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<
in 15-2 A colony of the
mold Stemphylium consor-
tiale showing filamentous
growtn. {Courtesy of L.
Kapica and E. C. S. Chan,
McGiit University.)

gi
ﬂ“ 15-1 scanning electron micrographs of Rhizo- *

-pus stolonifer spores at various stages of germination

with corresponding phase-contras! micrographs

(=< 1,200) inserted. (A} Ungerminated spore at 0 h (T,);
(B) swollen spore, T,,. (C) elongaled spore, T,: (D)
germ-tube emergence, T,,; and (E} germ-tube elonga-
uon, 7, (Courtesy of James L. van Etten, Lee A."8Bulla,
Jr., and Grant St. Julian, “Physiolagical and Morpholog-
ical Corralation of Rhizopus stolonifer Spore Germina-
tion, " J Bacteriol, 117.882-887, 1974.)
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) w & v § o a a ¢ A

mmuwuguuulmwa (sexual stage) WAzEUBT FOATIUINDIVAIUTAARUNCN LT &9
o o ° e t = o a1 A

Tdifdasiumeftarnusn gesaynIuarmluddudann U7 15-3 uaz 15-4 usas

[

< g 3 E ~ = | Q-
fardeivesialannsad @ eliF g uinouananaiu

1
=S
31-]“ 15-3 Ditfarent types 10 pm
ot spores in fungi. i
© From The McGraw-Hill .
Encyclopedia of Science Zoosperangiospores Chiomydospore Basidicipore
and Technology, 1971, vol. ) - Conicia J B ) .
5.p.117) Jj/ I¥) ) dg ‘5 u &
Oidia
Aplonotpores AKcospore

!
¥
'l
7
]
!
Az
Zousporangivm Conlriophore Chlamdaspores
forming in hypho
e
100 um -
augIngmveadlale

usadavaIvslalfnwma dwdulvdssnovdonmwmdusn 1Sonin lawn
(hypha or hyphae) ‘lawws‘ﬁuimagﬁwﬁ’ugm%‘mdﬂw%ﬁﬂw (mycelium or mycelia) W\“Jvlﬁ]
slnglidnyonludusefudiussiesddns undussfde 1du 586 (veasn

tiudin Nﬁfaﬂuaﬂaﬂwﬁqmawﬂ‘ﬁdau%mio (semirigid)
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1, =

3 N15-4 Fungal spores differ in morphol-
0Qy, color, and the way they ars produced.
A} Conidiospores of Penicilium ; (B) sporan-
piospores ol Rhiropus; (C) escospores of an
ascomyceld; {B) basidlospores of a typical
mushroom, a basidiomycete; (E) sporangio-
sporas of Mucor hismails. Photomicrographs
of some structures are shown In the insets:
{A-1} Peniciliium; (B-1) Rhizopus [ 42T
{Courtesy of Douglas F. Lawson.}}. (C-1) as-
coapores of Periza sp. (Courtesy of Ralph
Emerson and Mycologia )

:dal/ A o a ) ] Qe a A A
Fasreniliimgminesasladmisluswinemzdizdf 15-5 fe
Y T
1. ledn lfnisan it aflukos 9 109988 (nonseptate or coenocytic hypha)
dw teak  as ;‘: i 1 e a o
Taduuuilaifalsiua19miSonia sepra %38 septum (l@nwal) Swfiaanutaes
1 ¥ =4 * ; =l aw g: | A : b 2
lovn walupransdlavuuuilonalmleiuny sepum) ewiziigiuwvsslassadn

1 W
WWan 5’§uwu'§zmuu

[ d' =l a g: 1 & % & ‘ A = =l .
2. lovTsfimlsnuutaduies 9 vonsas § BTRUIUIABLT  (septate  with
9 %

I 1 G i‘: 1 1 5 —
uninucleate cells) WIMMutanaiIzdIngogauaaaaidulow misnuutanaiady
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w10 inasaarw e ndeanils 9 vaumas b
1 d’ a @ E: 1 & v € =Y a
3. loWnsimsnuu U uvas 9 10 RTaR 9 AzRAUUNARLR  (septate  with
. 1 :‘l‘ e Jé [ -l = al
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a' o (™ d' @ = ' W« ] d‘ = %3 -;‘: ] |At.‘..{
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1 2: 1 ] [ [ P} 1 | @ 3 = [ 4 ] ada
wsraaasnsls fanuAdansdaudssiesinfinaired 9 nie uazlunsdndneles
dl = d’ =g o T = ﬂl. 4
wnauvaaluslawara@u (protoplasmic streaming) Tadwar1lkiLARoaYIAROUT Y
1 1 t li =l s g: 1 =] P 1
&elussninafosmiaimasdie 9 vasled  Tadimlenuuenanasziio badnlash
d“ I 1 d‘ 1 L3 g: ] .
wuuth Sulewnd sl dndanuusd (coenocytic hypha)
Pl d’ % | ] A Qv Qs | I dv dll
ludaonesielasrasiuiuagednimaiy 9 wiadaduimdwiads  (issue)
! W ] 1
sagulusania Tudn  ludifuninlétdmiiuiremouszsmAldlumsTunug
A d a d o o A e & . a9 d L '
lwddoufiioadeaiunIFUNUE  (reproductive mycelium) FninlumIsieadesd
oo g ol dl k2 t; | '
u,azﬂn@mﬂgn;qmuvl,ﬂ'lummﬁﬂumaaanmnmmswlmww:mm lawunsgunes
lufiBeus19my (vegetative mycelium) onafvunadnlulueimininageiuaiseonms
Welawindad 37 uazAAaIINIUKNALTIINIT? 9 Tauany pen1sF g W ing,
A a & ] o A v & o | o A A
aa’ (1) Uaa  (veast) Wit lafrauais sindrmaadidoannnindulufifuunie
Tauas liiTasse aneldlunsiefounudluunslenafonas sedwmdulaviu
, .
lawialudaunld (2) 1 (mold) (IuislafweudissdwiuluFiduaniolevunn
] | - & = i o = o =l =) € 4 U | =t o
mndwrasiann udsnsraetenaesstwdwaadidole i sl Geotrichum
[ V] 8/ [} A 7 & ::ll
Taum 3 TISUaAWLIANN 1T% MIAUATANIU Was (3) AA (mushroom) 1Juwelad

° <l & ~ A A A Qs G & .;l’ dll ] ' 1
srsotwdnludiaoy wazludRondnns s fwdwiabegdineis 9 wwalng

=
Eﬂ“ 15-5 Three types of
hyphae: (1) nonseptate (co-
enocytic); (2) septate with
uninucleate cells; (3) sap-
tate with mullinucleate
cells,
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v 4 ] 7
Tnvsafranel¥lumsausig
Jad n:l o o 2 9/
aloiu e hine ¥ dUINA (Asexual Spore) : lassaFedallunsadsadas
=1 1 & A =l A =l 1
gnisunitaalsnad (sporophore) HMUsnzvasrvelyvesinzuzdusuninae-
A [ 3 ! 1 ) .4
WINIUN (sporangium or sporangia) aﬂa’[swm%zgn\wumwaﬂauwﬂan (sporangio-
o ;7 o & r | a
phore) A3 15-4 aﬂas‘ﬂgna%’wmumuluaﬂmmmwgm?um']Llau,sw'[aaﬂa‘s’
y ‘J = | 1
Lﬁaaﬂammymmnaanaﬂamoalaaﬂm‘a:gﬂﬁa@ﬂaamaanm drwdasiunaniaasn
- P - ) & P~ = a !
WRSIARBUN L6l gnisoninglaniad @oospore) uszwUoussidanfiszgrondy qle-
- . at” c . 4 A dy owe
FUBLI 938N (zoosporangium) &Uaus3lagtas (sporangiospore) Taiadaniilyldana
o ' & . A € o A \ A ' Ida | e
gmmmna:wmluaﬂm (aplanospore) maﬁﬂasmwuamamaamﬂm‘luum'lwa‘vqu

(3

[ 1 J = 1 - | = 1
suUasiwariazgniiuninlailidy (conidia or conidium) wazwilolanadazgnifunin
Tedidlawes (conidiophore) FIgUN 15-3 ipannletdnfizy s swia & wasanw o
- . o A = 2w o ot a fa leda o
1.9 wandsiwnnusiaiudaivuandlunsaunswism laiidlawe At aiamn
nmIangsezidns sz jUiuasmidadosdavacleiidowuudrs 9 lasss$revas

ad & =a -] Qs _ > ] 1 ; a o = oo
Iﬂu@lIﬂ‘Nﬂ‘iﬂ&lﬂi:IU"H%@mﬂ’]ﬁ“ﬂuq@i et aTwse s IuINE Aspergitius 3 1afia-

- 1 ~ 3 i e i =l ] & o

lawa s luanuusafennmasaualnavesluddonsrenoSondiuoadii (oot

E ol € =l s b Aa a R ar e
celh) wazUawwaslaiidlawafinzitziSuni1I888 (vesicle) SIFUN 15-6

Conldin

Foot celi

Conidicphote

Aspergillus Penicillium Hormodendrum

=
E’U‘" 15-6, conidial heads
of several genera of fungi.
Note the dilferent arrange-
mants of conidia which are
useful in identification.
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NASNBEEE (veastlike organism) WHENI 0O (bud) Lﬂuuﬁﬂ'[aﬁﬂa‘mmammm:mmquﬂ
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P
Eﬂ" 15-7 (A} Microconi-
dia and macroconidium of
Microsporum sp. (B) Blasto-
spores of Candida sp. (C}
Acervulus, example of.an
asexual fruiting body. (D}
Apothecium, example of a
sexual fruiting body.

ﬁcy% Conidia

MR

J L3 | e A 1 A y A ar [
a1lo3INA (sexual spore) : mjaﬂwmﬂuﬁﬂa‘mnmumaamnmmuwuﬂﬂulm
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1 L3 1 1 o 1 6 |
ag/lu3zpzUaWABLA (haploid state) Walasulngusadwaylurzozuawsenadiuisys
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w3011 (eag) gnmnagmulu‘[a‘[aimuuu (oogonium) vnluFiBounazsitlasufaiy
agmeluueniseidun @antheridiom) 1n& 9 furulalelngow sUaiMAndwiiosan

~ -l ' I a A
ummsianisunitlalesta¥ oospore) daunrasluzai 15-8

A ar & & a X A 1 a LY o w
MU M awaLuuBuar v iatuioUawaessesladgniudanduda
muudafianisyandinuaesisive segmuluwinliiAedulas s e lngstomn

Sunilolngles @ygospore) daumasluzun 15-0

A ¢ Y 1 ' A a | a . s 1
Lwaaﬂanwergnﬁﬁwumagluqamnumw WARAR (ascus or asci) FUATIARNG
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'ﬁElLiﬂﬂ[@]F.JLQW']: G c]elstothecmm perithecium LRY apothecium ﬁdiﬂﬁ 15-7 D Dudu
A 3 aoas Ao
wasUasiwaunay nmﬁmuﬁaﬂasnnmwwmﬂmwaﬂmamwsﬁm *yaaIunii
window (basidium or basidia) ﬂﬁasmmuwnmmmwmﬂﬂlaaﬂas (basidiospore) @4
Eﬂ‘n 15-3 wanaaUsva vt lafiumaon uasiuFalogves e muiulaTon Fed
o aw [ v oa [ ~ QA & [ 3
imsvamngainldifedunaniie mushroom) WANUERS (puftball) uazuuamaasls
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) R Antheridial tube

o
g‘d‘ﬂ 15-8, gexuat repro-

duction in Saprolegnia. The
mala nuclei (sperms) are
carrigd 1o the nonmotile
eggs (oospheres) through
the fertiiization (antheridia)
tubes. Oospores result from
this type of fariilization. Bar
measures 40 pm. (Redrawn
from The McGraw-Hiill En- O
cyclopedia of Science and - Al Antheridium

Technology. 1971, vol. 10,
p. 218} Vegstative braches 40um
| IO ————

s 4y

= E f L S PS4

31]" 15-9 gexual reproduction in Mucor hiemalis occurs when two physiological-
ly distinct and compatible strains, + and ~, come into contact with each other and
prodice zygospores. Zygospores of different ages ara shown, the oldest one being
darkest, largest, and roughest. Bar equais 0.01 mm. See elso Fig. 15-15. (Courtesy

ol L. Kapica and E. C. S. Chan.)
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 Female gamete

B Gomate-gometangiol copulation

A Gometic copulation

C Gametangiol copulation

-
31“' 15-10 gome sexuai

mechanisms in fungi: (A)
gametic copulation: the fu-
sion in pairs of sexual cells
or gametes, formed in spe-

cialized sporangialike
gamelangia, {B) gameto-
gametangial copulation: the
fusion ot a differentiated

gamele of one sex with a -

gamatangium of the other
sex; (C)} gametangial cop-
ulation: the direct fusion of
gametangia without difter-
entiation of gametes; (D)
somatic copulation: the
sexual fusion of undifferen-
tiated vegetative cells.
From The McGraw-Hill
Encyclopedia of Science
and Technology, 1871, vol.
5 p. 118)
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P
139N 15 « 1 Comparative Physiological and Nutritional Requirements of Molds and

Bacteria

REQUIREMENTS FOR

MOST SPECIES MOLDS BACTERIA
pH :
Range 2-9 4-9
Optimum 5.6 6.5 -7.5
Temperature :
Range 0-62" C 0-79" ¢
Optimum 22-30" C 20-37" C
Gases Strictly  aerobic Aerobic -+ microaerophilic -

facultative anagrobic - anagrobic

Light None Some photosynthetic groups
Sugar concentration 4 percent 0.5 [ percent

in medium

Carbon Heterotrophic Autotrophic to heterotrophic
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pr|
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ic fungi produce haustoria,
which penetrata the hoat to
obtain food. There are two
types of haustaria: (A) un-
branched, bulbous type, (B)
branched type.
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can be studied by direct mi-

croscopic examination of -
their growth in a slide-
culture chamber. The insert
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croscopic fleld of a small
area of growth showing
aerial hyphae.
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- A A £ A = 3 ' R
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L3 . 1 G | e't-i' [ I (¥ A (3 2:
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g’[aaﬂaﬁm:ma{mmaﬁﬁ]zﬁLLwanLqadmé’mué’fﬁmasej”u"um@“LaJWhﬁ‘uﬁ@agjimomau
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d a | & l A e w & - 1l
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Walalu order Entomophthorales Yn@sinmduw7 lrdunsunaadsfavauyassu
- | r ] a 3 6’: Aa e &
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¢ o & = & o 4
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Mucor  Un@iniladdunfvviam lifnietuunts  monseptate) sulaus 3 lave s
(sporangiophore) E19MIUANUIUY 1ARWART (columella) GﬁdLﬂ%TﬂiﬂﬂiﬁdﬂLﬂuwmuau '
mulustausaiou (sporangium) HANWMUINAN £ mmﬂ"l,m aﬂaswmmamma
warNANS oY VLmInaﬂasmawwamuwug (strain) VINUAZRD (11a99nlde9uLe
"Lé"iﬁLfJumﬂﬁ'uﬁﬁ’sﬂ’ﬁaﬁ'saﬁn PINANY U IR UTIWINIMATLES TINL NI INA
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= g ol Fi' a = dl iy A o 1l L '
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W o 1ed e 2: = € o g n:iw o ] d':l £ € AI'
adoypdd ludnisiuadous i lovesiintunitansasumieiin lsdoans suausain
Unadruralunaguazdan ﬁ’[ﬂ@umadﬁnumztﬂuguﬂ?amanau (hemispherical) 3%
o A A oA an Y W & A v oA A
vaswdausivunseozlUInWG®  (apophysisy  Denmaadndinias g egeiile
= W a 1 4 € = al ] r- Qe &
imziansusnTondt ladwens (hizoid) uazi InaTunitalasou (swolon) Biasuuss
9 o & ool 2 &, Y V1 L
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. A d‘l A A A Qo W [ & =% A .
(progametangium) AWI9SPUTINFUHT NTUUAIUTUUTRTULNVNUNULILN (gametangium)
Qo g: 1 =) ¥ { Qe 1 ‘J 3 A Qe QU Q'
ToufrTINuuL (septum) AATUNUAE HITITERINIUNURUNIMILUNIRAITITNAR T4
2
zazawIn bud M IR TUT lowanad  (protoplast) TaIVIRaATTINGINU fadle
2: Qe Qo &) | o W = ) . o«
vasmamaawaaz sandanulug 9 inldldvawlalneiianile zygote nuctie) lavaane
Flolnafiandlaszgnisundlulalng (coenozygote) Witswesdlulalnasdaurlulaid
sz duuiiiivyrsznaudulalnades @ygospore) TruzWndrveslolnates
k%4 - ‘ 3: o 1 g !
atnIdpudTzNnm 1 T 3 W@auLsz IR TaAeNzIuIunIiLlaaziinnsaan (ger-
R R Y ‘g - =Y = o s . aw -3 A‘
mination) tf9AWz TN 1TRUsRnARosuuL ulaRe (meiosis) Hitdvaslylnatasuanys
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oy ed 6o ] o & 1 =4 dw t d’/d L4 Qe =9
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. O = » [ X &l A d' ) A %) ! Q. 2: [ d‘
A. niger 8 winmaasuasidaiialadludiRonFuanuauslduaciniaiu fun
iiusrneezawayluaimislafidlonas (conidiophore) wialeWdaufivadostums
Q. L) ¥ A [} [} Qs
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ooy L3 s A 1A o :: 1 a‘ oo [ -g = aa a
Tafidlanasoednielifintgeiuuts  Awasveslafdlowasszwasnandwiudfmaa
. = e « 1 = e a " da @ o
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=
Eﬂrn 15-14 Rhiropus sto-
lonifer, the common bread
mold. This fungus forms
rootlike hyphae (rhizoids),
vegetative hyphae which
penetrate the substrate, and
fertile hyphae which pro-
duce sporangia at the tips
of snorangiophores (spore-
producing hyphae). Stolons
are rootlike filaments which
connect individual organisms.
{Atter C. T. Ingold, The Biol- \ f* J
ogy of Fungi, Hutchinson, A
London, 1961.}) }

Spocqng&osporn

O
[+) o°
Gepa / Q \
Sporangivm

Germ»non

Meosis
Karyogomy

Suspensoss

4
N 1515 o oo

Rhizopus stolonifer. Bar
equals 0.0 mm. (Photomi-
crograph courtgsy of L,
Kapica and E. C. S. Chan,
McGill Univarsity.)
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31]11 15-18 Aspargillus
ofR. G Kesseland C. Y.
Shih, Scanning Electron Mi-
croscopy in Biology,
Springer-Verlag, Berlin,
1974.)

31]7' 15-17 penicitiium
notatum (x 607). {Courtesy
of Douglas F. Lawson.) .
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tion [phase microscopy, x 442}, In (B) {x 11) we see a pseudoplasmodium in a
weli-advanced slage composad of many myxamebas which are now orianied into
the stream of flow (C) {phase microscopy, x 300). As the pseudoplaamodia migrate,
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shows tha gntlire sorocarp, including 1he basal disk bearnng an immalurs sofus (x
42). A mature sorus {» 42) is shown in (G). (From Kennetn & Raper, Proc Am Phil
Sac, 104(6).579-604, Dacember 1960.)
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