdii mik‘in plastic
pots having a top diaﬁeter of ll; cm-and a bottom diameter
6f S cm, The solil was ppr imately 6 cm deep in eaén pot.
The plénts were allowed to become established and reached

‘a height which varied from 3 to 6 cm. One pla of -inoc-

5 O

ulum was added to each pot and a sterile plate of CHA+ was
added to each pot as controls. Two pots containing S'plants
each were used in each treatment.

Tomato plants were.groﬁn from seed ih vermiculite
and 1 plant was transplanted 1nto each of the ga lon con-
tainers, Plants were allowed to become established for 2
weeks, Five vlants were inoculated 3 h‘Z rlates of each

isolate of Phviophthora. The Phytophthora 1sola+e from

tomato was used as a check in addition to the usual controls.
S+ tem inoculation studies were conducted using 1

vear old Olivelands variety of sweet orange Arizona stock
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number 66~41, from a stock blant at Iﬁdib, éaliforhia.
Four plants were grown from seed in.eaéh 1l gallon pot.
A flapl’opeﬂ ené cdown, was cut in the stem vertically about"
3 inches above the soi;'lihe (1), A small TFectangular
piece of the Ffungus myqelium and-a small bit of adhering.:
agar were inserted under the flaé; The bark was then
prgssed‘back into place and a small cotton pad, saturated
with sferile_distilled watertlwaslféstened'to the flap with
masking tépe, The controls weré'handied in the same way
excepf a sterile piece of CMA+ was insefted.under each flap.

One cotton pad was removed from each treatment after 26 days

&)
o

and opbservations were made various time intervals.

Attempts to reisolate the fungus were madelafter 136 days.

The same plants used in the previous experiment
‘were agaiﬁ inoculated approximately 3 inches above the first
inoculation point.- A 2 inch square»of paraffin paper was
wrappe& around each inoculation wound and bound tightly at
the ends ﬁith masking tape to form a humid chamber, Obser-
vations were made through the partially'transparent paper.
Rach inoculation point represented a replication. Attempté
to reisolate thé;fungus'WEIe nade after 120 days.

Rcot inéculations of citrus were made using a§prox?v
imately 6 month old Pinedgpple variety of sweet orange,
Arizoné stock number 67~21; FEach pot contained 4 seedlings

growing in a 2 parts sand, 2 parts vermiculite, and 12 parts
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peat mixture. A hole approximately 12 cm déep was made in
the soil‘at'the center of éaéh pot containing 4.p1ants°
Three plates of inoculum consisting of nmycelia and‘sporaﬁgia
on CHMA+ were mixed with the soil by'méans of'a spatﬁla,. A |
liberal amount 6f water was then ad'ed, Sterile platés of

CMA+ were added to the control pots. One plant from each

®

pot was removed after 85 days and attempts to reisolate the
£L

fungus were made, The other 2 plants in each pot were

removed carefully after $9 days. The soil was washed free

T

)

and attenpts to :eisolaﬁe the fungus were made. Synptomns

were recorded at the time of removal,

Since P. parasitica causes a citrus f{

comparisons of the effect of P. parasitica (P-49) and the

other 4 isolates (P-29, P-45, P-47, P-48) on citrus fruits
were considered to be useful in elﬁcidating relationships.,
Valencia orange fruits from the Salt River ”alléy, hoenix,
Arizona were used for this purpoée° The oranges wvere
washed 3 times with sterile distilled water and placed in 2
plastic pans. Plugs of inoculum 5 mm in diameterAwere
placed, mycelium side down, on the.uninjured orange-epider~
mis. Inithe second group the plug was placed in the Cavity

left by removal of the pedicel. A water-saturated paper
, 94 ( b par

1 S I}n 2

towel was placed in each pan. The pans were covered tightly
with aluminum foil and incubated at 30 C for 1 week. Steril

agar plugs on orange frults were uUsed as controls. Three
3 D ] i



replications were made of each treatment. The average
sizes of the lesions produced after 1 week were recorded,

Symptoms were-recorded at the termination of the experiment.,

Control

The effectiveness of éertainrfungicides and soil
rfumigants on the Phytophthoré_isolates was étLdied using
several methods. Fuhgicide.stﬁdiés were conducted using:
Terrazole (35% wp), Dexon (35% wp), Céptan (50% wp), and

1991 (50% wp). The fungicides were incorporated at con-

centrations of 1, 10, and 100 ppm into autoclaved CHA+.

h

-~

The CHA- medium'was éllowed to cooi to a temperature suf
cient to allow pouring,beforé the fungicides werevadded.
Dexon was kept in the dark exéept for routine weighing and
transfer (21). Plugs,of agar with mycelium were cut from

"petri-dish cultures of each isolate using a no. 2 cork bore

=]
[ )]
h

o

“

and transferred to the petri dishe

0]

CHA+ containing the:
fungicides, Three replications were made of each concentra-
tion. - Measurements were taken of the linear growth after 7

.

In the first experiment all isola:

1

es exhibited
similar sensitivity to the fungicides; therefore, the

Phvtopnthora marasitica isolate from citrus was used in

subsequent experiments with these fungicides.
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A second experiment using the same ﬂethod oﬁtlined
above and the PhYtophthora isolate,from citrus was. con-
ducted to determine the lowest efféctive conéenfratibn of.
each fungicide.
Studies ﬁere conducied subjécting the 5 isolates
directly to solutions of 1, 10

, and 100 ppm of Dexon,

. Terrazole, and Captan. The 5 isolates were cultured on

water agar on which sterile sugar beet seeds were placed.

The fungli were allowed to infest the seeds. ¥Five infested

.-
Fh
O
[n]
I_.l

seeds were placed in each fungicide concentratio
minute, allowed to drain on a paper towel, and plated on

water agar. Controls employed seeds that were dipped in

tap water. Growth of mycelium and production of sporan

were recorded,

-

All subsequent fungicide studies emploved the sugar

beet seeds infested with the fungus. Raw, air-dry, clay-

loam soil obtained from Marana, Arizona was used in all
subsequent fungicide studies. The field capacity of the
soil was found to be 25 ml of water for 95 ¢g.

Further studies were conducted using the fung

0]

Q
0
""
o,
0]
0

as scil drenches. The soll was @ulverized-with a mortar
éﬁd pestle until no lumps larger than 5 mm in diameter
remained. Ninety-five g of soil were placed in large petri
lishes 21 mm deep K-95 mm in diameter, Three sugaxr beet.

he isclate from citrus were equally

{r

seeds infested with 1



fmat
[

-

distributed approximat 1y 5 mm Qelow the soil surface in
each plate., Twenty-five ml ovaexon, Terrazole, Captan,

50,0, 100.0

and 1991 at concentrations of 0.5, 1.0, 10.0, , ,

and 1000.0 ppm were poured into each plate, Twenty-five ml

of tap water were added to 2 plates of soil for use as

CU

controls. Seeds were recovered after 48 hr, washed in

stilled water and 10% chlorox, allowed to drain on a paper
towel, and placed on water agar. Growth of mycelium and

productLOﬂ ok spovangwa were again recorded. All subsecuéent

Fn

fungicide experiments emploved this procedure for re-

e

solating the fungus.

In the preceding experiments, Tex rrazole was found

to be the most effective for controlling the Phvtophihora

efore, subsequent experiments

h

parasitica isolate. The: ’

were conducted using Terrazole w1th De%on as a combarluonn.

The soil drench study was x peated using the same

1
i

methods as outlined above except that the soil was pul-

verized to pass through a 200'mesh screen. Texrrazole and

i
}_.J

, 5, 10, 100, and 1000 ppm were

Dexon at concentrations o ,

added to each large plate of soil with 10 infested sugar

-

Results of the soil drench studies indicated that

s

the ability of the fungicide to move through the soil may

'O

be correlated to its effectiveness. An experiment was set

up to test the effectiveness of Dexon and. Terrazole at
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.

depths of approximately 1%, 4%, and 7% inches and on the

i._l

surface (12)9 A glags cvlinder 13 inches in height, 4
‘ gnt,

1nchoo in di "etel with one open end and a 3/4 inch diameter

R

hole in the other end was used. Thirty-two hundred g of .

soil were added to each of 3 cylinders in 400 g lots by

ct
m
o
‘—J -

ing the cylinder sharply on the lab bench 5 times after:

each addition. After the addition of 1200, 2000, and 2800

At

e

g of soil a 2% dinch x inch 576 mesh nylon cloth was laid

o
S

~down and 10 infested seeds were placed on each cloth. A

piece of cloth was then placed over the seeds. Ten infested

and fifty ml of tap water were added to another cylinder as
a control Lfter 48 hr the seeds were recovered and the

ungus was isolated as

The effect of incorporating Terrazole and Dexon

into the g0lil was measured by mixing each of the two chemi-

cals at concentrations of 10, 50, 100, and 1000 ppn by dry

N ~N
weight with 190 g of soil. Ten seeds were placed in -

plastic pots (bottom diameter 9 cm, top diameter 11 cm)

containing the soil and 5C ml of tap water was added. Two

®
n
R
[
o
]
6]
)
Qs
W)
6}
Q
o)
o]
o
i)
O
[
n

vots of soil without the fungicid
After 48 hr seeds were recovered and the fungus was re-—-

isolated as previously describad,
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The results of the experiment outlined above indi-

.cated that lower concentrations of Terrazole were effective.

|t
®

To clarify this point Terrazo and Dexon were compared.
The chemicals were mixed with white sand to give a 5%

= k3

+th the soil to

active material. The material was mixed wi
glvo concentrations of 1, 5, 10, 100, and 1000 ppm by dry
weight, Ten seeﬂs were placed in each of 2 pots containing

190 g of the soil mix for each treatment., Fungicide-free

62}

soil wa plaCed in 2 pots as controls and the procedure wag

g}
O
,G
[«
j—t
[_v -
)_J
0]
Qs
2
O
<
’D

followed

Vorlex, 6 D-D.and Fumazone

used undiluted and at concentrations of 10,000, 1000, and
100 ppm. ComﬂeLcialApaint thinner was used as a solvent
for Telone, Vorlex, and D-D, Tap water was used as the
solvent for Fumazone, Small glass petri dishes 15 mm high
and 50 mm in diameter were placed in large petri dishes 21
mn high and 88 mm in diameter. Water agar was poured into

—

“the large dishes and allowed to soli c'fj holding the small

0,

a

0
;_:.
,m

dish against the Four x pliCWCWOﬁs were made of each

al concentration by placing 2. infested seeds in each

chenic b ¢
of 2 plates and pouring 5 ml of the fumigant in the well,

Controls were set up in a similar manner by pouring .5 ml of

paint thinner or 5 ml of tap water into the wells. Each

vlate was sealed and after 48 hr the seeds were checked for
development of sporangia and growth of mycelium of the

fungus.



The sources of Phytophthora spp. used in the

experiments and as an aid in identification are listed

bélowc

Arizona ‘ Geograpbiéal
Nunber Orqanism iost Origin

P-29 P. sp. | Texas raﬁger Tuésoh, Ariéona
P-45 ‘ EP. sp. | rosemary Tucson, Arizona
P-47 P. sp. _ palm Phoenix, Arizona
P-48 P. sp. petunia .Tucson, Arizona
P-49 P. parasitica citrus “Yuma, Arizona
p-28 "P. parasitica citrus California

P-30 P. sp. o tomato _ Tucson, Arizona
p-38 P. citrophthora lemon - California
Morpholo@y

Morphological and cultural characteristics of the

5 isolates obtair

1%

ed from various host plants in Arizona are

as follows:

P-29

Hyphae up to 9 p wide, irrveguler in width

sporangiophores 3 to 5 p wide, irregularly branched;

O}

19
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sporangia pyri LOlm to globose or subglobose, yellow to
light brown turning slightly darker with age, usually

ciduous, often having hyphal-like

,Q.:

not usuvally
;prolongations ladlablﬂg from wall, averaging 42>x 38,
maximum 61 x 55_p exit poreAless thanr7 B wide;
chlamydospores sparse even after 4 weeks, up to 25 p,r
usually termihal, océasionally intercalary: oogonia‘not
present inrsingle culture even after 8 weeks; no sex cells
present in single cultu-re° ‘Culture VQvlable, white to
creamy colored, 0ld cultures sometimes becoming tan

t

appearance especially when young, usually not

, glossy

i)

luf

l'\

fy

emaecw.alTy when vouu;

p-45

- L)

Hyphae up to 10 jn wide, irregular in width;

sporangiophores narrow not over 3 ju wide, irregularly

branched; sporangia pyriform to ovoid, with some Decoming

slightly elongate, vellow to light brown, usually terminal),

. not usually deciduous but occasionally with short pedicel

l-r

often having hyphal-like prolongations radiating from the

wall, markedly papillate,

averaging 39 x 34, maximum 55 x
46,p; exit pore less than 7 p wides cn amyaocbores sparse
even after 4 weeks, usually terminal up to 30 u; oogonia

very sparse in single cultures even after 8 weeks, oospores

very sparse and anthe idia wvery sparse in single culture,
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Cultures irregularly radiating, white to cream beconing tan

with age, becoming very fluffy with age, no glossy appear-

ance,

egular in widths

=0

Hyphae up to 9 p wide,

sporangiophore up to 4 p wide, irregularly branched, occa-

sionally sympodially branched:; sporangia ovate or sub-ovate

<

to slightly pyriform, light brqwn to yellowish, usually
- terminal, not usually deciduous, some having short pedicels,

nillae

y often

markedly papillate with some. having two pa ,
having hyphal- 11 Le DIOWongatlons radiati ngvfrom wall,
averaging 40 x 30, maximum 57 % 46 B, exit pore less than
chlamydospores sparse even clt 4 weeks, usually
terminai but occasionally intercalarys oogoﬁia very Spérse
in single culture even after 8 weeks, sex cells not present

"in single culture, Cultures white to creamy, beconing tan

no glossy appearance,

Hyphae up. to 8 p wide, irregular in width

sporangiophores up to 3 p wide, irregularly branched;

sporangile pyriform to very slightly elongated, light brown,

i

usually terminal, not usually deciduous, some with short

pedicels, often having hyphal-like projections ;adiating

from the wall, markedly papillate with some occasionally
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having two papillae, averaging 35 x 29, maximum 49 x 40 jn,

exit pore less than 9 jp wide; chlamydospores .sparse even

after 4 weeks, up to 24 p, usually terminal: oogonia not

I

present in single culture after 8 weeks, no sex cells
. present in single culture. Cultures white to light brown -
" becoming darker with age, very fluffy, no glossy appear-

ance.

P-49

4

Hyphae up to 9 p wide, irregular in width;
sporangiophores up to 4 j1 wide, sympodial branching common,
many irregularly branched; sporangia pyriforin to ovoid,

light brown

, usuvally terminal, usually not deciduous but

some occasionally with a short pedicel, often having
,hyphalwlike projections radiating from wall, markedly
papillate with_some having two papillae, averaging 35 x

28

?

maximum 56 x 44 p, exit pore less than 9 p wide;

1 i

chlamydospores abundant, up to 40 p, usually terminal, but

occasionally intercalary;

oogonia sparse in single culture,

up to 27 p in diameter; cospores sparsely produced in

. . ! '
single culture, up to 36 p in diameter; antheridia sparse

e

in single culture, hypogynous. Cultures white to creamy

AN

sometimes becoming slightly darker with age, glossy

especially when young, irregular rosette pattern.
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Hyphal swellings were variable and océurred in all
isoléfes whén groﬁn on high nutrient medium (CHA, PDA).
Hyphal swellings were absent when isoiates were grown on
watexr agar;' A1l isolates produced swelliﬁgs up to 20 u
wide, - Culture appearance varied with age and with the type
of media (PDA, CHMA+, CMA),

Fig. 1 illustrates the type of sporangia found in

Q-

CMA cultures of all the isolates. Fig. 2 illustrates the

)

cultural characteristics of the isolates after 8 days

growth.

7 , P45,

311 possible crosses using P-28, P-29, P~38

P-47, P-48, and P-49 showed no evidence of increasing

oogonia oxr ocospores production as compa

-

¥

~ed to the original

cultures,






















































































































































