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ABSTRACT

Segments of alfalfa radicles colonized by

‘ngtopﬁthgég-megaspermagwere buried in field soil and
subjected td'vérious soil moisture and temperaﬁure condi-
tionso'rIn flooded soil; sporangia were produced at
temperatures of 8-24 C, but not at 28 C; optimﬁm tempera~"
-.ture for spofangial produqtion was.12—16 C. At 16 C
sporangial production was initiated after 4 hours and
reached a.peak at 12 hours. Maximuﬁ sporahgial production
occurfed'in flooded soil, with aecreased production in soil
at ~0.05 and -0.1 bar matric wéter~potential, ’Véry few
sporqngia were producéd at «0.6 bar and none at ~2,8 bars,

Sporangia germinated indiréctly (released zoospores)
- in flooded soilAat 84245C;roptimum temperature for indirect -
germination was 16 c. AAt'lé C indirect germination‘began
6-8 hours aftef floodingrand was 95% complete after 72
hours, In soil at 50;05 bar both direct and indirect
germination weré obseryed; sporangia in soil at <0,1 bar
germinated.direétlyp |

Zoospores oiiginating from sporangia, produced at
various depths in two flooded soils, were detected in
surface water using alfalfa seedlings as bait, Zoospores
were able to migrate upward through 65 mm of a sandy soil,
but rarely moved more than 24 mm upward through a silt loam

vii
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soil, 1In flooded silt soil, probability of zoospores
reaching surface water depended on number of iodépores

initially preéent and their depth Of.origin.



INTRODUCTION

Infective propagules, presumably ioospores, of

»Phytophthorafmegasperma Dreohs° and other Phytophthora

species have been detected in irrigation water by means of

baiting techniques (8, 9, 15). However, little work has

been publiéhed regarding the precise conditions under which -

r\Phytophthora spp; form sporangia in soil and release

zoosporesvwhieh COuld'reach.irrigation water. Ho (6) found-

that-P.\megasperma var. sojae produced sporangia 15 hours

after mycelial mats‘were buried in wet garden soil at 25 C.

Sneh and McIntosh (14) determlned that mycellal mats of .

*Phytophthora cactorum formed numerous sporangla in soil at

,0?1 bar and «0.3 bar matrlc water potentlal (wm), but few
or none at'9390‘bars;-at-temperatures of 10, 15, and 24 C,

The optimum temperature for sporangial production in soil

at =0,1 bar was 15 C, Mycelial mats of* Phytophthora

Vd

drechsleri buried in soil at 23-27 C-produced sporangia and

released zoospores when w values were between «0.025 and
and «0,3 bar_(Z 3) Few.or no sporangia were produced in
flooded soil Qr.ln‘SOil drier than.a4;0 Bars,'
The’abilitjfof zoospores to act as dispersal units
of root disease ?athogens depends upon their-ability to move
through 3011 from their point of orJ.gJ.n° Mehrotra (lO)

demonstrated movement of zoospores for a llmlted distance

1



through soil to plant roots, 'He noted that 200spore-move—r
ment to roots was largely dependent on movement of water‘

through the soil. | Water percolating downward through soil,

'however“ could not act_as a dispersal agent in upward

s

movement of zoospores from root-borne sporangia, Palzer

(12) noted a negative geotactic response in zoospores of

xPhytophthora c:.nnamoml° Upward migration of zoospores

through soil would be favored by thlS behaV1or, however,
the tortuous path thrOugh soil poresgmayrlimit the distance

zoospores could move upward, since contact stimulus has been

--shown to encourage encystment and thus loss'of-motility (7).

In this study, I examine two areas concerning

asexual reproduction of P. megasperma in soil: (a) the

‘effect of soil moisture and temperature on production of

sporangla and release of. zoospores, and (b) the ablllty of

_ zoospores to move upward through the 5011 column to reach.

surface flood water.



MATERIALS AND METHODS

Phytqphthbra,megasperma was.iéblated from infectéd
alfalfa roots collected near Tucson, Arizona and was main=-
tained on V-8 juice agar. Soil used in'ﬁhe'exPEriﬁents'was
Gila silt 1oam co1lected.frdm a fieldladjacent to a
lnaturally infested field and stored in 150-liter cans with
'vloésely fitting lids at 26*25 C. Soil was air-dried and
sieved through>a 2 mm screen prior to use. Moisture holding
Qharacteristiéé'of the,soil (Fig;-l) were determined through
the use of a tensiometer (consisting of a Blichner funnel
with sintered-glass base plate and a hénging,column of
water) and a~preésure membrane‘apparatus (5) .

Ih’order toAaﬁprokimate,natural conditions, experi-
ments‘weré conducted using_host tissue colonized by the
 fungus. jColcnized‘hbst.tisSué;was produced by placing 2.5-

day-old axenic alfalfa seedlings (cultivar Hayden) on the

margins valo%dayvold c@ldnies:of‘ff meg§$9ermae} After 3
days incubation at 2l'¢p when the fungﬁs~Waé presenﬁ in the
seedlings only asamYCeliuﬁ-and oospores, seédlings were
removed from the coloniés and the radicles cut £o a length
of 13 mm. Experiments concerning aéexuai reproduction of
the.fungus were conductédiby piaéing theICOlonized’radicles
in soil, All treatments consisié& of two replicates, énd
each experiment was répeatéd at leastvohce2 |

3
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Effect 5f‘Temperature on’Asexﬁal'Reprb&uction;

Polypropylene cylinders (4l$ 2.6 cm) wefé covérédrétj
one end with coarse nylon cloth (0.2 mm pores) and filled
‘with lightly*tamped'soil to a dééth of 1.6 cm. lFive
| coloniied radicle Segments‘and aHSmall nyl@n'marker wére
élaéed.on the Sufféce and CQVEred with lightly tampéd’soil
to a depﬁh.of Z;OICmg' The loaded cylinder was then placed
in a 50-~ml beaker containing distilled water at the desired
temperature ana ailpwed to become saturated from the bottom. -
More,distilled water was then added to the beaker until the
soil sﬁrfaée was'covéréd with:2—4 mm of water, Each beaker
was placed in'a~screwrcap jar and inéubated at the desired
teﬁpérature’ At various time intervaIS'tﬁe colonized |
radicle segments were recovered after removing the chihders
frOm‘thé beakers and alléwing them to dfain for 5-10
minutes. The.radicie segmeﬁts Qere stained in acid fuchsin |
‘(aqueous SQlution df 0,01% acid fuchsin and 8.5% 1a¢ti§
.écid) and examined.micr05copicallj to‘determine the totai
number_bﬁ sporangia,‘andfﬁhe,number of empty spofangia, on |
each radicle, Empty.épQraﬁgia (:F;'ig° 2) .were interpieted a§
having releaseg‘ZOQSpores by indirecﬁrgermiﬁationv(2l°  Only
sporangia extending‘ouﬁﬂhofizohtally from the radicle seg-
ments were counﬁed; no attémpt Was made to count sporangia

directly under or above radicle segments°



Fig.

Photomicrographs of indirectly-germinated sporangia
of Phytophthora megasperma, borne on colonized
alfalfa radicles in flooded soil at 16 C — (r:\}
Empty sporangium after zoospore release; (B)
sporangium containing several cysts of zoospores
which failed to emerge; (C) proliferated sporangium
containing one encysted zoospore.



Effect of Matric Water Potential on

The effect of matric Water'potentiéi on'producﬁion
and germination of*éporangia in soil.was determined by a
modification of ﬁhe above procedure. "quoded" treatments
wére'prepared by the method descfibed above. Tréatments.
involving soil.at §m:§‘-0;6 bar'Were'prepaféd7using soil
wﬁich,had been éix—dried from saturaﬁion to the desired
ievelf Soil,mqistﬁre was detérminedVgraviMetrically, by
drying the soil to a COnétant weight at 105 C,rand ﬁelatedﬂr
 t§ wm usingbthe curvé shoWn in Fig. 1. Treaﬁments invdlving
soil aﬁ.wm = %Ooi-and -0.05 bar were preparéd by first
adjusting soil; conéained in the polYﬁropylene.cylinders,
to the,apprepriate’moisture level'on tensiéhe;ers? Two
cm of soil Was?then removed from ééch cylindef,,thé-radicle
segments'ﬁiaéed*on thé tamped surface, and the 2°0 cm of
soil replaced to cover the radicleé, In all nonflooded
treatments the chindérs were covered at the_bbttom with
plastic £ilm instead 6f nylon cloth and were placed directly
iﬁ a screw-cap jar. 'Ali treatments were incubated at 16 C.
At interVals,vthe radicie segmehts.&ere rééovared and |,
examinédzas désCribed préviou_s_l—y° Moisturé'cohtent of the
soll was checked'éfavimetricallyvfOrveach repliéaté at the

time of radicle recovery.



- Zoospore Mobility Studies

Zoospores originating from sporangia produced at
various depths in flooded soil were. detected in the surface
flood water using alfalfa seedlings asban.t° In this-study ,
two soils were.usedé (a) the Gila silt loam described
previously, and (b). a 1:1 (v:v) miXture?of this silt loam
with c¢oarsé silica sand (#20 mesh). A comparison of pore

size composition in the two soils is shown in Table 1.

Table 1, Comparison of pore space compos1tion in the two
50113 used in- zoospore mobility study.

» Fraction of pore space

As % of total SOll

'volume: ..~ .As 3% of pore volume
Pores with neck  Gila  Silt Gila | silt
. diameters of = silt loam loam/sand”  silt loam loam/sand
> 0 um  46.3° 36.7 100 100
> 60 um 15.0 | : "15.9 3230‘ 38.8
> 120 um 6,0 .727' 13.0 21.0
> 190 um 3.2 3.7 6,9 10.0

> 294 um 2.7 ~ 3.0 5,8 8.2

91:1 (vsv) mixture of Gila Silt loam and coarse
silica sand.

bValues determined volumetrically_using tensiometers:



“The apparatus for this:study consisted of poly—
propylene cyllnders (2 6 x 5.5 or 7. 5 cm) plugged at the
bottom with a rubber stopper and- hav1ng a small hole
. drllled throughrthe wall near the bottom (F:Lg° 3}, Soil l
was placed in*eaéh'cYIindernand tamped according to a
uniform: procedure° A variable number of colonlzed radicle
. segments was placed on the surface, and more SOll added to
Vcover the segments to the desrred depth (4-36 mm in the
shortervcylindere and 65'mm in theIIOnger cylinders). A
5-mm space was leftrbetween the soil surface and the'tOp of
the cylinder. ’The cylinder-Was then placed in distilled
mater mhich.entered via'tne smallrhole in'the cylinder wall
to saturate the soil from the'bottom? After the water_had
flooded the eoll leamingletanding water over the*surface,
a small cork was. 1nserted to plug the hole in the cylinder
wall. The cyllnder was then removed from the water, drled‘
off, and the bottom dlpped in melted parrafin to seal the g:
rubber stopper andrcork,f The'top of the cylinder was 2
covered with njlon‘screenA(17O um pores). The whole
aseembly was then placed in a beaker and distilled water
‘added to COVer,the.l70ﬂpm screen with 2-4 mm of water,

Tne ehorter cylinders were placed in 100-ml beakers; the
longer cylinders were_plaCed in 400-ml beakers. Four 3-~day-
old alfalfa seedlings‘were placed in the water above the
screen to serve ae:bait and the system was lncubated at

16 C. Seedlings were'removed'24 and 48 hours after flooding



Fig.
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point of origin on colonized radicles to surface
water was indicated by infection of seedlings.



11
and incubated at 16 C. Infécted seedlings bore sporangia
j within 5Adays° At the-time of removal of the last seedlings.
froﬁ the system, the colonized radicle ségments were
'recoveréd from the cylinders énd éxamined microScépically
to determine the number of indirectly germinated (émptY) |
SPorénQia present. Thisbnumber Was-uéedvas an'iﬁdex.Qf
felativéiinbculum'levél which indiéaﬁed the-relative'nﬁmbersf
Qf ZOOSpo:és produced at tﬁe‘given depth.of each particuiar‘
repliéatéo
| Check treatments'were included to demonstrate,that

(a) infection of bait seedlings would not occur from

'Phytoﬁbthqra species indigenous to the soil, and (b) thére
Wérg no openings at the bottom of the apparatus through
which zoospores could escape, thereby reaching surface
water without travelling upward through the soil column.
These cheéké consisted df, respectively, (a) treatments
similar‘to those described in,thé previous paragraph, but
with the colonizedzradicleS oﬁitted, and (b) treétments
siﬁilar‘to those describea_in»the4previ6us paragraph, but
with a sealéd rubbgﬁ'étopper_éubstituted.for the 170-um
- nylon 5creen_ét the top. | |

The validity of the described meéhod for determining‘
the distaﬁce zoospores can.move £hiough a éoil column rests
on the assumption that 200$poreé, and no other propagules,
are responsible fof infection of bait seedlings. This

assumption is supported by two considerations. Preliminary
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experlments with zoospore suspen81ons showed that zoospores

would sw1m 1nto a caplllary tube contalnlng alfalfa seedllng' lf

extract, encyst on the’ tube s inner wall, and germlnate
within several hours° If the tubes contalnlng germlnated
zoospore cysts ‘were broken and placed on MVP agar (16),-_

Phytophthora colonles were produced° When caplllary tube

traps were placed in the water above the 170 -um’ screen of
the apparatus in Fig. 3, cysts appeared on the tube»s~~ 7
inner wali at about the.samevtime that infection of bait
vseedllngs occurred (6-8 hours after flooding) . Rec0very_of7

Phytophthora from these traps was difficult, due to theée

large number‘of contamlnants in the system, but was
_successful on one occasion. The Second'conSideration;,
pOinting to-zoospores ashthe infectite’propagule in'this
.system'is the fact that the propagule could move relatively
long dlstances through the soil in less than 24 hours, a
feat possible only for a motile propagule of thlS slow—
growing fungus.

The.sensitivity‘of the baiting technigque for
detecting zoospores was determined by setting up the system
‘ag described breviously, but omitting the colonized radicle
segments. A known number of zoospores was introduced under
the 170-pum screen of each.cylinder‘befOre placement in the
beaker, and bait seedlings piaced in the Water above the

screen to serve as bait.



RESULTS

Effect of.Temperature on AsexualpReproduction

Table 2 shows the results of one eXperimeut'con~
cerning the effect of temperature on-productioh_oﬁ sporangia
invaOOded soil, Both fuil (ungerminated),and empty'
'(indireotly germinated) sporangia were included iu‘counts
of Sporangia':presefntf° Repetitions of the eXperiment.gave'
similar. results.in terms of relative numbers of sporangia
tproduced at various temperatures, though tbevabsolutes |
numbers dlffered° Sporanglal productlon was greatest at
-temperatures of 12 and 16 C,'w1th no sporangla produced at
btemperatures of 28 C or hlgher (Fig., 4). " The lower number
of sporangla observed at 48 hours,; as compared to the number
- observed at 24 hours, was a consistent feature of the
'results and is probably due to lysis of the empty‘sporauéia'
Shells,after zoospore release. Indirect germination of
sporangia was greater at 48 hours than at 24 hours at all
: temperatures, and was greater at 16 C than.at any other
temperature tested (Fig. 5).

Sporangial production began about 4 hours after the
_oolonized,radiCle‘Segments were buried in flooded soil at
16 C, and reached a peak at 12 hours (Fig. 6). Indirectly
germlnated sporangla were observed 6—-8 hours after floodlng
and comprlsed about 95% of the total number of sporangla

13



Table 2. Effect of temperature on produbtion and indirect germination of
- sporangia of Phytophthora megasperma in flooded soil..

Average numbér.bfiradiclesg.bearing,‘ ’ , % in-
: . - . -  Avg. number direct
Tempera- , 0 - 1-9 10-20 > 20 of sporangia germina-
.. ture . Time . sporangia . sporangia sporangia . sporangia - per radicle . tion:
g8c 24 hr 0,00 0.5 1.5 . 3.0 24.6° 2k
- 48 hr 0.0 1,5 1.0 2.5 23.5 1
12 C 24 hr 0,0 0.0 0.0 5.0 67.0 13
: 48 hr 0.0 1.0 0,5 3.5 30.8 46
16 C 24 hr 0.0 0.0 0.5 4,5 62.0 14
48 hr 0.0 0.5 2,0 2,5 29.9 57
19C 24 hr 0,0 0.5 0.0 4.5 46.2 10
48 hr 0.0 2,0 0.5 2,5 22,4 36
24 C 24 hr 0.0 1.0 1.5 2.5 24.5 1
48 hr 0.0 2,0 0.5 2.5 22.4 12
28C 24 hr 5,0 0.0 0.0 0.0 0 _—
48 hr 5,0 0.0 0.0 0.0

%pased on a total of 5 radicles pér replicate at each time and
temperature.

bAll values are ayerages of two replicates.

7T
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18
preseht by 72 hours., vThe total number of 5porangiac
observed on the buried'radicle segments Was highest 12
hours after'flooding; the lower numbers'observed at later
intervals Were the result of increasiag numbers of
v.germinated sporangia which were'subject tcVLYSis,in'the
soil, ' | o

Effect of Matric Water Potentlal on
- Asexual Reproductlon o

The results of all experiments concerning the effect'
of matric water potential on production-cf sporangia in soil
at 16 C are averaged in Table 3., Greatest sporanglal

productlon occurred in flooded soil (0 0 bar), with less

' and slower productlon in s011 at ¥ = —0 05 bar and -0.10

- bar (Flgp 7) Very few~sporang1a were produced at -0.6 bar,
_and none at 2 8 bar, w1th1n 12 daysu |

While 95s of the sporangla had germlnated in-
directly.after'3 days in flooded soil, less than 106 of the
sporangia in soil at by = —0.05 bar had.germinated in-
directly‘afterAIZ days, and no empty'sp0rangia were observed
in soil at ndglo bar or -O 5 bar, Some of the sporangia
produced‘in SOii at p, = -0, , 05 bar and —0 10 bar germlnated
dlrectly (via germ tube) after 6. days 1n 5011 Hyphal
swelllngs-were~frequently observed in mycelium of the fungus
after l~2_days_in.soil at ¢ = —0;6 bar:and-~2q8 bars.
Although.no sporangia were produced in soil after 12 days'

at ~2,8 bars the mycelium Was still viable, as demonstrated



- Table. 3. Effect of matrlc water potentlal on productlon of sporangla by
Phytophthora megasperma in soil at 16 C.

Time (déys)

p, (bars) .1 2 3 6 9 12

0,0 Radicles with >20 sporangia®  4,0° 3,5 1.5 1.5 0.0 0.0
. Sporangia per radicle o 44b 38 27 - 14 2 1.

-0.05  Radicles with >20 sporangia  <0.5 0.0 0.0 2.5 0.5 0.0
Sporangia per radicle 7 11 -9 23 9 5

~0,10  Radicles with >20 sporangia 0.0 0.5 <0.5 * 0.5 0.0 0.0

Sporangia per radicle 1 6 8 11

~0,6  Radicles with >20 sporangia 0.0 0.0 0,0 . 0.0 0.0 0.0
Sporangia per radicle 0.0 0.0 <l <1 <1 <1

~-2,8 Radicies with »20 sporangia - 0,0 0.0 - 0.0 0.0 0.0 0.0
Sporangia per radicle 0 0 o - 0 0 -0

%Based on a total of 5 radicles at each time interval.

bValues are averages.of 2 experiments with 2 replications per experiment.

- 6T
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by thé‘production of numerous sporandgia when the radicle
segments were recovered and incubated in distilled water

at 16 C.

Zoospore Mobility Studies

Experimenté concerning the sensitivity of the bait-
ing technique fdr.détermining presence of_zoospéreg éﬁowéd
théﬁ 10420 zoosbores were reqﬁired to infect the seedlings,'
"in the lOO-ml»beaker system,.while 20*4orzoosporesrwerél
. necessary to infect the seediings in the 400-ml beaker
system, Zoosporés in numbers lower than these critical
rahges did no£ colonize the seedlings, while numbers Withiﬁ .
these rangés or greater were able:to colonize thém,

ﬁsing the described baiting technique, it was;
: aetermined thaf zéospofes could move upward through 65 mm
of the silt lbam/sand mixture (Fig. 8A), but they cduid not
‘move up&ard through 65 mm of the silt-loamA(Fig; 8B) .
Zoospores' routinely reached surface water through 36 mm of
the silt.loam/sand mixture, but rarely reached surface
water'through 36 mm of the silt_loamq In treatments using
siit loam, the probability of zoospores .reaching surface
water increased with incfeasing number of zoospores |
initially present at depths of 4, 8, 16, and 24 mm. For
example,‘a relative inoculum level of 25 (25 indirectly
éerminated spdréngia) was sufficient to cause infection of

bait seedlings if the radicles bearing the sporangia'Were
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Ability of zoospores of Phytophthora megasperma to
swim upward through varying depths of (@) Gila

silt loam/sand (l1:1, wv:v) mixture, and (B) Gila
silt loam -- Alfalfa radicles colonized by
Phytophthora megasperma were buried at a given
depth in flooded silt loam or silt loam/sand
mixture, and healthy seedlings were placed in the
surface water above the soil or soil/sand column to
serve as bait. Each symbol (+ or 0) in the figure
represents a separate trial in which a certain
relative inoculum level was produced on colonized
radicles buried at the specific depth. Trials in
which zoospores reached surface water (demonstrated
by colonization of bait seedlings) are represented
by a trials in which zoospores failed to reach
surface water (bait seedlings not colonized) are
represented by a "0."

Relative Inoculum Level is the number of
indirectly germinated sporangia observed on the
colonized radicles in a given trial, and consti-
tutes a measure of the number of zoospores
originating at the specified depth in a given
trial.
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bﬁried'4 mm deep, but nof if they were 8 6f 16 mm deep.
When the coloniéed radiéles were 24 mm deep in the silﬁ
loam; infeétidn‘of'bait seedlings was less'probable at a
relative inoculum ieVel of <50 than at relative inoculum

level of >50.



DISCUSSION

Phytophthora megasperma grOW1ng 1n alfalfa radlclesl

was found to produce sporangia in 5011 at temperatures
‘'ranging from 4 to 24 C, and at b, values of 0.0 to -0.6 bar
at 16vCn ,Flooded soil at 16 C was the environment most -
favorable foriéroduction of sporangia and release of
zoespores,' V

My data coﬁceruing the effect of tempereture on

asexual reproductlon by Phytophthora megasperma may be-

frelevant to observatlons made by Pratt and Mltchell (13),

o who}used a baiting technlque»to detect P. megasperma 1nvf

:floodedjsempiesrof WisconSin‘soilsq ' They found the baiting
teehnique Eo‘beeﬁcre'effective'at 16 and 20 C than at 25 C,
and.ineffeCtivebat 30 C.

My results conCerning the effect of w' on sborengial
productlon are consistent with results of Sneh and McIntosh
(14), who found production of sporangia by P. cactorum in
- soil at ﬁODl and ~0,3 bar,‘but not at =3.0 bars@ My results
differ_signifieantly:from those found by Duniway (3) for.g,

drechsleri in that P. drechsleri produced numerous sporangia

in soil-atb~2¢l bar to —3q5 bars, but few}to none in floeded

soil. -Also, P. drechsleri was shown to release zoospores

in soil at wﬁ as low as -0.3 bar, whereas I found no

indirect germination of P. megasperma sporangia in soil at

24
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wm <-=0.1 bar. ' Several explanations may be suggested for

these differences. As Duniway (3) noted, different’spedies

of Phytophthora may have inherently different water requiree_
ments for production of sporangia in soil. However, differ-
enees in environmental factors may‘alse account for the

varying‘fesponses reported, - The-inhibiting effect of low -

oxygen levels on sporanglal productlon by Phytophthora

Vspec1es has been noted (11): 1In Dunlway s (3) experlments
~ the soil had been flooded for at least 12 hour3>prior to

burylng P. drechslerl in it, whereas I f£looded 5011

flmmedlately after P. megasperma had been buried. Therefore,f“

: oxygen levels in the 5011 may have been lower in the};?'

experlments with P drechslerl than in the experlments w1th

'Pq megasperma° It is also pOSSlble that water requlrements
rfor sporulatlon are lnfluenced by the energy source 7
-avallable to thefungus° Thus, a fungus colonizing host
sﬁbsttate in soil may have different behavior from the same
funéus buried as a mybelial mat in soil. Finally, there may
be an lnteractlng effect of temperature and 5011 moisture
on sporulation, with sporanglal production occurring at low
temperatures in flooded soil but inhibited by high tempera- .

_tures in flooded soil., It should be noted that neither

inelude'treatments in flooded-301l at temperatures < 23 C,
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and my work with P' megasperma did not include treatmente

in_drier 5011 at 23=-27 C, a further comparlson of tempera—
. ture and 5011 m01sture effects on sporulatlon in these two
fungi ie not posslbleu However, the data of Sneh and
McIntosh (14) concerning the behavior of P. cactorumvin soil
indicate an'interectioﬁ of soil moisture and temperature
‘effectsgonbsporangial production in this species. They
found that after 8 days in soil, eporangiai production was
more than_tmice as great at--0.1 bar as it was at =0.3 bar
" when the tempéréture was 15 C (theroptimum'temperature for
sporangial production in this species), but was only
slightly greeter at =0.1 bar.thah’at ~0e3_barbwheh the
,temperature was 29 C° Such an effect of temperature and
»SOll morsture on sporulatlon could be medlated by oxygen
glevels, smnce lncrea51ng temperatures would increase - oxygen
consumptlon by mlcroorganlsms while decrea31ng the solu-
bility of oxygen in water.,

After release from sporangia in flooded soil,

zoospores ofrgg megasperma were found to swim upward through

the soil column and infect healthy host tissue in surface
’ w’atern uZoospores in:numbere sufficient to infect host
‘tissue were able to migrate upward through at_least 65 mm
of the'siltgloam/sand mixture, but rarely moved more than
. 24 mm upward through the Gila silt loam. The prohability
- of succesefully'reachihg-and infecting hostetissue in

surface water was increased by increasing the numbéer of
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zZoospores present at a given depth in soil; the probability
of infection, given a specified quantity ofVZOOSpores,
décréased‘with increasing deéth of ZOOSporeroriginq |

Allen-and Newhook (1) found that zéoSpores of

Epytophthqra cinnamom; swim in a helical péth with an
amﬁlitude of 26~70 um,vthus_ieqﬁiring'a cylindrical space
50-140 Hm in-diameter'for unobstructed locomotion. They
furtherrnbted that collision of zooépores with solid
surfaces produces a disorienting effect which markedly
restricts their active movément, and'thét such réstriction
ﬁakes_zoospore movement thféugh poresv<-l§d'ﬁm in diameter
an improbable event. The.differénce‘I Obsérved, tegarding
maXimum upward migration distance of zoosporés,'between the:,
two soil types used may be related to these spatial require-
menté of swimming'zoospoféso Comparison of*pore'space
composition of the two soiis (Table 1) showé that the
:silt‘ldam/sand mixturé éontains a slightly higher pfOpQrtion
‘of'iérge pores thah'doés.the Gila silt loam. The difference
ié small when considered as a fraction of the_ﬁotal soil
_volume; but'increéses whén donsidered as a fraction of the .
space which is Qateréfilled‘under flooded coﬁditions; Thus,
of the,total'waterﬁfilled volume in the two flooded soils,
pofes > 120 um and > 190 ﬁm in‘diameter are.respectivély 62%
ahd &%;more frequent in:the'silp‘loam/sand mixture than in
thé'silt loam. The~nﬁmber df unobstructed paths f:om the

ZooSporés° point of origin to the surface water would be
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lower in the silt loam than in theesilt'loam/sand mixture-
~ due to'the lower absolute volume of pores > 190 um in
diameter as well as their lower frequenoy in relation to
ﬁotal Waterefilled spaoe;, In addition, the'arrangement of
pores-may be such,thatrthere are fewer continuous paﬁhways
of large pores'in the Gila silt loam than in the silt
ioam/sand mixture, The consequent iucreased oCcurrencevof
COhtact gtimulus, as well as the greater time required to
find a navigable path, would”favor.eneystment of the
.zoospores within the silt loam oolumh, These considerations
may be'reievant to Ho's (6)'observatiou'that zoospore cysts
_were found on roots of plants in sand but not on roots of
plants 1n7501l, after zoospore suspens1ons were applled to
the surfaces of the two media. It should be poxuted out
that biological,and physical‘differences betweeh the two
soils used in my study, other than pore size comp031tlon,
can not be ruled out as possible 1nfluences on zoospore
mobilityq

growing in host tlssue can produce: sporangla and release
zooSpores_in'flodded.soil.within,6—8 hours of flooding at
temperatures:near 16 C.,  Such conditions are not uncommon
in spring and fall for flood irrigated alfalfa on heavy
soils, where irrigation water.may remain on the surface as
‘long as 30 hours. Zoospores originating from sporangia in

soil can act as agents of long-distance dispersal if they
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reach_surface water, My results:indiCate, however, that the
distance zoospores can move upward through flooded soil is

limited, and is restricted bygsoils of fine texture. Gray

and Hine f4) determined that P. megasperma lesions on méturer
alfalfa taproots in Ariéopa occﬁr-at depths of 1-40 cm, with
ﬁhe majority occurring 3—20 cm below'the soil surface, |
 given the zoospores® limited rénge'in sdil,AOnly those
.1esions near the soil surfage would be an iﬁportant source
6f secondary inoculum.which couidugontaminaté'irrigation-
,Watér¢ unless soil crécks offered arclearvpath'to_sﬁrfacé

Water from greater depths in the soil.
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