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ABSTRACT
Basidiospore discharge rates by sporophores of P, to-

mentosus were studied in relation to the influences of light,
relative humidity, and temperature in both the fileld and the
laboratory. Discharge rates were reduced abruptly when rela-
tive humidity wes reduced to approximately 75% under condie
tions of econtinuous darkness and constant temperature. Above
75 to 85% relative humidity, discharge rates were not affected
by chenges in relative humidity. In darkness and high relative
humidity, discharge rates were highly correlated with temp=-
erature in the range of 135 to 7?5F. The introduction of light
disrupted both these relationships and under natural conditions,
ﬁhe periodieity of discharge rates was not correlated with the
periodicities of any of light, relative humidity, or tempere

ature, but appeared, nevertheleés, to be exogenouns and modlified

'by the interaction of the above three factors. Spore discharge

rates were negatively correlated with light intensities above

190 ft-~e3 below this intensity light had no effect. P, tomen-

tosus sporulated well on cloudy days when temperatures were

moderate, however, 1ts highest rates of discharge occurred

in the evening hours due to rising relative humidity end des<
elining light intensity. Discharge declined in the early morning
hours due to falling temperatures. P. tomentosus is considered

as chiefly a nocturnal sporulator,
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Other factors such as sporophore size, growth rate,
and moisture content, and solil molsture and nutrient content
were exsmined in relstion to basidiospore diascharge. None of
these factors were related to changes ln spore dlscharge
rates provided that all were at a level for basidlospore
discherge to occur. Sporophores required at least 1807 molse
ture content to discharge gpores at aptimal rates, Unexew
plained varisbility in spore discharge rates occurred in
gome sporophores.

An important phencmenon observed during this study
was that the developmental rate of the hymenium was not unie
form over the whole surface, This was supported by two obser-
- vationsy spores from two sides of the same sporophore were
discharged at different‘rates, and spores from the same area
of the hymenium were deposited in different patterns from
hour to hour under uniform conditions of light, temperature,

and relative humidity.
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INTRCDUCTION

Polyporus tomentosus Fr, is a major ceuse of a stande
opening disease in forests of white spruce (Pilcea glauca
(Moench) Voss) in Sesketehewsn and Manitoba (Whitney, 1962).
This stand-opening disease is characterized by patehes of
dead or éyiﬁg trees, some of which have been windthrown,
and results in an open area in the usually dense spruce
stand, The fungus grows in the roots and butts of the trees
and sdvances slowly upwards causing a severe wh&te*pocket
rots The 1mportanae of P» tomentosus as & causal agent in
vthe standwayening diseage~complex and the pathogenicity of
the orgenism has been thoroughly studied by Whitney (1962,
1963, 1964, and 1966b). |

P, tomentosus produces annual sporophores which first
appear neay diseaged treesg in the stand-opening area about
the third week of July at Candle Lake, Saskatchewan, where
the pregenﬁ studies were undertaken, Sporophores continue to

appear until late September or early October, depending upon

climatic conditionss In thé button stage, the sporophores are

tan~colored, but become darker as they expand, A typicel
healthy, mature sporophore has a tomentose upper surfaece and
a white hymenial surface, Whitney (1962) has guggested that
the white color of the mature hymenial surface is probably
due %o the accumulation of basldiospores which are white in

mess, Other characteristics of healthy'sparcphoraa include




a pore surface which has uniformly sized pores,; & thick:
white pileus margin, and a high spore discharge rate un&er
suitable environmental conditions. Mature sporophores are
usually stipitate and are always attached by myecelial strands
to & diseased root; these roots may be up to 15 em. below
the soil surface, The sporophore stipe 1s normally central,
although iﬁ may be excentric or lateral when the spofOphore.
groweg adjacent to & tree, stump or log, In overmature'sparoﬁ

phores, the hymenial surface beeomes brown, the pores coalesce,

~and the sporophore is usually attacked by insects or other

micremcrganiams»

| Sporophores have been observed growing direatly from
the trunk of a tree, or from exposed rootg, and they frew
quently appear in soil which has been disturbed atlleast one
yeax earlier. Dissased roots always occur nearby, pravidiﬁg
a geint frém which thersporephqres‘may dévelap, Patton and
Myren (1976) used sﬁerapheres as boundary indigators of dis=-

eaged aress in thely studies on the development of root rot

‘gaused by B+ tomentosus in pine and spruce plantations in

Wiseconsin, They found that'root infections extended no furw

ther then three feet beyond the limit of the infected area
as dalineated by the occcurrence of sporophores.

_ Whitney (1962) geve convincing evidence that root rot
cauged by B+ tomentosus may be spread as a censequenea of
root contaect between heaithy and diseased trees. He found

that the fungus does not grow in the soil and, from this

“loous, invede tree roots. Attempting to explain the role of

bagidiospores in the spread of the disease, he inoculated




bagidiospore suspensions into small spruce roots, thereby
suecessfully causing infection (Whitney, 1963). Only wounded
roots becanme infected. The above facts suggést that roots

must be exposed and wounded for baslidiospore infection to
ococur or that hasidlospores are washed throughithe soil to
the wounded roots by rain. There is also the possibility that
mice, squirrels, rabbits or other small animals carry basidiow
spores and thus serve as vectors of PB. tomentosus, The growth
habit of thls orgenism at the ground level would be conducive
to the various methods of dissemination outlined,

Since bésiﬁieapares of P+ bomentosus are capable of
initiating vroot infections in Woﬁnas (Whitney, 1963),; they
may be an iﬁpcrtant factor in the spreéd of the disease,
since it would seem that any lbng-distance sy?ead of the
ﬁfungﬁs would reguire the existence of an airaﬁorne inoeculum,
VBasidiosperes.of Fomes annosus (Fr.) Cke, have been shown
to initiate 1nfeet10nvofﬁﬁmunded pine roots and stumps (B&shw
beth, 19513 Wallis, 1961) and, while few investigations have
" been sompleted, it may be that basidlospores are an important
souree of 1noealum in diseases caused by raoﬁ;iatting fungi.

Thig study was undertaken primarily to investigate the
influence of relative humidity, temperaturé; end light on the
rate of spore discharge from sporophores of P. tomentosus
and, seadndarily. to investigate those aspeets of sporophore
development which may be pertinent to spore discharge., Also,
the effects of other factors such as fainfall, soll moisture,

soil nutrients, as well as sporophore size, growth, and moise




ture content, were examined in relation to spore discharge.
Little attention has been directed to rélationships between
sporophore development and spore discharge in Basidiomycetes

by other workers. Studies were therefore conducted on Sporoe

phore characteristies such as growth rates, developmental .
stagesg and on pecularities of individuel sporophores that

influence spore discharge, Preliminary investigations indi
'aated that a complex relationship existed and it was neces

gery to employ both field and laboratory investigations te

properly interpret the response of RB. Bemenicsus to its
environment, Therefore, spores were collected from sporophores
maintained under a variéby of environmental conditions in

both the field snd the lasboratory.




LITERATURE REVIEW

Sinee this study is concerned with three main envir-
_Qnmﬁnta; factorss light, temperature, and relative humidity;
énd‘tﬁeif effects on spore discharge, only those references
pertaining to this aspect of spore discharge will be dige
cussed, Althmnghvﬁhe report deals with a Basidiomycete, some
literature dealing with other groups of fungi will also be
reviewed briefly, sinee most of the existing informstion on
the 1nf1ueﬂée'of envlrenmental factors on spore discharge in
fungl deals ﬁiﬁhwnemyﬁnéiéiemycetesavThis review groups ,
clazges of fungi, rather.than environmental factors since the
literature on the Basidiomycetes is considered in detail‘
,while'tﬁe literature review of the non-Basidiomycetes is only
| intended to give examples of the response of these other fungl
to thelr environment. A section 1s not devoted to the relaw
tionship between aSpeets of gporophore development and spore
discharge, as there were few references to this topic. Spore
semplers and sampling have been considered in & separate sec-

tion for reasons described in that section.

Spore discharze in noneBasidiomycetes.

Among the Phycomycetes, the few studies which have been
reported show that the periodicities of spore disecharge in

these fungl are exogenous and usually in response to a light

IHcreatter, relative humidity will be referred to &S HsH,




e

stimmius.l Pericdicities of spore discharge in Pllobolus 8p.
{Buller, 1934 McVickar, 1942), Percnospora tabacina Adem
(B11l, 1960), Conidiobolus coronatus (Cost.) Srin, & Thirum.
and Basidiobolus ranerum Eidem (Callaghen, 1969) were con-
ditioned»by 1ight, Yarwood (1937) reported that spore dise

fonis

charge in the downy mildews was favored by high BsH. and it
was this, not darkness, which accounted for their nocturnal
patbern of spore disehargea

Spore discharge in the Ascomycetes has been more extenw

sively studied than spore discharge in the Baslidlomycetes,
and this is likely due to the ease with which many~5secmycates
may be cultnre& and, conseqaently. manipulated,. Under conw
trolled aonditians, diurnal periodicities in response ta 180~
1ated environmental factors have often been illustrated in

the perithecial Ascomycetes,

Light has received the greatest attention as a conditione
ing factor in the periodicity of spore discharge in the Pyren-
omycetes. For example, Podosporas curvula de Bary discherged
spores with a2 diurnal psricdicity and highest discharge rates
oceurred during light periods (Ingold, 1928, 19331 Page. 1939).
Sordaria fimisola (Rob.) Ces., & de Not, exhibited a periodw-

Jeity with meximum discharge occurring in the afternopn in

response to light (Ingold end Dring, 19571 Ingold, 1965),

and observations of spore discharge in Pleurage setosa (Wint.)
Kuntze showed that a periodielty existed with maximum dige

AT eonsidering this and oLNer groups of fungl, the reviewer
iz interested in the general properties of 1light, so that
studies dealing solely with light gquality are not considered,




charge occurring in the light periods. anever; in contin~
uous darkness this periodicity ceased, indicating the abe
gsence of an endogenous rhythm (Callaghan, 1962)., Light slso
stimulated discharge in Sordaria mserospora Auersws (Walkey

and Harvey, 1967), Pilobolus sphaerosporus palla, (Ingold,
1965), and in Ascobolus gps (Ingold and Oso, 1969).

Light does not always have a stimulatory effect on
spore discherge in the perithecial Ascomycetes and spore

discherge in Daldinis poncentrice (Bolton ex. Fr.) Ces: &

de Not. (Ingold, 1965), Sordaris verruculosa (Jensen) Sace.
end Hypoxylon fuscum (Pers.) Fr. (Ingold and Marshall, 1963),
appearsed to be suppressed by light since meaximum gpore dige
charge rates ocourred at night. Bombardis fasciculata Pr.
exhibited an endogenous rhythm with highest ‘ascospore dism
charge aaeurring in the darkness in both fiel& and laborauf
tory studies (?aay and Kramer, 1969). Hzgoohrga ge 1atinasa
{Tode ex Fr.) Fr. also showed a2 diurnal pericdicity with
peaks in the darkness (Kramer and Pady, 1968). The periode

icity was maintained in eontinuous darkness, but.waa less

pronounced in continuous light. SBeveral other Pyrenomycetes
studled by Hodgkiss and Hervey (1969) were also observed to

have diurnal rhythms of spore discharge with nocturnal pesks.

Ingold. (1965) sugéested that the nocturnal discharge obe
gserved in some Pyrenomycetes might be due to either a direct
inhivition of spore discharge by light or its stimulus by
light with a long interval between the stimulus and the maz=




imum response.

Other factors which have been féund to influence spore
discherge by variams Pyrenomycetes are rainfall and B.ﬁ.vFer
example; Ingold (1953, 1957) cites several exemples of arcughta
tolerant Ascomycetes which only commence spore discharge when
wetted by rain‘ Some of these specles (e.g. D. cenaentriea)
may discharge spores in dry conditions using moishure stored
in the fruiting bodys Reinfall and high R.H. stimulated 8800
spore diseharga in Necktria galligega Bres. in the fiel&. and
levoratory studies confirmed the correlation with R+ H. (Lor«
tie and Kuntz. 1962). In & series of papers by Walkey, Harvey
and Eodgkiss {19682, 1968b; and 1969), rainfall wes observ§d{
to have the greatest influence on spore discharge rhythas
in some Pyrenomycetes, but in their stuﬁies, RyH. had neﬂ
effect on spore discharge under fileld conditions, Reduced R.H.
étimulaéed spore discharge in 8. fimlcole (Ingold and Marshall,
1962), & fact confirmed by Austin (1968a) who found that a
drop in the B.H. from 95 to 75% led to an immediate, but temp-
arary increase in discharge rate. | |

Little informetion is available on the effeect of tempw
grature on spore discharge in Aseemycetes, put Ingold (1953)
suggests that discharge 1g probably arrested in most species
below 5C. However, Lortie and Kuntz (1963) found that temp~ |
erature fluctuations hed no effect on ascospore discharge in

« galligena in the field and spores were released near the
freezing point, although in the laboratory, hlgher tempere

atures, up to 20C, stimulated spore release, Spore diséharga




in meny Pyrenomyeetes studied by Hodgkiss and Harvey (1969)

were not affected by temperature fluctuations in field studles.

Few studies have been undertaken on the factors influw
encing ascospore release in Discomycetes. Smerlis (1968) ree
ported that Scleroderris legerbergii Gremmen was dependent
on 100% R.H. for spore release with maximum discharge occur-
ring at 17C, Skilling (1969), studying the seme orgsnism,
“‘found that rainfall which lasted for more than 4 hours, at
temperatures from 17 to 250, resulted in maximum ascospore
release, but Skilling did not note the strong relatzoﬁship
: with.B¢H, that Smerlis reported; ‘

Few studies on spore discharge in the Fungl Imperfecti
have been completedy most studies dealing with spore producs
tion in sulture. Wevertheless, field stndies have shown that
B.H. and rainfall are important for spore discharge by some
- members of this group. For exemple, Meredith (196la) found ©
the number of spores of Deightoniella forulosa (syd.) Ellis
in the atmosphere was higher followlng xainfall. High R,H.
‘and rainfall were also favorable for spore release in Plrie

L

(Cke.) Saces (Meredith, 1962). Other studies showed that

‘guleria oryzase Cav. (Barksdale and Asei, 1961) and B. grisea

light has no effect on spore discharge in D. torulosa (Meree
dith, 1961b), while light was favorable for spore disehafge
in Cladosporium sp. (Pady, 1969). |
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Spore digcharge in Basldiomycebes. |
The experiments reported on by Buller (1909) were among

the first extensive studies of basidiospore discharge, Many

of his studies dealt with Polyporus sguamosus Michell ex Fr.

and he determined the presence of disecharged spores in the .
alr around the sporophore by the beam of light method. By
this methody & concentrated beam of light passing through a
cloud ef'spares renders them easily visiblag.andfmbgs eﬁy
'ahled Buller ﬁé establish several ralati@nshﬁn;which_ara'perw
tiﬁént-ﬁa;this study, but some of whieh are herein contrae-
dicteds His mein premise was that spore discharge was con=

tinﬁmus onee initieted and, provided the sporophore was sufe

fielently molist, discharge occurred regardless of atmospheric

moisture content and light conditions, He observed that dry
alr ceused a slower rate of spore fall, but did not link
this with a2 ¢lower discharge rate. _ '

Buller's contention that atmospheric moisture condie
tions do not affect basidlospore discharge rates recelved
little support from later workers. The moisture content of
the atmosphere has been shown to be a régulatog of spore dise-
charge rates in other classes of fungl, as well as tﬁe Baw:
sidiomycetes (e.g. Zoberl, 1964), However, in 1958, Parmase
to's observations led him to agree with Buller that BuH,
does not greatly affect spore discherge from woody fruit
bodies of porold fungl en living trees. In 1953, Ingold,
mainly on the hasis of Bullér*s ‘studies, published his agree-
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ment with the fact that discﬁarge oceurs irrespective of
rain or R,H., provided that the water supply to the fruiting
body is sufficient. He stressed that this is particularly
true among the perennial polypores. MeCracken and Toole(1969)
observed that variations in spore discharge by Polyporus i;??
higpidisg (Bull,) Fr. did not appear to be gorrelated with
changes in temperature or R.H.

The 1iterature concerning F. spnosus shows that there

g digagreement as to the influence of BeH. on spore dis~

charge in this species. Rishbeth (1959) observed that heaviest
spore deposition occurred after prolonged rains, He had pree
viously shown (Bishbeth, 1951) that spore discharge decreased
during dry weather, Sinclair (1963) observed a definite sea~
sonal pattern of spore produstion end dispersal. During mide
summer, when the temperature was at its highest, spore dise

charge was lowest. During the spring and early summer,; dise

charge inereased with increase in temperature, A diurnal pat-
tern wes also observed by Sinclalr (1964) in which the lowest
rate of deposition oeccurred during the night and the highest

during thé afternoon and be felt these fluctuations were cor=
related with temperature changes and were not influenced by
R.H. However, Stambeugh (1962), measuring spore deposition

on freshly cut pine stumps, observed that the greatest

spore load was deposited at night, He felt that B,H, did act
on spore release, low R.H. belng most favorable, although this

does not agree with his findings of a greater nocturnal spore
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1o2d, Rogers (19673) stressed the 1mp9rﬁanée of molisture as
an influence on bagidiospore discharge and reported that
sporophores of F.annosusg moistened by rain reedily released
basidiospores. Schmidt end Wood (1963), studying sperophores
maintained in environmental chambers; the greenhouse and in
t&e laboratory, found maximum spore release occurred under
conditions of high B«H. and & nocturnal peak was observed
in the gr@enﬁauség Wood (1966) confirmed Stambaugh's findings
that mazimum spore discharge occcurred at midnight and the mine
imum at noon. ' -
The relationship between B.H. and sﬁove discharge has
been studied in other Basidiomycetes. For exsmple, Carpen=
ter (19%9) observed that high R.H. favored spore discharge
laria filamentoga (Pat.) Rogers. Degroot (1960)
observed that basidiospore discharge in Fomes igniarius (L.

ex Fr.) Kickxz was positively correlated with R.H. Zoberi
(196k) showed that optimum spore discharge rates in Schizow
_phyllum Fr, occurred under conditions of high R.H. end he
'abéerVea.thamsame behaviour with sporophores of Polyporuse |

hrubelis Pers. ex Fr. In the latter species, the rate of

spore discharge fell immediately when the B.H. Was changed
from 96 to 78%. Zoberl (1965) also showed that spore dise

charge by the sgaric, Leplote Huijsmen ex Orton,

conpedy:
increased with increased R.H. and the.numﬁers of spores dis=
charged by Cronartium
similarly related to R.H. (Snow and Froelich, 1968),

fusiforme Hedge. & Hunt ex Cumm. were
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Many Basldlomyecetes exhibit a noeturnel pattern of
spore discharge which might indicate a preference for high
R+H. Ganoderma applenatum (Pers. ex Wallr,) Pat, exhibited maxe
imum spore discharge rates during the periocd from 2200 to
0400 hours end a minimum vate from 0800 to 1800 hours (Sreer-
amulu, 1963) and this diurnal periodicity was only disrupted
by rain wetting the fruiting bodys A nocturnal periodicity was

also observed in the rust, Pueccinia malvacesrum Rert., (Carter

and Benyer, 1964), end Exobasidium vexans Massee (Shanmugen-
‘athan and Arulpragaaam;'1966). Using a Hirst spore-trap, DeGroot
-(igé@} found that a diurnal cycle with nocturnal peaks ocoure
red among the forest fungl he studied. Ore species studied by
DeGroot, Fomes fomentarius (L. ex Fr.) Kickx, showed two peaks;
one after sunset and one sarly in the mérniné, & situation
similar to that reported by Riley (3952) for P. ignlsrius,
Additional fungl which have recently been reported to
have noecturnal spore discharge patterns are: Polyporus schweine
itzis Pr. (Moser, 1970)sFomes everhartii (Ell, & Gall.) von
Sehrenck and Speulding, B fissilis Berke & Vurt., JIrpex
mollis Frey end E. parmoratus (Berk. & Curt.) Cooke (MeCracken,
1970) end Armillarie melles (Vehl ex Fr.) quél (Mistretta,
1670). The predominence of moeturnsl @atterna is in accordance
Q;th alr spors studies of Hirst (1957) and the abundance of
examples clted leads one to suspect that high R.H. at night

has a favorable influence on spore discharge by Basidlomycetes.
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Temperature has received little attention'as a face
tor influencing basidiospore discharge ratesg. Buller (1909)
found that Lenzites betulina (L. ex Fr.) Fr. shed spores .
at 0C. Spores were discharged slowly at 29C, but not at
33¢ end above, Spore discharge in P. brumelis (Zoberi, 1964)
ceased at 25 to 27C, while temperatures below 14, 5C pree
vented or reduced spore discharge in gs fusiforme (Snow and
Froelich, 1968). Sinclair (1963) observed a diurnal period=
ielty in spore discharge in E. gnnosus which he felt was con=
ditioned by temperature. : :

Although few studies have been made, Ingold (1953)
felt that light exerded little direct influence on spore
liberation in the Basidiomycetes: As outlined in this review,
#anﬁaSiélemyeeteg and particulerly Ascomycebes, are highly
sensitive to light conditioning. Buller's studies of 2.
‘sguamasusjleﬁ him to econclude that light did not influence
spore discharges Snell (1922) observed that the spores of
‘ Sasepleria Fr,. were dige

charged both in.ggntinaaﬁé darkness and continuocus light,

- Tramete s gerialis Pr. and Lenzites

Spore discharge in Pe filsmentosa was strongly influenced by
light with most spores belng discharged during the night from
1800 hours to 0600 hours, while a smaller number were dise
charged in the daytime, with sunny deys suppressing dise
charge the most (Gawpantefi 1949)s Light hed no effeect on
spore discharge rates in Zoberi's studies (1964) of S,
gommune. Shrum and Wood (1968) observed that spore discharge
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in Pomes rimosus (Berk,) Cke, was regulated by lighty the
funzus exhibiting a diarnal pericdicity with peaks occurw
ring in the dark hours,

A notable study 15 that of Gay, Hutchinson, and Tegw
gart (1959) in which they showed that inherent rhfthms of
spore discharge exist in Trametes gibbosa Pr. with dense
spore deposits recurring every 30 to 90 minutes‘lgﬁ mg;gy
mentosa elso exhibited an endogenous rhythm of spore disw
cherge (Carpenter, 1949). No other examples of inherent
perlodicities in tﬁe Basi&iamyaetes were reported,

Few studles have been made on spore disaharge:in
2. tomentosus, but Whitneyl observed that low numbers of
spores were discharged from sporophores during hot and dry
eonditionss i.es temperatures from 21 to 27C an&ﬁaﬁ;‘fram
20 to 50% in the afternoon, Discharge rates were partiou-
larly low when the temperature reached 27C or higher. Nyren
(1969) disclosed a reversible halt in basidiospore discharge
at 30C and a permanent cessation at 36C, but spores were
cast at all temperature levels from 4 to 260C. Nyren also
observed the unsuitability of low B.Hs for optimum spore
discharge and found that 0 and32% R«H. were insufficient
to maintaln a long spore~casting perlod, Hagenmueller {1970)
reported a periodieity in spore release of P. tomentosus

“with mexima in the early afterncon and late evening hours,

I npublished date of ReDs WHitNeys
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Since a new sampler is described hereih and this was
used in the present investigations, and since the author
feels that sampling techniques have been en lmportant in-
fluence on the conclusions reached by many workers, and
has probably misled some, 1t seens pertinent to briefly
review spore sampling and spore samplers. |

Results of alr spora studies may not be 1n&ieat1§é of
gpore diseharge rates, although generalizations concerning
the periodiclity of spore discharge in particular organisms
have been coneluded from the exsmination of atmospheric spore
aaﬁﬁantoSémﬁral fastors nust be emmsiderea in ehoééiﬁg“a
sampling iﬁaﬁrumeﬁxafauch factors arer the size of the spores,
the affiaiéncy of the.sampling instrument to trap these
spores, the force with which the spores are discharged, end
the amount of air turbulence, Ingold (1957) suggested that
the pericdieity observed with a trap sush as the Hirst spore~
trap, which is normally operated at one meter above the
ground, does nat‘ﬁeeess&rily'reflact‘a eorresponding rhythn
in spore liberation. Nevertheless, a study giving evidence
that the sampling technlique may not be impertant should be
mentioned. An examination of s@ares of plant pathogens in
the alr by Sreeramulu (1959), particularly those of G¥
applanatum, showed that the number of spores collected during

alr-sempling techniques were comparable with those dise
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charged direetly from the sporophore, This was the only
éuch gtudy reported,

Hirst's (1957) studies showed that all groups of
spores exhibited a typieal diurnal periodicity, with asco-

spores and basidiospores comprising what he called the"damp
air' spora. He suggested (1959) that the development of a
thick boundary layer of 41y under calmer night conditions
is favorsble for the appearance of spores in alr-sampling

traps, At night, the comperatively small, fragile hasidia»

spores are not as eesily transported to great heights~n¢t
are they asg snbjeeﬁ to dessication, Thusg, the sampling.teehp
niqne'may definitely influence the numbers end kinds of
gpores trepped.

_spera sampling instruments fall into two categorliesy
those wheaa purpose ig to sample aiy s?ar& contaht éf air
fl@wimg thr@ugh the instrument in such a way that.Sparés
ara»impaeﬁed on a surfaece which ls usually coated with ¥age
eline, silicon, or glycerin, and those instruments usgsed for

selective 8p0ré trapping where the investigaetor le interested

in the numbers of a specific kind of spore, or spore discharge
rates from a specific orgsnism. The latter may depend on

eir-volume sempling or on gravitation.

Of the Tirst type of sampler, Hirst's (1952) automatic

volumetrie spore sempler is wellsknown and frequently used.
Its mein drawbasks are that it requires an external power

supply and is relativliy non-portable, Gregory developed a
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portable volumetrie spore trap in 1954, which was not a cone
tinuous sempler, Pady (1959) described the Pady-Rittis sem-
pler which is a portable; continunous, volumetric spore

trap, Other instruments which sample eir are essentially
based on the seme principle as Hirst's spore trap (e.g.
Livingston, 19633 Kramer and Pady, 1966; Powell and Morf,
1967; Pafhak end Pady, 19653 and $ahenék. 1964) .

In the second category of samplefs, studies have usue
2lly been made by simply plaecing slides beneath the sporoe
phore, Pew other semplers for collecting spores immedlately
upon discharge from the frulting body have been developeds
Ingold (1963, 1967) used a 'spore clock' in his studies of
discharge from orgenisms in culture, while Wood and Sehmidt
{1966) desoribed a spore trap which may be placed one centie
meter below the tube layer of a sporophore, The latter is
'automatie and spores ere deposited on a 35 mm. photographic
film strip which is motionless at each sempling area, 3ince’
the bulk of this instrument must be beneath the fruiting
body,s it is not sultaeble for studying stipltate sporophores
such as P« fomentosusg. The instrument used in this study
is deseribed later in this report.




19

MATERIALS AND METHODS

Deseription of the site

Thig study was undertaken at Candle Lake, Saskatehewan
and in the laboratory of the Winnipeg Pederal Forestry Dee
partment. In Saskatechewan, on the site Wheré field experis
ments were conducted, P, tomentosus causes a whitespocket
rot in the roots and butt of white spruce (B« glaues) end
black spruce (B+ marisns (Mill,) BSP,). The site was about
two acres in ares and has been examined for several years
becoause of the annual appearance of sporophores of P. tomen-
Losus and the presence of a large stend-openings:(Whitney,
1962) (Figel)s The vegetation eomsisted mainly of a mixture
of 60 to 80 year-old white and black spruce end the area was
at the edge of & poplar stand (Pepuius tremuloides Michx);
consequently there was some overlapping of the three species.
Where these gpecles formed dense stands; sphagnum moss grew
in a continuous layer and wes the predominent ground cover
asgociated with occaslional herbageous species.

In areas where the disease was particularly severe,
end there were dead and fallen trees, much sunlight reached
the forest floor providing atypieel ground condition (conmw
pared to that ocourring in a closed spruce stend). In these
open areas the ground cover contained less sphégnum moss and
a greater variety of herbaseous species and shrubs were found

including wintergreen (Pyrole sp.), bunchberry (Cornus canae
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Fig. 1. Stand-opening caused by
P. tomentosus root rot.

Fig. 2. Spore sampler. 1/6 nat. size.
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densis L.), Lebrador tes (Ledum groenlendicum Ceder), twine

o

flower (Lilunaea boreele L.}, and cranberry (Vaceinium oxy-

coccus L. ). Sporophores of P. tomentosus appesred to grow

=2

best in shaded areas where sphagnum moss occurred. They also
grew in sunny, drier surroundings, but were suscepntlible to
desgiceation in such areas,

The soil had a low pH, typical of diseased areas (van
Groenewoud, 1956) and was of the grey-wooded type. Detailed
analyses of the solils during this study showed that the pH
of the humus layer ranged from 3.7 t0 5.5, the pH of the A
horizon from 3.6 to 5.2, end the pH of the B horizon from
be? to 5,6, The soll texture varled from silty sand to sandy
loam. The percentege of organic matter in the humue layer
ronged from 51 to 92%, while that of the mineral layers
ranged from 0.7 to 2.5%. The soil eontained low anocunts of
goluble salbs typical for coniferocus solils in that ares,

As soon as sporophorss were observed on the study
ares, thelyr location was marked with wooden stakes, and
the size, date firs% seen, and location of esch sporophore
were recorded. Dally examination of the glite vevealed certain
groupings of sporophorass which were sultable for experis
mentation. These groupings were selected so that at least
four sporophores grew within an area of approximately 3

.

feet by 4 feet. This was to ensure that there would be sufe
Ticient sporophores to allow for the lossg of at least one and
that all sporophores would be enclosed in the plastic tents

bullt for experimentation.
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The method of snore ecollecting,

The spore samplers used in this study were designed by
ReDs Whitney and built by D.G.He RBay., 4 brief description

follows: a 1.5 volt battery-operated transistorized clock drove

o

minubte hand to which was attached 2 magnet, Once each hour,
the moagnet came into contzet with a switeh, closing it, and
thus completing 2 eirecuit powered by two 6-volt batteries. This
dreulit drove o small lever forward instantly, which was then
pulled back by & spring when the circult was broken. The lever
fitted into & noteh on & rigid 7e«inch aluminum disc which was
attached to the apperatus by 2 megnet. The disc revolved freely

and once per hour was pushed forward, so that it completed a2

n

revolubion in 24 hours. The apparetus was clamped to 2 ring-
stend and positioned zo that the edge of the disc was directly
beneath the hymenizl surface. A Ffoil dise, found most sultable
because its shape was not changed by moisture condlitions, was
taped to the metal dise and twenty-four 18 mm. square coverslips
were glued symmetrically to the foil disc (Pig. 2). In this way,
24 one=hour spore deposits were obtasined from each sporophore
gach day. The dises; with coverslips, were easily removed and
replaced when Necessary.

A folil template wes fitted to the sporophore so that
only 18 saousre mm, of hymenisl surfece were exposed and the
discherged mueilaginous spores adhered firmly to the glass
coversling. The distance between the pore surface and the
collecting dise wag 1-2 mm., although this distance somee

times incressged to 5 mm. because of the slanted nature of
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sone of the aporophores.

A11 exposed foil dises were preserved in herbarium
boyxes end numbers of spores counbed in the laboratory. Each
coverslin was exemined under phase contrast at e magnification

of 312X, The basgidiospores of P. tomentosus have no dige

tinguishing chaeracteristics, belng hysline, smooth-walled,
colorliess and measuring 3w%ﬁ.by S5=6u (Fige3)s The method of
counting wes to scan the coverslip, search for the densest
ares and count the number of spores inm a 5X5 grid which
coversd sn area of 0,04 souare wm. Four additional areas

were counted at even intervalg sround this Tirst area. Coverw
slins vhich had been exenined, were transferred To heavy carde
board sheets and glued over black carbon paper which'ren«

®

dered the spore depogibs easily visible and allowed come
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In the field, spore discharge weas observed unders
2. natural conditions, b. natural light end temperature fluce-
tuations with artificially maintained high R.H., €. natural
tempersture fluchtuations with consbant darkness and high R.H.,
d. netural tempervature fluctuations with constent light and
nizgh BaH., and e. natural temperature fluctuations with al-
ternate light-dark periods and high R, H,

Althovgh light snd R.H. were easily controlled, pre-

liminary trials showed thaet a constant temperature wes 4dif-
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teult Bo maintsin in the field snd, conseaguently, this foge
g ] e

iy
[N

L

ted s it fluctuated naturally.
The veason for this difficulty is that the sporophores must
e maintained in spaces with 1ittle or no air cireulation
if representetive spore deposiis are to be collected, and
mogt temperatureeregulsting instrumenits depend on air cire
culation,

In 1968 and 1969, each plot (or teni) eontained at
least four sporophores initially. If nossible, more were
included due to the unprasdictable rapid exhaustion of some
of the sporophores. When the sporophores were discharging
spores, as debermined by placing a 22 by 50 mm. coverslip
veneath the sporopvhore and examining it microscopically
later, they were subjected to various sets of environmental
eonditions in groups. In 1969, due to unfevorable fruiting
conditions, groups of sporophores were covered with plastic
gheets thevehy creating an atmosphere of high R.H. and
propmoting initial spore discharge., In the same year, due to
poor guality and low numbers of sporophores, some sporophores
were transplanted so that each group consisted of four
gporophores,

In 1968, four sets of conditions were investigated, and
for each set, & tent was builli completely around the group
of sporophores to maintain the desired set of conditions and
to eliminete air currents which might easily have carried away

the bagidiospores. The four sets of conditions investigated
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follow,

A, Natursl conditions: The tent was constructed of

clear plestic to allow natural light fluctuations. It con-
sisted of an inner roofless chamber coversd by & ralsed
eanopy. This created 2 space between the two enelosures,
permitting air exchange, but allowing noc strong currents
to reach the sporophores (Fig. 4). Comparison of hygro-
thermograph readings teken within the tent with those obe
tained outside the tent showed that this tent successfully
allowed normel temperature snd RB.H. chenges,

B. Darkness and naturally fluctuating B.He.: This tent

was constructed of bhlaek plestic and it was attempted to
maintain the sporovhores in darkness while allowing normal
temperature and H.H. fluctuations. Due to poor air circuletion,
the trestment was unsuccessiul with the R.H. remalning cone
tinuously high rendering the treatment similay to that in

tent D. This tent and the following two tents were ¢one-
structed in the shape of a square, with no outer canopy.

C. Naturally Pluctuating light snd high RB.He.: The

tent was made of clear plastic to allow natursl light fluce
tuations and high R.H, was maintained continuously by
watering the surrounding soil.

D. Darkness and high R.,H.: The btent was constructed of

vlack plastic and high R.H. was also maintalned continuously

03

by watering the surrounding soil.

A1l tents were constructed of 6 mil plastic sheeting
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stanled to wooden frames. At the ground level, the plastie
wage coerefully tecked to the duff so that air and rain could
not enter. In tents where dark humid treatments were applied,
B and D zbove, an additional dark *room® was built so that
no light entered as the door was opened to examine the
sporophores and the equipment. A penlight flashlight was the
sole light source and this was usually not on for more then
ten minutes, The aversge space surrounding the gporophores
was about 3 feet wide, 4 feet long, and 3 to 4 feet high
{Fig. 5}« A hygrothermograph and a tensiometer were set be-
gide the sporophores inside each tent (Fig. 6) and one hy-
grothermograph and one btensiometer were set outside the tents.
A thermistor psychrometer wss used to supplement and check
the hygrothernogreph readings.

Although the tcontrol® tent (A) allowed naturel RB.H.,
temperature, and light fluctuations, reinfall was eliminated,
This was compensated Tor by dalily examinstion of & rain
guage and 2 tensiometer outside the tent which indicated
when additional moisture (from a nearby sireem) should be
added directly to the sporophores as well ss the humus.

The moisture content of sporopheres, humus , and nine
eral horigons of the soil in the tent were determined every
second day. Samples were oven~dried and molsgture content was
measured as & percentage of the oven-dry welght. A sanmple of
g0il from each plot was subjected to a detalled enalysis of

pH, texture, conduchivity, percentage orgenic matter, and
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Fig. 5+ Interior of tent A, 1968, showing
typical spacing of P. tomentosus sporo-
vhores and instruments.

Pig. 6. Hygrothermograph and
tensiomeber within tent A, 1968,
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goluble malts, in the laboratory in Winnipeg.
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Other frequent yvecordings inecluded light rezdings at
the sporophore level which were measured three to four tines
dally with 2 Weston light meter, 28 well as the measurements
of the inecresse in size of the pileus of each gnorophore
every two to three days. A bhrief weather synopsis was recorded
daily.

In 1969, because of the results obtained in earlier
field experiments and laboratory studies carried out during
1967 and 1968, grestest emphasis was placed on the effect
of light. The sporophore crop was poor and abnormsal growbh
greatly affected the gtudies. Seven sets of conditions were

%

applie

s

in 1969, two sets each being 2pplied in three of
the tents (B, ¢, and D). Deseription of the four plots
(including the szeven sets of conditions) follow,.

Ao Natural conditions: This tent was constructed e¥-

actly 2s in 1968,

Be Light and high R,H.: The tent wes constructed of

clear plastiec. For the first half of the sampling period,
natural light fluctuations prevailed, In the second half,
natural light wes supplemented with continuous light from
flourescent tubes of approximately 500 ft»cliﬁtensity at

the sporophore level.

C. Alternate lisht-dark periods and high B.H.s This tent

was conagtrueted of black plastic, Por the first half of the

LPoot=candles,
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sampling vperiod, light intensity of approximately 500 ft-c
2t the sporophore level was applied from 0700 to 1900 hours,
Tn the second helf, the same intensity of light was applied
from 1900 to 0700 hours,

D. Alternste lightedark periods z2nd high B.H.: The tent

was also constructed of black plastic snd the spores were
collected in continuocus darkness for the first hslf of the
sempling period. In the second half, light intensity of
approximately 600 ft-c at the sporophore level was applied
from 0700 to 1900 hours.

A1l factors were messured zs in 1968, exeept that light
rezdings in tents A and B were teken more frequently and with
different equipment. Photocells were attached directly above
each sporophore (Fig. 7) and all photoecells led to a multi-
channel digital data recorder., Readings wefe taken once per
minute and the instrument was battery=operated., Unfortunately,
the spore discharge rates were so consistently low in tewnts
A and B that the light readings could not be utiligzed.

In thoge tents where artificial light was supplied,
the light source consisted of two banks of fluorescent lights
{each bank containing four U-watt cool white flourescent
tubes) suspended 2t a suitable height above the sporophores,
Beference to laboratory experiments indicated that light ine
tensities of from 400 to 600 ft~c inhibited spore discharge,
and therefore, the height of the light henks above the sporo-
varied go that intensity was fixed in the above range. Light

intensities were measured with 2 Weston light metver at the
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;Fig. 7. Photoeell clamped into position
ebove P. tomentosus sporophore.

Fig. 8. Gasoline-operated generstor with
attached wiring and time switches under
plastic sheliber.
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ievel of the snorovhores. The light banks were powered from

0

gasoline-operated portable generstor and time switches
were connected to the light banks to effect automatic and

sceurate light changes (Fig.8).

Laboratory experiments.

Laboratory experiments were conducted during the winters
of 1967-70, Suitable sporophores were selected from the fleld,

a

stored for several months, end successfully revived in the
manner deseribed by Whitney snd Bohaychuk (1969). During ex~
periments, the sporophores were mainteined in growth cebinets
measuring 4 by 2 by 2 feet which were devoid of any auto-
metic control of tempereature and R.H. because of the necegsity
of maintaining celm 2ir. A hygrothermograph was usged to meae-
sure btemperature snd R.H. Although control of temperature
was diffieunlt, R.H. changes were easily effecited by opening
the doors of the chamber 2 measured distance, Where a partia
culay light intensity was required, light benks of the same
type used in field experiments were placed above the chambers
and readings taken with a Weston light meter, High R.H. was
meintained by adding water to vermiculite which had been
placed in the bottom of the chamber.

In the laboratory, spore discharge was observed undery
a. eontinuous darkness and fluctuating R.H.,; bs continuous
light and fluetueting R.H., ¢es continuous darkness and high

R.Hey 4. continuous light and high R.H., and e. high B.H. and

fluectuating light.



33

RESULTS

Spore discharge under controlled conditions in the field and

Effects of BeHs

In the laboratory, maximum spore discharge rates were
obtained in derkness, when R.H. was &t saburation levels

and temperature was constent. Sporophore Lmlzl was sampled

b

on two sides, A and B, and both sides showed the same ree
sponse to R.H. fluctuations (Fig. 9). After a periocd of
ebout 48 hours during which the sporophore was recovering
from the effects of being in storage, the sporophore in-
dicated 2 high sensitivity to R.H. When the R.H, was reduced
from saturation to approximately 50% between 0900 and 1000
hours on April 2, the spore discharge rate of sporophore
1128 decrezsed from shout 2500 spores per microscope fileld
to sbout 60 or 70 spores per microscope field during the
seme one hour interval. Between 1400 and 1500 hours on the
same day, the R.H., was increased again to 85% during which
time the spore discharge rate increased rapidly from the
shove low rate back up to sgbout 2500 spores per microscope

field. Similar instantaneous reactions of spore dlischarge

rate o R.H. chenges ocourred on April 3 and 4, It is impor-

Tfhe poTOpPhoTes Bre Teferred O &8 CONks in the Tigures,
since the shortness of the latter word facllitated place-
ment in the disgrans.



Flg. 9. The relationship between fluctuating R.H. and
spore discharge rates by two sides, A and B, of sporophore
12 at constant temperature in darkness in the labora-
tory. (Each point on all graphs deplcting spore discharge
rates 1s an aversge of the five readings on each hourly
spore deposit),
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tant to note that lowering the R.H. to 70% caused little

and often no change in the spore discharge rate (March 31,
April 4, 6, and 7). This will be discussed in relation to
light influences on spore discherge rates. The same response
to BR.H. was confirmed in two other experiments involving
three additional sporophores in laboratory studies.

The pore surface of sporophdre I-12 was steeply inclined
from the outer edge of the pileus to the stipe, Wés cream-
colored, and consisted of pores of uniform size. The sporophore
was free of insects and other micro-organisms.

When R.H. and spore discharge rates were compared stat-
istically, there was a high degree of positive correlation
(Teble I). The author feels it is valid to compare statisti-
cally only those values within the hours shown since, as will
be discussed, spore discharge appears tb be unaffected by en=
vironmental conditions when it is initially recovering fronm
storage. In most examples illustrated in this report, spore
discharge rates are shown from the time spore discharge com=-
mences to the time it ceases and it seems justified to ig-
nore the initial and terminal lags in spore discharge rates
when making‘statistical analyses.

Sporophores 1 and 2, also studied in the laboratory,
did not discharge spores as rapidly as sporophore L-12 even
under optimal conditions and were more sensitive to. the low=-
ering of R.H. to 70% (Fig. 10). Both sporophores were rapidly

exhausted after two days of discharging spores. Such poor
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Tehle T. Correlation bebwsen R.H. and spore dischar
four sporcphores of P. tomentosus malntained in darkness
st 70F in the laboratory. (see Figs. 9 and 10)

Readlngs Correlation

Sporophore From To af Coefficlient

124 1200 hrs. 1200 nrs, 14b 0,699%#%
Merch 31 April 6

128 1200 hrs. 0900 hrs. 129 Q. Bypes
dareh 31 April 6 :

1 0100 hrs, 1360 hrs, 7 0,838%%
Dec. 15 Dec, 18 ‘

2 1000 hrs, 2400 hrs. 58 0.670%%
Dec, 15 Dec. 17

#% [ignificant at the fﬁ Tevels

Table IT. Correletion bebween temperature and spore digcharge
by sporophores of 2. tomentosus under controlled conditions
in the field (trestment D, 1066). (See Fig, 11)

ﬁeaﬁimgs Correlation
Sporophore From To af Coefficient
39 1100 hrs. 2400 hys, 274 0.658%%
Aug. 17 Aug. 28
102 1100 nhrs. 200 hrs. 24b 0, 620%%
Aog. 17 Aung .28

FE Eionificent 8L the 1% levele
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guelity sporvophores probably do not ss accurately reflect the

typical behaviour of this organisne
Bffects of temperature.

In continucus derkness at constantly high R.H., the

teg colncided with the pere

i
©

periodicity in spore discherge T
jodicity of natural temperature fluctuations (Figs. 11 and
12), Figure 12 depicts the resgults from sporophores maine-
tained in tent B in the field in 1968, in which it was ate
tempted to 2llow natural R.H. chenges. However, the R.H.
parely dropped to below 80% and there is sufficient evie
dence eluewhere in thisg report to indicate that R.H, flue-
tustions sbhove 850% do not produce effects on spore discharge
by the majority of sporophores. Three-point moving averages
were graphed to emphasize trends in the results., In figure
11 {tent D, 1968), the raw data are shown whiech emphasize
the high ecorvelation hetween tempereture and discharge rates.
The trends in spore discharge rates of sporophores
39 and 102 (Fig. 11) had 2 significant positive correlation
with temperature over an ll-dsy period (Table II}. The table
only treats data until August 28 since there is an alteration
in spore discharge rates after this date which is probebly
due toe exhsustion of the sperophcregl The trends in spore

discharge rates of sporophores 27 snd 30 (Fig. 12) were pos-

itively correlated with temperature on at least 7 out of 12

+Exhavstion of sporophores and cycles of exneustion will be
discussed more fully in 2 later sectlon,



Flg. 11. The ve p between neturally fluctusting
temperature an ischarge rateg by swﬁvanhmreq 3¢
igh

s,
1@% ;GB in devkness at h B.H. in the Tield étgnt Dy
i9 .
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days {Table III), The date were examined on 2 daily basisg
because although the trends were similar to those of sporoe-
phores 39 and 102, the absolute value of the spore dige
charge raztes showed more veriation from day to day, possibly
due to the slightly grezster R.H. fluctuations,

The sporophores varied in thelr reasction te a2 specific
temperature in tents B and D, For example, on August 22, 23,
and 24, the tempersture reached a maximum of approximately
60F on each day, while the maximum spore dizcharge rate of
sporophore 27 was different on each day (Fig. 12}. Sporophore
30 exhibited the same behaviour as sporovhore 27 on these
three days. It is suspected that the sporophores go through
cycles of exhaustion when they are subjected to fluctustions
in environmental conditions.

There was no evidence of sn endogenous rhythnm in these
investigations and spore discherge trends were mainly in ree-
sponse to temperature. After August 28, the spore discharge
rate of sporophore 39 steadily deelined and the spore dise-
charge rate of sporophore 102 dropped to 2 lower level then
yrevimusly on three consecutive days when the temperature
dropped. By September 2, the sporophores were badly overw
groun and discha?g@é spores for only 2 to 3 dsys longer,

Sperophores 27 and 30 (Fig. 12), while showing a close
relationship to tempersture, exhibited much greater hourly
fluctuation in gpore discharge rateg than the sporophores
in tent D. Sporophores 27 and 30 might heve been sensitive

to small B.H. changes because of other moisture conditlons



by

Teble III. Corwvelation between temperaiure & pore disc
by sporophores of P. btomentosus maintaln 4 i rhness an
nigh R.H. in the field (vreatment B, 3?68), Fig. 12}

Readings ‘CGrrﬁla%
Sporophore From To Date ag Coeffich
27 TI00 hrs, 2000 hrs. Aug.20 i3 0,031
27 0100 hrs. 2400 hrs, Aug.2l 2% 0,731%
27 0100 hrs. 2800 hrs. Aug.22 22 230
27 0100 hrs. 2400 hrs. Aug.23 23 0, 663%
27 0100 hrs. 2400 hrs, Auz.2h 23 0o B7ous
27 0100 hrs. 2400 hrs. Aug.25 23 0,707%
27 0100 hrs, 2400 hrs. Aug.26 23 0. 394
27 0100 hrs. 2400 hrs, Aug.27 23 0.826%
27 0100 hrs. 2400 hrs. Aug.28 23 0.535%
27 0100 hrs, 2400 hrs. AUg.29 23 0, 306%%
29 0160 hrs. 2400 hrs., Aug.30 23 0, 57k
29 0160 hrs. 2400 hrs. Aung.31 23 0:125
30 1100 hrs, 2400 hrs. Aug.20 i3 L3k,
30 0100 nrs. 2400 hrs. Aug.2l 22 0.270
30 0100 hrs. 2400 hrs, Aug.22 23 0,067
30 0100 hrs. 2400 hrs. Auz.23 23 0,778%
30 0100 hrs. 2400 hrss Aug.2h 23 0.279
30 0100 hrs. 2400 hrs. Aug.25 22 0 513%%
30 0100 hrs. 2400 hrs. AungZ.Z6 23 0,352
30 0100 hrs. 2400 hrs. Aug.27 23 0, 766%
30 0100 hrs. 2400 hrs. Aug.28 23 O 527%
30 0100 hrs. 2400 hrs. Aug.29 13 0. 670w
30 0100 hrs. 2400 hrs. Aug. 30 14 0, 701%%
30 0100 hrs., 2400 hrs. Aug.3l 22 O 26w
FFE Signiticent ot the 1% ievel

k3

Significant at the 5% 1
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contents of the sporophores in tent B were higher than in

tent D, so that factor could not have bheen limiting. Ale

mieroelinmate of the sporophores, it must be ade
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timum levels For spore discharge. This ig illustrated by
figure 13 and portions of figures 9, 11, 16, and 17 over pere

least 48 hours. Illumination caused 2 disrupbion

g
o0
2
4]
fe
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resulvs from six parate 1 18), plus

the results from three other ztudies nob included, serve to

ghow the verisbility of light effecis on ths gporovhores and

results of all six experiments are shown because o gap
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the record for individual sporovhores due o problems with

the sguipment.

The discharge rates of sides A and B of sporonhore =10
L

Tor five consecutive days under conditions of continuous
darkness, high R,H., and temperatures of 60 to 70F, This

sporophore may be compared to sporophore L~-12 {whose dige

charge rates are shown in figure 9) since they both have

be expected that sporophore Le-10 would be as insensibive as
snorophore Le-12 to a glwmh% decrease in R.H. The high rate

of discharge by side A of sporophore I-9 wes reduced only

&
£
"
fode
s
0
@
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sure to light. If the reduction were due t0 ReH.,
it ig unlikely thet the discharge rate would recover before

HsHe webturned to ite high level. The second exposure to light

quickly inhibited spore discharge 3 to 4 hours z2fter the
light pericd was begun,

The dete on spore discharge by sporophore L-1 (Fig, 14)

he
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are incomplete due Lo technical difficulties. It appears
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light of 120 ftec had little effect on spore 4
while 1light intensities of 490 and 900 ftee reduced gpore
discharge and this reduction carried into the ensuling periods

of darkness, After Janusry 14, the gporophore ceased dige
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Fig. 13. The relationship between light (490 ft-c) and spore discharge
rates by opposite sides, A and B, of sporophore IL-10 at constant tenp-
erature and high R.H. in the laboratory,
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high R.H. in the laboratory.
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Sporophores L-2 end L-3 showed a similar response 1o
light {Fig. 15). HExposure to 1light of 400 fiwc intensity ree
sulted in a drop in spore dischaerge ratess Possibly light
and glightly reduced R.H. heve an additive effect in the
suppresgsion of spore discharge rates, dbput it is unlikely
that the lowered R.H. alone caused the weduction in dige
charge rates, sinee the drops in R.H., were slight during
periods of light avplication, reaching 60% only briefly on
Japuary 17. Sporophore 1-2 was not affected by light intenw-
sity of 190ft-c, but was affected by an intensity of 490 fi-c.
Sporophore L-73 only reached two peaks of spore discharge,
both in darvkness, and showed consistently low rates of dis-
charge a2t other tinmes,

Sporophore 13 was a healthy sporopvhore with small
umifarm pores and the spore discharge rabtes ere shown in fige
ure 16, The discharge rate did not seem to be affected by
a light intensity of 120 ft-c nor the accompanying R.Hs
changes. Sporophore 8, another healthy specimen, 4id not
gseem to be affected by light intensity of 120 fi-c until
June 17, when the chenges in R.H. were probably responsible
for the lower discharge rate., Drops in R.H. from 97% to 80%
did not affect the spore diseharge rate during continnous
darkness on June 18 and 18, and therefore the reduced dis-
charge rates on June 16, 18, and 19 were probebly not solely

due to R.H. chenges, although R«H, may heve influenced the

response. Nelther gporophore regained its original high
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Pigs 16. The relationship between light (120 fi-¢) and
spore discharge rates by sporopheres 8 and 13 in darke

ness and glightly fluctuating temperature in the labore
a2tory.




SPORE DISCHARGE [VSPORES PER MIC. FIELD (2b% OBJ)]

-

o

o
1

©
o
T
DARKNESS

80

70

50—

30—

20—

-C

_IDARKNESS ©
= ]
T [ad
63 oo
e

i L

DARKNESS

S

RELATIVE HUMIDITY (%)

W

TEMPERATURE (°F)

'\/‘\/‘/\ CONK 8

LIGHT

| | | | i

R

7
_p~
I S
. & S
?DARKNESS +';DARKNESS SDARKNESS: DARKNESS
2 b - T e
et N = ©
o o T J
R e o
T =
o
a

16

CONK 13

A

L At | | n I |

June 12

1200 2400 1200 2400 1200 2400 1200 2400 1200 2400 1200 2400 1200 2400 1200 2400
June 13 ~June 14 June 15 June 16 June 17 June 18 June 19 June 20




52

o - "y P Lm -, % e, o o, e, Y Yy 7
ischerse after exposure to low R.H. (60%

for four hours, a2nd appeared thereafier to he more sensie

Sperophore L-0 was & healthy sporophore with & filrm
white margin and 2 steeply inelined white pore layer with
uniformly spaced pores. Execepbing U4E &éux; for recovery from
storage, spore discharge rates resched & high level under
optimel conditions of derkness, high B.H., and a2 constant
temperature of 60 to 70F (Fig. 17). Both sides of sporophore
1~9 were sensitive to light intensgity of 190 fi-ec. When light
intensgity of 190ft-¢ wese introduced at 0900 hours on February
¢ rate of gporophore L=00 dr pped.fram
sout 900 spores per field to approximately 10 to 15 spores
per Tield by 1200 hours, even though neither R.H. noer tempe
erature had changed, A similer reduetion oceurred with SDOLO=
vhore I~9A. A reducticn in spore dischere rate also occurred
with sporophore L-9B when Iight was Introduced on March 1,
The spore discharge rate dropped from approximately 1800

2

pores pey nicroscope field to about zero per fleld before

i

c-;.

he R.H. dropped a2t all. R.H. probedbly had no influence on

the reduection in spore discharge rates on Mareh 1, since the

jrx}

2.7, wes 85111 dropping slightly at 1530 hours when the lights

were turned off, and the spore discharge rate had returned

<7

to its high level by this time.

B of gporovhore L=9 wag reduced to the same low level on each

of the next two dayse after Haryeh 1, even though light was



Filg. 17. The relationship between light (190ft-¢) and
spore dischaerge rates by two sides, A znd B, of sporow
phore L-9 at consbtant temperature and high R.H. in the
laboratorys.
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not applied. This wasg the only exenmple throughout this study

an spparently conditioned rhythm of spore dischsrge pere
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The majority of the sporophores of P. Lomentosus exhibited

periodicities of spore discharge which were camgletély EXw
ogenous and dependent on environmental factors,

The spore discharge rates of sporophores 11 and 14
were reduced by illumination by light of 760 fi-c intensity
(Fig. 18). The light also appeared to reterd recovery of
the sporophores, since they did mét resume high ratss of

spore discharge until after two to three hours in dariness.
Interactions

The effects of intsracting factors on spore discharge
raves can be seen in figures 19 to 21, showing studies which
were 21l undertaken in the fleld. In 1968, tent C (Pig. 19)
allowed exemination of the interactions between bemperature
end light where these factors were undergoing natural fluce
tuations, although light quality and intensity were slightly
altered due to pessage through plastic. R.H. wes held cone
tinuously at the saturation level. Unbil August 28, dige
charge rates were positively correlated with temperature on
only four days and not the same four days for ezch sporophore
(Teble IV). After August 28, the spore discharge pattern
wag altered with high discharge rates oscurring st low as

well as high tempneratures, Comparison of these date with
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Table IV. Correlation between temperature and spore discharge

by sporophores of P.

tomentosus in the field,

in an en-

closure allowing netural fluctuations of temperature and

light' (treatment C, 1968).

(See Fig. 19)

Read ings Correlstion
Sporophore From To Date af Coefficient
32 0100 hrs. 2400 hrs. Aug.22 23 0.531%*
32 0100 hrs., 2400 hrs. 4Aug.23 23 0., 59 5%
32 0100 hrs. 2400 hrs. Aug.24 23 0.628%%
32 0100 hrs. 2400 hrs., Aug.25 23 0. 60 5%+
32 0100 hrs. 2400 hrs. Aug.26 22 0.205
32 0100 hrs. 2400 hrs. Aug.27 11 0.460
59 0100 hrs. 2400 hrs. Aug.22 23 0,202
59 0100 hrs. 2400 hrs. Aug.23 23 0.061
59 0100 hrs. 2400 hrs. Aug.24 23 0.L467%
59 0100 hrs. 2400 hrs. Aug.25 23 0.567%%
59 0100 hrs. 2400 hrs. Aug.26 17 0.69L*x
59. 0100 hrs. 2400 hrs. Aug.27 11 0.697#%
*®¥% Significant at the 1% level,
¥ Significant at the 5% level.
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spore discharge rates from sporophores in tents B and D ot
1968 (Figs. 11 and 12), where conditions were sgzentially the

same except the sporophores in the latter two tents were in
continuous darkness, revealed greater variation in periodicity
of spore discharge rates in the light. It might be concluded
that the intreduction of light changed the pattern of spore
discharge in tent €. In 1969, & similar traatment { the Pirst
half of the cocllectlon period in tent B} produced the same
results, although levels of gpore discherge were lower.

In tent C of 1968 (Fig. 19), spot light readings on

cloudy overcast days (which ineluded the entire days on Au-

gust 22, 23, and 24; and the afternoons of August 26, 28,
and 29) showed that the sporophores were exposged %o light

intensities of from 100 to 250 ftwc, During periocds of sun-

even rate of spore discherge was shown by sporophore 32 on
the days with total cloud cover which might heve been due to
low light levels and the slighter than normal fluctustions

in temperature. August 25 and 26 were the only entirely sunny
days and, on both these days, the sporophores showed a drop
in spove discherge rate commencing at approzimately 1200
hours, followed by a pesk in spore discherge which lagged
epproximately four hours behind the tenpersture peak, The
mornings of August 26, 28, and 29 were sunny, and gpore dige

charge peaks lagged behind temperature pesks on August 26 and
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28, while = depression in spore discharge was observed &%
noon on August 28 and 29, On the three days with sunny afters
noons only, (August 22, 23, and 24}, a depression or lag

in the gpore discherge Tate was not apparent. It appears

that the effect of natural light sdded to 2 natural tempe-
erature regime was to delay by 4 to 6 hours the maximum spore
discherge rate which colncides with the temperature peak

in darkness. On cloudy days, light effects were negligible,

The spore discharge pattern of sporophore 190 wasg ale
most directly opposgsite to that produced by other sporophores
in tent ¢ (Fig. 19). Since the drop in spore dlscharge rate
began shortly before or after mid-day and continued into the
afternoon, it might be concluded that this sporophore was
particularly sensitive to light. It consistently exhibited
this behaviour throughout the period of chservation.

Figure 20 deplets spore discharge rates from sporephores
to which light was applised during the period of temperature
increase, 0700 to 1900 hours. Although high H.H. and increa-
ging temperature induced a hligh rate of spore discharge in p
previous studies in darkness, exposure to light while other
conditions were favorable resulted in depressed apore dise
chaerge rateg, Maximum discherge occurred in periods of darke
ness and minimum discharge in the light periods,

Maximum discharge rates also occurred in dark pericds
in tent C of 1969 from August 22 to 26 (Pig. 21}, in which
light was applied while the tempersture was rising {0700 %o

i
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charze rates were consisbently lower during the sgiz-hour

periods of light application. A rvise in spore dischsrze

rate occurred immedistely afiter the lighte were turned off,
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charge rate was high only briefly, possibly
due to the low total potential for high spore discharge rates
whieh was typiesl of all gporophores exemined in 1969, and
poseibly due to the falling temperature., From August 27
onwards, darkness was maintained during naturel daylight
hours (0700 to 1900 hours). Sporophore 29 discherged spores

during these periods of desrkness showing that reverszl of

the natural light cycle can reverse the spore dlischarge cyecle.

Spore discharge under natursl conditions.

Figure 22 shows the spore discharge retes of sporophores
maintained under naturally fluctuating conditions in 1968
{tent A}, From August 22 to 29, an even periodicity was
exhibited by four sporophores, in which maximum spore dis=
charge occurred from 4 to 8 hours after the temperature hed
reached 2 peak, The ReH. had been risging from its lowest point
for a similar period, Arrival of meximum spore discharge was
delayed the most on August 25, during which clear skies pre-
velled, and on August 26, which was clear only in the morning.
On August 27, which was 2lso 2 completely clear day, the onset
of the peak was not as delayed as on August 25, but 2 sece

ondary pesk occurred approximately 6 hours efter the initial



Pig. 22. The relationghip hetween naturslly fluctuating

light, temmerature, and H.H. ¢ end spore discharge rates
by/spcrO@hares 2h, 25, 26, and 88 in the field (tent A,

1QDS) »
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Fig. 22, Continued.
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pesk. On August 22 to 24, cloud cover prevailed in the morn-.
ning and the spore discharge peak was not as delaved on

these days as on the sunny days. Beginning on the afterncon
of August 29, there wasg a conbinuous period of overcasty days
which ended on September 6. During this time, the periodicity
of spnore discharge wes disrupted., Light levels were so low

g8 to be ineffective in influencing mosgt gnorophores and
temperature smplitudes were grestly reduced.

The senme periodicity that was exhibited by sperophores
from August 22 to 29 in 1968, was also observed for sporo-
phores in 1969 for 6 days. These sporophores were similarly
exenined under natural conditions and periodicity ocourred
even though the spore discharge rates in 1969 were generally

n 1968,

(2

mueh lower then those

Varistions and necunliarities of spore discharsge.

Ceriain phenomens were observed during the study which
were not related to technical problems and which were Inpor-

tant to the inberpretation of data on spore discharge rates,
Unacecountable veariationsg in spore discharge rates,

Figures 23 and 24 show two examples of variation in
spore discherge rates which was unrelated to any of the face
tors exemined. The constant levels of 1light, temperature, and

R.H. shown in figures 23 and 24 usually elicited a2 constent

spore discharge rate from the majority of spovophores studled
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Fig. 2h, Unaceountebhle variation in gpore discharge rates
by sporophere L-6 in darkness at high R.H. end constant
temperature in the lzboratorv.
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{e.gs portions of figures 9, 11, 16, snd 17). The phenocmenon
wag noted early in the study to be comparatively rare and it
was compensated for by sampling st lesst two sporovhores in
each experiment and even two sides of one sporocphore in some

experinents,

y]

stions in spore dischaerge rateg from different aresg of

£

Vari

2

the hymenium,

The sampling ecuipment used in this study necessitated
chooging & mabture aresa of the hymenium which was discharging
spores, The response of the ares chogen may not have bheen
representative of the total response of the sporophore and
this was investigated by sampling two sides of 2 single
sporophore. Examples are shown in figures 9, 13, 17, end 266
The épare discharge rates from two sides of & sporophore
were generally similar (e.g. Fige. 9). However, differences
were cbservedy for example, side B of sporophore L-10 ceased
discharging sporeg two days before side A ceased (Pige 13},
This behaviour was 2lso observed in sgporophore I~9 (Fig. 17)
when two sides were compared. Cbservations of the hymenial
surface showed that parts of the pefe layer were mature when
other parts had not yet matures or had aslready cessed dise
charging spores. Also, some perts of the hymenial surface
showed 2 more rapid rate of exhaustion then others. Hymenisl
variation was more evident in the laboratory than the field,

pessibly becsuse the sporeophores used in laboratory exper-
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examine the general response of the fungus, 1t

Further

cmpengation was afforded by basing consliusions on

wsistent over at least 2 2 or 3 day period

Frequent observations of P. Lomentosug showed thet the
spore discharge rate was not affected by envivomental face

tors while the sporophore wag maiurin and the rate increased

H.'

o
o2
-3

sradually, but steadilyg until the sporophore was completely
mabure. Even when optimal environmenital conditions prevaliled,

1

the sporophore did not di

during the nperiocd of maturation. The sperephore regulired Trom

atory,. This was distinguighed Trom the msturation period shown
by sporophores in the fileld since, in the former, the =poro-
phores were already mature when experimentalilion wasg begun.

Therefore, the inlitisl lsg in sporve dlisciarge retes in SpOros
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phores in the laboratory was not due to 2 developmental

ﬁ'&

stege, but rather to an sdjustment period to new environmens
tal conditions,

A pecond phenomenon observed during spore dlscharze
studles was the cyelic periods of exhaustion exhibited by

© healthy sporophores, An individual sporophore did nod

=
O
s

always produce spores at the seme rate under the same optie
mel conditions for spore discharge. The different rates
could be due to temporary exhaustion of the sporophore. Dif-

ferences in dlscharge rates by sporophores in tent B, 1968,

fmta

were observed {Fig, 12), where the highest rate of spore disw
charge changed from day to day under identical environwentsl
conditions. It appeared thet after & day or two of rapid
spore discharge, the sporophore wag uneble to respond ag

well on the third or fourth day, and it may not recover until
e day or two later. The phenomenon might slse pertislly ex-

plain why sporophores in the laboratory did not discharge

spores for as long periods as those in the field. Sporophores

in the laboratory were exposed to constent conditions, and
when these conditions were optimal for high spore discharge

rates, the sporophore might have produced spores at 2 high

i3

”

rate for severzl days conbinvously lesding %o a rapid and
posgibly permanent cessation of spore discharge, Sporophores
in the field were exposed to 2t least one nsturally Tluctu-
ating fector and they possibly did not exhaust repidly bee

cause the fluctuating fector(s) meant that at least part of
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a 2h-hour period wounld not be suitable for spore discharge,

During these nerldds of less suitaeble environmental eondie

ing 1 to 2 days)

23

shich lesds to total cessation of snore discharge, the dig-
cherge rate was agaln uninfluenced by the environment as in
the period of maturation of the sporophore. Tobsl cessation
wag eagily distingulished from temporary exhsustion, since in
the former case, the hymenisl surfece became dark brown and
the pores coalesced. Within 24 to 48 hours, the sporophore

ects or invaded by mlcro-orgenisms: repid

:r!
h
&
f v&
‘—*3
o
C"f'
of
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decay followed.
Spore deposition patterns,

Over one hundred cardhoard sheets with affixed exposed
coverslips were prepared as shown in figures 25 and 26, and
many exsuples of a changing spore deposition pattern were
observed, It appears that the 18 mm. square hymenial portion
being sempled in flgure 25 conteined a centrzal oblique strip

from which spore discharge was especially heavy under opbinal

nditions over & 3 to L day period. The changes in the depe
ogltlion patterns over hourly intervals eould not be correlated
with envirvoamentel influences, nor was the pattern consistent
from day to day at the same hours.

s

The gradusl shift in spore deposition patterns suzgests

A—Se

G‘Q
1
{" r
;—4

Y1

frd

thet alr currents sultl from any enviromental change
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Fig. 25. The changing spore deposition pattern of sporophore 39 from
‘August 24 to August 31 in darkness at high R.H. and naturally fluc-
tuating temperature (treatment D, 1968). Spore discharge rates are
shown in Fig. 14. Each coverslip represents one hour's deposit and
follows in order from left to right in each row and from top to bottom.
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Fig. 26. The changing spore deposition pattern of sporophore 102 from
Avgust 25 to September 1 at high R.H. and naturally fluctuating temp-
erature (treatment D, 1968). Spore discharge rates are shown in Fig. 14,
Each coverslip represents one hour's deposit and follows in order from
left to right in each row and from top to bottom,.
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were not the causge, since they would result in muech more
ebrupt chenges that would not be uniform from hour to hours
Slight aly movements may heve been present in some of the
enclosures due to natural fluctuation in temperasture andg
R.H. However, it was purposely attempted to elininate air
movement by bullding small air-tight enclosures. The changes
in spore devosition patterns were not correlated with per-
lods when there would be air circulstion due to movementsg
by the investigsetor during daily exemineations which zeldon
lasted nore than ten nminutes nor were they correlated with
the movement of the collecting disc of the spore sampler.
Neither of the sporophores whose spore deposition patterns
are showsn in figures 25 snd 26 had been ploced under artifis=
cial light and therefore heat emission from instrurents wag
not a likely ceuse of the variation,

Other evidence supporting a developmental change in
the hymenisl layer as the cause of the varistion ig the dife
Terence in spore discharge rates by two sides of the sare
sporophore during the seme time interval and the phases of

spore discharge rete dﬁe to the developmental stage of the

sporophore as desceribed in the previous section.

Spore discharge in relation to moisture content of the sporo~

nhore aend the goil.

]

Spore dischsrge rates by sporophores of 2. tomentosus

in the fleld were significently higher in 1968 then in 1969,

Sporophore moisture content was evidently not the reason for
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ture content in 1969 between plots, the spore discharge rate
was the same in 211 plots, further evidence that the spéro»
phore molsture content does not determine spore discharge
rates.

In figures 27 and 28, sporovhore moisture content and

oot

graded spore discharge retes sre plotted on & scatter diagram,
The graded spore discherge values were determinsd from the
average hourly spore dischsrge rates per day, and the rela-
tionghin is ag follows:

Average hnourly number of spores per
Grade microscope field per day

1=50
51-100
101=200
201-500
501=1,000
1,001=2,000
2,001-3,000
3, 001=4,000
4,001-5,000
5000+

O D=3 OV B0 N0

fod

In 1968 and 1969, a2 sporophore molsture content of less
than 180% was unsuitable for 2 high rate of spore discharge
{grade 3 or bhetter). Above 180% moisture content, spore dige-
cherge rates were not correlated with sporophore moisture
content.

The range in values of soil moisture contents is shown

for each »lot in 1668 and 1069 in Table VI. Seatter disgrams
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Table Vs The sverage daily sporophore moisbure conbent of
P« tomentosus per plot in 1968 and 1969,

Average
Yearp Plot Sperophore
Molsture Content

1968 A 321,2
1968 B bo2, b
1968 c 580,8
1968 D 381.0
Average Eﬁ@?@é%%
1969 A 128.1
1969 B 1560 .6
1969 < 1137.3
1969 D 56507

Average 822.9

##% Phe averages are not significantly diffevent (5% level)
using the student®s tetest (dr=6),
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Teble VI. The average delily molisture content of humus end
mineral soil horizons in each plot in 1968 and 1969,

Aversge Holsture Content

Year Plot Humus A horizon B horizon
1968 A 136,53 11.8 10.4
1968 B 916 11.0 9.2
1968 ¢ 132.5 11. L 8.3
1668 D 155,06 8.1 6.8
Averege - 12878 0.6 "B, 6%
1969 A G2l 64 9.1
1969 B 133.6 13.0 11.7
1969 c 143,0 ' 177 13.3
1969 D 149,8 16. 4 13.8
Average 122.2 T3.3 I1.9

¥ Significent &t The 5% level | using student's L-Lest)s
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revealed no relationship bhetween gpore discherge rates and
s0il moisture contents. In 1968, plot B had the lowest humus
t

t
n attemnpt

\\\

molature content due to laeck of watering in ¢

fots

lower the R.H. Hevertheless, the average hourly spore dige

charge rates gtill compered favorsbly with other plots. There
wag no significant difference in the molsture content of the
humus or the A horizon in 1968 and 1969, There was & signifie
gant difference in the molisture content of the B horizon in
1968 and 19699 1069 having & higher average moisture content,
This may have been due to nine days of freezing temperatures
in June and the low averasge ninimum temperabtures in June snd

July. Thie might have caused the lower mineral horizon to

thaw lege repidly and retain molsture longer.

pars
N
o

3 - ] . . - - “ £ &
Smore dizcharge in velotion to sporonhors o

and growth rete,

Spore discharge vateg were significantly different in
1968 and 1969, sporophores in 1969 discherging spores st a
consistently lower rate (Table VII}. The finsl aversge sporo-
phore szize per plot was not signifiecently different in 1968
ond 1969, nor was there = significant difference between
thege years when the total growth rates and growth rates
during collection only were compared (Table VII). The growth
rate during collection was consistently lower than the total
growth rate indicating that the sporophore does not expand

rapidly onece it hes metured and is discharging spores. ADppare

=1
Q‘)

ently however, the differences in spore discharge rates hee



83

Table VII. The size, growth rate, growth rate during cDD'_ecﬁi‘on,.
and the graded spore discharge rate of sporophores: of E.. tomentosus-
in 1968 and 1969.

Mature Average Growth Rate Average-

Size Growth During Graded:
Year Plot Sporcphore Diam. Rate CoIllectiom Spore
(em.) (mm.)/day (mm..)/day’  Discharge:
Rate/day

1668 A 2l 10.2 1.6 Ouly L2
25 6.9 1.1 0.8 Lh.2
26 6.8 1.3 Ol 3
86 6.0 0.8 I.7 2.6
88 7.1 0.9 0.06 Sl
1968 B 27 8.0 1.8 1.9 ' 6.7
30 10.2 1.9 1.2 6.5
1968 c 32 8.7 1.7 I.I 6.6°
60 8.4 2.1 1.7 39
59 8.6 1.8 L5 7.0
190 8:6 2.2 Ouh : e O
1968 D 39 7.1 1.5 0.9 6.y

Average ;-1968 7.8 1.5 0.9 LIt
1969 A 166 L6 2.2 0..06 r.o
13 L.8 1.0 0.0 L2
167 6.6 1.8 0.1 2.0
1969 B 76 13.0 3.8 5e2 1.9
107 h.6 1.2 .0 3.1
16 8.6 1.8 2T 2.7
1969  C 29 5.6 1.k 0.5 Tl
30 5.0 1.2 0.3 IO
7 9.1 2.0 O T.0o
1969 D 19 3.8 0.9 0.0 1.0
117 8.0 2.5 Z.0 1.0
28 9.3 1.k .8 2.6
Average -1969 _ 6.5 1.7 0.9 T.6

#eSignificant at the 1% level (using the student's t-test)..
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tween years were not due to either sporophore growth rates

o

or mature sporophore size,.
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Sporophores were observed on approximately July 15 a2t the
earliest every season and approximately October 1 at the
latest, Few searches were mede after this dete, although
sporophores appeared in such low numbers during September,
that it may be agsumed that the numbere presented adeguately
represent the toital erop in the aves studied. Dats on reine
fall end temperature were obtained from the monthly records
of the Meteorological Branch of the Deparirent of Trensport
and the readings were taken at Prince Albert, Saskatchewan,
which is approximately S0 miles southwest of the study ares.
The data described above are shown in Talles VIIT and IX,

The number of sporophores eppearing each year appears
to be partially dependent on the smount of rainfall both
during and preceding the period when the gporophores are de-
veloping (Table VIII), Although 1969 produced o large number
of sporovhores, the quality of these sporophores was jalelod i
and this was probably partially due to the low total amount
of rainfall, The number of days of freezing also appears

to have an influence on the number of sporophorss which
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Table VIII, 1963-1969. Total number of sporophores of

tomentosus per year and monthly rainfall, £
No. of

Year Sporophores Mar. April May June July Aug. Total
1963 363 0.77 1.2k 0.78 &4.45 3.95 1.5L 12.70
1964 56 0.30 0,11 0.57 0.16 1l.55 2.69 L,38
1965 270 0.19 0,38 1.13 3.22 2.01 3.12 10.05
1966 349 1.05 0.38 0.16 4.37 3.46 3.03 12.45
1967 100 0.70 0.36 0,10 1.02 2.77 1.23 6.18
1968 353 0.55 0.68 3.66 1.77 3.64 3.44 13.74
1969 245 0,28 0.38 0.64 0.73 3.40 0.87 6.30
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Table IX. Total number of sporonhores of P. tomentosus per year ang
average daily maximum and minimum temperatures (F) s 1563=1569,.

Year No, of MARCH APRIL MAY’
Sporo- Min, Max. Days Min. Max. Days Minm.. Max,. Days
phores below below below-
3er 32F 3PF°

1963 363 7.3 29.7 31 2.7 L9 2T 3IRE 4L 13
196k 56 -9.3 17.1 31 26 50.2 26 L7 Thr 7

1965 270 -6.7 19.5 31 26,1 L7.0 22 5.3 6L 1T
1966 3L9 5.9 29,2 30 22,0 39.8 28 3T 653 10
1967 100 -3.h 32,7 31  17. 381 29 3.0 62,1 1B
1968 353 15.9 36.5 30 25.8 L9.7 2T 3| 63T 1
1969 245 1.6 26,2 31 28,0 5h.2 2T 3.3 6.3 &
Year No. of JUNE JULY AUGUST
Sporo- Min., Max., Days Min. Max. Days Minm.. Maxi. Days.
phores below below below"
32F 32F 328
1963 363 37.9 69.2 O Sh2 76.5 O SL.O T6.h O
196 56 L2.7 Tha 1 Sh6 794 0 h6.E 698 o
1965 270 L47.5 70.L 1 51,5 7.9 O L2 TS O
1966 3k9  L5.8 8.k 2 51.6  7hM 0 LES 7RSO
1967 100 k2,9 69.5 3  50.6 T6.9 O LS.T TT.O00 O
1968 353 Lb.7 70.5 1 L8.3 TR.2 O IS5 - 6T.6 O
1969 2h5  38.1  69.8 9 47,7 LA @ LSI TTLS O
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develop (Table IX). has been observed in the fa2ll thet
frequent days of freezing temperatures lesd to faster detore
ioration of the sporophores. The temperature conditions are
probably most importent in June, July and August. In 1969,

a year of unmusually poor spore discharge even though a large
sporophore crop was produced, there were nine days of freezing
temperatures in June and the average minimum temperature in
June and July were the lowest recorded for any yvear. The
occurrence of a great amount (3.4 inches) of rain in August,
which in other years had been associated with = large SpOYO-
phore erop, was probably the reason thet so many sporophores
appeared in 1969,

It is suspected that although low temperatures 4id nob
inhiblt the numbers of sporophores produced in July and August
in 1969, they seem related to the cause for sbout one third
of the sporophore crop having abnormal hymenial layers ﬁhlcb
produced few spores. Some undersurfaces of sporophores did
not even develop a pore layer and remsined the same enlor
and texture as the upper surfsece. This phenonenon was not obe-
served in 1967 or 1968, although Whitneyl reports its occoute
rence in earlier years. in 1964, in which the poorest 8POY 0=
phore crop wes produced, two days of freezing temperatures

were recorded in August. Low temperatures might have destroyed

n

ome of the exlisting sporophores and inhibited others from

developing.

+Personasl communication,
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snorophores and of rainfall is shown in figures 29 and 30,

=N

sporophores are shown only

in Tigure 29, although nunbers o
for every second day, sonme of the sporophores may have been
located on the previous day. Searches were not made every
day which accounts for the large values shown in 1969 on
Avugust 6, 22, snd September 1. The value shown on ezch date
for a particular year represents the total number of sporo-
phores loecated since the last date on which 2 value ig shown
and th@ sporoephores d4id not necessarily all apnear on the |
seme day. The low level of rainfall in 1967 appears to be

agsociated with low numbers of sporophores.
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Fig. 29. The date of appearance of sporophores
of P. tomentosus in July, August, and part of
September in 1967, 1968, and 1969.
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Sporophores of 2. tomentosug with wmolsture contents

gbove 180% discharged basidiospores at highest rates under
conditions of high R.H. (85 to 100%) when temperature was
held at a favorable constant level (60 to 70F) in darkness,
Reductions in R.H. from saturation to 70% or lower under
the szme conditions of constant temperature and darkness
resulted in immediate abrupt reductions in discherge rates
which again inereased when R.He. was restored to saburation.
Reductions to 80% R.H. resulted in no decreese in spore
digcharge snd the threshold for sn effective reduction in
spore discherge rates appeared to be between 70 and 80% R.H.
at constent tempersture in darkness. Most obther menmbers of
the genus Polyporug which have been studled produced spores
in grestest numbers a2t night {which suggests thet high R.H,
iz fevorable) or under conditions of high R.He {e.g. Zoberi,
1964 Moger, 19703 and McCracken, 1970). Other studies of
the Polyporacease which have been discussed in the literature
review revealed that high R.H, was favoreble for spore dise
charge. Results of these studieg ineluding the present cne
do not egree with Bullerts (1909) theory that R.H. has no
effect on spore discharge in lesthery Bagidiomycetes asg

long as the sporovhore molsgture content is high.

Sporophores of P. tomentosus regquired at least 180%

sture content to discharge gpores at 2 high rate. Above

w3

focad

10
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sporonhore molsture contents and gpore discharge rates, =0

spore discharge rates by changing the molisbure content of the

he fact that the present studies ine
volved short periods of low humidity in controlled experi-
ments, lead one to conclude that the changes in spore dise-
phore moisture content. Zoberi (1964) suggested that studies
of BeH., fluctuations should be of short duration so that

i unaffecbed. Hyren
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the molsture conten

19€69) obssrved thet bhagidiospore

{

diseharged for 72 hours at 0% R.He, and he suggested thet

this wasg probebly the time reguired, under teat conditions,

to lower the molsture level of the sporophore below that

which was needed te a&llow spore production and 1i t
Under field conditions which allowed natural fluctie

ationg of temperature, gpore discharge in 2. tomentosus

wag directly related to tempersiure in the range of 4% to

rophores were maintained in darkness with cone

H, Whitneyl and Myren (1069) noted that

temperetures above 27 to 30C caused 2 helt in spox
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cherge rate were indeed due to R.He changes rather than sSporoe

date of R.De Whitney.
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in the field, and theyv did not zppesyr to inhibit spore dise
charze. YNyren (1069) observed o permenent cessation of spore

n P, tomentosus at 36C. He did not mention how

s

o
e

3

long the sporophores must be mainbained at this temperature
for permanent cessation to oscur, but it is uvunlikely that it
would ocenr under naturel conditions unless these temperatures
were maintained for several hours or recocurred on several days
in succession, Other exemples cited in the literature review

show that inereasing temperaturse appesrs to bhe a2 favorable

i

influence emong other leathery fungi =28 well ag 2. tomentosus,

&

until it reaches an upper limit wheresfier the dischaerse
rate is lowered and may cease.
Myren (1969) reported that spores were digcharged in

P. tomentosus a2t the low temperature of LC during test periogs

of 48 hours. Whitney end Bohayehuk (1069) sbored sporvophores
at 1C, ot which ftemperature they did not produce spores when
tested two weeks asfter storsge. Sinee no tests were mede
immediately aftsr storage, spores may have heen produced une
detected in low numbers for two to three days until the
sporophore ceased dlischarging spores altosether. It is suse
pected that Hyren®s sporophores would not have continued o
discharge spores much beyond 48 hours at 4C. Temperatures
down to 1€ in field studies presented in this weport 4id not
ceuse cessation of gpore discharge. Temperatures below freezing
levels appeared to couse physical damage to the sporophores

Trom whigh they did not always recover. However, low tempe
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eratures just sbove the freezing voint in August end Septem-
ber would probably only csuse a temporsry lowering of the
spore dlscharge rate,

Lighit of an intensity sbove 190 fi-c was found to ine

hibit spors discharge in P, tomentosus. Studies conducted

with artificial light in the laboratory and with both ar-
tificial end nabural light in the field showed definite re-
ductions in @ischarge rates at intensities from 190 to 940
ft«¢, Spore discharge rateg also appeared to be directly re-
lated to light intensity since 940 ft-c inhibited spore dise
charge more then 190 ft-c. Although light effects were diffi-
cult to separate from ths effects of R.H, due to simulian-
eous reductions in the latter factor when light was applied,
the £211 in R.H. wag judged ( on the bhasgisg of regults in to-
tal darkness) to be insufficient to have caused the reduce
tion in spore discharge rates. Pield studies conducted under
constently high R.H. in plastic enclosures. showed that the
application of light during temperature incresse resulted

in reduced discharge rates when these rates would have ine
ereased during temperature increases in darkness. With nat-
ural light conditions, spore discharge peaks occcurred 4 to

8 hours after the peak in daily temperature, while in darkness
the peaksg goincided. TheSe results indieate that light inhie-

bite spore discherge in 2. tomentogus.

Ingold (1952) stated that light exerts little direct

influence on gpore discharge in Basldiomycetes, but this
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statement hardly seenms valid since unlik

D
2

cetes, Pasidiomycetes have not been extensively studie
for & possible relation between spore discharge and light,
Nevertheless, light may have only en indirect influence on
spore discharge rates by members of the Polyporacese, since
the pores of this family are dirvected downwards and are on

the undersurface of the gporophore so that mainly reflected
light would resach the hymenisl layer and direct light would
only reach the upper surface of the sporophore. In the Dree
sent studlies, the sampling equipment involved a foll plate

on the collecting disc beneath the sporovhore, whieh would
heve caused greater light reflection then would occur nate
urally. In the field, depending upon the loeation of the
sporophores, direct sunlight would be needed for the intensity
reqguired to inhibit spore discharge. Light may also act as

a heating influence whieh would lower the B.H. in the pores

so that light and R.H. would have an additive effect in To-
ducing spore discharge. To investigate this, it would be de-
sireble to eliminate light from the undersurface of the sporo-
phore end to messure R.H. changes within the tubes. Tn this
study, there were cases of lowered discherge rates occurring
when little reflected light reached the undersurfsce of the
sporophore and strong light was divected only to the upper
surfece. This suggests the possibility of a photoreceptor
within the pileus which influences the liberation of spores,

Ingold®s view (1962) is that the vhotoreceptor in light-dee



pendent processes in fungl is & cerotene or 2 flavin whiech
may he sssogisted with a protein. Corlile (1965) reviewed the

literature on the photobiology of fungl and found thet ale
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though several theoriesgs to explain the vity of
fungl have been suggested, there is little supporting evie
dence for any of the theorieg, 80 that the prodblem is largee
1y unsolved,

When two or more environmental factors were allowed

to fluctuate naturally, the changes in spore dischsrge rates
¥

in P. topentosus did not colincide with the changes in eny

one of the factors of light, temperature, or B.H. For exaemple,

i

while discharge was directly related to tempsrature at hig
R«.Hs in continuous darkness, the relatlonship was disrupted
when R.H, and light varied azccording to natural circadian
eyeles, The interaction of all three factors appears to be
most importent in the debernination of the periodicity of
spore discherge rates and trends in combinstions of light,
temperature or R.H. changes seem to be more importent than
the absolute value of 2 single factor in & particular time
interval, Under natural conditions, the pesk of spore dise
charge oceurred in the late afternoon or ecarly evening. By

consideration of the influences of light, temperature, or

RB.H: singly, and of the combination of two or three of these

factors, the following pattern of spore discharge rates in
P. Iomentogusg might be formulated for a cloudless day,

% L

2. Spore discherme igs lowest at approximately 1200
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hours when there is strong sunlight, the R.H., is decreasing,
and the tempersture is inereasing.

b. Spore discharge increases in the afterncon or earls
N

evening when the temperature reasches 2 pesk, The R.H. is in-

g

acreagin

o

£

creaging end the light intensity is slightly

C. Spore discharge rezches 2 peak when lizght intensity

=y
i
!

ig lowy the R.He is high, and temperaiture is rably high,
although decreasing.

d. Spore discherse decreases in the morning mainly in

response to temperature being at ite lowest asg well as the
appearance of sunlight, even though R.H. is high.

There was evidence that cloud cover and rainfall dise
rupted the patitern of spore discharge, since on these days
neither tempnerature nor R.H., fluctuated as on clear days and

the cloud cover prevented nmuch natural light fluectustions.

(’i"

omentosus under natursal

The spore discherge rate in P
conditions was influenced by the interaction of light, temp=
erature and R.H., end exhibited o periodicity which d4id not
colneide with the natural periodicities of any of the three
factors, The majority of studies considered in the litersture
review indlicated that Basidiomyeetes have a nocturnsl habit

of spore discharge. Paglidiospores of 2. tomentosus were dige

charged st highest rates in the evening hours and the rste
usually fell in the early morning hours., These facts would

place P. Lomentosus in the category of noeburnzl sporulstors.

The veriocdicity in spore discherge rates in P. tomentosus




rates occourred when light intensity was at ite pesk, It is
believed that this night be the csse with many other Residie
omyecetes if the methods of collection and interpretation of
the date were rvreconsidered as discussed in the literature,

IT this isg the cese, 1t ig surpriging thet go few studies

of the influence of light on discharge by the Basgidionmycetes,
and particularly the Polyporaceae, have been completed.

1,

Lischarge in P. Lomentosus obe

pacly

The high raete of spore
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served in the esrly morning hours was no wed throughe
out the night ag the decreasing temperature exerted ite in-
flvence on the spore discharge vrate. The interaction of the
three Tactors makes it diffieult to assign an order of pri-
ority to any one factor. The molsbure relationships, ineclu-
ding R.H., rzinfall, and sporovhore moisture content are

probably most important for the development of 2 mature

gporophore which discharges spores 2t a hlgh rate under anpro-

1

(2
e
ot

temperature, and RB.H., is most important in determining
3

the periodicity of the gpore discharge rate,

of

&3]

jy]

In studies of P, Lomentosus, only one exanmpl n

apparently endogenous periodiclity which persisted when the
oving Tactore were removed was observed. According

to Austin (1968b) this was not an endogenous rhythn be-




gause of the preconditioning which oeccurred before

lodicity in question wes observed, In all other stud

pericdicity in spore discharge rates in P. Lomentos

pendent on environwental fluctuations except during
mental shases of the sporophores, such zs maturatio

commencenent of spore discherge, and cessation of g

develope
n and
pore dise

ntogus

cherge., The lack of an endogencus rhythm in 2. tome
agrees with the finding of few such rhythms in Basi

cetes generslly,

The interpretation of gpore discherge trends

mentosus demended knowledge of certsin phenomens whi

observed during the study and which were not due to

cal difficuliies, Some svorovhores of 2. Lomentosus

o

lomys

in B.bo-

techni-

showed

variability in thelr spore discharge rates which was
ently unrelated to any other factors sxamined. This

::3

nenon occeurred with a winority of sporophores: howe

was imporitent to reecognize the inherent variability i

Ter, it

discharge rates displayed by ceritain sporophores and to meke

appropriate adjustments for this cccurrence, Poseibly this

was due to environmental influsnces during the de

73

vngus, Insufficient observations were made
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shaviour,

A gecond more importent phenomenon affecting the intere

P

pretation of spore digcherge trends in 2. tomentosu

he sporophore or it may be & property of certein

velopnent

streing
to expla

g wae the
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oceurrence of lags in spore discharge rates during

H
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maturation
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of the hymenial layer and commencement of spore discharge,
and during the overmaturse stage of the sporovhore lesding

to permanent cessation of gpore discharge. During the gspore
discharge period of the mature sporophore, cycles of exhause

it

4
fodn

tion caused further irregula es in spore discharge rates,
This phenomenon and the fact that all aress of the hymenium
did not develop uniformly mey explain the occurrence of minor
peaks of spore discharge rates which occurred every 3 to &4
hours snd were evident in 211 investigations in this report.
DeGroot (1960) noted this oceurrence with F. ignisrius and
suggested that it represented variations in mechanical face
tors involved in spore release. He also noted thaet all sporo-

phores had brief periods of inactivity.

Basidiospores of P, tomentosus from different areas of

the same hymenial surface were discharged at different rates
suggesting that development of the hymenium is not uniform over
the whole sporophore., This phenomenon was supported by two obe
servations, In the first case, spore collections from two sides
of the same sporophore showed that the two sides did not ale
ways discharge spores at the same rate. The second observew
tion was the changing spore deposition pattern which could not
be related to envirommental or other factors. Gay, Hutchinson,
and Teaggart (1959) noted a changing spore deposition pattern

in thelr studles of Trametes gibbosa . They firast attempted

to explain this occurrence on the basis of the developmental

changes in the hymenizl layer end earefully inves-



101

e eausal factors such as an irvregularity

}-«!

tigated other possib

in the collecting epparatus, fluctuating 2ir currents, or a

physical condition of the appearatus. None of the latter f@cm

Fy i

tors were felt to be operating at the time and they concluded

e

that the patterns of deposition were the result of rhythmic

o

variation in the rate of spore dischaerge from different perts
of the hymenium, Later, Taggart, Hubtchinson, and Swinbanlk
(1964) decided in an addendum to their previous study, that
the pattern wag after all related to the operation of the
heater in the incubator in which experiments wers carried out.

4 X

The evidence from this study sppeers to support the forumer
theory of Gay et 2l (1959). DeGroot (1960) =2lso noted that
portions of the hymenium of P. igniesrius did not discharge
spores uniformly. Perhaps a cause of the veriation in P. o=
mentosus is that the supply of nutrients and water from the
stipveor pileus was not at a2 uniform rate. Spore discharge in
response to environment might be due more to the behaviour of
groups of pores or even single pores rather than the total
SBOrophore.

The average deily spore discherge rate by sporophores

of P. tomentosbs wes significently lower in 1969 than in 1968,

However, there was no significent difference in the average
sporophore gize and growth rate or the moisture and nutrient
eonbent of the soll in 1968 and 1969 (except that the mineral
& horizon had a significantly higher moisture content in 1969

than in 1968 due to climatic conditions before the spore
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discharge period). Therefore, none of the latter factors &=

peered to cause differences in spore discharge retes, PT O

o

ot
i

ided they were sultable for apore discharge o occur. Meany
sporophores in 1969 had sbnormally developed hymenial layers
and rarely showed 2 periodic response to fluctuating eaviron-
mental factors. The abnormal sporophores probably developed
because of the climatic conditions in 1969 preceding sporophore
development.

The average spore discharge rate by sporophores of P.

tomentosus was related to the totel number and guality of

sporophores produced in e season. The difference in the nume
per of sporophores which appeared 2t Candle Lake from 1963 to
1269 was apparsntly determined by the climatic conditions pre-
ceding end during the growth of the sporophores., It hag been
observed by %hitneyi and the author that in those years with
low numbers of sporophores, the orop was of p@or'quality and
did not discharge spores at high ratesy so that the seme

onditions whiech determined the totzl number and develope
ment of sporovhores probebly determined their quality end

gpore producing ability.

IUnpurlished Gata of B.D. Uhitne
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1. Besidlosvore discharge rates by P. tomentosus were DOSe

itively correlated with R.H. in darkness st constant tenpe
erature,

2. Spore discharze rabes were positively correleated with

G}

naturally fluctuating temperature in darkness at high R.H.

3. Spore discherge rates were negatively correlsted with

high R.H.

L, Under netursl conditions, spore discharge rates showed a
periodicity which was not associated with eny one of iight,
tenperature, or R.H. alone, but which wes modified by the
interaction of all three,

5. The periodicity of spore discharge rates was eXOZenous,

ly dependent on environmental influences.
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6. Spore discharge retes were not influenced by environ=
mental factors during two developmental steges: as the hymerns
lal surfece was maturing, and in the overmature stage leadw
ing to cessation of spore discharge. Between these stages,
wost sporophores exhibited cycles of exhaustion during which
they would not produce spores a2t optimum levels if favorable
conditions persisted for longer than 2 to 3 days,

7. Spores from two arezs of the same sporophore were dise

charged at different rates and spores from one sres of the

hymenium were deposited in different patterns from hour to

hour. Neither of these occurrences were reloted to environ
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appears that the hymenial surface

o
o
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1
8. Spore discherge retes were not correlated with sporophore
size, growth rate or moisture eontent, nor sgoil moisture
content, slthough a minimum level (sbout 180%) of sporo-
phore molisture content was found to be necessary for high
gspore discharge rates.
9. The numbers of basidiospores discharged in & season was
releted to the number and §uality of sporophorssg produced in

the same season, which in turn was related to the clinmatic
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