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SUMMARY
Swimming zoospores of the fungus FPhytopithora cinnamomi were exposed
to a range of lons and found to be much more sensitive to cations than
. . ) Ve
anions. One catilon, Ca~ , induced zoaspores Lo encyst and subsequently
germinate, but most cations induced encystmont only and were toxic at

higher concentrations. 1In general the sensitivity of zoospores to a cation

. 3+ . ;
increased with its charge density. At. 0.3 WM, La reduced the viability
. R T 2+ ,
of a zoospore population to 507, while Fe (20 M) and Mn (50 uM) induced

encystment with only a slight decroase in viabhility. The other divalent

2+ 24 +

) + o+ + +
, BaT , Li, Na , K, Cs', NH

4

: ) . 2+
and monovalent cations tested (Mg,
were effective in inducing encystment or reducing viability at higher
concentrations. Each ion showed a distinctive concentration-response curve.

1 al - ; 1o el = g o &
Only F and CH3COO anong the anions tested (C1 | NOB » F, H,PO,” , 50,

: 274 G
CHECOO ) had any effect on zoospores, and at 20w {(pH 6.0) thev reduced
viability.

The cysts (cystospores) of the funpus were punerally less sensitive
o o . -t
to cation effects than swimming zoospores, and ooly Cs and K (50 mM)
reduced viability to rhe same oxtent in each popetation,
Both zoosperes and cysts of tils fungus had a broad telerance to pH
and temperature and cysts wore more resistant to low temperatures than motile

zoospores.,
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INTRODUCTION

The biflagellate zoospores of the Comvectes go throush the process of
cyst (cystospore) formation and cyst permination after their release from
sporangia and befere the fermatlon of a new mycelial staye. The changes
in ultrastructure which take place during this transformation have been
described for a variety of species and genera (for a list of references

see Lunney & Bland, 1976). The details of the ultrastructural changes

during the process of cyst formation and germinatrion have been particularly

well documented in the genus Phytophithora (Hemmes & Hohl, 1971; Tokunaga

& Bartnicki-Carcia, 1971; Bimpong & Hiﬂf an, 1975; Sing & Bartnicki-Carcia
1975). However, there is less information on the mechianisms which Lrigeoer
these developmental changes.

The external iconic covironment is known te af fect zousnhore differentiation
1

in botl the monoflageilate Blastocladiella on and the biflagellate

Aphanoivees astacd (Soll & Senpeborn, 1972: Svenson and Unestam, 1¢€

There are indications that Phytophthora zoospores are similarly affected

,

. 7, +

since the motility of F. walmivorsa (But!.y buti., was reduced by Ca and
2+ . _ ) e !

My Saits (Bimpong & Clork, 1970), ITyoaddition v, padrivors zoospoares

exhibited negative chemotaxy in response co o range of cations (Camaron &

Carlile, 1980). In the caseof the plant pathoeyen P, cinna

ZOOEPOTRS

were repelled by dnorganic cations (Allen & liarvey, 1974), and there 1s
evidimce that the disease pattern was influcrced by goil carlon levels
; t A

{(Broadbent & Baker, 1974; Halsall & For: rester, 19775 Boughton et al., 1278),

In this paper we shew that in P, cinna

the transformation of

swimming zoospores to germlunating cysts is affected by the externazl concen-
trations of a variety of cations. The resulrs suggest that specific ion
effects are Involved rather than changes in osmotic pressure. The significance
of the results in relacion to the potential hohaviour of the parasite in

s
$6il and its capacity to act as a pathogen is discussed.



METHODS

The isolate of P. cinnamomi (A-2 compatibility type) was obtained from

the Brisbane Ranges, Victoria, by Dr. G. Weste and designated by her as
isolatg PC110 (Commonwealth Mycological Institute Collection IMI 252489).
Zoosporangia were induced and zoospores released from axenic cultures as
described in a previous publicétion (Byrt & Grant, 1979). After release the:
4 5 -1
zoospores (10 - 107 cells ml ) were held in tris-succinate buffer
pH 6.5 (imM) at 16x1°C and used within 2 h. All glassware with which
zoospores came In contact was prewashed with 2 M (1 overnight prior to use.
All operations in which zdospores were transferred or mixed required care
to minimise mechanical or pressure shock. Zoospores were exposed to the
variovus lons in plastic tissue culture trays (Linbro, Connecticut, U.S.A.)

for up to 120 min. Unless stated the pH was 6.5. UWhen cyst populations

" were to be tested, they were induced from swimming zoospores by 2 min

vigorous shaking (Tokunaga & Bartniciki-Garcia, 7971). Cells were examined

~directly or after fixation with 2y slutaraldenvde, pl 6. The numbers of

cells and their developmental stage were counted using an inverted microscepe
with a calibrated grid in the ocular. A volume of 1.5 or 2.0 ml per chaumber
was used, and all incubations carried out at 19:2°C. After fixation, cells
wvere stable for at least 2 week at room temperature, but counting was

always completed within 4 days of an experiment.

When experimentdl procedure required that <¢lls be transferred from
one container to another, cells at different stages of development were not
recovered with equal efficiency; Thus the protecol was designed so that
the entire experimental procedure could be carried out In one vessel. All
experiments contained controls in which zcospores were held in 1 mM buffer
QUIing the period of treatment. All results are reported as percentages
obtained from counts of 100-200 cclls. The percentage of encysted cells

in the controls varied from one experiment to another but was usually in



the region of 20%. All allocations of treatments were made cu the basis

of random number tables (Fisher & Yates, 1963) and the samples counted blind.,
It was possible to estimate the percentape of damaged cells by a

direct count. However, the distinction betwcen a damaged and an undamaged

cell was not alwvays clear cut. Another method of assessing the viability

of cells was to test their ability to germinate under optimal conditions,

24 3
The addition of a mixture of V8 broth (57) and Ca (4 mM) was sultable

for this purpose. The percentage ;f germinated cells was then used as an
estimate of the viable cells in a population. All assays for viabilicy
were carried out at 22+7°C for 180 min, before the cells were killed by
glutaraldehyde addition. Viability assays weve carrieéd out in the presence
of the ionic species under test. 1t was shown in preliminary experiments
that if the ions under test were added to swimming zoospores at the same

,

. 2+ . + = ;
time as the Ca” /V8 medium only Cs  had any effect on germination. In

- IR
50 mM Cs ', germination was reduced from 98+1% to Q227

RESULTS

Three stages of zocspore development wore distinguished in this work.

L Motile zoospores: After fixation, these were ovoid to elliptical in
longitudinail view, and elliptical with a well-doflined Broove wrien viewed

end on. No cell wall wias visible and the cellg had a clear or translucent
dppearance. Flagella were visible when the collg were viewed under phase
coentrast or Nomarski interference microscopy.  The cells appeared refraccile

under bright field microscopy,

2, Cysts or Cystospores: These wvere round, with a clearly defined outline.
3. Germinated Cysts: These cells had clearly visible germ tubes, However,

Some treatments gave rise to cyst papillae (Palzer, 1976; Ho & Zentmyer, 1977).
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The cyst papillum appeared as a clearly defined swelling or pProtuberance op
the surface of the cyst.

In addition, damaged cells were present afrer certain treatments.
These were sometimes swollen, and lacked the clear cutline of undamaged
cells. Some treatments algo induced a high proportion of lysed cells, and
cell fragments were visible. The extent of lysis wasg measured by the

difference between the initial angd the final cell concentration.

The Effect of_IgEEeraturg

Both viability and motility of 200s5pores were affected by temperature.
The highest Proportion of motile cells was maintained between 10° and 20°¢
although even ip this temperature range a high Proportion of cells encysted
during the 2 h incubation peried (Fig. 1). Below 10° and above 25° both

the number of motile cells and the number of viable cellg decreased rapidiy.

Temperature also affected the behaviour of the cells in more subtle waysg.

For example, above 25°, the ZO9SPOres were much mere liable ¢o encyst as
a result of mechanical shock. Cyst Populativns were similar to Zoospores
%

in their response to temperarures dbove 257 By centrast, cysrs were much

Mmore resistant than Zoospores to temperatures belnw 10°¢ (Fig. 1).

The Effect of pi

Zoospores Temained motile over the pH range 4.5 to 8.5 and viability
did not vary over this same range. At the extremes of pH, the number of
motile zouspores fell rapidly (Fig. 2). As the u” concentration increased
above 10 uyM (pH 5), an increasing pProportion of 2008pores wag immobilized.
They rounded up, but only a small proportion less than 30% at Pl 4.1)
formed cyst walls resistant ﬁo 1 M KOH. After EXposure to pH 4,] for 1 min
the immobilized cells could not form alkali—resistant walls on shaking,
nor when returned to pH 5.8 and incubated for 30 min. The response of cysts
in viability testg at the extremes of PH was indistinguishable from that of

zoospores.



Effect of Cations

Zoospores of P. cinnamomi were affected by both the species of cation

and its concentration. The effects observed rancved from transitory chanpges
in swimming pattern to increase in the rate of cncystment and/or decreases
in the viability of cells. Here we report only the quantifiable effects
on the transitions from zoospore to cyst and cyst to germinating cyst, as
well as loss of viability. The rates at which ions induced changes in
-,
. . + 24
zoospores varied widely. Some ions, such as K and Ca acted rapidly.
X + ; SAG e . . ,
Exposure to K (10 mM) immobilized 80% of the zoospore population in 7 min
L 24, » i - , L
and Ca’ (25 mM) had the same effecct after 20 min. On the other hand,
24+, P . 5 . <
Mg (25 mM) acted much more slowly, requiring 90 min to immobilize 80Y
. + , _ _ o R
of the zoospores. Na had a partial eflfect only, as exposure to Na (25 mM)
~for 15 min immobilized 50 of the zoospore population but there was then
no further immobilization in the next 45 min.
. . , ; ooy Lk + + o+ .
The effect of various concentrations of Li . Na » Ky Cs' and NH, on
immebilization of the swimming zogspores isshown in Figs. 3 and 4. There
. - : - . - .
were great differences in the response to the different iens, with Li' inducing
- - . A, . .
no encystment up to 50 mil while S oM K induced essentially complete encystment.
+ +

. . . ; . +
The order of effectiveness in the induction of encystment was K > NH4

+ + C . .
Cs > Li ., However, the effact on viavllity was rather different (Fig. 5).

. "\ ‘ . . r+

Exposure to KT reduced viability to 60% at 14 mM but increase in K
¢oncentration above this level did not decreasc viatility further. Exposure

F + + ; . . ;
to Na , NH4 » L1 and Cs  all resulted in decressed viability as concentrations
increased.

o ay T . . .
Both Cs and hHA treatments resulted in a high proportion of swollen
y X ,+ y

and obviously damaged cells. The Li' treatment preduced cells which had
the appearance of motile zoospores but which moved only sluggishly, and these

2+
cells did not encyst or germinate on addition of Ca  /V8 broth. The order

+ -
of effectiveness of Group I cations in causing cell damage was Cs+ >Li > K >



+
The damage caused by NHQ relative to the othcr monovalent cations tested
. \ i + s
was very dependent upon concentration. Below 10 mM h“& had litcrle
effect on either motility or viability. However, at 50 mM it was sccond
+ : v ;

only to K 1in causing immobilization and to (s in the reduction of
viability of zoospore populations.

Cells incubated in solutions of mannitol or sorbitol at concentrations -
up to 100 mM did not show significant increases in the rates of encystment

-

or decrease in viability. This, together with the differcaces i1 the
effects of individual ions, makes it very unlikely that changes in osmotic
pressure have a large effecct on the processes observed. Fuen NaCl, the
salt least effective in Inducing encystment was more effective than
mannitol or sorbitol.

The effect of four divalent cations of GplI, 1s shown in Fig. 6. All

s 2+
the ions in this series promoted encvstment, with Sr being the most
. 2+ . _ ;
effective. Mg the least effective, required 90 min exposure before
’ ’ 1 P

detectable effects could be observed. At this time cells were rounded and
often swollen with some retaining flagellar activity. This resulted

In such cells exhibiting a slow rotary motion. At a concentration of 10 mM

. o . , ; , 2+ 2+ 2+ 2
the order of effectiveness in inducing encystment was Sr > Ca > Ba Mg

2+ 2+ ) . 2+
Both Ca and Sr induced encystment without avv cell damage, and in Ca
encystment was followed immediately by germination. The germination rate
was higher in Ca(NOq)q than in CaCl,, and this was cne instance where the
anionic species influenced the zoospore response. Germination did not
: - 2+
immediately follow encystment after the addition of Sr , unless nutrient
was added.

. 3+ I . 2+

The trivalent cation La has & similar ionic radius to Ca and has
been shown to act in a similar fashion in a number of biological systems

-although at lower concentrations (Takata et al., 1967). When La3+ was added

to zoospore suspensions it was found that cells were immobilized at 0.1-1 uM
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almost immediately (Fig. 8, Table 1). Cells which had been treated with

3+ 3+ . .
La” were not viable, and at La concentrations above 1 UM there was complete

" 3+
lysis of the cell population. Therefore La dovs not appear to act as an
2+ ) . L2

analogue of Ca in this system, and mimics Ca only to the extent of
causing immediate immobilization.

3+ 2+ . , , et f i i
Fe and Mn ions both induced encvstment of the entire populations

- 2+ ; ;
of cells, Pe34 at 15 uM and Mn at 500 uM. lowever, cells which encysted

. ; . 3+
in the prescnce of these ions were completely viahle, and thus Fe and

24 2+ 24 3+ . -
Mn resembled Ca and Sr rather than La in their effect (Table 1),

; 3+ ; . .
The trivalent cation Al had no effect on cither viability or encystment
at the highest concentration tested (30 pM, pH 5.5).

In short, P. cinnamomi zoospores were {ound te be sensitive to all

the cations tested. Different cations caused responses which differed
both qualitatively and quantitatively and these are summarized in Table 2. The
. L - - ‘
, 3+ ] 3+ . )
trivalent cations, Fe and La , were effective at concentrations several

orders of magnitude lower than those required Tor the mono- and divalent

3+ , )
cations, but Al was without effect.

Ef fect of Anions

In all of the experiments described in the foregoing the chlorides

. : 3+ -
were used, except in the case of la ,» in which the NO3 was used. There

~D

was no difference between the Cln, NO3_, S0,

3~ +
| and POA when Na was the

common cation (Table 3). Where there was an increasc in the percentage of
e o C .t

encystment it could be shown to be due to the variation in Na concentration.

Acetate, and to a lesser extent fluoride, reduced zoospore motility and -

viability.

Effect of Cations on Cysts

When cysts which had been induced to form by shaking were incubated

in the presence of the various cations it was found that they were less
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. - o) +
sensitive than the swimming zoospores (Table 4). Only Cs reduced the
+ +
viability greatly, to 3% at 50 mM. Both K and NH, also reduced viability

but none of the other ions tested had significant effects (P = 0.05).

DISCUSSION

Our results showing the sensitivity of P. cinnamomi zoospores to

-,

catlons resemble those described by Svensson & Uncstam (1975) for the
biflagellate oomycete,A. astacil, zoospores, althouph it is difficult to
make direct comparisons as those authors did not distinguish quantitatively
between encystment and germination. They found that LiCl and CsCl were
toxic, that zoospores were more sensitive to KCl than to NaCl, and that
germination rates were highest in the presence of CaClz. They concluded
that the initiation of germination was partly .Jue ro an osmotic effect on
the zoospores as mannitol and msnnose.werc also effective. However, in
their work, as 1in ours, mannitol was less cffective than NaCl, and much
less effective than KC}l or CaCl,, and it seems move likely specific ion

c¢ffects were involved.

S0ll & Sonnebern (1972) also concluded that ion effects on B. emersonii

zoospores were nct due to osmotic shock, as sucrcse had no effect in their
system. ln many respects, however, the ion selectivity patterns observed

with the monoflagellates differed sipnificantly from those for biflagellates.
s + + o st . . .
K, Na, Cs and Rb salts were all found to olicit encystment and germination

s ; .+ -
of B. emersonii zoospores, although Li® was f{cund to be toxic. Conversely

2+

: 2 2+ . .
Ca and Mg vere less effective and germ tubes formed in response to Ca

-+

. . i .
appeared to be defective, and NH,  ions had little effect.
Soll and Sonneborn performed their experiments in the presence of
low levels of other ions,4nd low concentrations of ions are thought to be

essential for motility of both monoflatellate and biflagellate zoospores
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(Cameron & Carlile, 1980). 1In our experiments no attempt was made to exclude
low concentrations of ions either carried over as leachate from the washed
mycelium or from the glass containers in which mycelium and zoospores were
held. Therefore, we would expect that low concentrations of ions, in the

Hmolar region, would be present at all times. Such low concentrations are

apparently sufficient to maintain the motility and wviability of P. cinnamomi -

zoospores, At the higher ion concentrations tested in our work, the
e,
— . L2+ 4
effect of Ca was unique. Although both Sr and K were more effective

in inducing encystment, only Ca2+ triggered encystment fol]owed by
germination. Although our experiments do.not point to any mechanism, they
suggest that Caz+ may well play a specific rale in nature in the developmental
cycle of this fungus.

It 1s well established that cations interact with biological membranes
at concentrations comparable with those used in tho present studies (Williams,
1972). The ability to distinguish between closely similar ions and molecules
is a basic function of cell membranes. A similar seiectivity is also shown
in a range of non-biclogical systems. It has been shown that the relative
order of activity of the alkali-cations and cations of higher valencies
with many biological éhd non-biclogical systems is restrieted to a few
sequences. These include the Hoffmeister lyotropic series and are related
to the field strength of the ions under differcnt conditions (Diamond &
Wright, 1969). Thus it may be predicted chat if the effects of cations on
zoospores involved a dircet interaction ol cation with'anionic plasmalemna,
the relarive order of cation activity would cervespend to one of these
sequences, ‘

The relative order of activity of the alkali-cations on encystment
was K > Na > Cs > Li which 1is either sequence V or VI of Diamond and Wright.
;However, the order of effectiveness in causing cell damage did not correspond

to any of the 11 possible sequences. Neither did the order of activity

of the divalent cation series on encystment or viability correspond to any
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of the sequences proposed by Diamond and Wright for these ions, and the

2
effects of CaL+ differed qualitatively as well as quantitatively from the
other divalent ions.

It is known that Phytophthora zoospores are repelled by many inorganic

cations (Allen & Harvey, 1974; Cameron and Carlile, 1980). This negative
chemotactic response occurs at different threshold concentrations for each.

cation. Comparison of our results with the studies on negative chemctaxy

..
+ + o+ o+ 24+
shows that for some cations, e.p. ', Na , K |, Li , ca“ , the threshold

concentration for inducing negative cheémotaxy is close to the minimum
concentration for inducing a detectable effect, cither encystment or cell

3

damage. For Ng2+ and La3+ there 1is no correspendence, MgL being less

. + ; .
effective and La more effective in our systemn.

For the monovalent cation series, at least, the negative chemotactic
response follows the Hoffmeister lyotrepic series for catien exchange
reactions. Therefore a general mechanism to explain the phenumenon of
negative chemotaxy has been suggested whereby cntiong interact with the
negatively charged zcospore membrane. This reducces the negative charge,
thus altering the transmembrane potential and vreducing flagellar activity
(Cameron & Carlile, 1980). However, our data and also that of Cameron and
Carlile for divalent cations indicates that superimpesed on such a general

ion-wembrane interaction there arve specific ion effects. This is to be

3

expected, as-it is known that, even where binding constants are similar

n

?
different cations modif{y membrane structure in different ways (Williams,
1972; Papahadjopoulos et al., 1979). EBeyond this there is the further
. ) p s L C . , y - 2+
Sltuation ot site specific binding of which that of Ca has been most
intensively studied (Whitfield et al., 1980).
The studies reported in this paper also have practical implications.

Although 1t is hazardous to extrapolate from the laboratory to the field,

the results do suggest that soil cation content could influence the behaviour
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) ) , + 2+ 2+ 2+
of P. cinnamomi zoospores directly. In soils with high K', Ca” , Mg‘ , Mn

or Fe3+ levels, the cells would not remain in the motile stage for long
and this, in turn, could influence the rate of dispersion. The levels of
the above cations required to induce cncystment are in the range of
concentrations reported for soil solutions (Nye & Tinker, 1977), although
+ . i
the levels of NH, required for any effect on zoospore behaviour would not
.. 3+ i
be expected in natural waters. Failure of Al to produce any effect on
zoospore motility or viability argues against this ion playing a role in
the disease distribution, although it has been shown that this ion does
limit mycelial growth of the related P. capsici (Muchovej et al., 1980).

Although high cation levels reduce the viability of motile zoospores,

onceencystment has taken place in the abscnce of these cations the cells are

"more resistant to their effects. The results also show that zoospores of

P. cinnamomi have a broad tolerance to pH. Only the extremes of the acid

or alkaline range observed in soil night be expected to inhibhit zoospore
development. Similarly zeospores and cysts tolerate a broad range of
temperatures, although surface soil temperaturcs might be expected to exceed
25° and fall below 10°, the limits of tolerance, on many occasions, Hero
teo the cyst stage displays a greater tolerance of low temperatures than

the motile stage, although it is a different spore form, the chlamydospore,

which is the survival stape of this organism.
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TABLE 1. Divalent and Trivalent Cations: FEffects on Viability and
Encystment
Addit ion Conceg;ration %ﬁ%n;gs;Tsnt ZaZiggiii;y

La(N0,) 4 1  100* 2549
FeCl3 pH 5.5 15 92%8 79+8
FGC13 pH 5.5 100 100 6545
MnCL, 500 9842 7345
- - 2645 90+3

* 34 -

La® causes immobilization, but not encystment.
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TABLE 2. Summary of Effects of Inorganic Cations on Zoospores

Concentration Response after 30 min

~aElan mM Z Immobilization % Damage
- | - 15 5
a7t 0.001 100 75
Fatt 0.015 . 92 20
3+ o
Al 0.030 220 <10
nt 0.1 70 11
o 0.5 98 27
k* 5 95 30
Ca2+, Sr2+ 20 S0 5
.\’HA+ 30 85 50
ot :
Mg X 30 50 60
. _
Na 30 35 20
Lit \ 30 20 65
+
Cs 20 15 90

x L 2F .
Ca’ -induced cysts perminate spontaneocusly.
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TABLE 3. Effect of various salts on encystment and viability

Concentration

% Inceystment

% Viability

Addition mM at 60 min 60 min
i " 1645 95%4
NaCl 20 1617 91+7
40 7947 64+12
NaNo,, 20 39411 91%4
Na,so, 20 ° 74411 7048
NaH.,/Na.HPO, pH 6 20 N1E15 867
2/ Nayhirl,
NaF 20 33:7 6748
Na (CH,C00) pH 6.8 20 94412 48+14
KCl 20 n. 4. 56+10
NH ,Cl 20 n.d. 45+16
20 100%12 9642

C;Cl2
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TABLE 4. Effect of cations on cyst viabilicy.

Concentration

Addition % Viability

mM

Control - 8416
+

Na 50 80t7

.l 50 587"
+

L1 50 68410

cs’ 50 323"

NH, 50 6214"
2+

ca” | 30 : 100+3
2+

Mg 30 - 97473
24

St 30 80+4
24

Ba 30 90+2

Cysts were exposed for 40 min at 19°.

*Significant at level P = 0.05.
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FIGURE LEGENDS

Figure

Figure

Figure

Flgure

Figure

Figure

Figure

1.

I~

(W}
.

Effect of temperature on zoosporcs and cysts. Cell suspensions
were held in 1 mM tris-succinate buffer, pH 6, for 2 h at the

temperatures indicated. Results are expressed as the percentage

/. .
Y SRS

: . . ; . T
of the total population which were viabile or motile. £

7 5 N B o
/ .;_/‘a/’-J,, vesd T PR 2

The effect of pH on zoospore viabilitv. Zoospore suspensions in

-,

1 mM tris-succinate buffer, pH 6, were beld for 30 min, 19°C at

the pH's shown and then assaved for motility and viabildity.
% y ] y

Effect of KCl and NaCl on zoospore encystment. Salts were added

to zoospore suspensions, to give final concentraltions as indicated,

and cells were fixed with glutaraldehyde after 20 min, 19°C. No

cell loss was detected in any samples.

Effect of NI, €1, CsCl and LiCl on zoospore cncystment.  Conditions
1

as for Fig. 3 except incubation extended to 40 min.

Effect of salt concentration on zoospore viability. Conditions

B
¥

5 . . g . MR
as for Fig. 3. Incubation period was 20 min K , Na' and NH,
t

; .t + FIrT ; :
and 40 min for Li and Cs . Viability was assessed following

/,

. 2+, , . . .
the addition of Ca” /V& and incubating at 24°C, 3 h. No cell

loss was detected in any sample.

Effect of divalent cations on zoosporc immobilization. Conditions

. 2+
as for Flg.a}, except that Mg -treated samples were incubated 90 min

A - i ) 2+ &
at 20°C prior to fixation. No cell loss occurred in Ca y Sr2 or

2+ . 2+
Ba -treated samples, but was found in the presence of Mg~ .,

. 3+ 3+ 2+ 2+
Effect of La Fe™ , Mn and Ca o0 . zoospore encystment,

b

Conditions as for Fie. 3.

He
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