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AMELUENCE QF IRPERATURE AND LIR(ZDLITY OF QSRMINATION
OF PHYTOPHTHORA INFESTANS CONIDIA

Plant Prossstion 7 7/79-88, 1937

Since the time of the initisl siudy of Phtwphtliors infestang De Bary (1861)
the influence of temperature end air humidity on germination of conidia was re-
corded (Jones, Giddings and Lutman, 1912; Melhus, 1915; Mwrphy, 1922 and others).

There are few data in regard to the infliusnce of air humidity; they are based
mos*ly on observations. prerimemal data on tiie influence of *emperature are
known more or less in general.

in ordey {o dsvelop tha prognosies indicstore of development of Phytonhthors
infestans, the purpose of this work was 1o study the peculiarities of spore germi-
nstion and tc e:ablish cardinal points of {emperaturs and humidity.

Mothoda. We kept the culture of Phivigphthors infsstang, isolated from potato
leaves, for a year on freesh potato alices. All the experiments wers conducted with
& 7-dey culture. Conidia from the potato slices were transferred with a platinum
needle ¢o a hanging drop in a molet chamber {depression slide). Water from the
tap wes taken, tal it was heated up to required temperaturs bsfore the experiment,

Experiments on spors germination under diffarent temperatures were conducted
ir Kiuster's multi~inoubators; for continuous observations Leitz's epparatus
"Mittle" proved extremely convenient, it is an electric water~bath incubator with
a glass front wall,® Inside the "Muttle" is placed w mioroscope, the upper part
of its tube smerging. Such an apparatus cnadles continuous ocbservation of the
spores under a microsoope at any met temperature, In experiments on the influence
of air humidity the spores were kept in desaiocators with various concentrations
of sulfuric acid. Caluclations were mada according to ihe Regnaultl scale., The

fo;lwing variants of reistive air humidity wers tested: 100, 83, 62, 48, 34 and
21%.

lM’ter the completion of this work, & voluminous work by Grosier {193,) appeared
in the press, in which, with auffioient fullness, is presented ths problem of
the influsnce of meieorological factors on gesrmination of spores Rhytaphthors
nleatans.

%o want to use thiu opportunity to express owr thanks %o the dirsotor of the
National roentgenclogiocal-radiologioal and cancer inatitute, Prof, Neamenov, for
the permiseion t¢ use this apparatus.

£B Ytandolo-Bornstein, Physikaliscb-ohemischs Tabsllen, A
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w Similar to the procedure during the experiments on the infiuence of temperature,
conidia were transferred to cover glasses, not in a water drop Wt on dry surfavs.
Then these cover glasses wers placed, on speclel supports inside the deszicaters,
drops of water were deposited ou ths oconidia “wee glasses which were exandped
under ihs microscops were placed on depreszion slides, after which the molst chasmbers
were placed in the multi-incubator at an 18° temperaturs.

All the tests continusd for 48 bours, because preliminary experimsnts showed
that if, during 48 bhowrs, the spores did not germinats, furiher changes do not take
#1808; besidss, bacteris develop later on which upset obse-vaticne, The germination
peroentage was c: “oulated on the basis of a microsocupic examinaticw of nct less than
& bundred sporss, but usually their pucber was considerably higher. Characteristie
stages wers drawn with the help of Leits's drawing ocular (camera Luciga?).

1. Infivence of lemmerature on the panner of germination of conidis

¥ 3tudied, in ow experiments, temperatures fram 0 te 35°C. ip 1-2° intervals.
Dravings of peouliarities in spors germination obssrved under condiiions of varioue
tesperatures ars given in fig. 1.
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Fig. 1. Influence of temperatwre on mamner of germination of speres P. infeatsns.

The following types of germination of conidia were observed:s (1) farmizng of
germ tubes (so-called direot germination); (2) eriginating of sco-spores {ths ao-
called indirect germination); (3) the so-called combined germination which was ob-
eerved within higher temperatures. The firat type of germination was cbaerved
within the 4=-30°C. range. The second, within the 6~219C. range, Crosier indioates
a lower temperature minimm -39.

The formation of zoo-spores took place as follows: at first the contents of
oonidia is divided mostly in 6 parts after which e&vhile emerge, moving with the help
of flagella; then they stop, become round, grow in size and germinate. At low tem-
peratures, such as 6-8°, ths moo-spores, as a rule, germinated inside conidia
and then their germ tubes emerged from the tip of the conidis as well as from any
point of its wvall. In one case, when at a low temperature, condia germinatod to form
1 s00~-spores, the following phenomenon was obsarved: on zoo-spores were formed short
? gorm tubes with a swelling at the end similar to secondary soo-spores. Being trans
i ferred to more favorable temperature, the *sscondary zoo-spores” germinated anc the
gérm tube reached normal slas,

The third manner of germination is the so-called combined germination. The
germ tube which is formed at the beginning does not develop later on, it produces
q a thickening which changes then into a secondary conidium; the latter cen germinate
like an ordinary conidiwum, producing asoot or 300-spores.

L The secondary conidia usually differ morphologically from the normal oneés by
D larger sise and a more distinotly papilla; but ygenerally speaking their form is
o highly variatle, As a e they are formed ~ and that in & largs quantity - at
L touperatures of 24° to 30°C., but single instances were sometimes observed at lover
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temperatures as weil, The higher the temperature, the longer the time of their
origineting, and at iov tssperatures this perlod decreases., Thus at 309C. sse-
ondarg conidis are disclused after 72 howrs, and eometimss even after 96 hours,
At 26° and 24° they appser aiter 48 and sometimes even 24 hours.

Theve are hypotheses that secondary conidia represent a resting atage,
which appears under tbe influsnce of unfavoratle conditions., Blackwell and
Waterhouse obuerved that duriug early develorment stagee the secondary conidia
¢an produce r germ tubw sud yooespores, but in drisd-out medis with inadequate
nutrlient substsneee, they exist for weeks and months forming chaing of conidia
wideh gradually dimdndsh iz sfize, In the old artificisl culturs on pstato agar
(20 daye 0l4 ond older) we also used to find secendary conid’s but, according to
drawings which w2 hewe, thay have 11ttls similarity to the .-condary oonidia obw
tan. d in water,

Murphy obeerved sesondary conidis only in water when oxygen was gradually
deirsasing, apd be calls them hydro-conidis. Ds Bary (1863) indicates that sec-
ondary conidis are formed only on the surface of a water drop, but if they are put
inte water, o normal production of goo~gporec begins,

Szynanek {1927) refers the formation of secondary conidia to anomalies of
dirett garmination, The author finds that secondary conidia discovered, after 4
months, during the study in  drop of glucose in Van-Tegem coll, were absolutely
ddenileal with bodles which he found in infeoted tissues of potatoes and that they
ars the resting stage of the fungus,

At a 26-28° temperature, the secondaery conldla germirate in 48 hours and pro-
duce tertlary oonidsia, which in turn germinate into germ tubes at the end of which
thickenings may be formed and they are then transformed into conidia. Due to the
faot that the mecondary comidis being formed have walls no thicker than those of
normal conidia, that no formution of additional nutrient substances 48 obssrved in
them and, fine.iv, due to just o8 rapid a formation in them of soo-spores as in
nawal conidle~-we have no fu.adation to refer the secondary conidia to the resting
etags of the fungus. In order %o solve this problem definitely, it ia neceasary to
study the viablility of mecondary and tertiary conidia during a longer period of time

2. Criticel volnts of temnereture 4o spore zermination

The type of germinstion into germ tubes has a small range of temperatures,
with the lower point at 49C. and a germination percentage at 9.2,

¢

{p. 82) Fig. 2 (Caption) Influonce of temperature on germination percentage
: of spores of P, infeatang.

T highsr the temperature, tis higher the germination percentage, which reaches
its maximm at a 10-15° tempsraturs {100%), Tis is an optimum for formation of
s00-spores, 5440l higher tempsraturss begin to depress formation of 8$00-spores and
the germination percentage dewrwsses.
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The low germination percentage at 17-20° can be explained bty the fact that
the formation of soo-spores is already deproased and the germination into *ubee
vuly bsgins to prevail, out at 219 the germination percentage bsgine tc in..ease
again due to formation of geim tubes until it reaches the ~~gond optimum st 25°
(93%). This temperature is opiimal for “ormation of germ tubea. Betwesn 25,70

& nev decresse in germination pecventage takes placs and at 32° thers i3 no germi-
ration,

The percentage of soco-spors germination was not recorded because it is diffi-
cult to distinguieh in the mass the non-germinated zoo-spores; usually none of them
gorminate, 21° is a maximum temperature for formation but not germination of soo-
spores, because their germination takes place at 30°C, Crosier (193) mentions &
slightly lower tsmperature at wvhich germination was still noticed—28°. It is ;!
necessary to emphasige that a 100% gﬂmimtion takes place at tempersiures optimes
for formation of soo-spores (10-159), whils the formation of germ tubes mever
reaches 100%.

The results which we obtained do mot coincide with data by Jones, Giddings
and lutman, who indicate 10-20° es an optimal tempereture for formstion of z00-spcres
ard do coincide with the optimum which they establichad for gar~ tubes {about 259), .
Crosier alsc aets the optimum at 24°, Agreement is noted with data by Melhus and
Murphy whose optimum temgerature for formation of zoc- apores is 10-13° and 10-15%,
according to Crosier——13°, Melhus considers the optimal temperaturs for formation
of germ tuves to be 22-23°%, {,e., lower than that obtained in air tests. The mini-
mum temperaturs for soo-sporss is indicated es 5-5°, for germ tubes<-above 6°) we
observed an opposite phenomenon.

Germination of conidia iuto zoo-spures took place in a much shorter time
pericd than germination into germ tubes; thus only one hour is needed for formation
of zoo-apores at an optimm 15° temperature, while 5 hour. are needed for formation
of a germ tube at an optimal temperature. This is what Melhus writes about it:
"The time necessary for germination varies in relation to temparature, namely be
cause to produce a germ tube more energy is needed than to produce zoc-spore~
In the experimsnts of the author, at a 12-13° temperatw-s, the observed germination
time was 1-8 hours. The originsting of zoo-apores is comnented with the maturity
of conidia, In our tests coo-spores were forméd only in young cultures, not older
than 7 days. Melhus maintains, also, that young spores produce zco-spcres more
frequertly and germinate into germ tubes less frequently.

Caption of fig. 3. Dependence of the length of the germ tube of P. infestang
on temperature, (p, 83)

The length of the germ tube also depends on temperature. They are longest at
29. (813 microns) which coincides with the highest termination percentage as
indicated abc.> at corresponding temperatures, The csnnection between the germnina-
tico percentage and the length of the germ tubs can ba established in older (9-days
old) cultures. In thase cases the germination percentage and the greatest length
of the tubes are approximatsly ai the same temperature 83"). And in cases where

there is germination into zoc-sporss, the highest percentage of germination cannot
possibly coincide with the greatest length of the tubs. The obtained data are con-

firwed by Orosier: rapid lengthening of the germ tubss is observed ut 21-24° and
the highest germination percentage-—at 21-26°.
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In the light of the obtained resuits we oome ww J'a conolugion that in the
methods of recording germination of conidia Phytonhihora infestans, the germina-
tion should be judged according to the germins’.on percertage anc not the speec
of elongation of the germ tube, The criteric~ of germina ‘on pe.centage is con-
ditioned by blological peculiarities of this fungus.

The results of the experiment in regsrd to the manner of spore germination
and to oardinal points of temperature are given in table 1,

Table 1 {p. 83)

Manners of germination § —asmperatures ~ Celalus -
Jdedto  Optimyg  Meodmug  Minimas
Formation of zoo-spores 6-21 10-15 20 6
Formation of shoots (tubes) 4=30 25 30 4
Formation of secondary conidia 24,-30 2428 30 4
3. Change of temperafures.

The following test was conducted in order to clarify the effect of tempera=
tures—-which ars beyond the oritical ones--on spores; whether they destroy the
latter's viability or only inhibit the process of their germination. For thie
purpos® the =pores were kept u certailn *ime at high temperatures and then were
transferred to optimal temperatures, . .ow is given a table with results of tb
change of temperature from 35 to 189 (table 2),

Table 2 (p. 84)

: d r on conddda
Temperature~ Time of of germination Length of germ
Contigrade expogure of conidias tubes in microps
35 24 0 0
35 4 93 99,8
35 1 100 1656,0
35 30 (min?) 7,7 197,1

.t was trougnt out that a 2i<hour exposure to a }5° temperaturs caused
destruction of conidia, while a 4~hour exposure to the same temperature waa oven
stimulating for germinetion the senss of increase of germination percentage.
Blackwell and Waterhouse (1931) state a hypothesis that heating accelerates the
maturing of oonidia. (ne hour of heating str: .gly stimulates germination, . ile
30 minutes are insufficient for stimulation. KEffect of high temperature of short
duration is often not lethal, while a longer exposure at considerably lcwe:r temp-
erature destroys conidia,
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When transferrad, after 48 hours, fram 32° to 13°, a formation of secondery
conidia (after 48 hours) was cbserved. At high temperatures, in the majority of
cases a side germination of conidia took place, Secondary conidia obtained at 26°
formed soo-gpores aftsr & transfer to 15°, similar to the normal conidia. When
the temperature was alternating Srou 20 to 30°, secondary conidia were also ob-
tained. Zoo-sp-res obtainec at Y°, when transferred to 35° {24 houra), stoppe:
xoving and did not germinated., Neither did the goo-spores germinate after the
return transfer to a 9° temperature. At a low temperature of 1-2° during 48 hours,
geruination is lascking, but with a change of tewperature %o 10°, conidia germinate
in & direct end indireot manner, Thus it appears that sub-ninimum temperature is
mores readily endured by conidie than the supra-maximum temperature,

4. Influenge of air humidity.

The spores of Peronospora are particularly seusitive to air huaidity. Dorsaa's
experiments with Peropospors yithcola, Ravaz and Verge's (1912)--with {lasmopors
vitlgolg and Aren's with the same organism, confirm the high sensitivity of these
organisms to air humidity. According to McAlpine (1910), drying out of conidia,
even for a very short perlod, completely destroys their power to germinate.

Melhus does not indicata the amount of air humidity but he says that conidia
did not germinats after a 6=hour stay in the laboratory.

Lounis (7) points out that conidia do not survive when the drying out procesa
' is fast.

In cur experiments conidia do not germinate without watsr even at a 100% air
huridity. The next problem was that of the effeot produced by various percentages
of air humidity on conidia which are in a dry state, Wa tested their viability, or
its loss, by placing conidia in water after a certsin exposure to various air hu-
midities. At the beginning of the experiment a 24i-hour exposure wa3 chosen. But
eince the first tests alriady showed that at this procedure the spores lost com~
pletely their viability, it was necessary to change to shorter exposures of 6, 4
and 2 hours, Later on it became olear that even these exposure periods are des-
tructive to conidia. Only tests with a half-hour exposure at a 100% humidity gave
positive results, i.s,, subsequent addition of water resulted in a small percent of
germinaticon of conldia, Therefore conidia of Phytophthora infeatang are ext .ely
non-resistant and loae very rapidly th.cir viablility when they fall from the conidia-
bearers. These results coincide wiin results obtained by many researchers who ob-

] served the influence of ury alr on spores of perenosporeceae, Discrepancy ia found
&t vith exporiments Ly Crosier. The author indicates that at 20-40% air huridity the

! oonidia lost their viability after l-3 hours and in humid air (50-80%)-after 5-15
hours,

5. Age of culture.

Jumerous studies of spore germination among Perenosporaceas indicate that the
younger the conidia the greater their power of germination. Thus Rosenbaum (1917)




observed the formation of zoo-sporss of Phviophtheora gactorum only in very young
cultures. Uppal (1926) obtained zoo-spores of phytophthora solocauias in cultures

m not older than 7 days. According to Ashby (1920) in phytophthora palmivora the
percentage of moo-spore formation decreases with the increase of age of culture,
Zattler %19311‘ writes on Pseudoperenogpora hymyll that the higher the age of
spores the more they deviate from the optimum in their germination. Blackwell
and Waterhouse (1931), on the basis of their observations of fhytophthors colo-
9aslae and gactoruy, when goo-gpores were formed in eight- “nd ten-
day culture (and not in twelve-day ones), attribute the cause of such a phenomer~n
to deficiency in oxygen and accumulation of producta of metabolism as lfactors
ascompanying a greater age,

Doran (1922) also explains the inhibition in the germination process by
oxygen deficiency. However, there is more than one opinion on the influence of
oxygen on germination, Murphy (1922) and Wals (1868) maintain that oxygen stimu-
lawss formation of goo-spores and sccording to Uppal oxygen 1s necessary to direct
germination and not for formation of zoo-spores., According to Uppal's conclusions,
the process of zoo-spores forma'ion is only a reconstruction of protoplasm, while
the formation of the germ tube requires energy and represents growth,

In observing spore germination we frequently came across the-piencmenon that
under similar conditions conidia germinated either in larger numbers or sinzly and
the differsnce concerned the length of ths shocts (?) &s well. We contributed such
variatione to dirference in the degres of maturity of spores. For this purpose
expsriments were carried out on germination of spores of 7- and 9-day cultures.
The germination percentage in a 9-day culture lagged considerably behind the ger-
mination of conidie of a 7-day culture and the germ tubes were considerably shorter,
It is interesting to note, that in a 9-day culture thers was usually no formation
of zoo-spores. In this regard there is a complete analogy with the results ob-
tained by Rosenbaum with gagtorym, by Uppal with Phviqphthors sole-
caglae and Blackwell and Waterhouse with the same fungi. The more dubious seems
the faot that DeBary obtained zoo-spores from conidia Phytguhthors infestans, wudch
peraisted on slowly drying out leaves of the plant-hoat during three weeks after

maturing, It is more probahle that on thess leaves continued formavion of new
conidia which produced soo-aspores,

SUMMARY (publ.shed in English on p, 88)
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In conolusion I consider it my duty to express my appreciation to N, &.
Neumova for constant guidance and adviocs during the work process and to Prof.
N, A. Nawova fur valuable direotion and criticism.
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