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ABSTRACT 

Vathana Phokthavi 

STUDIES ON A FUNGUS OF THE GENU~~ 
STILBELLA 

Plant Pathology 

An stl1bold tungua la deBorlbed whlch la now a88WBed 

" to ~ a new speoies of the genus Stilbella Lindau, , .. i1y 

Sti1be1laceae, Class Deuteromycetes. It was iBolated rrom 
" ' 
white olover, Trifolium repens L •• whieh were floated or 

partia11y subMerged in water. 

Ite hyphae are narrow, septate and hyaline. Conidio­

phores are siaple or branohed and undietiguiahed. TWo kinde 

of conidia are~produced. aacrooonidia having the sizl. 1.5 -

6.4 (width) x Il.5-18.0 (length) aiero.etera, and microconidia 

1.5-5.7 (width) x 3.'-9.5 (Iength) .ioroaetera. Hyaline 

hyphae aggr.ga~e into erect coluans of synne.ata, up to 2 .. 

tall, with sliay heada of ye1lowish conidia. 

The optlaua te.plrature tor growth and .poru1ation 

was 25°, on czapet ,olutlon agar, at pH 5.6 under the experi­

•• nta! oonditions. Zonation of the colony was induced by 

alternating Iight-dark periods. Th_ fungus .as .eat when 

grown in ooap.tltlon wlth the other fungl tested. Morpho-
~ 

l 
loglcal abnorma!ltle •• era Induoed by'volatl1e •• tabolite. 

produced br the bactarla test.d. Thi. stilboid tungua had 

a .ide ran«_ ot hoat plant.. It _as pre.ent in th. cortical 

ti.lue. of plan~ root. without cau.tn& any Ti_lbl ••• 1d.nc.' 

or 41 •• a.e. 
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RESUME 

TRAVAUX SUR UN CHAMPIGNON DU 
GDRE STILBELLI. 

/ ~ 

Un oh_pignon atilboide est decri t oOIIIIe pouvant etre 

une nouyelle espèce du genre Stilbella Lindau, de la f .. 111e 

des Stilbellaoeae. de la cla8.e de. Deuteroaycètes. Le ohampi­

gnon a été isolé'du trèfle ~lano (Trl~o~lua repens L.) ais 
" {, ", 

a ~1otter ou en part~e submerge dans l'eau. 

Ses hyphaes .yéellens sont ainces, oloisonnés' et hyalins. 
\. 

Les conidiophores sont simples ou reai:tiés ou indistinots. 

Deux sortes de conIdies aont toraéea. les .acroconidiel .e.u-

4 ,,' rant 1.5-6, .loroaetre. de large sur 11.5-11.0 de long, et 
\ Q 

les alcrooonidie. aesurant 1.5-,.1 de large sur 3.5-9.5 de long. 

Les hyphes hyalins s'unissent pour toraer des synnellas 
, 

sporiteres en forae de colonne pouvant atteindre 2 .. de baut, 
"... ... et possedant une tete yisoeuse de conidies jaunatres. 

La t •• perature optiaale pour la croissance végetative 

et la sporulation est 250 sur le milieu clapet géloaé. au 

pH 5.6. 
, ~ , 

L'alternanoe de periodes d·eolaire.e~t et de periode. 
# , 

sGabres produit des colonies zoneea, La croissance du ch .. pi-
, 

gnon e.t taible en presence de oel~. d'autres ch_pignona. 
» • , 

Sa morphologie dey1ent ano~ale en presenc, des 8ubstance. 
, (, , ; ! 

yolatile. eaanant des oultures d. b.ote~1.a que nous ayons 
" , etudiee., Ce ch .. pignon .tilboide ae retroUT. sur pluaieur. 

plante.-hôte., Il env.ahit le cortex de. reolne. aana pour 

'" cela cau •• r de. 8ignes eYldents de .alad1e. 
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I." ~NTRODUCTION 

A eti1boid fungue, tiret found by Eetey (1960), was 

sent to the Myqology Section of the Canada Dapartment of 

Agriculture, Ottawa, Canada, and to the Commonwealth MY.o­

logioal Institue, Kew, Entland, tor ld.n~fieation. Both 

agreed that it was an undescribed species. 

A eupertiolâll exuination ot this fungus indioated 

that it le a member ot the genue Sti1bella Lindau, ) .. ily 

Stilbellaceae, Clase Deuteromycetes. Por 80m. yeara there 

had been uRcertalnty and disagreement as to whieh n .. ea 

Stilbella Lindau or Stilbum Tode ex Fr., more properly deelg­

nates th!e genuB, and whet~er Stllbellaceae or Stllbaeeae 

should be used as the fam!ly name. Benjamin (1968) reviewed 

th!s noaenclatural problea and decided to conserve Stilbella 

Lindau and to Talldate Stilbellac.ae. The author of thi8 

thesis Agrees that theae naaea .hqu14 be accepted, for rea.ons 

',given by Zalokar (1962) and reiterated by Benjuin (1968). 

The unnamed stilboid tungus ot th!s study ie theretora con-
t 

sldered to be a ne. speciea of the genus Stilbella ~ndau. 
4-

Because it has not yet been ~iven a name, it will si.ply be 

teferred to, in thi. thesis,a. the stllboid tungus. 

A review ot the literature cOftcerned wlth the .pecies 

ot Stilbella Lindau or Stl1byl Tode ex Pr., aho.ed that on~ 

~ Stl1bua .foallO!!Dthua .oore had leatures that •• r~, in a ... 

Nep.cte, .erph010glCal~ .~llar te the et11bold flingue und_ 
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study. Theretor". a 8"bcul ture ot §.. laoalloxanthum Moore . 
, . 

waa obt.~ed trOll the C~'onweal th Myoological Inati tue to 
"J 

uee tor comparative purpo.ea. Some of the morphologieal and 

physiologioal etudiee included in this theais de.lt wlth bo~h 

, ~8tllbold tungi but moat .are done wlth the unnamed atilboid 
• 

tungus alone. 

/ . 

",. 

. , 

... : 
J ,. 

A 

.. 
1 

·1 

l, , . 

1. 

• 



II. REVIEW OP LITERATURE 

'The genus Sti1bum waa' propoaed in 1790 by Tode. Six , 

descrLbed species were 1iated. §. vu1gareJ §. bu1bosy!, 2' 
" rublcundUl\" §..' minillum, §. .. turbinatuDlJ and S. pubidu(. 

In 1801, Persoon recognized 16 epecies, including §.. vulgare 

Tode, which was va1idated by Merat and accepted by Fries, 

(Benjamin, 1968). Fries in his Syatema Mycologicu~, aseigne~ 

Stilbum its own family, "Ordo Stl1boidei" but inc1uded insuf­

ficient data to va1idate the genus. He recognized 22: species 

including §. ~1gare, §. bu1bosum. §. tMrbinatum, and 2' pubidum 
, ' 

of Tode and classitied them in the C1ass Hyphomycetes. Accord-
" . , 

in~ to Benjamin (1968), ~erat wae the first post-starting 
, . 

t: :date autllor to recognize Sti1bum Tode. He validated i t by 

(' providing a description of the genus and six epecies, inc1ud-
" , 
,~g on1y one, §. vjl~are,of Tode'a species. From 1790 to 

1898, Stilbum Tode was the accepted name for this Hyphomyowte:' 

genuë although it was c1assified differently by various workers. 

According to Ainsworth and Bisby (1954). 140 species had been 

described in Saceardo's Syl10ge Pungorum between 1882 and 1931. 

In 1849. Pries proposed the family name "Sporocybaceae" based 

on the genus Sporocybe to replace "Sti1baceae" with the reason 

thatl the family name Stilbaceae is'used for the genetie type 

Stilbe. He maintained Slilby! as a meaber ot Sporobaceae, but 

this proposed ohange gained little aooeptance. The name 

Sporocybeceae would not be tenable for the present Sti1ba08oua 



il 22 

\ fami1y since' Mason and Ellis (1953) have shown that-Sporocybe 

Fr. i~ the synonym of Periconia Tode ex Fr. In 1886, Saccardo 
~ 

reduced th~ genus Botr~n1pha Preuss~o a subgenus of Stilbum 

Tode. Then Kuntze in 1891, replaced Sti1bum'Todè'with 
.~ 

Bottyonipha PreuBs. He etated that the gener~~ namee Stilbe' 
< • 

Berg. (1167) and Sti1bum Tode (1790) were:~~hographic va-

riants. but Kuntze's change seems to be unneceseary accord-

ing to Article 75 of the International Code of Botanical 

Nomenclature (Lanjouw. 1961). 

Stilbum Tode remained a widely accepted name for an 

imperfect genus unti1 1898, when Juel discovered that Skilbum 

vulgare waB rea11y a Basidiomycete. He transferred this ' 
r 

species and the genus to the Auriculariaceae with ~. vulgare 

as the type genus and 1eft the remaining imperfect .pecies 

without generic name. Lindau in 1900 erected the name 

Stilbella to replace that of Stilbum as the genus of fungi 
\ 

imperfecti. He dld not designate a new typefspecies, but 

did transfer trom Stilbum the following speciest Stilbella 

hirsutum (Hoffm.) Lindau, 2. erythrooephala (Ditm.) Lindau. 

2. bulbosum (Tode) Lindau, 2' cinnabarinum (Mont.) Lindau. 

2. lejopus (Ehrenb.) Lindau. and s. dublum (Prauss) Lindau. 

He maint~lned Bottyonlpha Preuss as a Bubgenua. According 

~o Article 6) of the Code. Stilbella ls an i11eginate name 

ainee Botryonipha was an available synonym at that time. 

Saccardo in 1902, maintained Stllbyp 8S an Interim genu8 of 

the fungi imperfecti. In this case the name wou1d be cited 

, 
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as Stilbum Sace. & Syc., instead of Tode per Merat, under 

Article 48 of the 'Code (Lanjouw, 1961). Clemente and Shear 

(1931) disignated Stilbum einnabarinum as the type specles 

for Stilbum TOde, and Stilbella erythrocephala as the type 

for Stilbella Lindau. Stilbum einnabarinum could not serve 

ae a le~totype species sinee i t does not repreeent the 

original material as required under Article 7 of the Code. 

Stilbella erythrocephala wou1d seem appropriate as the lecto­

type species if the genus 18 conserved. 

r Martin (1940) recognized Stilbella Lindau and prop01led 

/otilbellaceae to re~l~ Stilbaceae ror the Imperrect genus. 

but there was insufflcient data for valid publication as 

required by Artic~e 32 of the Code. In the past. the use 
A 

of the generic name Stilbum ar Stilbella and the family name 

Sti1baceae or Stilbellaceae have been in a state of cordusion 

and disagreement among the workers. Wakefield and Bisby (194l}, 

Mains (1948), and Moore (1959), recognized the generic problem 

but preferred to use the nue Stilbum wi th their different 

reasons. Barnett (1960) also used Stilbum but accepted 

S. cinnabarinum as a lectotype species, Hughes (1958) use. 

Stilbum but ci ted i t as Stilbum Pers. and designated §.. rigidum 

'aIS a new type speoles as he proposed a change of starting 
1 

point for namee ot the Hyphomycetes from Fries' Systema to 

PeE80on'e Synopsis and not citing pre-180l authorities (Hughes, , . 
~ ~7). Donk (1963) and Benjamin (1968) disagree with Hughes's 

, 

.', ., . 
change of starting point b.caue. the Code does noi; authorize( 
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one to ohange the starting point o~ Hyphomycetes and brush 

away aIl e8.r1ier typification of the name as weIl, eventhough 

the other lectotype had been designated. Donk (196) a1so 

proposed that the corrected generio name ahould read Stilbum 

Tod~, par Merat, not Stilbum Tode per Fr., or Sti1bum Pers. 

} , Morris (1963) repo~ized Stilbellacaae Martin and 
..... r1! 

Sti1be11a Lindau. He l~Bted BotrYonipha Prausa and Cepha1o-
0' 

~ ... 
pharum Nees as genaric synonyme in addition to Sti1bum Auet. 

(not Tode ex Fr. sensu Lindau). According to Benjamin (1968), 

, both names shou1d have been 1isted as doubttu1 synonyme. 

Sti1be11a and Sti1bel1aeeae are incre&sing1y being accepted 
C 

by recent workers, ine1uding Gilman (1945 & 1957), Bessey 

(1950), Martin (1961). Alexopoulus (1962), and Zalokar (1962). 

Zalokar (1962) accepted Stilbum as the valid name of the 

Basidiomycete genus and ti1be11a as the valid name for the 

Hyphomyoete genus. al1 the speoies previouely 

assignad' to the genus Stilbum Toda ex, Fr. to the genue 

tilbella Lindau 8.e a new eombination. Additiona11y, he 

ave a complete Ilonograph ot the genu8 including a key to 

28 species. Benjamin (1968) aolve~the ganerie problem by 

eonserving Stilbella Lindau wit~ ~. erythrocephala ae a 1eeto~yp. 

apeoies, and va1idated Stilbellaceae Martin with information 

required by the International Code of Botanical Nomenclature 

(Lanjouw, 1961). 
, 

Stilbella Lindau le a large genus. Speci •• ot the 

genu8 are cOIIUIlonly found a8 entomogenous fungi,(Smith, 190), 

\ 
.1 

[ 

, 
1. , 
" 

-
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Wakefield & B1eb,r (1941), Petch (1945), Maine (1948). Stl1bum-
1-1\1' . • 

lite tungl are not uncommon ln 8011 (Barron. 1968). They 
t, 

are a180 found on stems of dlcoty1edon plants, on wood and 

bark (Barnett, 1960. and Sutton, 197J), on oak leaves, on 

rotten branches, on fungl and on variou8 anilllis dung (Wale­

field & Bisby, 1941). Zalokar (1962) 1isted le8 specles 

Inoluding 28 epeci8s whlch he had studied. ln addition, Moore 

(1959) found. Sti1b.lla zaca11ox&nthu!!, ,(Sti1bw! zaca110xanthWII 

Moore) in 1959. and Fergus (1964) round-Stilb.lla ther!ophl1a 

trOll auahroom compost. §.. thermophl1a 88ell8 to be the on1, 

thermophl1ic apeci •• and the lat.st specles to have been 

reported l~ the literature. 
) 

• 
,) 

, 

,' . 
.t ') . . 
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III. utERIAL AND QTHODS 

A. SOURCES OP THE STILBOID PUNGI AND SEEDS OP 
WHITE CLOVER. TRIPOLIUM REPENS L. 

, The InItia! eul ture of the unnamed stl1bold f'ungua 

was laolated from white cloTer, Tri!ol1y! repena, whioh had been 

growlng in the lawn at the le ft w1ng of the Biology Building 

O~ Macdonald ~ollege, Ste Anne de Bellevue, Quebec, Canada. 

The clover plant w1 th i ts root ay.te. was patly washed in 

running tap'water and then immersed in sterile water in Petri 

d1sh. Some o~ the leaves were removed. Synnemata of the 

.('ungus Bppeared frora variouB parta or the clover in 7 to 15 

daya. Spores.ére transrerred tram the he.d of the synnemata 

to the aurface of potato dextrose agar (PD!) in Petri diahes 

by a.ans of ,an inooulating needle. The tungi that gre. rra. 

these spores w.re subcul tured on addl tlonal PD! in di.he. 

and culture tubes for subsequent study. Stook cul tuNa, on 

oulture slants. were kept in a 0014 room. 
" 

Tle cul ture o~ Stilbua zac!lloxanthp Moore, lMI 19934, 

was bought fra. the COIIaonw.al th Mycolo«ical InBt! tu.. K •• , .... 

Surrey, D'lgland. 

The a •• ds of trl'ollp rtl.DS .ere obta1ned tro. 

Dr. N. La.son of the Agrcm-7 Departaent, laoclonald Collep. 

8 1) 

\ 
\ 
\ 

\\ 
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B. METHODS FOR STUDYING THE CONIOI! AND THE 
MORPHOLOGY OF THE STILBOID FUNG! 

1. Observation of Conidia 

The conidia obtained trom the head of the synnemata 
, 

of fungi growing on hoet plants or culture media, were mounted 

in either water, Iactophenol, or cotton 'blue in lactophenol 

on a glass slide. The slide mounts were then examined with 

a compound microsoope under low and high magnifioations. 

The size of the con~dia was determined by me8ns of 

a calibrated fi1ar mierometer. The determined size of the 

conidia is the average of the measurements of 100 conldia. 

2. Germination of Conidia 
.J 

The dilution plate method (Anon, 1968) was employed 

to separate conidia for germination etudies. Conidial sus­

pensions in culture tubes were,' diluted wi th sterile water 

80 that when one millilitre of the resulting suspension was 

transferred to the surface of a thin film of potato dextrose 

agar in a 9 cm Petri dish the conidia were widely separated 

from eaeh other. 

Germination wal observed alter 10 to 30 hours, under 

the compound microscope. A cover glas. was placed over a 
J 

selected conidium and the Petri diah wal tixed to the stage 

of the microscope with adhesi.e tape. When changing the 

objectives of the microscope ~ car. was taken so a8 not to 

move the dish. thus the same ~o.nidium oould be ob.erved at 

.... ~ 
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different magnifioations over a period of time. The stages 

of germ tube development wera observed, and drawn with the 

afd of a oamera luolda attachment to the microscope. 

3. Formation of Conidia 
;. 
't 
{' 

,"" / Obse-rvation of conidial formation was u 
d: : 

about two days after germ tube produotion. same 

method as for the observation of conidia germ • 

4. ,ç;eneral Morphology of the Fungus 

The general morphology of the fungus was obs.rved 

as the fungus grew on slida cultures (Anon, 1968). A amall 

(about 7 mm square) block of PDA cut trom a Petri dish was 

placed on a microsoope Blide. It was inoculated with a 

number of spores, then covered with a oover glass and in-

oubated in a Petri dish oontaining sterile m.iBt fllter 

paper to maintain a humid environment. About 3 to 4 days 

later. when the culture wa. mature. some sporing struotures 

would adhere to the Blide and cover glass. The agar blook 

was then discarded and both the slide and the cover glas8 

were used to make mounts of the tungua in either laetophenol. or 

cotton rue in lactophenol. 



C. METHODS FOR STUDYING FACTORS AFFECTING GROWTH 
AND SPORULATION OF THE STILBOID FUNGI 

1 • Tempe rature 

The fungi were oultured under ditferent. emperature 
" 

oonditions~ The temperatures used in this study were. 10, 
11 

15. 20. 25. 28. 32. and 40 degrees oentigrade. Dirao PD! 

was prepared aaaording to the directions on the label and 

15 ml of thls mediua was poured in each Petri dish. Inoc-
J 

ulum ot uniform liza was obtained by using a sterile cork 

borer, 4 mm in diamater to cut out small discs of mycelium 

trom the periphery ot a culture ot the tungus that had 

grown for 15 days on an agar medium. Each disc of inocula 

11 

was transterred to the center of the PDA in Petri disbes by means 

of an inoaulating needle. 

The Petri dishes with the inooula were wrapped with 

aluminium toi1 and placed in oabinets having 10, 15. 20. 25. 

28, 32, and 40 degrees centigrade contro11ed tellperatures', 

respectively. Five dlahes were plaoed in aach oabinet (~lu8 
" ) 

a tew extra dish •• to substi tite for any culture that beC'.,-e 

contaainated). The ~owth ot the tungus was determined atter 

18 dayl by .eaeuring the diu.ter ot .. II._ colonies. 
, 

SporulAtion was d_terained by cutting out t~. entlre 

oolony and p1aoing i t in a .e •• ured .olwae of water in a 125 ml 

Erlen.eyer t1aBk. The tlasta •• n Ihaken for at le.st )0 .in. 
o 

and spore oount •• are aade by ul1ng a h ... aoytoaeter. 
#" 

Th. Itl1bolct tungu. iJuituree .ere u •• d tor te.ting 

, 1 . 
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the etteet ot ohanging ot teaperature to the growth rhythll 
r • , . 

ot the tungus. They were Èept in .',plant growth ch_ber whioh , 

was adjuettd to hava a te.p.rature,sohedule ot l? hours at 

20~ :tollowéc1 by 12 houre at 25° without light. Growth rhythlle 

were obee~ed atter 18 daye. 

2. Me41a 

a. Growth ot the Stl1boid P'ungus on Dit'terent Media 

Nutriant aedia usecl in th!. study were trom Dirco Lab­

oratori.s and were pnpand accorc11ng to th. directions on " 

the label.. There ware seTan kinds ot .edia, the specltio •• 

,tians ot which are. 

Media 

.conDIeal Agar 

Czapet S~l1ltion agar 

Lia. bean agar 

Mal t extrae~ apr 

11001ogioal age 

,. 

Nutrient apr 

i 

Formula 

Infusion ot coa' .aal

7 Bacto-agal' 

Saccharose i • 

Sediu. nitrate : 
Dipot ... iwa phoBPnate -.cn •• iua sulphate'; 
Potas.1ua chl,orld • 

. FerrÔll. sulphate 
Baoto-*lar 

Infueion ot liaa bean 
Baoto-qar 

lntuslon ot .alt 
Baoto-apr 

Buto-ao1tcme 
Baot ..... xtro •• 
Bacto-qar 

.. 
Gel.J.at. p.pt ••. 
Beer extract 
Baoto-apr 

f 

; 

l' 
( 

pH 

5.6 

5.6 

1.0 

6.8 
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! 

Potato dextrose Agar 

\ 

Pormula 

Infusion ot potato 
Bacto-dextroae 
Bac~o-agar 

pH 

5.6 
) . 

13 

About 15 al ot these media was poured into each Petri' 

dlsh ln whioh tungl were to be cultured. One set or inoculate~ 
culture di.he. was 1eft Unwrapped durlng the growing period 

and another se~ was wrapped ln aluainium toll, both sets were 

placed in polyethylene baga. For incubation all cultures 

.ere plaoad in the saae plant gro.th ch .. ber the te.perature 

ot whlch was adjusted to 25° wlth the light 8chedule ot l2-hr 

l1gbt - l2~te'''''ala. 
The ettect of thë nutrlent media on the growth charac-

, 

teristics 'of the ',colonies and thelr eporulatlon wàs detamin.d 

alter 17 days. Browth was .. asured by the dlaaeter of the 

colonie. and aporula~ion _a. deteno1ned by the total .pore­

oount. as in (1)., ~boYe. 
1 

B. ~ Growth Rate of the Stilboid Pungi 

This experiaent ~a8! done to find the coaparativ .... gr.th 

~ateB ot the unn .. ed stllbold tangus and Stl1bwm la0allOllQ1hya. 
'J<" • 

Th. nutrient medium a.ed was potato dextrose agar fra. Ditao 
..,. 

.Laboratorles. Single spores were obtained by the dl1utlen 

plate .ethod •• de~orlbed aboye. ane spore wal tr~.t.rred 

!n'to the center Of~each of tbe PDA plates by/~~anB ot' an inoc~ 
u1atlng needle. Peur cal ture" ot eac~ tUDg1l •• · tra .pores 

, ' 

that ha4 pl'IIiDated 8t abeu:t the .... - tille. ~re u... in thi • 

• 
o 

, . 
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test. All cultures "en kept under the same enviroruaental 

" conditions.at room t4mperature (about 25°). The diueter 
\ .. 

of the colonies'"as measured every 24 hours for 13 days. The 

~esults of these measurements are given in Table '+. 

3. pH of a Medium 

The nutr~ent medium used in thi. experiment "as PDA 

fram Difao Labor.tories. prepared according to the direotions 

on label. About 100 ml of this medium was poured into each 

of eleven 250 ml Erlenmeyer flasks~WhiOh were then .terilized 

at 1200 und~r 15 lb. pressure. for 15 minutes. When the 

medium had coo1ed', to abou't 400 , each 'Sf these tlasks was 

adjusted to haveapH of 2.5. 3.0. 4.0. 4.5. 5.6. 6.5. 8.0. 9.0, 

10.5, 11.0, and 11.5. The ac~d and basic ranges .ere adjusted 

by using normal hydrochloric aeid and normal sodium hydroxide 
1 

respectively. The pH levets were deterœined by meane of a 
• glass electrode p9tentiometer. The medium tram eaoh of these 

tlasts was then poured into each of four Petri dishes, and 
\ . 

, 
inooulated wlth a 4 mm dilo of the etilboid tungus. The 

cul tures were wrapped wi th aJ.UIlinium foi1 and "ere kept in 
. 

a cabinet with controlled temperature at 20°. Growth of t_ 
• 

fungus at •• en pH level _as determtn.d by ..... ring the di~ 
~ .,. 

meter of each colony atter 10 day.. Tbe.e m •• 'urementa are 

givan in table ,. 

" 
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t .. Light-. . 

(a) Light expetiments ~re carried out in two plant 

gro~th chambers illuminated by a bank of fluorescent lampa 

having 15.000 tt-candles ot 11 ht intenslty. The tempe rature 

of the cabinets was set at 20°. The fungue was cul tured in 

Petri diahee containing PDA f~om Dirco Laboratoriea. Five 

dishee were used for eaoh of these treatments, which were. 

i. Continuous light. 

ii. Continuoue darkness. 

iii. Alternating light and dark perioda, 

The cultures of treatment (i) and (ii) were kept in 

the same cabinet, bu't the cultures grown in the dark were 

wrapped in aluminium foil and placed in light proo! boxes. 

The' cultures ot treatment (iii) were kept in another 

plant growth chamber which was set to havé light for 12 hours 

and dark for 12 hours alternat.ly. 

The affect of light on the growth of the lungus was , 

determined atter 18 days by measuriag the dlameter 6t oolony 

growth. Sporulation was determined by tàe total spore count, 
1 

Methode 

(b) The resuit in the tiret light experiment Ca) 

ahowed that a growth rhythm ot the stilbold fungua waB 

stimulated by llght. In order to see more of thi. .ft~ct. 
~..-, . 

the fOllowing exp. riment was carried out tG ahow th. ettecta 
~ 

.. 

-
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,- ~ 
of light on the ~onation of the fungus. 

The fungus was inoculated on PD! plates as in (a) and 
, 

kept in the same cabinet wlth alternating light-dark periode 

as folIo •• 

i. 24 hours light and 24 houre dark interval. 
1 

li. 5 days llght and 5 minutes dark interval. 

111.t 5 minutes light and 5 daye dar)k ihterval. 

( 
In the light perlod, the cultures were exposed to 

light intensity of 15. 900 ft-candles. The dark period 

was achieved by wrapping the diahes in aluminium foil. 

The cultures were observed alter an appropriate number of 

light and dark cycles. 

, 

D. METHOD FOR STUDYING THE COMPETITION BETWEEN 
THE STILBOID FUNGUS AND OTHER 

MICROORGANISMS 

Twenty species of fungi obtained rro. the type culture 

collec~ion of the Plant Pathology Department of Macdonald 

Collage were grown to cODlpete w1 th the stilboid fungus. Th. 

experillent was done in Petri dishes containing PDA. Rach 

fungus was inoculated side by side ..,1 th, but about SO mm away 

• tram, the st1lboid ~ungu8. The 20 apeoles of fungi used warea 

, ... 1. Mt.marl' sp. 

2. Arthrgbota! merl, 
Aspergillus repens • 

1 / 

\ 

"- " 
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4. Botati§ sp. 

S. gbuiœilalll Sp. 

6. Dip10dia .u.u. 

7. fusar1um OXYSporym 

8. Gllooladiwp roalM 

9. Gliomastrix SPI 

10. Hel;inthoaporiu; satiyum 

Il. Mucpr hlemalis 
o!' 

12. Oosppra sp. 

13. Penic!1~1um expansum 

14. Phoma SPi 

'* 
15. S21erotlum rolfsi1 

1 

• 
• 16. Sordar1a sp. 

17. Staehlbot[I8 !Un 
18. Sti1bym ;acalloxanthum 

19. Tricoderga SPi 

20. Vertiei11ium dahliae 

For each f~s. the inoeulum cansisted of a 4 mm . 
diso eut f~~ the periphery of a young culture. Inoculit1on 

was done as ·followa. 1 _ 

t" 1._ One of the aboTe fungi wae inoculated to a point , 

from the per1phery of the medium that .aa equal to about ODe 

'third of the diameter of the dish. When ita growth had reached 

a dlam.t.r of 3 c.ntimetera. th. 8tilboid tungu. wae inooulated 

to a siml1ar point directIy 8Or088 ira. the tiret fungue. 
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2. The atilbold ~ungus was inoculated first ~ollo.8d 

by the other fungus. This ls the reverse of (1) above. 

J. The st1lboid tangua and one of the other ~ungl 

were inoculated to the cultu~ .edium at the same tiae. 

In each case the cultures •• n kept at room temperature 

until the two colonies met and/or ahowed reBations at the 

region of contact. 

E. 

to the 

NETHOD FOR STVDYING MORPHOLOGICAL ABNORMALITIES 
OF THE STILBOID PUNGVS INDUCED Bt VOLATILE 

MET~OLITES PROM BACTERIA 
1 
1 

1 ! 
In th~s expe~iment. the stilboid tungus was erpoaed 

l ' 
vola~ile met.bolites produced by the bacter1a, 

,«robacterima tuœetaciens. Baoillue cereus, and Bhiloblum 

legurtinosarum. 

(1) The bacter1. were cu1tured on Difoo nutrlent 

agar in Petri dishe's and on nutrient broth ln '250 ml Erlen­

Meyer flask.. The stilbold fungus was cultured on Ditco PD!. 

The bactetia were grown on the nutrient agar e1ther as fila 

cultures :or as streak cultures. The film cul tune were pro­

duced by transterring 1 al of a 24-hour broth culture of 

bacterla to nutrient Agar plate. uaing a sterile pipette and 

then apreading i t to produce,l an .'Yen tila by rotatlng the 

plates. Streak cul tuns were obtaine4 by strealtlng a looptul 

(about 0.01 al) ot the 24-hour broth culture on the nu trient 
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agar by using a single calibrated looped inoculating needle. 

Streak cultures produced a much lower.) bacterial population 

than did the film cultures. 

By using a sterile razor blade. a block of PDA (about 

7 x 7 mm) wae cut out and placed on a sterile microscope 

alide. The etilboid fungus waa inoculated at the four corners 

of this block. Five of these culture slides "ere prepared 
r 

for each bacterium used. 2 for atreak cultures, 2 for film 
"4 } 

oultures, and one for control. They were then placed inverted 

on a bent glass rod (5 mm in diameter) in Petri diahes con­

taining either a film culture or a streak'culture freshly 

inoculated with bacteria so tAat the slide culture of the 

stilboid fungus was facing down to the bacterium culture. 

Control oultures were grawn by the same method aa deBcribed 

above but were set over sterile nutrient agar only. 

All cill tures were kept at room temperature in ap­

proximately a 12 hour daily light periode The morphologioal 

abnormalities of the stilboid fungus were examined after 6 

to 10 days. Whole mount slides of the stilboid fungus "ere 
1 

4IC 
prepared by removing the agar block and immersing the alide , 

in 70~ aloohol. The aloohol was drawn off and 4~ potassium 

hydroxidé was then added to bring the specimen back to its 

original size. The slides were finally mounted in either 

water. lac~ophenol. 'Cotton blue in: laotophenol. or 1" acid 

fuohsln in lac tic aoid for wall staining. Drawinga were 
'(" 

made with th~ aid of~ camera lucida apparatus • 
" 1 
l, ~~' 
I-
l ' 
;. ~ 
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(2) f Eaoh of the three special of baoteria were grown 

in the"same cu1ture dieh, of nutrient agar, with the stilboid 

fungus. The inocula of baoteria were streaked on the agar 

medium by means of a callbrated looped inoculating needle. 

The fungus inoculum was a 4 mm dise of mycelium that ~&d been 

growing on PD!. Both the bacteria and the stilboid fungus 

were inoculated side by side in the nutrient agar di.hes at 

tHe same time. They were then kept at room termperature and 

exposed to approximately 12 houre of daily light and dark 

periode. ~he growth of both.colonies was examined when they 

met an~or ahowed reaotion tn the region of contact. 

~ 
F. METHOD FOR STUDYING THE SURVIVAL IN SOIL 

OF THE STILBOID FUNGUS 

Sterilized soil was plac~d in ten pota which were 

placed on a bench in the greenhouae. After 10 d&y8 the soil 

was tnoculated with 10 al of a suspension havlng 2 x 106 

oonidia per ml of the stllboid fungus. The 8011 was kept 

molet by the addition of water whenever neceasary. Alter 

14 days the 80il was traneferred to sterile 9 cm Petri diahes. 

The eubeequent app •• rance of the aynnemata oharaoteristl0 et 

tungus was observed under a disaecting microsoope. 

Matura! soil was oolleoted tram the lawns of the 

Macdonald Campus during the summer of 1973. Small amounts 

of thls loil wlre placed in aterile Petri d~ahes. When 

necesaary, w.ter was·added to moiaten the Boil. The di.hea 
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. 
were put into polyethylene baga to retaln moi sture and then 

pl~ced on a laboratory shelt until the stilboid tungus was 

observed. 

G. HOST RANGE STUDY METHODS 

1. Collection ot Plants 

The areas trom Which plants were collected tor thls 

study included the Macdonald College Campus, and ,the townships 

of Ste ~e de Bellevue and Dorion (4 miles from Ste ~e de -

Bellevue). Quebec, Canada. The plants growing in th.se ar_a 

were collected atter tirst digging &round the root system 

with a tro.el ta loosen the soil. In the o.se of ~ ~­

charum, seedlings and bark were collected. Each plant speci~ 

men with its intact roots was put in a separate polyethylene 

bag. Colleotions were made tram April to Ootober. 1973. 

There were altogether 60 plant speoiaens, as listed on page 118. 

2. Isolation Method 

The plants were th~~ugh y •• shed in running tap 
( 

.ater, then they·"".r. tr~.d 0 divided into root. stem and 

leat parts that .ould fit into the culture" di.hes. Alter 

being placed in the oulture di.hes just enough sterile •• ter 

.a. added to flood the rcot or other part of the plant froa 

whioh the tungue was expected to be isolat.d. The di.hes 
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w.re ataoked, as illustrated in Plate l~ and'lett on a , 
laboratory shelf at ordinary room temperature and daily 

light periode. Pungal isolations were made when synnemata 

appeared whioh-were visible to the naked eyes. Spore isolates. 

taken trom the heads ot the synnemata, were transferred t9 

plates of PDA. Each isolate was th en transterred to t~bed 

slants Ci! PDA and stored in a room at 50. 

Some of the standard methods of isolat~ fungi 
-

!ram plant material were tried but only the ~ave method gave 

consistently successful results. 

~ H. HOST PARASITE RELATIONSHIP STUDIES 

1. HO$t and Parasite in a 
Sterile Bnvironm.nt 

a. Planting in Bottles,1 
1 

The plant used for this experiment was white olover 

(Trifolipm repens L.). The elover seeds ware ,'urtace steri-
" 

lized by immersion in lO~ Javex for 10 to lS minutes. FiTe 

of the surface aterile •• eds were then apaced on dtlute PDA 

in each of aeveral Petri disne.. The Difco PDA was 411uted 

with double the noraal amount of water. Germinati6ft u8ually 

~curred atter 2 daya. When the aeedl1ngs .ere about 10 to 

20 daya 01d, thoae 'that were".hown to be free of microorgani8JIs 

were transplânted into glass jars previou81y prepared as 

follow81 



j 
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\ ' 

Plat. 1. St.cked culture di.he. of pllAt. ancl plant parts 
in st~rl1. ..ter. 

- 1 

1 



\ . 

24 

The jars were fi11ed with a mixture of moistened 

soil and perlite. They were then stoppered with a 3-ho1ed 

cork stopper carrylng one bent glass tube in each of two 

holes, thus-1eaving the thlrd hole to be plugged wlth cotton. 

The end outside the bo,tle of one of the glass tubes was 

plugged wlth ootton while a rubber stopper was used to plug 

the oorrasponding end ot'the other. The rubber stoppered 
\ 

tube W&S used for adding fluide to the bottle by meana of & 

hypodermic nee~re. The bottlas were then twice sterilized 

at 1200 under 15 lb pressure for 45 minutes each. Sterilized 

melted wax was then pou~d through one of the tubes to seal 

the space betwaen the soil mixturé and the stopper as wall 

as the spaces around the glass tubes. The bottles were left 

ta 0001 until the seedling plants were ready to be transplanted. 

Seedling transplantation to the bott1as was done 

under the aseptic conditions DI a tranafer chamber. The 

cotton plug sealing the hole of the cork was removed and a 

sterilized needle was inserted into the hale to pleroe a hale 

through the layer of the wax. The root system of a seedling 
, 

was than inserted into the hole 80 that the roota were in 

contact with the solI below. The spaoe around the plant in 

the hole was then sealed withopetrolatum, a sort mixture of 

petroleum ~elly and paraftin wax. The transplanted seedlings 

were kept in a plant growth chamber adjusted to have 10 hour. 

ot darknes. follo.ed by 14 hours of light at an Inte~ty ot 

15,000 tt-oandles. at 25°. Sterile water was .yr1nged int. 
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the bottle whenever the soil appeared to be getting dry. 
u 

One auah glass jar. containing a six-week old white clover 

plant •• 18 shown in Plate 2. After the seedlings produced 

four to five leaves, each plant wes inoculated wtth 10 ml 
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of a conidial suspension of the stilboid fungus having a 

concentration of 4 x 106 conidia per ml. The control plants 

in other bottlee recelved only sterile water. The plants 

ware removed from the bottles 14 days after inoculation. 
1 

Fungus isolation was aseptioally made to cheok for the 

presence of the stilbo;d fungus or other cantaminants. Por­

tions of the clover plants suspected of being infected with 

the atilboid fungus were fixed in ,to~alin acetic acid for 

latar sectioning and staining. 

b. Planting in pots of soil 
\ 

Surface sterile white clover Beede were germinated 

and seedlings were grown for 15 days on PDA in Petri dishes 

a8 .deacribed above. The sledlings .Ire then transplanted 

to steam sterilized soil in 10 cm clay pote. These seedllngs 

ware then kept in the same plant growth chamber under the • f 
" 

same enviranmental conditions as the aeedlings in glass jars. 

described above. Tap water wae usea to water the plants 
1 every day. -Five treatments •• oonsisting of 2 plants per treat-

Q ~ 

,'" 
ment "ere JI~' as f'ollows 1 

1. Control 

In this "treatment" the plants were not inooulated. 

They received on1y sterile wster. 
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Plate 2. Clover plant growing with its'roota in. aterile 

envircmaent. 

il 
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ii. Lear ipoculation 
, 

J 
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The leaves were mechanically wouna.d and th.n 

inoculated with fungus conidia by meane of an inoculat1ng 

needie. ~ 

~ iii. Petiole inoculation 

-

This was done by the same mêthod as for lea! ( 

inoculation &xoept that the conidia were inocul~ted into the 
" 

petioles. l , 

IVe Root dip inoculation 

f'JI ., The plants were uprooted and their root SYl!l't~~s. 

which had a few wounds,yere dipped in a suspension of conidi~ 

• 

, . 
fo~about 2 to 5 minutes. 'They were then replant~d in moiet 

sterile soil. 

v. Soil inoculation 

A suspension of conidia wae poured into the 

80il iri which eaoh plant was growing. 

The concentration,of conldia in the above mentioned 

suspension was 2 x 106 conidia per ml. All irioculations 

were performed when the plants were at the S-leave stage or 
, 

abfut five weeks 01d. After inooulation, the plants were kept 

under humid oonditions by covering each plant with a polyethy-
• 

1ene bag containing so •• pieces of wet cotton, to provide 

mO~8tur. in.ide the bags. The baga were removed alter thre • 

. deys. About 14 days atter inocuiation. the planta were exa­

mined by uprooting and waehing in tap water •. Portions ot 

plants in aaoh treatment were out 1n~ _all pieces which 
~ 

/ 
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ware th. ft fix.d.in fora_lin acetic aold. 

2. Histological Methods 

Atter th. plant material had b.en f11ed in foraa11n 
, 

acetic a6id for at least 48 hOurB, it was washed with two 

9banges ot SO~ ethy1 alcohol. d.hydrated in a butanol Beries 
• • 
~d .mbedded in paraffin wax (Sass. 1968). Sections were 

... 
. ' out wi th a rotary lIicrotOlie and aounted on glas8 811d8B. 

\ 
Stains usedlto stain the 8ections •• re. Pianese IIIb (5ia-

_ons &: Shoemaker, 1952), oarbol thionln-orange G (Gurr, 1956), 

Heidenhain's hematoxylin (Conn, 1960), and .atran1n-~t 

green (Saas. 1968). The st.ining procedures .ere as tollo_s. 

Pianese IIIb (S1uona &: Shoe_Ùer. 1952)' 
; 

Solutions used. Pian •• e IIIb. which 18 •. 

•• thodl 

Malachite green ••••••••••• 

Acid tuchsin ~ ••••••••••••• 
1 

Martius yell~w 
; 

Diatilled water 

•••••••••••• 

• • • • • • • • • • • 
95~ ethyl alcohol ••••••••• 

\ 

0.50 g 

0.10 g 

0.01 g \: 

150.00 ~l \ 

50.00 al 

The sections were pa •• ed through three change. of 
x,ylene to reaoye paraftin. 

P .... 4 through de.oending grade. ot aloohQl down to 
50. 

, 

Stained in Pianese I1Th tor at le._. 45 amutes. 
l) 
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./-. 
Passed through two changes of abaolute aloohol followed 

~. by ~oid aloohol (95~ alcohol plue a few drops of HCl) 
for one haU ta one minute. 

~ 
Passed through abaolute aloohol. 

Cleared in carbol xylene. 

Mounted in Canada balssm. 

Carbol Thionin - Orange G (Gurr. 1956) , , .. 
Solutions used. Saturated oarbol thionin solution. 

Method. 

" 
Orange G. O.2~ in absolute aloohol. 

The sections were passed through xy~ol and desoending 
grades of alcohol dawn to di8til~ed w~ter. 

They were stained for at least an hour in the oarbol 
thionin solution. 

'< 

!Xeess stain was poured off and the sections were 
rinsed with 70% alcohol followed by 90%. 

Rinsed quiokly in two changes of absolute aloohol. 

To get ditferential staining the sections .ere place4 
in the orange G solution for varying periods of tiae. 
d.~ending upon the desired tntenaity ot stains. 

They were then passad through 90~ followed by 70~ 
aloohol and rinsed well in water. 

Then rlnsed with 70~ al.ohol, follo.ad by 90~. 

Rinsed quiokly in two changes of abaolute aloohol. 

Finally, they were passed through two changes of xylol, 
and .ere mounted in Canada bal. • 

Heldenhain', n •• atpxylin (COnn' 196o) 

Solutions ua.da 3" aqueoul!I rerrlc ~lUDl 

0.5" aqueou8 Helden.ha 'B he.atoxylin. 
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Method. 
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JO 

The .arattin was reaoy.d tro. the sections wi th xylene 
and then they were passed through deaoending grades 
ot alcohol down to wat.r. 

They were mordanted in aqueous férric alum tor 4 hours. 

Then washed for 5 .inute~- in tap water. ..d rinsed in 
distliled water. /------/ 

stai~ed for~~n aqueou8 Heidenhaln's heaatoxylin. 

Thê~ they ware washed for 30'~intiteB ln running tap 
water. 

Ditterentiated in aqueou8 terric alua. controlling the 
ditterentiation by microscopic examination. 

Then washed for 30 minutes in running Jap water. 
1 

Dehydrated in ascending grades of alcohol. 

Passed throogh th"e changes of xjlen.. and 

final1y mounted in Oanada balsam. 
, , 

Sa1'ranin and Fast Green (Sa88 , 1968) 

Solutions ua8\!' 2~ Saf'ranin (aqJ,le~~a-}~: 

Method. 

le Fast gréen id abso1Pte &loohoi. 
• ,1 

The sections were passed through xylene and deaqen41a1 
grad.s of ethyl alcohol d~ to dlstllled'water. 

Stalned ~or 2 hours in 2~ aqueous satranln. 
u 

lIashed in thre. changes ot .ater. 

Brought up to 95. alcobol'. 

Statned tor )0 seconda in the tast gr$en 8olution. . ~ 

P..... through three changea ot ab.dlute aloohe1. 

CIe are 4 in carbol-xylene. 

.. 

'. 
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Pa •• ed through thr •• ohang •• of xylene. 

Mount.cl in Canada bal._ • 

• 

\ 

... 

-
J1 
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IV. EXPERIMENTAL RESULTS 
; 

•• MORPHOLOGY OF THE STILBOID lUNGI 

The thalll of the stilboid funguB are bounded by true 

cell walls. The hyphae are hyaline and branch alternately. 

The average width of the hyphae ie about 1.6 1II1crODÎ'etera. , 
k 

It is septate and the average cell length ia approximately 

45 micrometers. The apical growth ot the leader hyphae often 

bring them in contact with other hyphae growing nearby. They 

May anastomose with the same or different hyphae or just 

mate contact and then separate. Examples ot anastamosed 

hyphae are shown in Plate J. 

'l'he conidiophores are composed of simple or branched 

hyphae whieh are not distinctiyely difterent fro. the aomatlc 

hyphae in Bize ~r general appearance (Plates 4. 6, and 7). 

They May be septate or non-septate (Plate 4 a and d). In 

length, they lIay be very short or very long but they are li 

usually fram 20 to 80 mlcrometers long. The shortest conidio­

phores appear as knob-like struotures arising trom the somatic 

hyphae (Plate 4 c and e). The final branches of somatic 

hyphaa sometimes f'unction as conidiophore. (Plate 4 b). _ The 

elongation ot the conidiophores and the initiation ot conidia 

are conflned to the apioal ragions of' the conidiophore8. 

The latera.l branoh,es of the conidlophores are uBually forme. 
j, 

singly but i t i~/not unCOllllon to tind a whorl' of th"e arlsing 
< 

at the baie of the terainal sporoganous cell. 

)2 
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Conidia are born singly as bl.own out terminal ende 

of the eonidiophores. The stages of conidial formation 

33 

are illustrated in Plate 5. Each eonidium of the observed 

culture was produced in approximately 1)0 minutes. This 

ktnd of conidlum _ay be called an aleuriospore. aceording 

to Tubaki (1966). It is similar to Section III of Hughes 

(1953) classification. except that there i8 no evidence of 

the annellated conidiophore due to the Bcar left by the pre­

vious spore while the aporophore increas.. in length. The 

mature conidia usua1ly tall or are pushed to one side of the 

conidiophore aa a new one ls being tormed. Conidia of dlf­

terent sizes May be produced from the same conidiophore 

(Plate 4 d). These successively formed conidia uBua11y ad-
l nare together in a slime-ball which may be pal. to bright 

yellow in col.our (Plate 7). A singl.e coaidium appears hya­

line under the microecope. Conidia of varying sizes produced 

by a single colony of the fungus May be arbitrarily classed 

as macroconidia and microconidia. depending mostl.y upon their 

length (Plate 8 a and b). Macroconidia are oonaid.rred to 

be those which are 1.5(-6.4 wide) x 11.5(-18.0 long) mioro­

m'etera while those that are ret.rred to as microconidia are 

l.5(-~.7 wide) x 3.5(-9.5 long) micrometere. The conidia 

are unicellu1ar and guttulated (Plate 9 g). Guttulation 

u8ually app.arl &8 one 'or two dropa in aicroconidia wh.raa. 

1 t .aa not uncommon for macroconidla tG contain severa! of 
1 

the drop-like structures. Th. cytoplalll atained blue around 1:, 
... 

1 
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the guttulations when cotton-blue in lactophen01 waa applied, 

thua making the conidia appear to be septate. The shape of 
~ 

the microconidia va~sfrom ovoid, ellipsoid, ta oblong and 

occasionally globose (Plate 9 a,b,c, and d). The macroconidia 

are mostly cylindrical o~ fUBOid (Plate 9 e and f). The 

conidia germinate by means,ot one or more germ tubes. In a 

drop of water, the mature conidia will germinate in 10 to JO 

hours after being removed fram the conidip~hore. The cell 

wall of a conidium protrudea as a germ tube initial. This 

May occur at the end or at any weakened area of the conidial 

wall. The germ tube then elongates into a typical hypha •. 
,\;:-., 

Other germ tubes May be initiated, fol~owing the first one, 

at various places on the conidial wall. The second germ tube 

was usually formed about 23 hours after the firet one. As 

Many as four germ tubes have been seen protruding from one 

~conidium, which May also give rise to a conidiophore directly 

after germination (Plate 8 d). Stages of germ tube develop­

ment are shown in Plate 10. Chlamydospores are sometimes 

formed, the average size of which are about 5 x 20 micrometars. 
~ 

They are commonly bicellular with thickened walls. 

Typi~ally. the conidiophores of this tungua aggregata 

to fora erect. columnar synnemata with sporogenous calle at 

their apicas (Plate 11). The growth o~ a aynnema le u •• ally 

determinate, although it ie not unc~on to see one or more 

hyphae growtng through the spore bearing head of a eynnema 

to torm aecon4ary synnema-like fruiting struotures. The 

/ 
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component hyphae of a synnema May be' stmp1e, or they May be 

branched laterally or terminally (Plate 13 a,e, and fI and 

Plate 14). The c01umn Oï: stalk of a synnema le usua11y smooth 

but sometimee the hyphae of the synnema produ~ad conidia 

(Plate 13 c, and Plate 15). Synnemata are produced singly 

or in groups of :3 to 5 or more (Plate 1; b,and d). The l'ength 

of the synnemata. measured trom their base to the top of the 

slimy heads, varjesfrom 270 to 2,000 or more micrometers. The 

diameter of the mucoid heada vary' fram 59 to 330 or more micro­

metera. The width of the columne that support the heade are aiso 

quite variable, depending upon the number of conidiophoree 

of whlch they are composed. Most of them are from 12 to 45 

micrometera in diameter. The synnemata seen on hast plants 

(Plate 16) were' similar to thoee that arose on nutrient media 

(Plate 17). The vkriation in the Bize of the synnemata la 

probably dae to differenees in the nutritional statua of th~ 

media on whieh the fungus ie growing, the number of them that 

are produced per unit area of the substrat\ua and to certain 

environmental factors such as the presence or absence of light 

and its quality or intensity. The developing synnemata we~ 
. 

found to be positively phototropic, and illumination influenced 

their formation and their production ot eonidia. This latter 

factor will be dealt with in more detail later. 

The morphologieal etudies of St1lbum zacalloxapthum 

by the present author was. done w1 th cul turee that ware grown 

on potato dextrose agar. 

" , 

The 8ubmerged hyphae of this tungus 
l 

-
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are hyaline while the aerial hyphae appear blackisl) in colour. 

The conidiophores are produced 8uperficially. They are \i'erti-
1 

cillate with a whorl of five or more branches (Plate 18). 

The conidia are produced singly at the apex of the conidio­

phores where they adhere in slime-balls.· Plate 19 and 21 

show the slime-ball as i t appeared from top view of a culture. 

So Many tiny droplets commonl.y form on the aerial hyphae as 

to gi ve them a roughened appearance. An example of this ls 
1 

shown in Plate 21. They probably are exudates secreted by 

the fungus. or simply droplets of water, for they slowly 

evaporate when"' _ exposed to drying conditions. The conidia 

of this fungus are oblong (Plate 8 c), and smaller in size 

than those of the unnamed stilboid fungus (Plate 8 a and b). 

The cultures grown, on PDA were of a brighter yellow than the 

stilboid fungus. Zonation occurred in the cultures of both 

fungi. eorresponding to the alternating light-dark periods, 
• 

but the margine of the .§.. zacalloxanthum cultures were mo~ 

wavy C?r irregular than those of the unnamed etilboid fungus 

(Plate 22). The synnemata composed of aggregatèd hyphae or 

con~diophores, are m~rphologically similar in both species, 

but th1de ~ S. zacal10xanthum were general1y shorter and ' J 

otherwise smal1ér, and the conidia were much ama11er, than 

the ones produced by the unnamed stilboid fungus under simi­

lar oandi tions. 

According to Moore (1959), the aynnemata of Stilbum 

zacalloxanthum are bright yellow and up to 0.7.5 lIlDI high. , 

J 
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They are cylindrical to spathe-like, single or in groups of 

"two or three, bearing terminally on increasingly large muous 

drops up to 325 micrometers in diameter, replete with conidia. 

The conidla are bacilliform, at maturi~y 1.5 x J.O (-7.5) 

micrometers. They are hyaline, borne monacrogenously on a 

slender sterigaata trom cylindrlform conidiophores. 
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Pla te 3. Anaatomosed hyphae ot the atl1bo14 :tungue. w1 th 
. oonldiophorea and conldla. Mag. JOOX. 
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O ... ra luolda drawfftge 111u.tratlng the tlPe. of 
eonidlaphor.a of the .tl1bold tungu.. Ca> Septat. 
ccmidlophore, (b) tlnal branch of hypha .,n-inc •• 
• oonidiophore. (0) and Ce) knob-lite oonldlophore., 
and (d) non-aept.t, oonldlophore. 
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Plat. 8. Camera lucida drawinge ot • (.) - Macroconldia of 
the etllboid fungua. (b) - lIicroconidia of the . 
stilboid~gue, (0) - conidla of St!l!;' l,c&110-
xtye Moore, ând (d) - 0 onldiaphore 0 the ' 

" I() d tungus ariling direotly trOll a pnD tu,". 
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Plate 9. Shapepd intemal teatune ot conidia. Ca) globoid, 
(b) ellipeoid, (c) oval, (d) oblong, Ce) cyl indrlc al , 
(t) fueoid, (g) guttulatlone in oonidia. 
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Plate 10. Camera lucida drawing. illustrating conidial 
germin,\tion of the atilboid tungus. 
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Plate Il. Early stage of hJphae aggregationa to fora eynn •• ata • 
• ag. 250X. 
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Plate 12. 
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The head of a Iynntma teased apart to show the 
production ot oonidia at the apical of the 
cOliponent:.hyphae. Mag. 250U. 
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Plate 1). Diagraa ahowing teature8 ot 8Jftfteaata. 

(a generalised struoture ot • slaple aynne.a, 
(t eynn •• ata ari.in« troa a Itroa., 

1
0 hyphae of aynn •• atal .tali produdlng ooni4ia, 
d ~e.a produced in a group ; 
e .ynn.~a with lateral branohe., and . 
f .eoo.ndar,y aynne.ata on th. head ot a pr~&r1 

eynn •••• 
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• Plate 14. Primary synnella' growing .trOll inocu1ated soi1, 
proclucing a saall seoondary aynnema trOll i ts 
heacl. Mag. 300X. J 
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Plate 15. Some hyphae of the synne.atal .t~B produclng 
conidia • 
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Plate 16. Synne.ata of the atilboi4 tungue growing troa 
c1over. Mag. 1500X. 
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Sy.nne.ata o~ the atilboid tungua ari_in« tra. 
strama on potato dextro.~ agar. Mag. l~OOX • 
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Plate 18. Verticillated conidiophor.~ 
of Stl1bug:zac!lloxanthYl' 
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Plate 19. Mag. JOOX. 
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Cl •• tora of con141a pr.4Qcea en Tertlcillat. 
oanidiophorelJ of Stil", laoallUMaUl Moore. 
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Plate 21. 'l'iny d:;oplets adhering to cOnidlophorea' and •• rial 

hyphae of StUbuJg':zacall,oxanthum Moore. Mag. 1I00x. 
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-Plate 22. Agar cul tuns of (A) the stilboid fungus, and 
(B) St11. ,acalloxanthum Moore. 
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'l'able 1. The, et.eot of teaperature 8ft growth,' land .poru­
lat1en of the 8tilb.id tungul OD potato dextro •• 
agar for 18 d'YB in continUOU8 dat'lme.l • 
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Pigure 1. Growth and sponalati01'l ot the Itilboid tungu8 
on potato dextrose agar tor 18 daye in continUOUB 
darkn •• s at dltferent teaperaturee., 
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B. PACTORS APPBCTING GROWTH AND SPORULATION 
OF THE STILBOID FUNGI\ 

1. Teaperature 

Table 1 and Pigure 1 show that of the teat teaperaturea 

bet.een 10 and 40 degr.e~ centigrade. the ~t1aua tor growth 
/ 

and aporulation ot the atil'oid tungua in continuou8 darkne.a 

was 2.50 • The tungua grew weIl bebeen 25 and 28 degreea cen­

tigrade. No growth ocourred at 40 0 and there waa little growth 

at 100. 

Plate 2) and 24 show the appearance ot the culture a 

grown at 10 to )2 degreea centigrade. The cul tune gr.m at 

150 and 20° appeared white ln colour with on~few whitiah 
"-

aynne.ata. More spores. on more evenly spaced synnemata, 

ware producéd at 20° than'at 15°, The colour o~ the cultures 

kept at 25° waa dark cre .. to very light purple, and they pro­

duced a lot ot aeria! hyphae and aynnemata while tho.e at 10, ~ 

28, and )2 degre8. centigrade were relatively dark purple 

and had le.. aerial hyphae and rewer synne.ata. 

Plate 25 shows th. appearance of the atilbold tuagus 

grown on PDA in contlnuous darknes8. but with the te.perature 

altemating between 20° and 250 at 12 hour lnt.rvala. The 

growth and sporulation ot the tungus in th!a environ.ent 

averaged 6.0 ma in di .. eter with 130 x }O6 conidia per colony 

in ~e day.. There was only slight evidence ot sonation ot 

aggregated hyphae with a.nly a tew whitish aynne.ata in alter­

nate zones. 
.\i 
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ln aummary. the optimum ~emp.rature for the growth 

and sporulation of the unnamed ~tilbold funguB in contl­

nuous d'armes. was 250 • Zonation o~ the culture did not 
, 

ODeur when it was grown at any constant te.perature level 

.59 

frOID 10 to 32 degree. centigrade. Al temating th. te.pera­

turas of 20 and 25 dlgraea centigrade at 12 hour intervals 
<tI' 

produced some evidence of a correspanding growth rhythm. 
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c. 

Plate 23. Oulture8 of :th.' it11bo1cl funpl "0WIl in o ont 1-­
nuoui darkn ••• at (a) 1So, (b) 20P, and (0) 28°, 
on potato d.x'tr, •• qar tor 18 ctql. 
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Plate 24. Cultures ot the st11bo1d fungus grown at (a) 10°, 
(b) 250' and Cc) )2°, on potato de.xtrose agar. 
for 18 daya',1n cont1nuoua dar1Q1es&'. 

, 
J 

Plate 25. 
r 

) 

A culture of the at11bo1d fungul grown in oon­
t1nuoul clarlme.a on potato dextrose qar .1 th 
al temating tellperatuns ot 200 md 250 at 12 
hour interYals t or, 18 dqs. 
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Table 2. Growth and. sporu1ation of the stilboid tungua on 
seven kinda of nutri.nt .edia in oontinuoua dark­
nese and al ternating periode of 1ight and dark 
for 17 daye at 25 degree centigrade. 

\ 

Nutrient pH of 
!:[ltnestl 

Spore per 
media* media C01~ 

x 10 

tIUI 1111 

CMA ;.6 67 118 75 J8 

CSA 7.3' 60 2,340 62 5,300 

LB. ;.6 70 152 77 90 

MA 7.0 56 1.103 65 2,175 

MEA 4.6 52 653 55 660 

1 NA 6.8 50 268 51 210 

PDA 5.6 56 .565 .57 580 

~, 

* OMA-eornmea1 agar, OSA-ozapet solution agar, LBA-1t.a 
bean agar, 1A-.YCOIOg~ agarl MEA-malt extract agarl 

'NA-nutrient agar, PDA ato dextrose agara 
, 

*. Diueter of the colonies in 1l111imeters. 

*** 12-hr 1ight - l2-hr dark interval. with 1ight intenslty 
ot 15,000 ft-candles. 
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Plgure 2, Growth and .porulation o~ the etilbold tungua 
on seyen kindll ot nutrient .adia in continuOUI 
darkne.8 tor 17 daya at 25°, . 
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,6gure :3. Growth and aporulation ot the ati1bold fun",. 
on seven tlnda of nutrlent •• dla in alt.rnating 
period8 of light and dark for 17 dq8 at 25°, 
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Table 3. Gro_th and sporulatio.n of Stilb" zacalloxanthua 
Moore on seven kinds ef nutrien media In contI-
nuous darkness and al temating periode ot light 
and dark for 17 days at ~5 4egree 'centigrade, 

_\ 

1 

~OIlt. darkneee AIt! !Ight-dark*ii 
Nutrient pH of Myoeila! Spore per Myeeilal Spore per 
media* media growth** cOl~ growth** colo'@Y 

cru 
CSA 

LBA 

MA 

MEA 

NA 

PDA 

* 

"'** 

*** 

x 10 x 10 

lDII1 mm .... 

5,6 90 112 74 40 

7.3 8; 59 4; 39 

5.6 87, 316 ( 
" 

6; 221, 
1 

7.0 81 3,4;0 ,\ 
1 • ;; 3,488 

7.0 32 345 28 394 

6.8 37 93 32 235 

5.6 62 1,279 62 64'; 

·f 
CNA-corn meal agarJ CSA-czapek solution agara LaA-lima 
bean agar, MA-mycelogioal agarl OA-mal t extract agara 
NA-tatrlent agarl PDA-potato dextrose agar. 

Diameter of colonies in millimeters. 

12-hr 11ght - 12-hr dark interials w1 th li~t inten­
sity of 15.000 ft-candIes. 
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... 
~ 2. Media 

The purpole of this study was to find an appropriate 

medium and to learn more about the nutritional requirements 

of the stilboid fungus and tà see if they~were different 

from those for Stilbum zacalloxanthum. It was a180 to de­

terminè the affects of certain nutritional factors on growth 

and sporulation of the two fungl. The fOllowing relBul ta 8h~w 
t . 

th~t the stilboid f.ungus and"·~. zacal.loxanthum differred 

greatly in their growth rates, sporulation and cOlony appear­

snee on the different nutrient media tested. 
1 

8. Growth and Sporulation 

i. 
-, 
The stilboid fungus 

From Table 2, Figure 2 and Figure 3, i t May 

be seen that the maximum number of spores was produeed an 

czapek solution agar (CSA) wheraaa the maxiJJlUll linear growth 

uBua11y oecurred on lima bean agar (LBA) in both continuous 

dat-knesB and al ternating light-dark peri~s. In both con-

di tions the number of spores produc'ed decreased from czapek 

solution agar (CSA). mycologieal agar (MA). malt extraot agar 

, (MEA(. potato dextrose agar (PDA). nutrient ~ar (NA). lima' 

. ", bean ~ar (LBA). to eorn meal agar (OMA) rea.p1tivelYt Sp"" 

numbers ware high.r. on colonies in alt.rnatift~ light-dark 
1 

p~riods than on those in continuous dar~ss for CSA. MA. DA. 

artd PDA, "hile those on CMA. LBA.t and NA had :Celter spores tin -- ~ , 
alternating light-dark periode than thoIB8 in continuoUB darkness. 

t? 

<JI 
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Colony diameters were greatest on L~A and decreased 
e. 

respectively trom CMA, CSA, MA. PDA. MEA. to NA. On PDA 

and MA. the mycelial growth was equal but sporulation was 

about twice as great.on MA as on PDA. The cultures on CMA 

an~ LBA had colonies of the largest diameter whi}e ~ore 

production was at a minimum. The 'linear ~owth of oultures 

in alternating llght-dark periods was always greater than 

those in continuous darkness. This May be because these 
, > 

" 
media have littl~~ if any. sugal1containing only the infusion .. 

{, 

of corn meal and lima bean respectively. The fungus aeems 

to have responded better to the saccharose contained in CSAr 

than tO.J'e dextrose contained in PDA and MA as it grew faster 

and produced more spores on the former than on the latter. 

although factors other than thé sugar May have been respon­

sible for thé observed differences in growth and sporulation. 

ii. Stilbum zacallQxanthum Moore ' 

Maximum Bpore prOduction occurred on MA where-
} 

as the maximum mycelial growth occurred on CMA in both con-

tinuoue d~rkness and alternating light-dark conditions. 

The data of Table 3 and Figüre 3 show that eporulation de­

o~ased respectively from MA. PDA. MEA, LBA. CMA, NA to OSA 
1 

Wh~~ the fungus grew in continuoue darkneBs,àndf~rom MA. PDA. 

ME~. NA. LBA, CMA, to CSA when it was in alternating light -
'J # 1 

datk periods. Sporulation was poor on NA, CMA. and epecially 
,) 

,on 'OSA. Unlike the unnamed stilboid fungus. spore production 

./ 
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of 2' zaealloxanthum,.under continuous darkness)was usually 

a little higher than it wae in alternat~g light-dark periode 

on most media except for MEA and NA on which more spores were 
i 

produced itlP the later condition. 

The diameter of the colonies of S. zacalloxanthum was 

greatest on CMA. followed by LBA. CSA. MA, PDA. NA. and MEA 

respectively in both light conditions. However. the colonies . , 
, 

on CSA grew slower in alternating light-dark periOds. It 

grew at the sarne rate on PDA in both light conditions. In 
1 

general ~. zacalloxanthum grew faeter and sporulated Booner 

than did the unnamed stilboid fungus under similar environ­

mental conditions. 

b. -The characteristics 'of the cultures 

i. The unnamed stilboid fungus 

The appearance of the colonies of the stilboid 

fungus on seven kindé of n~ient media at 250 in co~~inuous 
" darkness and alternating light-dark periods ~or 17 days are 

shawn in Plates26 and 27. 

In continu~~s darkness the fungus produced a 

superficial purplish Mycelium on PDA w1 th abundant s~emata 

and spores at the center of the culture and eporodoch~a at 

the periphery. The colour of the myeelium gave a purplish 

hue to the whole cultUre. On CSA, the colony was light yeLlow. 

and produced about five zonations .in 18 days (~late 28), The 

culture was compact and pOBseseed abundant yell~ish synnemata 
' .. , .1 

ft 
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The heade of the synnemata were small, relatively dry and 

joined together wi thin the sarne ring of zonatibh.' The co-

71 

lony ~rawn on NA was creamy in colour with only one zone of 

synnemata and spores1around the inoculated area. SporodGohia 1 

or stromata were scatterred thinly throughout the culture. 

The colonies grown on CMA and LBA were more or less colour-

less except for several whitish synnemata. The synnemata~ 

had s~alks up to 5 mm long when produced on CMA and sometimes 

they fell fIat on the medium. The culture on MA was bright 

yellow with a large number of synnemata occurrin~ in alter­

nate zones. The heads of these synnemata were larger (aver­

aglng about 2.5 mm in diameter) than any produced on other 

media. They were so slimy that they looked like drops of 

fluid and they were aIl joined together in each zonation. 

The appearance of the colony grown\ on MEA wae different,lrom 

the others. Only uo zones or ring~ wire produced, each con­

sisting of long-sialked synnemata. \h~ ~~emata produced 

in the central part of the colony werè Iwhitieh in colour. 

There were radial lines of mycelia in the cultures, some of 

which had more synnemata than others. 

/ 'IIhen gr.own at constant temperature, in al temating 

/periods of light and darkness ~ation occurred in aIl cultures, 

~ on all media. (Plate 27). Most of the cultures produced about 

14 zonations ln 17 daye. Cul tures on CSA,,, MA and PDA were 
\ 

brl~ht yellow while those on MEA, LBA. CMA, and NA were almost 
, ~ 

colourlees except for the yellowlsh synnemata. Zonation was ' 
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very evident on PDA, MA, and CSA. In the case of CSA, zona-

tion was more compact. -There were eight distinct zones, 

about 1 mm apart (exoept for the first two which were broad­

er) near the center of the culture. The area of the culture 
~'j' 

outward from these eight zones was more,uneven, with less ~ 

evidence of zonation and there was some white colour st the 

periphery (Plate 28). On MA, the synnemats within the sarne 

zone were gathered5 together ta make it about l mm wide. 

The clear area between each zonation was also about l mm 

wide. The heads of the synnemata Were dry and of a bright 

yellowish colour. The colonies oftenrshowed evidence of 

mutation. The mutated sections appeared as ray-like patchem 

of a different colour, and usually with fewer and smaller 

synnemata, but the lines of zonation could still be seen. 

Cultures grown on PDA were similar to those on MA. Their 

zonations were made of brigh"t yellowish masses of sporodGchia 

and synnemata (Plate 29). except at "the periphery of the 

colonies where they tended to be white. The synnemata usually 

developed fram thf sporodochia. Only the center of the colony 

grown on NA was yellow while the rest of it was colourless or 

"-w~ite. The yellowlsh colour was made of the fine synnemata 

forming zonations. Outward fram the eighth ~ing, only Indis-

tinct zones were observed. Probably this le because spores 

had not yet been produced in the newer mycelium. The cultur.s 

on MEA had only f~ zonations at the center of the colon~es 

made of dry-headed yellowish, synnemata. In the area outward 
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trom the fifth ring, the colony was sectored and the zones 

were uneven and lees distinct. The cultures ot the fungus 

grown on LBA and CMA were similar in colour. They were 

white with light yellowish dried synnemata heads. Zonations 

was more evident on LBA than on the CMA where very few syn-

nemata occurred. 

ii, Stilbum ~acalloxanthum 

In continuous darkness (Plate 30), the cultures 

of S. zacalloxanthum on PD1~were of a lighter yellow than 

those grown in alternating light-dark per;ods. Whitish muci­

laginous droplets of spores were abundant, some having dia­

metera up to 2 mm, on bright yellowish stalks. Most of these 

big mucoid heads, looking 1!ke droplets of fluid, were at the 

center of the cultures. The newly formed synnemata at the 

periphery were often without heade. Most of the synnemata 

produced on CSA had smali mucpid heads of about 29 micrometers 

in diameter, but there were a few large ones. The size of 

the synnematal staIks varied with the size ot the heads, those 

with small heade having~correspondingly small stalks. The 

cultures had a purplish colour. and lacked zonation when 

grown in oontinuous darkness. In this respeot i. I.c.~oxan­

thum was eimilar to the unnamed atilbold fu~e. The culture 

on NA was smaller than on other media, and it was brownish 

in colour contalnlng abundant fine whitish masses of conidia. 

Whltish synnemata were produced only at the center of the 
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oulture where inoculation took place. This was surrounded 

by a clear zone containing only mycelia wlthout spore bear­

ing structures. In the area outside of this elear cirele, 

there were Many small mucoid heads of conidia produeed on 

branehed conidiophores. Their mioroscopie appearance shown 

in Plate 19 and 20 (page 53). s. zaealloxapthua was similar 

on CM! and LBA. the only difference being that the stalke of 

~ the synnemata produced on CMA ware yellow while those on 

, LBA were white. Both cultures had whitish alimy droplets' ot 
\ . 

" spores on the heads of synnemata, which were more abundant 

~n CM! than on LBA. No zonation occurred ~n either medium. 
1 

The cultures grown on MA appeared the same as those on PDA 

exeept for the colour. whieh was rad to purple on MA and 

bright yellow on PDA. The synnemata on MA produced white 

mueoid heads, on reddish sta1ks, as big as those on PDA. 

AlI ot the large droplets were produeed at the center and 

the smaller ones were a~ the periphery. The yellowtah c.loar 

appeared only at the center of the culture grown on MEA. 

where the mucoid heade .ere ~~the same size as ~hose on 

MA. Only two distinct zonations oecurred. and these w,~e 

surrounded by a whltish band in whioh a few young yellowish 

stalke were torming. This neàrly'colourless ~and around the 
, 

zone. pârt of the eolony was about 2 mm wide. , Thil aynne.ata-

lea8 peripheral zone soaetilles occurred on ~DA and MA alao. 

HoweTer. it was only on MEA thlt 2- laoallox!DthU; produced 

a dlatlnctiTe zonation when grown in continuOU8 darknes8. 

.. 
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In alternating light-dark periods" zonation 

occurred in all media tésted (Plate 31). The cultu~~s grown 

on PDA appeared bright yellow because of the-large number of 

bright yellowish synnemata, even though their heads conaisted 
ç 

of whitish slimy droplets of spores. Three or four rows of 

the slimy heads of spores cammonly ran together to produce 

one cohtinuous wide zone, _separated from a similar zone of 

aggregated heads of synnemata by a non-aporulating b~d QI 
i ' 

vegetative Mycelium. This'ie shawn in Plate 32. TH.e; margins , .' 

of the colonies were u8ually uneven. Fourteen rings or zones 

ware produced in t~~ l7-day test period, the first one being 

produced on the fourth day. The number of zonations was the 

sam. in all media. The characteristics of the cultures 

grown on MEA were similar to thosé on PDA, except that the 

clear zone at the margin of the oolony was more pronounced. 

The general cOlony appearance of the cultures grown on CM! 

was similar to those on LBA. They grew faster on both of 

these than on any other media. The cultures appeared colour­

lese with whitish stalks and haadA of synnemâta. The heads 

of the synnemata, each of which was independent of the others, , 

consisted ot shiny droplets of conidla. The synnemata developed 

close together in zones, which ware about 3 to 4 millimeters 

from one another. On NA, the cultures wer~ white with whitish 

synnemata. Bach zone of s40rt-stalked synnemata was about 

• l ~ fram the sueeeeding zone. The cultures on MA were red-. 
u~ dieh purple in eolour. The st.lks~ of the synnemata were alao· 

• ,t 

, .' 

1 li 
~ ~ 

1 h ---F 1 
.),j( . 
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purple -wi th large heads of light pinki8h droplets of cQllidia. 

These droplets looked like fluid and they were ea8i1y dis~ 

persed when shaken. They~were cammonly joined together so 

that one large drop covered Many stalks. Zones of synnemata 

3 mm wide formed in response to the light periods of the di- \, 

urna1 oycles. The cul tuns on CSA "ere of a light brownish 

colour, on which only a few whitish synnemata were produced. 

Consequent1y, zonation was not readily evident although 14 

narrqw rings could be seen in some cultures on'~his medium.) 

Under the experimental conditions of this test, CSA 

and MA were the most appropriate media for growth and eporu­

lation of both the unnamed stilboid fungua ~d 2- zacalloxan-
~ 

~. The resulte show that these two fungi do, however, 

respond di!ferently trom one another on various media. Data 

on their oomparativ. growth and 8porulation are shown in fig­

ures 6 to 9. 

, 
" ~ 
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.. 
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Plate 26. The growth and colony appearance of the stilboid 
fungue on ? kinds of media in continuous darkness 
at 250 for 17 days, 

Plate 27. The growth and colony appaarance of the sti1boid 
tungus on 7 kinds of media in a1ternating light­
dark periods at 250 for 17 days. (a-PDA. b-CSA. 
c-LBA. d-MA. a-CMAI f-NA. and g~A). 

d 
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Plate 28. 

r 

f . 
The cultures of the stilboid :tungua ~ ~zapelt 
solution agar. (A) in al~ernating 11~t~darlt 
and (i) vin continuoua dartre ••• for 17 ~.4ay. 
at 2S degree o •• tigrade. 
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Plat. 29. Zonation ot the at111:>o1d tungua. Mag'. 1500X. 

'. 
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Plate JO 

Plèta J1 

ealtares of ~. zacalloxlDthum grown on~arious, media at 250 

-ror 17 days. . 
Plate JI. ~oonttnuou. darknees. a-PUA, b-CSA, c-tBA, d-MA, 

a-CMA. f-NA, g-MEA. 
Plate J1. In alternating periode of 11ght and dark, on same 

•• dia as thoa. in Plate JO but without NA. 

,. 



................... --------------------~,~~ 
e -

e 
e 

e e 
" 

.' (' 
• 1 

~ 

J .' 

, 
1 

"( 

.. 

Plate" 32. St1lbum zacalloxapthum Moo~ on p~tato dextrose 
/" . agar showing the beginning of zonations lIlade of 

spore laden s.ynnelllata. Mag. 1500X • 
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Pigure 7. Colony diaaeteràJof fungi grown on .even t1n4. 
of nutr1ent .ed1a ln alt.rhating periode of 
llght and dark-tor 17 d.,. at 250 • 
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§ Th. stilboid !unguIS 

o St11bum zacalloxanthUJll 

\ 

CMA CSA LBA MA MEA NA 
Media 

1 

'" , 

PDA 

Sporulation o:t fungi grown on a.yen Jcindl of 
of nutr1.nt •• d1a ln continUOUI darne.1 for 
17 daya at 250. 
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" = ~T~e sti~boid tungus 

c==J Sti~bua zacalloxaothU! 
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\, 

MA 
Media 

MEA NA PD' 

Sporu1ation of fang! gr~ an seven klnd8 ot 
nutrlent a.dia in a1ternatlng periode of 11ght 
and dart for 17 days at 2~0. 
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Table 4. Growth rate ot the single isolate. of the ,tilboid 
tungus and Stllbum zacalloxanth~ Moore on potato 
dextrose agar at room tem,erature with about twelve 
hours daily light periode 

'-*' 
" 

No. of da, The Stl1bo.id Pungua* ,§. zac al 1oxanlhua* 

lUI mm 

o 1 
, 

0 0, , 

2 0 ' 0 
.. 

3 l 0 

4 :3 l 

5 ,6 8 
1 

6 11 14 

7 15 19 

8 17 21 

'9 19 ,25 

10 22 28 . 
• 

11 26 32 

12 28 35 

13 31 40 

, ,,* Di ... ter of the colonie. in .ll1iaeter.. 
, 

.. , 
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Number of Days , 
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10 11 12 1:3 

Comparative dai11 growth rate of tun«i trOll 
8~le spore i801a~8, on PDA at rooa te.pe~.-
t'Ure tor 13 dl.1i. ' " 
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c. -Growth Rate of the TWO' Slilboid Flingi. 
. , 

The growth rate was measured fram a "single isolated 
,> 

spore cultured on potato /dextros~ agar. The colony of the . 
stilboid fungus could be det~cted by the naked. eye~ two' 

"'---t_ ,days after isolation. The diamete.r was l mm by the fourth, 

• 

. ' 
day. Stilbum zacalloxaothum could hardly be detected before 

• '1 

the fifth day after isolàtion because of the initial hyalin~ 

nature or the colony, which later beçame bright yellow. 

After a slower étart, s. zacalloxanthum grew fa~ter than the 
~ 

unnamed stilboid fungus. The diameter o~ ~~ zacalloxanthum . 

was 9 mm larger than that of the unnamed stilboid fungus by 

the thirteenth day. 

/ 
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Tàble 5. 
1 
1 

,1 

The effect-~f the initial pH of potato dextrose 
agar media on~t~e growth of the stilboid fungus 
for 10 days at 20 ctegree centigrade-•• 

pH of mediu.m Linear myce1~ growtti* 

2.5 0' 

3.0 7 

4,0 14 

4-.5 17 

5.6 33 / 

6.5 22 
/ 

8.0 29 

9.5 25 

10.5 21 

Il.0 20 

Il.5 • < 

[ 16 

) 

j----

* Diameter of the 
Ji -

c oni~r1:n millimeters e, 
r' 

t 
, , 

/ 

• • V 

-
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E~'eot ot the initial pH of potatQ dextro.e 
agar media on the growth of the etilboid 
ttangu. tor 10 d.,. at 20 degre. c.n~igrade. 
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_Table 6. The effects of continuous light, continuous dark-
1 ness and alternating periods or light and dark 

on colony diameter and sporulatlon of single spore 
iso1ates of the stllboid fungus on potato dextrose 
agar for 18 days at 20 degree centigrade. 

Continuous light* 
'MYcelial Spore par 

growth*** colo~y! 
x 10 1 

44 575 

AIt. li~t-dark** 
Mycelia Spore per 

growth colo~y 
x 10 

48**** 843 

Cohtinuous darkness 
Mycellal Spore per 

growth col ogY 
x 10 

37 238 

* Light intensity of 15,000 ft-candIes. 

** l2-hr light at 15,000 ft-candIes followed by l2-hr dark-.. ' ness. 

*** Average diameter of four colonies in millimeters •. 

**** Zonation occurred in aIl colonies. 

fI' ' 
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C.J 

20 

10 

0 

Light per iods 

Dlameter o~ colony 

, 
Humber ot spores per colony 

L --- Continuous light 

L-D --- 12-hr light. I2-hr dark 

D --- Contin. o.. darkness 

00 r-f 

00 (Il 

Q) 
l-I • 

, 0 
00 ,8; 

00 

o 

Growth and sporulation ot the stilbold fungus 
in continuOUB llght. continuous darkness and 
alternating periods ot llght and dark on potato 
dextrose agar ~or 18 days at 20°. 
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Table 7. Growth rate o~ the 8tilboi~ ~gu8 in oontinuouB 

Day 

li~ht, contlnuous darknes8, add alternating periods 
of light and dark on potato dextrose agar at 20°. 

, . ë~nt. rIghttJ 
C01~ disaetera 

nt. ght-darkit, ëont. darkness 

... mm , lU 

., 21 204 16 

" 10 31 )0 26 "" 
\ 

15 46 - 47 40 
" 

18 ';2 54 48 ' 

a Average di ... ter of four 0010nies in .illimeters. 
a 

b Light intensity of 15,000 tt-candl ••• • -/ 

c 12-hr light at 15,000 ~t-can.les to1lowed by 12-hrr 

darltness. 

d Zonation occurred ln a1l colonies. 
/. 
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......... 

.' •... 

~ 
/ 

;,' 
1 

~ 

--_. Continuous 11ght 

\ 

~ 
/. / 

:' 1 
Alternating 1ight-dark _ ... ~-,. ...... . ~ 

.. /~ 
~ 

./ Contlnuous darknes8 .....---- ... 

1 

" 

. " . ~ 
" " / 

10 15 1 20 
Days 

Growth nte o~ the a,nbpid f'ungus in c ous 
11iht, continuous darkn's8 and altemating .erloda 
of light and dark. on potato dextrose agar for 
18 daya at 200. 
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J. pH of a Medium 

Un~er the experim~nta1 conditions of ~hese test~. 
the optimum.jnitia1 pH of potato dextro~e agar for, growtA 

of the stilboid fungus was 5.6 (Table 5 an~ Figure 11). . . 
It 8eemB that the most suitable pH next to 5.6 was at 8.0. 

The fungus grew better be'tween the range of pH fram 5.6.to 

11.0 than at any pH v,a1ué 10wer than 4.5 •. It ia interest~ . 
ing. that growth was ret~rded at pH 6.5 relative to either -

pH 5.6 or 8.0. 
, , 

To make certain that this was irue the ex-

p~rimênt had repeated tWice with 4 replicates for each pH ' , 

level each time. The results were similar in all repet1tions 

of the test. Dual pH optima a~e not unuaual with unbuffered 

culture media (Cochrane. 1958). 
1 

f 

4. Light 

Light has a marked effect on Many tungi. This effect 
, 
May be divided into two categories," morphogenetio etfeo~ and 

non-morphogenetic effect (Page, 1965). A raview ot the lit-

erature on certain effects of light on fungi, such aB. re- ~ 

production. 'morphology. pigmentation. and phototropio pheno-. , . 

mena May be tound in the exterisiv~ bibliography of Marsh 11 

al (1959) • ...... 
The purp~se of thls study was to determine some of 

the ef~ects of light on the atilboid tungua. 'he fungus was 

expos~d to ditterent light periods and' ita gro_th and eporu­
~ 

( 

• 

/ 
1 
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1ation were determlned. 
, 

The fo11owing statements describe 

the affacts of 1ight on certain f~atures of the fungus. 

96 

The stilboid fungus grown in aIl controlled light.~ 

, periods under these experimenta1 conditions showed that t~ 
, 1 

lr" 

effect of the light did not ~ause any morphologi~al change 
, -

although it influenced the rate of growth and sporulation. • 

Because the synnemata are p6sitively phototrophic. they bent 
, 1 

toward the source of light whenever it was unidireotiona1~ 

fram one 'side. This ie shawn in Plate JJ. 

When the sti1bold fungus was grown in a1ternating 

light-dark periode of 12-hr light at 15.000 ft-oandles f01lowed 

by 12-hr dark. on potato dextrose agar. for 18 days at 200• 

zonation corresponding to the periods o~~ight oocurred in 

all cultures. Alternating light-dark periods had a similar 

zone-inducing effect on cultures of 2- zacalloxanthum. with 

1) rings being formed in as Many 1ight periods.(Plàte 36). 

The oul ture of 2' zaca110xanthum grown ln continuous dark-' 

ness produoed more conidia than did those grown in either 

continuoue 1ight or in al ternating periods of 1ight and fdark­

neas. The zonation was absent ln aIl cul~res grown on this 

med iUll in oontinuous 1ight or darkness. Spore produotion and 

myeelial growth in diurnal cycles of llght and dark was alwaye 
.' 

1 

greater than in continuous light or darknes8 at 2~~ Table 6 

and Figure 12 show the gro_th and spo~lation under these 
• 1 

three llght conditions. 

The growth rate at 20() in continuOU8 and al ternating 

1 

. ,,\~ 



e 
e 

e 
e 

.. 

f 

5 

97 

light-dark periods is given in Table 7 and Figure 1;. Between 

the seventh and tenth day, growth of the fungus in oontinu­

ous 1ight was faster than ,those in either alternat1ng light­

dark periods or.in continuous darkness. On the, tenth day 

culture,s in alternating light.-dark were larger in diameter 

than those in continuous light or dark, and by the eighteenth 

day they were :3 mm larger. The culture~ in con~uous light 

were of a" brighter yellow oolour than those in al ternating 

light-dark. Cultures in continuou8 darknesB were creamy in 

colour. It le be~ieved that light Btimulat~s growth, spore 

and carotenoid production in many fungi (Carlile, 1965). 

It lB clear that alternatlng light-dark periods had a marked 

effect on zo~at~on of the stilboid fungus. The fi'rat zone 

or ring became dist~nctly visible uBually after 4 to 5 daya, 

and one ring waa praduced daily thereatter. When subjected 

ta an alternating schedule of 24-hr light and followed by 

24-hr dark for 18 days (Plate 34), the fungua produced zones 

that'were 2 millimetera apart. ',-One zone was produced for eacn 

every 24 hour period of light, except for the last two or 

three had not yet be,en produced. Atter 18 days, there were 

6" zones of synnemata in the cultures of 24-hr light - 24-hr 
1 

dark while there were at least 12 distinot zone in the cultures 

of of l2-hr light - 12-hr dark periods. When the- cultures 

were exposed to light for anly flvè minutes in every five deys 

for 22 days, the' fungua showed four rings, five millimetera 

apart, and corresponding to the periods of live minutes 



e 
e expostl" to light (Plate 35.1eft).e Whan cultures ware kept 

in centinuous light for five days and then transferred into 

the dark for five minutes. in a schedule and on media similar 

to the above, they did not show any evidence o~ zonation 

(Plate'J5. right). 
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Plate JJ. CulturelS of the stl1bold fungulS grown at 20° in 
(left) continuoU8 darkness. (center) alternatlng 
~lght-dark, and -(rlght) cOIltinUOllS light, on 
potato dextrose a~ar for 18 daya, , 

.' 

.' 
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Plate 34. A ouI ture of the s:tilboid t'ungus grown at 20° 
in al temating light .. darlc periods, eaeh ot 24-
hours duration on potato dextrose agar for 18 
days.· -

o -, 
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Plate 3.5. Cul tures of th. stilboid fungus grown at 20 0 

on potato dextrose agar for 22 days in alt.r- 1 
~nating light-dark period 8chedu~.8 of, (right) 

.5-4ay8 1ight - , ... min. dark. and Cl.ft) 5-daya 
dark - 5-min. light. 
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Plate 36. 
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OUl turea of Stilbum zacalloxanthUl! Moore 'grown :tJor 
17 days at 256 on potato dextrose agat. (a-) in 
alternating light-dark achadule of 12-hr light 
- l2-hr dark 1 and (b) in continuOU8 darlm •••• 

. ,. 

/ . 
• 



-e 

e 
e 

e 
e 

C. COMPETITION BETWEEN THE STI~OID FUNGUS 
ANU, OTHER FUNa l 

103 

This experiment was done in order to leam something 

of the competi ti ve saprophytic abili ty of the stilboid fungus 

with the various fungi tested. 

Plate 37 (a) to (e) show that the stl1boid fungus was 

very weak when it was growingwith, (k) IIucor hiemalisJ (1) 

Oospora sp., (0) Sclerotium rOlfsii, (p) Sordaria sp., and (s) 

Trichoderma sp. Regardless of whether the above named fungi , 

were transferred to the culture media before. at the sarne 

time 0e a:fter the stilboid fungus i t was totally covered by 

them. 

When the stilboid fungus was 6ul tured with, Ca) Arthro­

botrys superba, (d) Botrytis ,sp., (e) Chaetomium sp., and Cg) 

Fusarium oxysporum, there was evidence of growth inhibition 

as a distinctive zone occurred at the area of contact. Later, 

these fungi also grew over the colony of s.tilboid fungus. and 

the distinctive zone "as aiso covered by them. Ç}rowth of the 

stilboid fungus underneath did not appear to have been greatl:y 
~ 

inhibi ted. The colony of Botrytis sp. grew surrounding the 

" stilboid fungus colony which was inoculated later or at the 

see time. 

------------ ur~~~o~f~t~h~e stilboid fungus grown "i th the 

following fungia (c) Asp,rigillus repens, 'Cf) Diplodia zeae, 

(hr 'Gliocladium rosemu (1) Gliomastrix sp., (j) Helmintho­

sporium satiVUJ'lll (m) Penicillium expansum, (n) Phoma sp., 
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~q) S~aChYbota~lfatra. Cr) S1:ilbF zacalloxanthum, and .Y!!:­

ticillium dahliae. there wa. an ,evidence of inhibition ' 
i· 

~B area of separation a~metimes occurred 'between colonies oI 
" each of the abov~ fungi and the stilboid f'ungus. The inhi-

bition was more evident' when lt grew with (j) Helmintho-
1 

sporium sat~ and (q) Stachybotrys atra. lnhibitlo~ bet­

weert the stilbo~ fungus and (1) Gliomastrix sp. anq. (n) 
v 

Phoma sp. resulted in an alteration in the colour of' the 

cultures in the area around the contact zone • 
.f . 

The competitive saprophytic ability of the fungi tested 

in this experiment was usua11y greater than that of the stil-

boid fungus. The stilboid fungus may have be~rr weaker because 
1 ) 

of its slower rate of growth, its Iack of ability to produce 

sorne inhibitory toxin or metabolitic produc~ or a combination 

of t~esê. However. _ it did show evidence of an abili ty to 

tolerate the toxin or metaboli tes products trom other compet­

ing fungi. This characteristie of the stilboid fungus may be 

largely responsible f6r its survi~al in nature., The author 

has never found i t growing naturally \Ulless competing fungi 

were dead or otherwise inactive when the isolation was made. 
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Plate 37 a and b. The 
Ca) 
Cc) 
Ce) 
Cg) 
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.' 

b c d 

Plate 37 ·a 

t g h 

Plate 37 b 

stil boid 1'Ungus growing wi th • 
Alternaria sp., (b) Arthrobotrfs superba. 
AspergIllus repercs r (d) Botryt s sp. 1 
Chae tomI'um sp. r f') Dl)lodIa zeae 1 
Fusarlum OXYSporum, (h GIIocïidfum 

roeeum. 
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i j k 1 
. 

Plate 37 c 

• n o p 

Plate 37 d 

Plate 37 c and d. The stilboid fungus growing with. 
(i) Gliomastrix ap •• (j) Helminthosporium 
satiwm. (k) Mucor hiemalIsJ (1) Oospora Sp.1 
Cm) penicilfiUJn enansumf en) Phoma Sp.1 
(0) Solerot um ro sIl. Cp) Sordarla sp. 

,1 

( 
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J, 

q r B 

Plate 37 e. The stilboid fungus growing w1th. 
(q) Stachybo~rys atra, (r) stilbum zacalloxanthum, 
(s) Trlehode~a sp:--

• 

\, 
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D. MORPHOLOènCAL ABNORMALITIES OF THE STILl30ID 
FUNGUS INDUCED BY VOLATILE 

MICROBIAL METABOLITES 

108 

(1) Under the experimental conditions used, the con­

trol culture of the stilboid fungus produced hyphae of about 

1.4 to 2.2 micrometers wide with smooth mycelial walls. The 

culture grown with Agrobacterium twmefaciens had abnormal 

hyphae which stained Idark blue with cotton blue in lactophe­

nol. The hyphal tips commonly became narrower or, less com­

monly, bigger than the normal one (Plate )8 a,b,c, and d). 

Vesic1es of approximately 10 micrometers in diameter were pro­

duced intercalarily, terminally and lateral1y (Plate )8 a, 

d, and e). Some of these vesicles were empty, only the rè­

maining thin walla being visible. Sorne of them may have 

collapsed when fragments of the cultures were mounted with 

cotton blue in lactophenol, as suggested by Moore-Landecker 

and Stotzky (1973). Other morphological features usually 

remained normal. 

Similar effects occurred in cultures grown with 

Rhizobium leguminosarum. The abnormally large hyphae were, 
/ 

in sorne instances, even larger than those found in the cul-

tures with Agrobacterium tumafaciens. Vesicles, up to 15 micro-

metera, in diameter were produced intercalarl1y, terminally, 

and laterally (Plate 39 atb,c, and f). Some branches of the 

hyphae were narrow at the beginning but bec8Dle widened and 

extended. then ~ tapered to narrow tipa. The hyphal tips often 
\ 
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branched equall~ in two, as illustrated b.Y (e) in Plate )9. 

This is an unusual feature for any nomal vegetativ~ hyphae. 
" 

The' cell 'RaIls of the hyphae were often rough and uneven, re­

lative to normal hyphae, A peculiar fan-like structure was 

observed (Plate 39 g). Some sections o?-the vesicles and 

mycelia were empty. These abnormal structures always stained 

dark blue wi th cotton blue in lac~ophenol, and were th}.ls- verry 

distinct fram the noms.!. structures. . . , 

Except~tor an absencè of. vesicles, Many of the morpho­

log~c~l.abnormalities of the stilpoid fungus which oecurred 
1 : 

- . in cultures grown wi th B~ciilus "Oereus 'ltere si~ilar ~o those 

that occuI'red wi th A. tumefaciens and .B:. le gum in 0 sarum • There 

was however more evidence of branchëd hyph~ tips, the hyphae - , 

sometimes branching two to three timel (Plate 40 b and c). 

Parts of the hyphae swelled up ''to 10 mièrometers' wide, spe­

cially in the area of branching hyphae (Plate 40 a,d, and e).' 

Empty celle were a1so found, as indicated by (a). Swolle~ 

intercalary cells were often shorter than the o'ther cell.s 

(Plate 40 i). Harrow tapering hyphal tips were a180 Qbserved • 
. 

(2) One culture of each of the three bacteria men-
" ~ , ~ 

tioned above were grown side by side with the stilboid fungus 

on nutrient agar is shown in Plate 41. The cultures of A. 
tum,faciens and ~. cereue, which grew raster than ~. legumi­

nos arum , spread over the colonies of the etilboid fungus (Plàte 

41 a and b). There was little. if any, evidenee of inhibition 

bet1reen these l baeteria and the fungus. In the cultures grown 

, 1 

1 

1 
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e with B. lesuminosarum. the stilboid fungus grew normally at 
1 

the beginning but later showed evidence of some inhibition. 
~ 

The fungus grew around, __ the colony of a. leguminosarum nei ther 
1 

organism grew over the other. One example of this growth i8 

shawn in Plate 41 c. Plate 42 shows the gr;bwth habit of the 

stilboid fungus a10ne on nutrient 'agar • 
. 

In summary. the volatile products trom the bacteria 
, , 

tested produced morphological changes in the sti1boid fungus. 

The abnorma1i ties were the formation of vesicles', hypha1 dis­

tortion and excessive bfanching. It ia known that the se alter-
\ 

ations have been induced in other fungi by potent!a1 inhibito-

ry or toxic conditions (Barnett & Lilly, 1966, and Mcquade. 

1963 h antibioticl!I (Aytoun. 1956, Barathova!!!:!. 1969, Links 
l 

!1 al. 1957. and Napier !1!l. 1956), toxie ehemicaie (Bitt~ng • 
. 

1920, Childe 11 !l, 1971, Vercourt. 1952 and Vincent, 1947) or 

staling substances in the ~edium (Callen, 1940, E1arosi, 1957, 
11 

and Park & Robinson. 1964), growth in liquid cu~ture (Duckworth· 

& Harris, 1949,and Ling-young, 1930), exposure to volatile 

chemicals (Sansome, 1946. and Strzelczyk, 1968), volatiles 

·frClll plant materials (Fries, 1973). 
, , The thickenea wàlls des-

cribed by Moore-Landecker & Stotzky (1973) were not observed 

in the stilboid fungus. Conidiophores and eonidia were usually 
• 

normal. The ahnormali 1;,ies seen in this experiment were the 
o 

Barne in spot, streak and film cultures of the three species' 

of bacteria tested. 
I~ 

.-
• 

• 
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38. _ Ca.ra ruclda dra.mgs o"r hyphal abnontall tiea in - th. atl1bold furigus induced b7 t:;0baCj'ii" ~-
,a~~en8. (a"- ibnomal hyphal t p, (1) • sap 
oe of the hypha, (c) &wollen hypha. 'and (4 & c 
••• 1cl •• toraed lat.rally. - , 

, ' , 

• 
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f 

Plate '9. O .. era luc14a clra.inp of hyphal abnol"llali ti •• in 
the stllbo14 fungu8 induc.d by mHOb1, li~J.ao-

m\- (a) V'licle tOl'lled t.raly.b,~ y •• i-
c ~ol'll.d intercal~. (c) ve.icle tOl'lled laterally, 
(e ranch.d hyphal tlp, and (g) tan-lite 8tructure 
ot hypha. 1 

, ,. 
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Plate 40. 
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a ·b 'C /' 

Camera lucida drawinge of hyphal abnormalities in 
the stilboid fungus induced by BaCillU8 cereus • 

-,(a) SWollen hypha wi th an elDpty cel, (b & c) Brancà.d 
hyphal tip, (d) Swollen hypha. (e/) Narrow hyphal ' 
tipI and (f) Short swollen oeIl of the hypha • 



,e 

1 
~ 

) 
114 

Plate 41. Culturee of the sti1boid fungus grown with Ca) ~­
baeteriu&~tumefaclens, Cb) Bacillus cereus, and 
(c) Rhlzoolum legumlnosarum. on nutrlent agar for 
7 days at roem temperature. 

Plate 42. 7-day culturè of the stilboid fungus on nutrient 
agar at room temperature. 

\ 
~ 
\ 
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E. SURVIVAL IN SOIL 

Only five synnemata of the stilboid fungus were pro­

duced from the inoculated soil of this experiment after )0 

days. Instead of multiplying they disappeared from view 

after 2 to 3 months. When some of this soil was plated on 

PDA the fungus reappeared, indicating that it was survivin~ 

in the soil. probably in the form of spores. At first, the 

B~emata fram soil were different from the usual ones as 

they were dry and harda Then later they gave rise to the slimy « 

synnemata. These synnemata kppeared to be similar in aIl res-

pecte to those that grew from plants. 

The author failed to isolate the fungus trom natural 

uninoculated soil,whether it did or did not contain plant 

Lma~erials. However, it was isolated from inoculated sterile 

soil used for growing clover plants in another experiment • 
.j 

" 

In this instance there was evidenèe-that the fungus was growing 

on plant materials or debris contained in the Boil rather than 

in or among solI particles alone. When pieces of this de bris 

were isolated in a Petri dish cantainlng molet fliter paper, 

the fungus produced a large number of synnemata on them which 

survived for more than six months. They grew fast and usually 

in group of 5 or more synnemata. The heads of Many synnemata 

also branched laterally and terminally. 

" 
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F. HOST RANGE OF THE STILBOID FUNGUS 

The stilboid fungus was isolated from 29 of sixt Y 

locally collected plants, the names of which are listed on 

pagefl18 - 120. Except for isolates nos. 2, 4, 8, and 16, 

the general appearance, and rate of growth of aIl 29 i&olates 

was one of similarity when they were subGultured on Rotato ~ 

dextrose agar (Plate 43 a and b). Isolate no 2 from Aster 

aimplex produced fewer synnemata than any of the others. 

Approximately one half of cultures no.4 ahow.d evidence of 

mutation and no spores were produced on that half. Zonation 

was hardly been sean and the~e was no conidi~ production at O 

the mutated area. There were a number of whitish mycelia 

produced superficially on the culture of isolate no. 8 and 
~ 

zonation occurred but was not pronounced. Isolate no. 16 
1 

was dark purple in colour with only slightly visible zonation. 

Most of the isolates had a purplish colour at the center of 
o 

the colonies where the inoculation took place, and were yellow-

1sh at the periphery. In Most of the plant specimens, the 

fungus always appeared first from the root and th en the stem 
~ 

of the hosto Eventually, it spread to the other parts, includ-

ing petioles and leaves except in the case of Nicotiana tabacum 

(isolate no. 12), Lycopersicon esculentum (isolate no. 10), and 

Solanum melongena (isolate no. 20), where·the fungus appeared 

from the root and the stem separately because they were too 

large to be put in tqe sarne culture dish. 
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The author failed to isolate the stilboid fungus 

trom bark or wood, places from w~ich Many species of Stilbella 

have been found· (Wakefield &~i6by, 1941). The synnemata 

were never found directly on the living plants, unless the 

washed root or plant parts were floated on, or partially sub­

merged iri water. The synnemata appeared on MOSt of the plants 

within ten days after they were placed in water but it took 

24 day! for them to be seen on Solanum melongena, rhich was 

the longest ;tme. 

Evidence that the fungus oceurs in roots, and not 

merely on their s~rface, i8 provided by the fact of its common 

appearance from roots that had been washed and surfaeed steri-

1ized with 10% Javex. The pOBsibilit~ of this fungus being 

mycorrhizal, as it ia suspected of being, needs further in­

vestigation • . 

\ 
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List Plants Collected in Host Range Experiment 

Plants Names 

Acer saccharum Marsh 

Achillea millefolium L. 

Althaea rosea L. 

Amaranthus retroflexus L. 

Ambrosia artemisiifollia L. 

Antirrhinum majus L. 
~ 

Aster simplex Wild. 

Brassica campestris L. 

Campanula rapunculoides L. 
~ 

Capsella bursa-pastoris (L.) Medic. 

Capsicum anuym L. 

Capaicum frutescens L. 

Chelidonium majus L. 

Chenopodium album L. 

Chenopodium gl!ucum L. 
1 

Chrysanthemum leucanthemum L. 

Cirsium arvense (~.) Scop. 

Coleus Blumei Benth. 

Erigeron canadeneie L. 

Erlgeron philadelphicue L. 

Erigeron strigosus Muhl. 

Helianthus annus L. 

Helianthus strumoeus L. 

Stilboid Fungus Isolated , 

- x 

x 

x 

x 

x 

x 

x 

x 
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Plant Names Stilboid Fungus Isolated 
l 

Impatiens sultanii Hook. 

Iresine Herbstii Hook. 

Lactuea serriola L. 

Lepsidium denaiflorum Schrad. 

Leontoden a~tumnalis L. 

Linaria vulgaris Hill. 
f 

Lotus corniculatus L. 

x 

x 

x 

x 

x 

LYcopersicon esculentum Mill x 

Malva neglecta Waltr. x 

Matricari~atricarisides (Less.) Porter 
r Medicago sativa L. x 

Ni"'Cotiana tabacum L. x 

Oenothera biennis L. x 

Oxalis stricta L. 

Pe largonium sp. 

Phaseolus yulgaris L. 

Phleum pratense L • 
. " Plantago major L. 

POlygonum convolvulus L. 

Polygonum persicaria L. 

poly~onum scabrurn Moench •. 

Portulaca oleracea L. 

Pot,entilla argentea L. 

Senec!a vulgtr!s'L. 

x 

-
x 

IX 

x 

x 
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Plant Namea 

Setaria glauea (L.) Beauv. 

Solanum melongena L. 

Solanum tuberosum L. 

Solidago canadensis L. 
1 

Stellaria media L. 

Taraxacum Officinale Weber. 

Tragopogon pratensis L. 

Trifolium campestre SC,hreb. 

Trifolium hybrldum L. 

Trifolium pratense L. 

Trifolium repens L. 

Vicia cracea L. 

~ mays L • 

120 

Stilboid Fungus Isolated 

x 

x 

x 

x 

x 

X' 

, ,. 
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Plate 43 a ând b. The cultures of 21 isolates of the 

stilboid fungus obtained tram the host plants listed 

below, 

Isolate No. 

1. 

2. 

3. 

4 •. 

5. 

6. 

7. 

8. 

9. 

10. 

Il. 

12. 

13. 

14. 

15. 

16. 

. 17. 

18. 

19. 

20. 

21. 

• 

Host Plant 

Amaranthus retrofleXus L. 

Aster simplex W~ld. 

Campanula rapuncu10ides L. 
, . 
Chenopodium album L. 

Chrysanthemum.leucanthemum L. 

Erigeron strigosus Muhl. 

Helianthus annuus L. 

Impatiens sultan1 Hook. 

Laetuea serri01a L. 

Loceopersicon eseulentum Mill. 

Medieago sativa L. 

Nieotiana tabaeum L. 

Oenothera biennis L. 

Pelargonium sp. 

Plantago major L. 

Polygonum eonvolvulus L. , 
portuiaea oleracea L • 

Potentill. orgentea L. 

Set.ria gltuea (L.) Beauv. 

Solanum melongena L. 

Trifolium repens L. 

" . 

Il 
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Plate 4:'j a. 

Plate 43 b. 
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List are 

Isolate No. Roet Plant -
v 

22. Chenopodium glaucum L. 

23. Iresine Herbstii Hook. 

24. Lepsidium densitlorum Schrad. 

25. l!pntoden autu!nalis L. fit "" 
26. Malva aegleota Waltr. 

) 27. Trifolium campestre Schreb. 

28. Trifolium hybridum L. 

29. Trifolium pratense L. 

.. 

• 

, . 
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, G. HOST' PARASITE RELATIONSHIP 
J ......... -._ 

1. " Extemal Appearanoe ot White Clover Inoculated 
with the Stilboid Fungus 

123 

Plate 44 (a) and (b) show that the white olover plants 

inoculated with the atilboid fungus by tour aifferent aethods 

did not have any evidenoe ot the disease. The plants of all 

treatments appeared to be externally healthy. Severa! petioles 

of the leaves of t~e control plant (no.l), grew horizôn~ally 

over the soil in the pot. Plant no. 2 whloh was Inoculated . ~ 
at the leaves, did not show any sign of abnormalitles, not ) 

even on the leaves where the !inoculation was Made. It appeared 

healthy and produoed about the same number of leaves as those 

of the control plant, ex~ept that they were all erect instead 

of being nearly horizontal like those of the control. The 

planta ot treatments no. 3 and no. 5 which were inooulated at 

the petioles and soil-line respectively, had similar rates and 

styles of growth. Both produced fewar, but slightly larger 

leaves than those 'of no. l and no. 2,and,neither had any 

extemal symptoms ot disease. The growth ot the plant ot 
. 

~reataent no. 4 was retarded because it was retransp:~ted 

alter root dip inoculation. It had to recover trom the shock 

of transplantation and become adjusted to the so11 of a dlt­

terent pot betore continuing its growth. Sinee the plant 

appeared to be healthy, without visible a~o~alities. the 

growth retardation was probably not due to thé eftect ot the r 

stilboid fungus •. 
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Plate ~5 shows repreeentative root systems of plants 

of eaoh of the treatments. It can'be 8een that the roots of 

aIl the plants are normal and heal thy al though those of treat­

mente no. 3. and _ are amaller than the others. Plant no. 4 

was expected to have the pooreet root system. as explained 

above. Nodulation occurred. in about the same &Mount, on 
l 

all plants exoept plant no. 4. 

The oontrol and inoculated claver plants which were 

grown in the glass jars, bn e ot whioh is illustrated in 

Plate i. (page 26) aIl appeared to be heal thy. The stilboid 

fungus was isolated t'rom the tissues crr one ,ot the inoCUla~ 

plants in this treatment. This was don~ as a oheok ta see if 

'the lnooulum had really entered and grown in the plant. In 
C 1 

a similar isolation attempt no fungus could be obtained ~rom 
-

the oontrol plant. The presenoe of the stilboid fun~s did 

not appear to have any effeot on the growth or external mor­

phology of the host plant in this experiment. 

It may be worth noting here that the stilboid f.ungue - . 
grew trom some seeds of white olover when the y were placed 

on PD! in a Petri dish. It there~ore has the posslbility of 

belng a seed borne fungus sinoe the seeds were 8urfaced 

aterilized with Javex. This p08sibility nee.s ta be more 

thoroughly investlgated. The fungus was found in 4 of the 

100 seeda tested. 

, 

\ , 
\ 
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j 2. InternaI Appearance of Plants Ini'eoted 
by the Sti1boid Fungus 

125 

Plate 46 to 48 illustrate the presence pt the etilboid 

fungus in the root o' an inoculated white clover plant grown 

in a glass jar. Hyphae of the stilboid fungus were limited 

to the cortex around the vascular system of the roots where~ 
A 

they were seen to be intercellular and extracellular (Plate 

46 and 47). The presence of the fungus in the cortical tis­

sue did not disturb the plant growth or destroy the tissues. 

The fUngal parasitism appeared to have been very weak because 

no dead or distorted tissues wefe observed. A number of hyphae 

and spores were around some cells, as seen in longitudinal and 

transverse sections (Plate 48 a. and b.). Apparently, the 

fungus was inhibited by the endodermis arouna the vascular 

system because it was not seen inside these tissues. 

The best staining precedure used here was carbol thio-

nin and or~ge G (Gurr, 1956) for it gave very good di~feren­
'rJ 

tiation of parasite and host plant tissues. Heidenhain's 

hematoxylin (Conn ~!l. 1960), and safranin and fast green 

(Sass, 1958) also gave fair results. Pianese IIIb (Simmons 

and Shoemaker, 1952) did not give any differentiation of fun­

gus and host tissues. the whole sect'ion being stained uniform­

ly pink. In Plates 46 to 48, the sections were stained with 

carbol thionin - orange G. 

The results of this experiment show that the stilboid 

fungus can be a parasitic fungus. As a parasite it did not 
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• 
cause Yisib1. eyidence o~ diaeas. to th. plants in wh1ch it 

li... and grows. 

\ 

• 

,/ 
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, , 1 .. 

Plate 44 a. 

Plate 44 b. 

Plate a. and b. Five treatments of two-month old white clover 
wtth the etilboid fungua,- (l~ control, 
(2) leav •• inoculated, (3) petioles inoQulated, 
(4) root dip inoculatèd, (s) 80il inoculated. 

"" 
\ 
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Plate 45. The root systems of white clover plants that had 
been treated as followi (1) Cont~.1,(2) leaves 
inoculated with the stilboid fungusr () petioles 
inoculated with the stilboid fungus,' (4) root dip 
inoculated with the stilboid fungusi and (5) soil 
inoculated with the stilboid fungus. 

/ 

o 

J 
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Plat~ 46. Longitud~nal aeotton of white clover root lnfected 
with the stilboid fungus which ie ehown ta the 
cortex. Mag. 500E. 

Plate 47. 'TranSTerae section of an tntected white clover root 
showing the stilboid tungus in the oortex inter­
cellularlyand intracellularly. Mag.- 500X • 

• , 
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Plate 48 (a). Mag. 2000X. 

- .. 

Plate 48 (b). Mag. 4000x. 

Plate 48 Ca) knd (b). Longitudinal (a), and transverse (b) 
sections of irtoculated white clover root showing 
the atil.boid fungul in Land between the celle ot 
the oortex. ' 

./ 



. .. v. DISCUSSION AND CONCLUSION 

The prime object1'Ye 01' this study .as to determine ... 
whether or not an unnamed st11b,oid fungus was different from 

aIl other previous1y desoribed speoies. Eaphas1s has, there­

for, been on the morphologieal featuree ot the tungus and 

how theSE! May be Iloditiad by certain .nviroJUllental factors. 

A survey o~ the literature had shawn that the ~ungus in 

question had featitres sllli1ar to Stilb. zaç.lloxanthWll Moore. 
-

-However, the resul ta of this study show that they are not of 

the same apecies. Studies were a1ao made to learn the beat 

te~erature, media, and pH for growth and sporulation of the 

unnamed fungus. Because 1ight is known to aftect changes in 

the life history of Many fungi, this too .as inoluded in the 

general study of the f'ungus. In this instance light had a 

vlsual eftect an asexual reproduction in th.t the spore­

bearlng synne.ata of the fungus were produc.d in rhythm! 

corresportding to the expoBurea to llght. Whether thla ia an 

endogenoull or exogenoua respODee to light le not certain. 

The study ot light ineluded hen .U Dot inten4ed to he . 
extensive. There are .any .ore aspecta tor further atudy 

such aSI the ettect o~ difterent 11ght Intensitiea. the .ttect 
1 

of the quality 01' light, red, bluet green •• tc., the affeet 

of dltferent exposure perio •• of light ot difterent quali ty 

on the developaent of truit~ng atructur&s, etc.a etc. 
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c Findlng that morphological abnormalities of the 

stilboid fungus are induced by' volatile Metabolites of each 
1 

of the three .pecies bacteria tested, support the results of 

Many workers that volatile products of some bacteria can 

cause morphological changes in various fungi. The fact that 

it was found in surface sterilized clover seeds suggests that 

it May be seed borne in other host plants. rhia too, should 

be worthy of further study by plant pathologists. The stil­

boid fungus was found to have rather weak competitive ability 

when grown in culture dishes with other fungi. It ia not 

known to be ecologically or economically important in nature. 

The stilboid fungus was found to have a wide host 

h~st range for it was isolated from many plant apecies. The 

nature of the association o~ this fungus with plant roots is 

not really understood. A large population in the form of my­

celia and conidia w~ in and between cella of the cortex of 

the inoculated roots without producing any visible evidence 

of dieease. The physiology of the fungus associated with its 

host plant tissues is a scope for future research to under-

stand this relationehip. At present. based on the results 

of this study, indications are that this stilboid fungus ie 

- a symptomless, systemic parasite of Many plants. 
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VI. SUMMARY 

An unnamed stilboid fungus is described which is now 

assumed to be a new specles of the genus Stilbe11a Lindau, 

family stilbellaceae, class Deuteromycetes. It was first 

isolated from red clover (Estey, 1960) but has now been iso-

lated from white clover and from other species of plants when 

they were floated or partlally subrnerged in water. It was 

also found associated with decomposing plant materials or, 

plant debris. It did not cause any visible disease of the 
~ 

plants used in this study. 

The morphology of this stilboid fungus is described. 

The hyphae are narrow (1.6 micrometers wide); hyaline and 

i 

septate. The conidiophores are simple or branched and un-

distingulshed. There are twokinds of conidia produced; 

, 
macroconidia and microc~idia. The sizes of macroconidia are 

1.5-6.4 (width) x 11.5-18.0 (length) micrometers and those 

of microconidia are 1.5-5.7 (width) x 3.5-9.5 (length) micro-

meters. They are borne singly as blown out ends at the tip 
/ 

of the c(:midiophores. They germinate by means of germ tubes. 

The hyphae aggregate into an ere~t colurnn to form a bright 

yellowish synnema. The conidrophores arise from the apex of 

the aggregated hyphae and produce a nurnber of' conidia which 
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then adhere together to form a slimy headed synnema. The 

synnemata are up to 2 mm high; and the widths of the columns 

are up to 45 micrometers. The morphology of Stilbum zacallo-

xanthum Moore was also studied by the author to compare wlth 

the unnamed stilboid fungus. The result is that they were 

different in shape and size ahd colour. 

The physiological study found that the unnamed stilboid 

fungus had maximum growth and sporulation at 25°, on czapek 

solution agar, and at pH 5.6 under the experimental conditions. 

THe linear mycelial growth reached 26 millimete~ after ten 
, 

days. Zonation was induced by alternating periods of light 

increased growth rate and sporulation. 

-Light also e ffected 
~' 

The,s~me study on 

the and dark and on czaped.solutlon agar. 

light for Stilbum zacalloxanthum Moore found that light also 

influenced its zonation but retarded its growth and sporulation. 

The unnamed stllboid fungus was weak when grown to 

compete with the twenty fungi tested. The volatile products 

of the three species of bacteria tested induced morphological 

abnormalities in the hyphae. The fungus has a wide host 
-f-

range. Twenty-~ine isolates were obtained from the 60 plant 

species collected from different locations. 1 The fungus was 

also found arising from surface sterilized clover seeds. It 

was present inter and intra-cellularly in the tissues of the 

• 
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cortex of the roots of ~noculated white clover plant~ without 

causing any death or distortion of tissues and no external 

symptoms. The hOS~~lants were normal without any sign of 

disease. 

f , 

, 
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