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I~TR0Dl:CTI0~ 
• The 1ia1ne l?ussllla ,vas first uscu by Persoon in 1 i0u to designate 

a s1'1·t io11 ot' thr genus .. lgaric1u;. I n hi1-, Synopsis of 1801 (5) he in
clude-, l \\ l nty-four speeies in the sec1 ion. 11. c 111c tica, described by 
8,·harffer in lii..J. as .. 1garil us c111cticu::;, is usually regaruc<l as the 
t) pc. ...\1no11g l~ul'opean botanists Persoon. ::-ehaeffer, Fries, Quclet, 
an ,l Ro111ell lul\'C studied the genus rxtcnsiYely. In .i\n1crica n1ost of 
the \\·ork on Ru::;sula has l)ecn rontriln1ted h) Pcc·k. l(auff1nan. (3) 
Bcnr,lslce. ( 1; autl I~urlingh.1111 t :2 ) . 

J>1-.11.:t i<:,1ll y llo \\ ork l1as been l1une on the loeal occurrence of the 
gL~11us in Iowa, a11~1 in vie\\· of this fac-t a taxo1101nic s1udy of Rus
::-.nla::-. \\as be~11.111 in the su1nI11cr of J9~-!. The wurk lias l>ecn earried 
un in the 111~·,·ological laboratory of the State University of I o,va, 
u111ler the direction 0£ P rofessor CL \'\T. 1\Iartiu. The mycological 
ht.: 1l1t11'inn1 c, ntains thirtYMninc uetcr1nineu ~pccies of Russ1lla colJ. 1

lc1.: 1·d \Yithin thL· -.tate. ~rhc onl)· pre\'iuus 111ention of Rus~ulas in 
~ 1,nvn ,t•(•111s 1u he the three repln·teLl hy Shi1nck ( 6) frn1n i he Lake 

()koboji l'l' / . .6c>n. Th<· thirty-nine -..;pr<'ies at J<n\'a ('ity i11r·lncle speei-
n11•11s t'rotn :Juhnson, Dul,uqu1· . .11111 ( 'Jayton (·111t11t ie,. n·hi<·h ,,·ere 
g.llhLl"l',l ()Yl'r a p.,rio,l nt llirce y111n·s fr11rn 10'.2:3 to lfl~(j. 

11 lti--, ,t.ut<. Hns,ulas fonu a <·1111,pie11,)us part uf the ni)·eologic·al 
111rll! t g 1•u,, th Ill 11p<·n uak \\·oods. t·-..unll)· they n1c1kc· their nppear

,ll 'L' in th1· 111itl11lc of the -..;u1n111cr a1Hl last through c.1rl) fall. 
Thl' prt sent stud)· is only a brg;nning, as niue h "ork rr1nains 1 o 

hl' d, I\' oil 1 his g,·nns. It is hopc,1 I hat in the future eulle1•t ions c·an 
h1' '-' ,·n · d f1 nn1 Yarjon. pa1•1s uf the state ,,·hid1 will 1H'l'll1it a 1110re 
c· Hnp ·1>h111,i,l' k110,\lc•dv!;:. tif th0 l{nssulas nt lo\\a. In eo1npiling 
th, ,11 :-. l' 1·· p i Jns <) t spl'1·i1 s •nnst ·11t1 rr•fpn•111•t· h{l.· heen 111adc 1 () the 
\\ ') I k, t n, :ir 1,lt•c>. Burlinf!h:1111. an,1 f\;1uff111n11. (''-,}l<'(·ially the last. 
n.11 , . I. Th, 1r l11 ,i 1,e,·iPs is. in '.!<'111 ral. that of h_auff111;1n. 

T}:f"l I~T <~{·}~ 

l~or ,. l,·1·!111~ l{u:-.,nl:l..s n11 nlal 111 .th· t1q11·p11H 11t i, HP<·<',:-.ary; a 

la1 i:!" 11 ,1rk1·f-h:1 ,k1 t and pl11t1~ nf 1, ,.,,1,,q111· .111• all that i, 11ec1l1·d. 



I 

II 

6 IOW ~.\ STUDIES IN ~A. Tl-R.\L IIISTC)R1-

...c\ heaYY knife or na1To,,· tro,,el is han11,· to lon,rn the soil around . . 
the ha~e of tlte stipe for \Yhilc no YOlYa is prr.srnt. the {'on1pl1•te stipe 

shoul\1 ahvays lir se<•ured. 
}~a(•h incliYi1lual c·n11P<'tion r·an re,H1ilr he kept ,;i•parate li~ ,Yrap-

ping in ll '\Y:--pap1 ,. and pa,·kin~ loose}~- i11 a hnsket. Thi, p r() h •clure 
is i1npu1 t ,111 . :--inc·P 111a11> of th<' '·'1h'<'il's ar' n1nel1 alik • a1111 
\\' ithnut a gr<'at tlenl of r--:perir111·1' it is 1l ifti1·nlt to distilH!lli sh be-
1 \Yl'<'ll t hr1n. '1'111 spon•s ,1 l'l' not as 1 ia 1,lc to he1•onl(· n1ixe l \\ ht>n 
each r-olle<·t ion is kt>p1 sppnratt•, a11,l any sp11rt print,-. lc.•positld on .1 

"·r app1·r \\·ill he \\ it Ii t hr spt•1·inu•11s that pr dnee1l tl1t' 11l. 
[n th1> stnd~· of nn,snlas it is ('SSl'llt 1al t1} s111•ll)'(' ;l g1 1) l spnn•

print. <)nl>· 1n:1lur1 pih·i shoulel he nsP1L ( 'nt iht-> stip0 JIP,ll' tl1P 
pill'ns an,1 pla<'P tl11• pill'll" ,, i1h gills den, non a \\·hitt'I p lJl<'l'. l' )\'(' l' 

\\'ith a l,l,1k11 r or hl'll-.i:1r a111l Jt,,I\.{' t'11r ,p, 1·r,ll lion rs. Hhwk p:1111•r 
n1ny bP u-;1•d \\"ht'r<· tht' !_!ills look \\hitl'. ,Yith 111atlll'l' '-f'l' 111e11s a 
ninss of :-.p1)J'l'-; \\ ill l,e 11rpnsil\11l \\'host' enl1)l' is 11istin1·t. ( )ft ·n -.;111,111 
\\ or1n, or inst'<·(s art· h1lth1.•rse>Jill'. If so. a f1•\\· ery:-.t;i]s I f pnrad1-
<'hlorh('t1Zf'lll' undl'r the· IH·ll-.iar \\·ill kill tlu• 11Psts " ·ith t1,ul ini ll 111!.! 

the spP1·i11H•ns. 
Th1' ,,dlH' 111' ;11ll'1J1l:1te• c-,dl1·1·ti1111 d it:i 1·;111 11, it (, ,,, •., t 11 "l ·L 

Thl',\ sl1n11ld 11J1·l11d1· ,Litt·. ]Q1·alit:·• li,d)it.it. 1•11l\l1· ,\' , p ·, · l 11 I 1.1sl1'. 

nclor. ;111,l 11.1111!' 01· <·Pll1•1·1or. T]11"·W ,l:1ta 1•;111 l,C' \ f1't•,·t1,, ly llst1•,l llll 
thr sli11 1,11 ,,·hi,·h t 111· -;por<' 111 int i..; ,1.,l"'"itE ,1. .\s I l1l' sJ11 ·i11lf'll is 
u11,,T.1ppe1l. i11 preparat1t,11 f(ll' till' \\11rk in th,• la!t r· il ,1_, . :i -.,11 1, 111 
piPc·1• of th, pil1•us 111:1: 1,l' tastl'd. It i-.. 11ot at all d ifti,•11 l t t11 ,list111 
1-,'11ish l11•t\\1'c·11 the• n1ild and U<'rid fPrtns. as th11 1lifft>1·1·111•,· i,- quit1' 

}>l'(ll11llll1<'e'1l. 

'l'lt1• Listi · is :111 <'xtn1 1111·l:· i111porta111 t:1xonun1i1· <·hara1' t,·1· .111d 11111,t 
li<' olt1:11111·,l \\ h1·11 th1· '-J•t•1·i111111 is trPsh. Th1·rP are 1..,1•\'t•ral f,1r111s in 
t h1• l,'11,,,1/u e·1ill1,·ti,,n at 111\\:l ('if: \\hi n· tl11' ~pe1n• pri11t i-- l.1 l,i11~ 
.tlld th1' 1ast1• 111d r,,,.,.rdtd. lie•111·1· it has J.1•(·11 i11q1111..,-.,ilil, tu id1 nti f.v 

1]1<•111 \\i1Ji 1•1'1'\;1i11f,\•, 
.\ l'l ,·nnl or 1h1•] walit,,· in\\ hi1·h 1•,11lt•t·tiC11\S 111 l' 111adl' j, i11qi t,r•;111t. 

rs1 11•e·i:1l1.,· "lie·11 ,,11e• is \\ 11rki11!.! o\ t'l' a !.!'I\ 1·11 :11'<':I su<·h ;1 ;1 ,t:111'. 
::\fatt·rial 1n;1_v Ill' :il11111da11t i11 1111e• 11:1rt of th1· :11·1•;1 ;1n,l se·:1111., i11 all• 
otht•r. :,-;<nlll' spl't'i<'s pf l .'11ss11l11 ;Jl'l' fo1111,I 11111., in (l]•t 11 ,1;1k \\,,.,.ls. 
o1l1Pl''- :IIIICIII!.(' (•1111ifr•1·s. 111 1hh ,t;1t1• n11-..,11J.1, h:l\·1· he I'll 1•11llv,·t1·d 
ellil.,· in 111,e·11 ,i;d( \\011,ls. ,\ ,I,, ..... , ipti1111 111' 1111•111 inn of h,il,i1.1t 11i'l1•11 

aids i11 id1•1it iti1·.1t 11111. 
'fill' s1tJ1\lll('I' ,,t' 1!1:21- \\;Is hot ;111d l';tlll:· :Ill 1d1•;d S1':tsnn 1',1r 1·1111!.!i. 
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nu..,snlas a re su1n111er a1Hl early fall fc,rn1,, August being ordinarily 
the lH·st 1111,nth for th<'ir ,·nllr('tion. Though the latter part of the 
su111 1Jf'l' nf 1 \l:!'."i \\ as d1·.v, 1 l1r earl)· fall "·as rainy. "·hieh rf'sulted in 
a11 l'~<·1 lh 111 pr,,dn,·1iun pf nn--sulas in n1auy fonns. ~.\.hu11dant eol
l",·t' ,11-.. \\<'l'l' n1:1d,· 11111!1 1l 1 (· 1nidllle of ()c-1oh<'r, "·hic·h is rather un
u,ual f11r 1 hi-. 1·1•gio11. 

T>ryin~ of 11u• s1wei1nl'll'- is 1.;i1nple. ,,Then the sun is hright enough 
:111,l 1 he· at1110,pht>n' uot too h11n1id, a:1· tlr)·in~ is rff1·1·tiYe. I f this 
111t>1 h(l, l 1•a11 r,ot !Jr u--ed. th<' spl'C'i1nc·ns rna>· hr 1lrird in a slight ly 
l1t:atPd 11, 1•11. In the lahorator.,· ,lt T,nra ( 'it>· thr spe<'in1rns arr 
pl:11·1•,l 011 a \\ ir<' llt't nYt'r a radiator an,l <lrit•,l. 111 this T)l'ote,s the 
ht•at kill-.; 1h1• p:1ra,it""· .\ ftrr the spcf'in1<'ns arc- thorough lY dry, 
the_v are rc:1dy to ht• pnt i11 thr hr1 harin111. thl' '-port·-priut :-in,1 c·ol
l1•r•ti ,n cl:ita lJ<'i11!! lllt·cl ,, ith 1•;H·l1 '-lll 1·i111<'11. Tt is ,,ell to a1ld a s1nall 
a111"unt ,11· nnpltthnl1•11<' 11> !!llartl a!!ainst further at t n<'k h:-, in:--cets. 

111 i le 1 i1iti1·,dit11 \\1 rk. 1ni<"l'O'-f'npi1• 1•nJss-s<'1·ti1111<; fl[ 1lH· gill, ar<' 
t1i'h•11 ,,I ,1·1 \'J, "· .\ ,111al l pit•c•(' 111' pil<'US \\ith 1-!ills :1tU1eht'cl 1nay 1,<' 
plat·l'd li11,,,.,11 pic'1·Ps of 1,ith ;1nd '-P<·tionr,l ,,ith n r;izor. 'T'h rsr 
s1'1°till!1s 11111-.;t hl' ,11ff11•if'11tly thin for 1hr "tnd~· of thp struc-tnre of 
tlll' h_,·1111 ni111n a11tl tr;1n1:1 Dried '-[)P<'inii>ns lf'n1l then1selYe, Yery 
11 i1•Ph 1 n '-f>f'1 ionin~. .\ slnnll portion of tl1<' pil0us n1n>' h0 snnk<',1 in 

\\',tlPl f11r .1 .._J111rt t i1n1·. tlH•n sr,·tion<',l in thr san1r 111::inner as thr 
frc .._Ji 1n;1 1 1•11:11 \Yhi>n th<' '-<'<'tin11 is pla1•P1l fill t he -.: l ide a 1lrop of 7 
JH•r 1·1•11! p111:1-.,iu111 h>·,lroxio!t' 111.i>· h<' :1'1clt11l. This 1•a11--rs 11H1 <'Plls; 

t 1:J cli ... t1•11cl. !!iYill!! th1·1n a 11111rr- n:11 nral app1'ar,1111·,·. .\n ordinar.v 
c•pn Jllllllld 1ni,·r11,1·Cl]lf' \\ itl1 l,i\\ ·111cl hi!!h pc,\\(']' c1li.i,•1·1 i, ('', lili\>' lt<' 
( ll' IJ1\ I I l11 1•,;1111i11,· 1111• ,Ji,1.- The• lo\\ p11\\('J' !!i\l's thl' !!<'IH'r;tl 

c·,11 h II ( t' ti,, "' 1•1i,111, \\ liil1 tit,· hitihf'l' I'll\\('!' St'J,'('S to '-ll<l\Y thr tlt'
Lt1l, 1,~ tlH h;- 1nt>11il1111. . \11 11il i1n1111•1 si<•ll oh,irc•ti,·c is 11111 n<•1•('-.;sar)· 
ill till' "t11d;- of 1'1'<1'-s-,('1·tif\ns. hut is ,rry helpful in 1.;1n1lyi11g the 
'-ll1 1 r1 "· I I i, nl'11°1\ 111 c·1·s,;iry !11 rc'sn1i tn tl1l' u-.;(' nf 1ni,·ro..,,•opie sc,·
ti >n, ,, Ii, ll id1•11tif>·i11!.! t·ln,pJ>· rchl111cl spP,·i<''-. 

Tl t' !.!t't 11-. /t' ,,,.,,da 111:1:· iil' 1·har,wtl'rizl'1l as follow,: Traina 
Yl '-ll 11lli...1•, ,, ithout 111ilky .iui1•1•: pilc·n" fl,,.._h>·· 1·0111 innnu..., ,, ith ,tip(>, 

\ 111 tld, r ,. ii ,r. \\ i1h 111' \\ ithcllll '-l'fl,I al,lt• pt lli<'l1•. dry 11r \ is('id; 
11.1!!.!ll ,,,11 ,1 ,tr11t,: !!ill, ;.t1a1·h11'. ri!.!id liut tra!!il": .._1,•1111·1Jl

t1.d. 'i:.:id: ,·11l l,,t 111 sj'<•r1..., ,, h11' c·n a111>·· ur yt•ll11,,. ta-.;t1· a1·riil 
t t 11111,l. o,l,q !lllllt 1 1 1' ,·h<1t'.t•·l1 t 1--ti,· i11 :1 !1·\\' ,111,•it:s l•I,l:. 
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l?11ss11lll i~ a \·er:· t1i,tin,·t genn<::, lilt st c·lnscl:· relntc·1l tu [,n f 1ri11., . 

fnnn \Yhit·h it ,lift'et, by its lar·k Qf a n1ilkl .ini,·c•. II yyn17111!, rtt\ d1 f
f1•rs in the thi tkf'l' au,l Il) Ol(' \\ra .. ,:· nature 1)f th11 gill.:: alth, ll!!h th• 1'1' 

arc e,·i,1cnt ,ig-ns of l'l' latinnship hPt\\l'C·n thi:- g,•1111:- aud <:: ·t.1111 

,peeie-.: oi R11~s11la . 
1'hc 1no t ,li-..tjnr·1 i,·e fc 1t11rc of th1• ~e111t:-- i~ t he rJ.1,ll'iJ(·t,1 r oi 1 hi1 

tra1na. " ·hi ·h \\ ith that 11f 1ht> l.al'l:irii i, u10 :-.t uniquo arn,111~ 1h 
.\gnri,•a(•t·te. ll)1il1: ' 01 th· 11,ual ,l \'ndcr. tilalllenton-.:; t y 1)..:. n, 
fcnu11l in th,~ ot1Jl' l' !.!• ncr; :11, ·ath,·r ,<:a1i t: and i11lll'" en,., .. a1n 1 !! 

c·Jn...;t 'I':- ()f thin-,'r all1.:d. p·1rLn,·hy1na-likc. i...:n1li,u111 t1•i1· ,·1•11,, f rrui11!.! 
1J11• ...:n-,··1llc~\l , ·1 ,h.·nh1-= 1• t.::a1na: th s ac·1·ou11ts for th' 111,}r n1· J ,,-.; 
l1rj(fl,, 1•1Jn .... ist(\l11·:· 11 i thn pilPUS. 

'l'hr· h: 111cnin1u and :-;t1lih~·uH1 nin111 arc. in , 0111" ,p 1ci .... , 1 11i 1·htt -
tt(•1cl'is11,;.. ( ·., :-.1 idia Jll.l.\' lll' u1; ~- 111 1 b l.; ])l't' Int: ·r pr, --cnt t u, ·. 
l>P fc"·· , c,1t1crc•tl ;1li1111.\a11 t. sb rt. l)lunt. 1•1 J , ale 1 1· !01l!! a n I J 

,l. fJ'h ·~ <·har; c·t ·r is f1111111l lu l)<' c•1111,t.111t 1'nr L'a ·h ,p<' •j(' -.. 

,u]ili~·111<'11inn1 111:·~ he li,ti1H·1 , r 111,•: n1L,.1 2:1' gr;1clnall~ i11 11,. 

sue l•f th~ 11-.1111;1. 

\\ hit, tl11· t 1'.ll [i 'l 

pr 11t t, n l l, l .... J It I' , ; 1 c• 1 11 
t _\· 11t' 1·l 1,1 I,\ l, ,ll c·d "l, c I ' · · ..., i1J t 

i'11r 1•a1·h ,pp ·il' , I ll't ] t fl : t'. cl,· ll 111 I' l ,pon• 
p1·illts ,h1 uld \It' n1· lllll}'allil l Ii.,· c·;1n1 f11l 111 ti•,-.. .. \ hl'll 
f,·esh. rrhr 1•11lt1l' Yari1·, fre11n ;t Jtlll't' 1·h;ilk-\\ ltit1 -
1 111111f'r<l <whre a11tl is ,,1H of th1· 1111,,1 , alu;1lil1· ,1n1tr11 . 

I~: sl;1i1ti11!.! th,• spores ,, ith ~ll'lZ1'1•\;1 1•P.;1cr1•11t ,111.J 11-.: !I!! ; Jl I i1 

i1111111 1 rsi1111 11hjP1•1i,11 • th11 s1111r11 1n:11·l,i11g, lll:l)' ht• '11 t, 1'111i1 L'1!. ff.hi" 
]'(';1!!1"]11 sta111s t '11• 111:tl kin~, lill th1.· ']101'1' ,, ;111 \\ itho11t ,t; i11i11!! tht> 
\\:ti! it,<"IL I I' t\lis l'l'.l!.!t'lft 1, llltl 11,1 d. 1ht' lll:ll'l-111'!" 11 t .1,\ l 1• II 1d1 

1111t nJ ]~- I ► : 111 •.111, of ·111 oil i111t111 r,i, 11 t Ii.ii ·Ii, 1 .11 I , , 1 1 it h 

1liffi1·nltY ;11111111t1·1•rt:111i1,·. . . 
Thl' sp111·p-., 111:1_\ 111' di, i.J •.J intn 1 \\ll ~I tllljl'. ;1!'11 t di11!! tut t , 11 rJ. 
ill!!": tli<' n•1i(·ulatc ;in,l 1 ,·hinulalt• t.' ]JL". Tl1t· 1·, h11111l.111 !!I'• 1p i-.. 
l'ul'thr1 ,uhdi, id1·cl in11) lht,...,,. "ith lttJt'! :-.pi11l's ;111.J 11111,1• ,,, 1th lilunt 
-.;pi111•-..:: 1h l'C'ti<·ulat,· '!l'llllp ,1ls11 t'l)!l,i,t-.: ur 1\\() l,'JH''- 1h11" ,\11h 

1•r(',\s {ll' rid!!C''- a11cl 11111:-.1• "i1h 11111• 1·,11 lH.1·ti,111,. \\'h, 11 1h · ,Ii '!11• ,_ 

1 \f,,t,,·r ' !{ 11·:1c;1·11t I I 
T' ,t:1..,,inm 1111l1tl1• l.J gr:1111" 
l, tltllt' .fi :_!r:irn, 
\\•: t,•r :::!() ii ._:1 all, 

.\.J,l l , th 1, -11lllti"11 a11 1'qual :1m ,unt ,,f dil< ral Ii., ,11: t,. 
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ti<: 1·haractt'rs arc aln1ost identical, the Hporr n1arkings 1nny he the 
detennining faet or. In f:.rt, in <:loselr rchitctl spcc:icH, the pre...,cnce 
(11' ah"t'n<•c of e:•-,iidia aull the spore 1narkings arc the only diffcr
cuti(lting factor..;:. 

Till' pilcus n1a~· h<' <·un,·11:-:, plane. or deprcssrtl in the renter, aud 
exlnhits a great ,·aricty of tolors : red. purple. )·ello", g1·C'cll. and 
\\'hite. rrh1· spccin1cns of tl1c sanie t·ollection n1ay yary in tolvr, a<'.
<·orcli111-! to light <'xposure or age. 

~\ t1ift't>rc•n1ia1vl1 prlli<·lc <•0111poscd of n101·e or lC'ss spccinl izc,1 
li_,·pha: is 1,rp-.;0nt on the surface of the pill'us. It n1ay ]H•r·o1ne yisci<l 
in \\ et ,r1 at her, or n1ay rc1nain (1ry ant1 hcco111c pruinnse or \'ClYcty. 

\ The pcllirle is s<ir110,vhat srparnble along tht> 111arfrin and in son1e 
f'\ sprr·irs Illa) br C'asily peelPd fro1n 11earl,v the \\'hole sul'farr. 

The flesh <•f the pilct1,, ,,h(•n fr('s}1. is ,...-bite or ,yhitish, or it 1nay 

lie tin~t~~l ~l'ayi h or plll'pJi..,h. In 1nany 11f the. rc11 fornis, the flesh 
nn1l{'l' 1h • J>clli1·l1• ·s tin~cd re1l or l<'\hlish; 011 exposure to the air. 
a[11i r I I ni,in~ 01 i11 age. it rnay turn oc·hrarcous or blackish. 

The 1na1•gin 1nny hi' ('Yl'n or striatr. or CYCll at first. hr<'o1ning 
~triatc in age. J 11 spe1·ies ,, ith thin ptlei, the lines of attarlunent of 
th<' gills to th<> pileu s ~h(nY t hrongh a"> rnise<l ritlges and t hcsc stri

t inn. 1na~• ~xten11 to"·:11-11 the rcntcl' of the pilcu,. In the spec·ics 

firni 1hiC'k pilei 111c :,;1riations are not a" cl0arJ~, n1nrke,l (Jl' are 
11 •I:-· cll'Y11lnprd 01i the 1nal'gi11. The:-· 111.1~· nppear "hr. n 1 he 

n11t hPl'UTllt's ol1l. This • ' · ' is so11tr" l1at , nriabl1~ and niust 
11, u,ccl ,,·it h t~111t ion. 

lli · ri1 tle. th c•s. sin111lr or f,1rkPtl, of 
11• leut.?:111. ' 1e diffcrc·nt sp<•1·il's ar1· of 
d 11 ,, hit<· a11d dPt'JI 01· 11 e yello,v. This fa(•1 aloJ1e 
<''- hem fron1 any spore-color group, of thr .\gnrien<'ea·. 1'he 

Hl,)'° b~'<•o,nc <larker ,ri1 h age or 1na:-- :-.tain "here bruiser 1. T he 
and "·i,lth arc ronstant nn<1 are. of Yalne in idr11titir·atio11 . 

.-, ,tt•n1 j-; ('eJlt 1·c1 I nr nr:i rly so: snli11, firn1. spnng.'· or st nffC'<L 
• l~ h11l111\\. hut ltl'\'(>l' fibrous. u,nallr \\ hitf'. S()]IJ('ti11H S l'('<l or 

in :-i<•n1r s1,c•1·i1•s d1nnl,!ing to a:--11:, or h1·11w11ish 

.' l i 11 :-11nte :-pe1·ie-.;, slo\\·l~· or -.;]ight l.'· ,u-ri1l 
n·c>I_, 111i ld in a 1111nsi1lf'1•al,Ie nnntl1<'r. Thi-. is an 

t, r 1h<' i,11 utifir•ati11JT uf the spr·Pics nnd is fail'-
1 all ,p1•1·11•, it is ner·r•-.;..,.ir, tn h;1Y<' fr11slt :-.prl'itnens in 
11i11<' "hPIIH'1· or 11nt a1·ridi1r is prc•--Pnt. ,\ln1ost ;111 
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the spe,·ies are l'1lihlc aftl'r c·.irc111l C"ouki11g. sin1·e e,en the pl1 } pe1y 
fnt )IIS l hen \o-.:l' thl'il' -.h~t·p 1 ilSt l-': in anr l'a:-c h lllllll sp( 1•1('-, a t 

said Io lie pe1 f t'(•t I~· , 1 f ~ \\ h0n t'rc,h. yunng, a 11 l c·le.-i n. 
Till' otlor uf s1)J1le '-JH'l'lt's is r1nitl' <'ha1·:1 ·tcl'isti,· l\llll -.hnt1ld ah, ,1~ s 

be 1•01L-..idt.•r1 d. ( )11l' 111u-,t not ennfusc this tl'st b_,. ;111pl~ ina it tu 

plants ah,"1d_ • in th~ flr-,t ,ta~, ... of dL'''a?. 

l'il •11~ uJnfl ..,hurl, of 1 •d 01 pill J lv------------------· 
l' il,u l!Ot "vltl hid 01 t•'Ll •t 1u11l•·-·-···---~ ... 

1- ~Jl 1 , pure \\/J1hr in mn-.-.-n t , 11: 1uy ,, hitr_._.,_ .. __ .. ,_ ......... ---
1- ~I orct-1 11,1t "hitl' in m.i ._ 11,•l11 liuf!, r:un, ,,hit'------------
., T ,t 1rr ,ntptl'I" n iii! -----··- __ .--· _____ ,. ----
:_-_ 'I' 1,t, 11 il1l \ll ·t:1rd h a, 1nL.---t ·----·-·--------·• .,...,.-...,;.y 
•• J' l(•,h ,,tu • IU d r 1;r.lli ],, ___ ...,..._,-,..,..--------~-· 
.,- J<'lv-lt 1 1 d uudr• I' •l11dr • ___ , __ ----~--------
1_... n111~ tli1 ,•rn"J,11. 11,'ll•ratol: h1 ;ul: 11t'1r~11 

·-,_ Uill-.. •-a1lull-tn,ut. Ult 
,1 I ' l, 11- r -y t11 hie, l 11''1, t' r 

tn ,, · . 

,J- Pi I 

ti 

I I 
Jo 
I I 
1 I 

l -

I ' 

l 
I 

l I

I I 

l i 

11 t . " 
I : p I 

---------... 
L , l J, i 11 a:ri::-in :;<>4~UL1,i::r 
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1 V- ~ t ;1, ahnn•~--------.... . .... ··-··· ........ ~---····· -·············· ............. IS 
J ,_ I '1l<'u~ :.: .j <'Ill. l,r., ul: 8omt· ~hadt• of retl or purple, fading to yellowish ou 

1li k: :'ltl'lll ~-5 ~1n. lung. ,1 6 mm. thick, sleuuer, white .. R. cha ma lco11ti11a 
"- ~ ot a ~ho, ·---------~-·········--········-········-··~--- . ···-·······-· ...... l!) 

] !/- 111 I:, :...5-v 1•m. I roid; r r l ii to tl<'~h reu fading to yellrnnsh on ilisk, 
11k111 wl te '1 1 r ~c tingl'd, ~.5·5 rn1. lung, 5-1~ n1ru. thick, tapering 
'llp\ nh; ... I ----·-·····-······ · ·-········· ··-····· ••• • ••••••• R. ro.,c i pe.~ 
ut a .. ~ ub<n" --.. ---·-~----· ____ .... ....... -~-------------------·- ···········30 

PilnL111 ro,-,y tl,•,-,Ji tP I rach 1 •!or: fragih•; ~1llg whitP at first to bright 
rart>ou y !low.______ ··------~······-·-··-··· ... R. omygdaloi<lrs 

30- 1~ al to\ 1'·--~-~----····----···· .. ··-····-··-·· ·-···· .. · .. - _ _ ···--···21 
-1- I' s 1..: <'Ill, l,r11::td; ,lull I olors, J('rl,it:,;h purple, suruid rr<l, rruuish 

I m1p 1tl1-1{!: glib nchrn,•P,,U-< h,•1·nr11ing- ,l.nkPr with a~e .. Jl. olatoc a 
:.!I- 1' I •u ., 1(1 •111. hn,ad; <'1,lur f1om huff to n·d<.Ji,ih•hrowu to dark du11 

f d, f L•hll~ ! c:ills ,\tut~ tu <'!Pam ttr hulI. ··-·-··-·-·-·····-···· r.. i11t1 !]fl.), 
:..:..- I'll -b L, !nin~ al, 11 I:· TP<l thc11 l,l;ll'k \\ l11'rr wo111Hl,,,l _ ·---R- r11lu' SNIIS 

;\ o t I 1111111~ ,-101·,ly nil thln h)al'k ,1h, rl' \\1>u1111l',1___ ·····- .. ~:~ 
I J h H'd u11d1'r ,·utw!P: Jinn: hlo11d rrd ·····-··-··-·---·· .. .R. bor,alt,{ 
1:i h 1HH , c"--·--- ___ ·---- -- ·-·~·~-~·- ...... . ..... . _ ~4 
, ]or ell ~r nbl · 111 ag,•: ('ii li purpli..,h rPd, olinL<·~ous. ,·aricgat l'd: 

f\t , lt.i11_111~ l• o h.i,1,·••J1u~ 1 r,)\\ll "h' r,• li:uHll1•,l~ Ti.. :nTa111pt/i11a 
r t1u11" i 1,U, IJ I :lfll "'LI< I \\ 1th nli,·(' tint-........ ------· .. ~5 

I :,~;· or d u1k A~ r Jl 1 j, ,·11~ ad_n:i_t, ~ gill,- ~•:uwi~~ ~~~ 1,l;~~~l~:ua 
:oi 
Jl --------- .. --·-,--~---..-..-.. , 2(1 

1l1a11l : <l:11 k llttll r, ,l. ~t•nwtimr.~ lila,·ki~h 011 
,. or 1,Jacki,..h . . _._, ______ _,-t I?. nl, , tr 1 

11. hr, :tel; fi1 .;, : 111a11,tl'--fl'd tQ orhn• on ,Ji:,.k, <larkPr red {>11 

(lJn I e,•11mu1g- 1•111f111'ou~ ·---········ ··-········-········· R. cl, colorans 
1n mu,-, 11, t ,·n•a111.) 1,hitl' ·- - ···- .... ·-····•-·· ...... ......... ~..., 
hito- i11 rn 1s-.. i11rludi11:,:: creann· 'I\ hitt- .•. -·-··- -·······--··- --··· ·:11 

I f 

J .; 
/' ' l 

I I 

\J 



40- Pilrus purple·hrown on di,k; mar;,ri_n dull l!arnct: u1ihl to ~•Jnt ~hat 
na u~l•uus _______ ..-.. ________ ,. ______ ________ ___ ... -------·---- - ···------ · .. .fl'. n.a 1.,ros,1 

40- ~cit a~ al,u,·r-.. .. .... ...... -••·· .... - --- -- ··-- ------- ---- .... ------···•--"···-.. ... ... ------· -!j 
41- Pileus l,uff to n'1l,li:-h hrn,vn tn dull n·1l; s1111n••111int cream y,,Jlow· t o 

pale 1,chHtc'eous-. ·····-··--··-···-- -····-········~-~-·------··-··- E. , r, [l (f£ 
-11- P1ku::; tunlit'l' yL•llow t o ~old, •n ~ l' lh,w; s11tJ1e•pri11t maiz,• yel11)\\. R. /lat'iL·, zis 
4'.:!- FIPsh thH·k 011 di"k. thin 1·!:-P\\ hen ' ; g-rayi:-h ur c:ra:·i,h purpJ,, un,h•r 

p11llil'le; 1,tl11r uupka,-aut wlll'n frt>,-h . . ---·· ···· •··-·~ · ... R. xerau JH linu 
4'.:!- Fle:-h nut grayi:-h nor ~ra~·1-h purple uurl1'r J1 l•llicl•'--··---·-·· ·-·····~- 43 
4:-~ Pil.-.us ~·i cm. hrva1l: fr um Jiu~y straw l'olut th1 ou~h to uml,u" lno,,n: 

111a r~i 11 ,-tr1~1 t•·--~ ··· - ........... -. ·-·····~---··· .... ······ .... l,'. z, t di ,w toid s 
4:J- -P1lcus 5·~ {'IJ1 , hruaJ; •lull yl'llo"; c,t-11 ,n ,Ji~htly :-tiiate in n~e ... .B . . ft'-1 ,·a 

• 
J)J~:-,< 'RIPTlt)::'\ < lF :--;PE< 'IE:--. 

1. [1'11,;sula chlica J,~r. 

J>i]cns :-.-1:-i 1·111. hrou<l. firni. eOHYt·x-111nhili1·ate lh0n ,h prc•s,1•l c 

infunilihnlifn1111, <lull whifo, i-u1neti11es " ith rn,;t~ -hr~n\n s aii -., 1!1t· 

polished, glnhrous. pu\ic,1·l'llt 01' uh'i1·nrel) t1)rn•'11to.s<'. t' \ CU. d1, •. 

1narg-in at first inYolut<'. nut ,triat<'. 
Flc"h ro111pat:t, \\hite or '"hiti~h. 11(11 ,·han~in!! ,Yh<•r0 hruis<'d. 
(tills -.;nlidecUl'J'c•nt. 11t1tTO\\'ed l1ehind. hl'nad,·r in 111id,llc. ,li,tt1nt 

or sul>dist;111t. thi1·ki::--h. ~hnrl ancl }nil!! altt rn· ·n!.!. f C\\ forkt·d 
or w?dli.\1, c·d~v ,il't •11 h 11i 1·tl_\ ~1• ,1 • • 

~11 Ill~~) ('Ill. I -.. :_! 1·11 1. . 

11p1;d,1rt;l1't'.J.ill 1 \'111•• ll!!' 

,, IH'll l,rni,, .J. !!Lil ron::;: 1 r sllldr,1111·1 1 !1•11 ,, i t h a 

pal<· u-1·(•011 zl.1111 :11 npo:--;. 

Tast<• 1nilrl to t.1l'ilil: lntl \\0akl.,• a,·1 id. 
• • 

( )clCll' llOllf'. 

~pol'f''.'{ glohosc. 9-10 n1i<'rons, tuh<.>r1:ulate, \\·hitc 
SJ ,1 r·tL'" is L'<'JHlJt ,,i] h:" ~hi111ek fr •lit t 11P. < 1!,,_ulJo,ji rcgiun. 1 ha,· 

<·oll1·,·t1d it. 

Pilc·1h ~ 1.·, 1·111. J,1, ,id. ,nliri!..!'iJ.I. 1·c 11, 1•:-.: t It, 11 

i11fn11,lil,11lif11J·111; 111arg-111 ,11 fir, i1H·lll'\ 1 ,l th1•11 ,1,ri~.1 lu ,_~•··""
"att·d. ot'1vll invgnL1l'l: "1,:·• :it fir,t \\ !1 n,lt .11 I 
n111lit·r. s111111 ,n1,•ln1-11n1/, r. ,nl" i"·i,I ;11 tir,t. gl:ihr, 11, 

g1n. 
F ll'"l1. 1·0111pa{'t. ,, hit<. hn11,111t</ J. 1 r, ili/1,h "h1'l'l' hrn1,c.d. 0, 1 

l,!1111, ish. 
( ; ills 11,11Tll\\ 1•d nr rwund1·d hrhind. adn1·x1 ,I. ' I I 

tlisf101/ In ,!isf1111{. :-he 1 I an,1 Ion!.!' :1lt1'1'11ati11!!. \\ 1i·11· I,,,,. 1 11 1;v-

1,h. r,,.).)j-.;!i ;1\ fi1 st ,, h ·11 l1rni,v1l. 

-
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~tern ~.G e111. long. 1-3 C'nl. thi('k, solid, hard, stou t, "·hite at fi rst, 
at l1·11g1h s>Hoky-un,b(r, riddi-;h fhcH l,lackish ?l'hcrc bruised. 

Tttstt n1Utl, S()llll'ti111 'S tardily but slightly acriu. 
( >dt11' II Olli'. 

~pon·s suh~loho:--.e, ~-10 microns, reticula te, \Yhite 1n n1ass. 
Cyst 1dia :--hrn t :ind lilunt. 

0 
,J, Russula i·irrscc ns Fr. 

Pileus :1-1 :2 <
1 111. hroa< l, at first globose, soon convex anll cxpaudetl, 

often ~on1e\\ hat cleprrssc,1. fi1m, dr11 or vch·ety, c::urfaC'e of d i:--k 
hn kt>11 iutu 111a11~· Jlor·c·ose or pub:cl'ulent areas or pat('he", green or 
grayiid1 green. the 1n:1ra-i_n not striate or rarely so, cutirle scarcely 
dist ing-uishahle or ,cparablc. 

]?]1 sh "hitc. 

< :ill, " ·l1itr. r,11 IH r el 1 .... r. 11nrr<)\\'Pd lu\\·ards stein, aln10-;t or Pn

tiri;J., :frl P t'<" ...,Jior1Pr ;11111 fork11d. 
~ll 11 ~- , <·11,. 1011!!, I-~ <·111. ti1ir·k. "hitl', firm, equal or suhcqua1, 

s, lid QI' spongr. 

Spore's suhg-lohose. fi-, 1nitrons, echinulat c, \Yith fe,v YCry fine 
r 1,·ulntinn.s, spines sc•at(C'rcd and blunt. ,,-hite in nu1ss. 

< y-..1j lia 11 unP. no diffPrentiatecl suhh:·n1eniun1. 

4. Nll . ..,s11la tr11slvsa Pk. 

l>ron 1. ti, 111 conYf'X then e~pandetl an ,1 depressc< l 
in l]lc 1·P11trr. snrf.1 ·e 1·1,1r·kc1rl t •:,;:c1Tpt 11n tli~k, thG... an as , r1ntlik,, 
' I'd l ('l'Ci,Ul1 . • . 1\\ ni-.h ti' ,1r·l11 ,l1 '(•n11s. nsunll_\ 1 i11 ged 

1 1· h1 11 ·' O!lJJ!r ,Jr 111,,ist. e-.11(:1 ·1all: uH t ltc 
, l lll.tlllri;. 

llll'. 

r, iiµ <lull "11111'. din~.-- <'n'an1 color in age. rather broau in f ront. 
11 h1To d to,\ard ,tt, ,n ndnexed or f ret\ thick , distinc t, 1111t 1·ro\,dc,l. 

1 1 l n t 11' f P\\' f,lrk, , l fr,, , le rt . ,;c• -., -.e.,= 

nng 1 ~ :-1 f'lll . th ,·k. ,h,lrt. sf on{. sp IH!,\'-stuffr·d. 
,r, 

Pxtt niling throu~h subh_, 1111•111u111. 



r: 
,) . 

Pileus suhgloho:-.c or very convex, lil'cun1ing nearly plane or cen
trally depressed, G-10 cm. broad. -.;urfal'C' pale grayish-~rc>en. paler 
or suboc hrarNus in the rent er. dry. SO(lll 111in utcly sq u ... 1nulo-:e or 

furfurat•eous, except in the ecntc>r. 1nargin even. 

Fle-.;h "·hitc. 
Gills '"hite. fe"· short ones pr •~cut. so,ne forked. thi11. uarro,Y, 

close. 
Stein " ·hitc. c>qual or n<.'arly so, CYCll. ~oli,J or spongy \\ithi11. 

cnL long. 1-1 .6 Clll. thiPk. 

- - - .. ,)· I • ') 

.,,., 

Taste nlild. a 
()<101· none. .,j .... -.. 
~pore'-' suhgloho--e, 7.Q, 1ni('rons in dian1etcr. retic•ulati011-., Yer:, fi11e 1 

... 
"hitc ti11~0d \\ ith ~ ello" i11 1n.1s-.,. 

( •~ sti,lia sulifn--ifunn SO x !Ii 1ni,·1•c111,. J/1.~.• . -'"W· 
G, l( 11~sllllf 111 hrulr.111 ,id,-; h. ; nf1~ -,,,.$ , • 

Pil1•n-.: (i-1:2 c·1 i 1. • ri•-,.id ,11 1' :---p :111 '.lc•l-

'. 1·, in!! s( ttJ I vtilii' . . 
cli,h 1J1·h tl\ ·m.-11 

-uhri11h_1, ":' ~ 
1 ·10,h. !Irie li 
I }ill" ,1'1111':-.:1•d i'lr f1•r1 1r .... hrl-k 

i n 'n111t. 1rlri/( n1· \\ hiti,b. 1· ,r- .l> s "" 1 

n1i11!.dvd. ot'tr.11 forked 111 p,istc>rilll' 1iart. i1itc u,e. r~ • ·,t-,· 

Stc·111 4-6 ,·tn. l,111~. 1.~-~ t·n1. thiek. short. rigit1. <'qtull 111 

,li~l1tl~ n · s I, • . 

t \ <'11 ( ' 

( > I ( s, 1\1 

(. \ ' 

Pil<•\l, hr11; II~ <·1 nvt•x, 
~~-ti 1·111. hl'L>,Hl, snrfa,·1• ,er•·, . 
hr(>ll"-. 11al'!!lll 1•\'1'1 or a l<·l'r!!lh \<'t: i'a·1 

}'11·,h jl\ll'I' \\ hilt·. \lllt'lli.tll!,dll~. 

( :111-- \\hit,' -.;(')(\IP ,It 1rt (111'"- 111 1•1·11lill!.!lc 

t It 1 • "1 i p 1 •. 111 I\ t -... 1 , a c • 1 •, .... l i !.! h 1 I ~ , 1 n ", ·. 11 ; 11 T , • ~ - i r n 11 

at t l ,. 111111 r (•nd-- 1·],1,1. 

.... .. 
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~1cn1 ,vhitc, not changing color, some"·hat pru1nose, tapering 
do,,71,vard. stuffed, 8-4 en1. long, 1-2 cn1. thick. 

'I'usl r. tard il_v peppery. 
()dor nonr. 

~porrs glubose. 6-U n1icro11~ in <lian1eter, reticulate. \Yhite in n1ass. 
('y.:;tidia rather abundant. • 

g_ Ritssula lep·ida Fr. 
Pilcus 4-10 <'In. broa<l, rigid, convex:, then expanded-depressed. 

entirle adnate. an1l disappearing on disk, unpolished, soon dry, rose
retl to 1>ale hlood-red, fading, disk soon palliJ or variegated \\'ith 
pnler yrllo,vish-re<ldish hues, son1eti1nes rin1ulose-crarke<l or rugu1ose 
on disk. 1nargin obtu,-;e, not striate. 

F'!csh c:0111p,H.·t, ,,·hitc or r0tlJish under the rnticle. thick, ahrupt-
1,· thin 1Jn rnar~in . • 

({ills narro,\ Pd ht•hin1l and 11a1To\\ l~· adnate or ahnost free. close. 
t'ftfh r ""1rn1 w. bi-11:icll•t· aJl<l ro1tn1lc-ll in front. 1chitc tl1c11 ll'11dish, 
fey, ,hurter. o<·i·a,io11all,\· forkc<1. 

St01n -1:-7 <·nL long, 1-2 c·1n. t hi<·k . equal or slightly tapering do\\-n
"·a r,1. 11'/iitc or finyrd rnS!J-pink, spongy-stuffcLl, rather rigid, ob-
~<·ur<1l Y ,, ri11kled. 

't ~as1J' 111ild :-nrnetin1c.;; slight!,\· bitterish. suhacri<l . 
.,,"" < I lor nnnc, or very s lighl ly tliSDgr0.0:d)l0. 

~por0s suhglobo<;c, 7-~ x 9-J0 mirro11S', reticulate. "hite 1n nu1ss. 
l 'ystidia n1ode1·atel,\· alHu1da11t, s11hcyli11drical. 70-75 x 10-12 

ll us.s1tla fa le 11tula J>k. 

•-•·--·•"'p · il:n-.. 1-7 <·111. !>1 nad. soon fragile'. at fir~t "uhhcn1isphrrical then 
c·l ll\ L'-" to plane and depressed, i•is< id, livicl-ochracrous. russet

~..-tingcd. ,lisk clal'ker a1Hl i1111a1rly granular, long tubcl'eulale-stl'iat<>, 
111nnd11 nt first inc·urYecl. 

~U"liisi.< l l,·,h thin. \Yhit ish. 
· • 1 11r nenr. ·ce, nlusr. . rather narn,\\·. hroadcl' in 

ish. 1J/l II spoftrrl or s{oinrd r«ldis11. 
111. long. G-1~ 111111 . thi,·k. sul1equal sor11P\\ hat finn. 
,,,,,n <'it\ 1•r11ous. \\ h1tish 01· sordid \\ h itc . . ,t,1i11cd at 

ir r, d sf oi11 ,;_ 
.· sli!.d1tl_,- a,Tid. 

,<JJJlcL\\ hat l1k, l,i) ol' hitter al1111111d-.,_ \':ll'Y'llfl' 111 111-. .~ 



'""pot('s ti -, x , ,, mir1-ou. i•hi1ul tc c1 1 y-"lii 

C?-..r 1i. 1n ti, l' l) un l at. 

10. l ftl ula p t ·1 ft oidc l'k. 
I ' 11 11-. · • 1 111. hr , 1 ]. 1 lht r fil 1n, t 1c eomiu !? f ra~ilc h.in can , u~, 

1hlll >I. n, -d p1¥-1.;::An. , i id ,\h n 11 o· :t, ""o-..cn 1 b) e i.lw1, r, 
l lc p llirll, di t l) t11..!'0 I' trinte 011 th ma.rgi1 f n h 
10 fh, r nter 1· tr n:,ly 1b · '"""'-' ·•it di1l..!' 

br \\lli 11, \t Ho\ 1:-.b lno,,11 0 . u1nb ·-u1'01\ll.. 

11 lc,h ;t; 1i~c> 1hin. l i.: omiu 1• ·1 gil , ,.,1 ~,hLir I t1 

le. . 1 t chn.n~jn r . 

, ill "hHish. cl~t.' ta 1l di,lftnt. hiu.. tli< ill t, qu 1, Jnodct t.. 1. 
brt. d, br , l ht f 1-out. nru i ,, d l , bind □ft<'11 , incd o • brtlk n • 
:,1r,\,1. fron :t 11 1n irk :l b,,. 

:-.;; 1n :.! - rn1. 1011", 5. I tm. t1 l ·k. ,.,hit ot diu..! . ub qual .!l 1,-. 

I,1n11 .. ,7 1 !J itrD d . I 7 lwt . \ 1 • 

·rn LL 1nild l' li 1,hU 1(1 

, ) or I ul 
l •W.l iu ~;;.c~ t, 

. 1 
. -~ 

.-1 lau 
mnr. y U 1 

rt(,\ lJ 

111,n·, ,iii !.!: 1> 

/)/((,', 

111-..p n1· suhg atnil ,r. uU1 

thcr thil'k on disk, nhrl 
• ·1•11t, tlu.u. ,li!.!hil~ nl 

< ,,t1d1a ;1hnn.Ji111t. 11lw.' 1111.Jrit ,ii l\l) 110 x s 1~ 1111!'1'111-.. 

I:!. Ii 1,,ttlcr I (llr.\tl,r l~:11111 11g: all< Pk. 
l '/1 1 11~ ;i I~ (1'i t1. l,r11,1,L !11•,li., . 1!1·11 . 1·1111\1':'\ tltt 11 dt 1,r,·,,1 

i11t"t11.! 1hil1(, 11J ,1,1·.I. iit,1··11 11,)'lll'pli,h111 ,,, 11' • 1, 

• 

........ 
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y u1u1 t, later vnrh•gati'tl \\ith olive or dark un1bcr. or sontetin1e'l 
,, r t 1d h \\ it b t111ly U 1 l':t l' t~ or JJlli"]1l1, opaqtH' anu rctieulat P-\\'rinkled 
und, 1· I n~, lh" t hin pPll i1·lc :,;)j!.!htly sc·parnble on the thin n111rg1n, 
\\ it h ti. ub ilk , or ,lull lu 1 r · , , h rn drv. . . 

F'J•· h "lut e. Orrn. 1·ht•1• -.'", tinge1l grayi ..... h under pcllicle. 
( :il ls sh ini11~ n11d fH'I':-.istently " ·hit('. a,lnate-dcrurr<'nt, thin, 

1,JJ /11 r , n)H ti, d, 11a1To,re 1l ~1t hoth ends, not hroa,1, subdit•lioto1nously 
f ork, d. i1it1•11;p n1 ·1 s , 1•11o~e. 

~t <'111 4 -, ,·ir1. 11111!!. 1.:1 1·n1. thic·k, ,,·hi t r. firn1. :--olid. equal or suh-
o q11 11, tJ IIH! t i111rs ta]ll' l'in!! 1lo\\·n,,nrd. ~Yen . 

'I' S1 1oi lcl t 1 tn 1 lily aeri1l ur ~lightl.v aslring('nt. 
11dnr 11,,110. 

, po1·1•s su li •rlol.J 1, r-1 li-7 x D-10 1ni('rnns. e1·hinulnte ,Yith ,·cry fine 
i , it1:1l. 1i ,111..a;; " b..itP j n 1n,1 s 

l } , t ldia [1•,,. i llJ 1 i,;}11 1 t . • 
!.). h' rt\ 'filll 1tit'OJ;lll'fJ!(l'r. l( ~laire 

.J 1 I!! 1. li1 •tld ~ J·igtd. nu·<liun1 to lnrgc si7,c•, c·on, ('X then 
.., pl 1t , u d 11r ~ " 'd , 1•,1 lu 1· fir111. Yt,l'id, JH11lic•lc ad11alc nnd ~,·art•t•
• t: j.H\ 1'i1h]1 1111 tfi,, 111a1·hri11 only, ~l'arlct to da1 k (•1•j1n~on "·hen fresh 

1u l , Clllll~, {)( , owill!J darker to µurpli,11 wltcn n1af url' or 011 dyinq, 
11·oin ' <f k l•l' t,·11. d:irkcr. son1eti1nc, hln(·kish. rf'<l to livid uliva

J)l1:tJ•l . f' l; 111r-.. ., l ' ll1nY spottC',1: n1nrgin CYC'n or onl: "light-

' 

• 7,r !IH , . ( \ l' ll . ,pu11 °·r .... 

i, nl 11,, "hit · 

111 1. ,n}i list,1111 

n1edin111 stout. ,, hitr 
uff ,l, :Jjll'X f10(•1•11'~ 

~ n I I fr 11 'll I • h' 
I · quit, 

·1 ......... , ] rr 
, J r 1 



~I ria tc un 111nrgin: ,nrf,111 1' glnhrou, or ,ubp1 uiuc, 1' JHll I l i,h 1 1 1n 
pn1 pli,h uli, C'. disk 011,·.1,·!'1 U:-. Ynl li.: !.!,1 ed. 

Flc,h 1•ou1p·1et \\hiti h then din••y. 
Gill, crC'an1~. rr an1tJ-1l'hit lo er u111y-ycllau: • 1. tlJ, 11 

l'athL·r 1·lo,1, n1h1t XC'(l. 1110d, r.1tC'l~ h1 on<l ht 011ghout1 hi ldw 

1· h.! 
f 

t01 J·r-d. ho11,,1· , n,,.., u-..11,1lly 111t.<'11niugl I iulCl'S'J <' , 10 , 

:-.;1 rrn. "hite 01 1 o,~ -t Ill!! ,1, '-tan lin.!! 11lh·.1 •<1ou -. 1 1 \\ 11 
h,1ndl, 1.:--1<'11.lollg 1.:--~.fir1n.thirk fir:111. ul\t"J1t1i " F '1' 
i-.pon~~ tuf(cd, , 11 or ou,C'"\u \~ ,,·1i ,klc 1 <-luul!!in~ ,,b1.;1 hi 

to 1i1t, url a.r u bruun • 
• 

T, stc 1nil<l. 
( I, l11r cli • ,.!'I 1.;,,bl \ \\ hh a !! Ol \\ h ) a, 'nt,r 
:---1 f l .... snbglobo,e. 7 X !I. IO 111i1•1"1.!ll' C ·h.i.nuln \\ l lt 

< d,,, t_. ,n,. r:1 c:1 111, ., C'llo,\'i,h i21 1na,,. 
• • 

< ~, idia 1n ut I o illf! n1u1 l u 
I iuc·ludc in hi, Jc · nt 

aud It ulrO t:ri u Pk • l , 
, hal'p l 1j1t,·tf 11 , }\ I rh , , n 

J 
I 
1nn 1 ~ n 

ll 

11 1.:b 

l ll f' ('l"tllll 

tJ1", Il l . 

t li, '-1 J)IJ 

-., • II 

\ ' 

} _2 I 

I , 

p 
\ f \. l 

l 

1 I.' 
- 1 ) ' - ' ' 

• t ' l ... f , I 

I 

I 

• 

, 
" 

1 

I t 



I ! J 

I l ] 011 
• 

111 t 
] h t • 9 ,. I( 11 it 1, {l(f , Qt" "ht r I h , I 11•-

"~n, nrr l i1 . 
l 1U J I~. l=n•" <·c ns t 1n.1ti11i1)• "h' 

fra"?ile mod ratcl, broad •lu,P . .idn xf•c1 fn t kL' l ,ti 
• 

~ t 1n . 1- · n1,. lD n g 1 :2 ~ n1 l hi r k o it f, I , ng 
\ ii kl 1-1 i nl ,. "bit, . the fl, h l c h11t '1 ,, Giner 

r • d 

' I< :t mHrl. 
' 1d r non.c 

11 fi1,. tJiin 
hn ,. , " h11i-t 
J>Oll' ' \ UI' I Ii 1 
tr, q 'f h ,1 J Qt 

;-,-JtOl , 11 irl,Jl o.,,, , <t 1ni1•1, n~. 'lct1 ·uJ:11P. J•ulr o,,f rn, ••ou ~ 1'11, ,r 
111 Tl), 

I : " i lin, ry 11u11 rr n, 

1,. I.' t\~til ,, fl111 a H,Jn11·l l 

P u ~. , ·111 liro;1d. r,11/1, r j, 11qil1. r•1\1t\ t>X, 1 h1•11 plann d, pn·,,,,d, 
f'\c'.nl r ,,J,fl1 ~1ri,tt, in (/(fl, ,lr~ 111 dr: \\l'ath,•r, -,(Hllt'\\ h:il , 1,1•111 
\\h n JJ101 · 11' 111<· <· ,1•p;11abl1 1 ,h,ll y1lltJll', ,·olor har·dl_, fadi11g, bnt 
sunt tirnts n. hr. di,,·olon•<l in ag-e. 

F'J,. h "i\ hit~ h<'<'<>Jnin~ <·i111' l"eons ,vi1h age. 
I ,di, ,, 11i t,• at first. b(•1•0111illg , 1•llowish, liroadl•-.t to\\'nrcls fl'ont, 

n 1r111\\ I_\ ad11,1tP. ('!11,P. di:-..t i1H·t, lH1(·0111i11g ,lo\\ I.\ grny i11 a~f•. 

~t, 111 r•h:ilk-\\ h1t1• at fir:-..t. t!J1• Jl,•sh li<'t1 0111i11g ash_\·, t'qual or !-.Ul1-

< 1ual. ,pc,111-!'y-st uffl·d. ol,,,·url'l:· l'<'ti,•nlatP-l'ivulo-.c•, rat h1•r fn1~i]e, 
lj c..: 1·n1. long 1-:! r·111. th i!'k. 

Tast 1• Illild. 
( h),,r Jlttllf'. 

:--p,1n•, ~lohn"r, S-!1 n11<'rn11-.. P<·lii11ula1 e ,vit It a f,,w r<'I :<·ulat ions, 
ycllowi-..h i11 rnass. 

Cy:-1 idia r,rr.sc•nt, ruth<'r sho1't. 

18. l fu~s1tl<1 ol,w ura l{ nni<'ll 

Pih•u-. -1-7 <·111. brou,1, rathC'I' pliant, ron,·c•x tlu·n plano-11t·pr.-ssP<l, 
'111!] d11tk l>lood-rrrl, pil1 u.._ "0111c·tin1<•s h lac·kish on lli,k, t liin. the 

111·ll11•lf' <·<J!ltinnuus ancl :-;Pparahlc, h~1rdly vis<·i1l ,vhl'H 111oist, s11l,

Jfi·ui111Jsr• \\'hl'll ,h·y, r.vc•Jl or slightly stria te in :q.(f'. 
J,'lf,..,Ji wl1it ish, lic·<'11n1ing ash:-,,·. 
nills ,\hit,, at fi1,t, then cli11~:v sn·a,v-<•olor, 111odrrat<•ly bl'oud , 

1u11To\\·ly nch1at0, <·losr, r11ost]y fot krcl n1 has<', equal, i11tcrspn<·Ps 
so111('tin1es ,·<:nosr. 
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Rtc,n "hit<'. hcc·, n1ing n,hy 11· hlncki"h 
eq11nl, '1 ti cn1. Ion:;. 10-li> 111111. thi<1 k I ong) 

,b u1el \\l'inkled . 

1·arcl,· tin" d r d sul>-. .., 
t:uff \l rig, L s , n ..,oft 

• 

' l'a tc 1nild. 
( ldor non••. 
~p1)1 t'" ,uli~lc,hilli ti) o, ntr1 , s x .10 1ni ron,. chin 11 

01·h 1',1 ('(10\IS U\ Ill s 

( ; sti,li.1 1 ath r 11un1 rou ubul t ·• 

1 'l. h u. ~ul,, ,·111J st cfi- nl' ru l 

. l ale 

!'ii, us -!-10 c111 hro,nl. tir,n. h ·01nin!? i'i;ngile, c n, 1 ln.n , £ 
nd. 1•11ri1uatctl \,1th ~t•ll11,,i,h. or1h1nt: 11-. o· ti, · 
hn, .• t fi11, dr11 krr. f li1l". J)clli<'l ncl1 nt, lr), ,r 
an l ub t1 in\1; on th1: uu11· •in suhg1nl.H'OU UWl'"lll 

Fir h "hitish loini,u, ,{nll'l!f r I th ill I l\ , 1 r 
<'Olning <'ill nnHs ,iL11 B'"' ' 

< lills n:i r 1·0" h nd nn t 11 h1 n Irr • 
d1u111 1,rna I. , 111111. )•, l't 1~ f0rk' I "hit,• ll 

lll 

... Pl I I 

, I 11111i11,1 sf Jll'l t I n I th II I \\ I I' l' ' 

11'.1-.1 l' 111ild. 

( hlt1l' llttl\l'. 

~port'-. 1hi', 

( \-.tf~I 
• 

TI is "1 t: I I , ~ 

i 1() ,ni ·r ll'- r,•hi1111lnt,•. 11,1~• 

h 11. snbh~111, uiu111 nr ,liff, 1 

, l ,.~ nhHn<l.,nt 111 l lH' , • ·1nit ~· of 

·•t - . 
l 11ltu",'l,11 l,1.1d 1111,·, ~,,. 

d1'pl'1·,"" I. ou1l 1, ht . di~ t lhpt, .1 lt n ,, 11'1 \ 

lilo, l r1ol d I tlarl,ll' 1 •· 1t1l11r 1111 ·11111 .i I Ht 11 1 • t 

Selll\t'\\liil l ,,·p.11•;1lolt', h.11·,ll: \ l'•,(·id. Jll,ll' 'Ill I \fll I' 1h,, II \ ,t1 ll· 

1 •·I 1'.., I 1 " I ti t 1 • n , l 11 11, I< r I h 1, , • 11 't , · I l 11 11 , , 1 , 1 Ii 1 • l, . 
( :ills I •ht ·1,·, ,qi,. :-.uh,h 1.111 Ill' 11111 I l',1 t•l~ 1 I, ... , il I ,11 

hro,1<l1 I' Ill fAollt )l 11 'p\\h ·1,'1 \J(. 1,1tl ·r l ,t !Jo f. 1d' 
• 

,h.._h .1nl,·1 H11 h., qu ii, a l(\\' f,ir ,t d 111" :11 I l,,1-.; . 111t •1-..p 

~11'111 11111,tly "Ill•'. tlll!!l'd n I 111 pl.1 ,,. fr,,. "'I 
th1,•kt•1 t••I lo1•ln\\, .1 'i 1•111 ]o)ll" l ."1 ~ t'll. th1,I, 

'1'.,,t ,. 1111.,l. -..,1111111111,, ,l1!!ht l: at cl t ,r,hl., wr1cl. 

C ltl111' I t1l, 

1111 l,,,,a,l. 
, • 1 , 11 r, I 

" I l , 
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P.pores suhglobose, 7 x 9.5 n1icrons, echinulate with fe\v reticula
tions, <leep ochraceous-yello,v in mass. 

Cystidia fe,v an(l poiute<l. 

:21. R1u,s1lla alutacca Fr. 
Pileus 8-15 c1n. broal1, large, firm, convex then <lepressed, "·ith 

<lull color:-, dark reddish-purple, sordid re<l. son1eti1nes n1ixed "ith 
other .shal1es, tho reddish color predorninating, ,vith son1e\\·hat separ
able pellicle. glabrous, some,\'hat viscid. in wet "°eathcr, soon <lry, 
JJt11iaosc a11d subyranulose, n1argin even or son1c,Yhat short-striate 
111 age. 

Fle~h ,vhite thick. 
Gills uchracco1ts froni the beginning, deeper (){'hraceous to tan

colored ,vhen n1ature. rather broad, thick, snbdistant , broader in 
front, rounded a<lncx<'d, of cqllal length. 

~te1n 7-10 cn1. long, 8-4 cm. thiek, very fi.rnt, stout, solid, tinged 
re.cl or entirely ,Yhite, subequal or ventricose, aln1ost even. 

Taste n1ih1. 
Oclor none or pleasant. 
Spores subglobose, 9-11 1nicrons, echinulate, ochraceous-yello,v to 

alutarcous in mass. 
f'ysticl ia prPsent. 

22. Russ1tla nai1seosa Fr. 

Pileus broadly convex, becoming plane to cleprcsi-r<l, up to !'i en1. 
broad, surface purple-bro,Yn at the tentf'r, shading to garnet-brown 
or dull gatnet hnvar<l the niargin, ic;on1etirnes berorning pale. visrid 
" ·hen ,rot. \\ ith the pelliC'lc scparahlc. glabroui--, n1argin bero1ning 
1 u l 1 'ri·ula t e-st ria te or furrowed. 

}flesh "'hit<.>, fragile. 
Uills light yelloYv, then dingy ochraceous, \\'ith a fe,v sho1icr ones 

intern1ingled hEc>re and there, aclnexed, ventricose, so1newhat distant. 
~tl'n1 white. up to 2.5 cm. long, and about .8 cn1. thick. 
Taste 111ild, hut some,vhat nauseous. 
()dor d isagrcrahle "'it h age. 
~p111·rs S-9 n1i<·rons in dia1neter. echinulatc, yello,Y in n1ass. 
( 'yst i<lia pre-;ent. 

2:3. Ru.ss11la c1nl'fira li'r. 
Pilcu.., ~ 10 r·1n. broat1. fleshy, soon frayile, <·011Yex to pla110.de

prr,sPd, nhl/ to bloud-rc<l, son11·t in1es fad1•(l t,) ,Yhite, pellidc ~epar-
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able, n111rgin strongly fllbcrcular-strialc or eYen sulcate, Yisci1l an1l 

shining. 
Fle'>h "·hite, red under the cuticle. 
(}ills pure ,rhite. snhdi,taut to c:lose. distinc·t, ratlH'r hroad , <''Ill.ti. 

broadest to,rard front. na1To" ly aJncxell or free, inters11accs Ycnosci. 
~tc,n -1:-7 cn1. lnng, 1-:2 cn1. thiek. "·hite or tinged !'ell. .... ulicqu:il. 

spongy-s1nffcl1, even. 
Taste YC'l":' arrid. 
{>dor none. 
Rpt1re:-- :--uhglul111se to glohose. 7.:) -1 0 nuerons rctif'ulatc. "hite in 

1nass. 

( 'ystidia lllllllCl'OUS. 

()nr speein1ens of this -.;pccirs arc usuall:· s1nall. The p1lci. rarel:-,, 

if c, c1. reai•h n dian11·1r.r of 10 c1n. 

~--l. [-t11ss11la frugilr }'r. 

Pilcn..:; 2.~ f1 t·n1. hroatl. 1·(r11 f11i11 an,1 fragilt> 1•011YPX thP1 plan)
,lrr.rc..-.;sr• tl "itli a thin, i ·,·id pr.llit·le, tuherr·nlnr ,tJ'j:1te on th, th.ii 
n1ar~·,. g-laln, ll". 1a111t·r nnilnnn r1 ':· 01' p:1lv r· 1. -.0111 int" ·.1 111 I 

nr l,lt•:ii·hr-1 t11 ,, hilt. 
FJ, .. ,h w1ti, 1 1id1 r th, /'' lli, l1 , 1 hin. 
1:111-.. ,,hit(·. thin. 1·1·,,\\"11•,L adn1x1'1\. ,vntl'i ·, o...f'. 1110.J,--.1: 

:--;11 111 :2 .:~-:, 1·111. I 111!!. :, .. 1 (· Ill f hi,-}.::, \\ hitt. "!ll>_tl!!\ h 

eqnal. fragil1•. 
T:1:--.tr> pr 11npt l~· a111l Y<'I'. · a,·rid. 
( lr.J,,r 1111111• . 

J\ Ip l .1,l. 
• 

n linll, \\ 

• 'p,c1t,•-. ,nli!!lflh, ,r S.() 11l i<'11111,. r,·hinul.ih' \\ itli a f,,,, 11·1 i,·ul· -
tio11o.... ,, hit,· ill 111a,o.... 

( •, 1 i, l i .1 , 1 1·, 111111 w J"() 11, a 11, l ru 1111 cl, 1 I. 

,')-) /(u,,111 ,1 1·,it1,1 r ! 'k,• 

Pil,1 1-; ·; ., 1·n1. hr1,:1d tlii11. ·r11,1il,. r·,,]PJ' i1,·a11· 1, I 1·() (' 

11w il1,l,· p,tl1• 11{i11111 1u, nr Ii ·i I.-..., 11• 11111, d· r l, I I I ,1t11 I ,1 -....1 11 

plan,· ur \l1! .. ..-i11l., d, p ·, ,...., d, 11 1h, d1,k. 111iitl', i-..r·1,I I I "111 ,11 : I•· 
a11l lwl"l1Jn111::1·lt•,,l1,1 ,111·ft11 ,11•!~· Ill'..'.'lil ,. nn,!, ·J,11,. 

l 'lt·-.h "h It. 
(, JI, \\hi\' lll t·]; l!.!td .... 1111 ,t.illt . 1t, ·l,, d l1~ 

(11!!t' (\(>11. 

"t, I .. t 
I.. \ • J\ I •11 :! 1, 1(1 11111. • 

' \, I , 11 ( \ \ l I .• ' . l'~ 

I J'I '.._ l ◄ 1 ' ' l i • 
I ']•OJ !!;i' ,1 1 1ff< i I_ '- 111 I IIP\\. 

T 't ( I I I I I I ♦ I,, , 1 \ I . l 

I .) I 

I(' ( I J f , 

I J' 
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Odor none. 
S1,ores subglobosc. 7-9 x 9-10 n1icro11s. reticulate, white in n1ass. 

C'ystitlia present. short. 

26. R11ss1tl(L nlbiclHla. Pk. 

Pilens :2-:5 rn1. broad. 1rhif e. broatlly conYex, glabrous. pelhcle 

·l'iscid and :-eparahlc ,\ hen fresh, n1argin eyen. 

Flesh ,yhitc, ,ubfragile. 
Gills \\·hite. n1011erately crowded. aclnexetl, not broad. of equal 

length, so1ne forking at base. interspaces Yenose. 
Sten1 2.5-4 rrn. lung, 8-1~ 111111. thirk. "·hite, equal, spongy-stuffed, 

eYen. 

Taste acri<l. 
( )L1or none. 

S.vores subglobose, 7 -10 microns, reticulate, ,vhite in mass . 

C~·:--tidia present. J'ather few. 

27. Russ11la sany1dnca Fr. 

Pileus 3-G c1u. broaL1, rather finn at first, subfragile, conYex-plane 

01· depressed, rosy-red, YisciJ, margin acute and thin. pelliclc snh
adnntf', easily separable on n1argin and tubercular-striate. 

fi'lesh rather thin, "·hite. red under pellicle. 
i rills slightly atlnatc. close to suhclist.ant, equal, not broad, crcan1y

w11 ii C. 

~ten1 -1:-6 cnt. Ion~. sn!Jc,1ual or Uq,rring tln\Yll\\'ard, oftr11 P<·ern 
tric•. ll'hit1 or fi11gcd rosy-rrd, :-p1111g) -',tnft't·,l thPn 1·aven1ous. rather 

frn!!ilc. glaliruus. <•,·f'1l. 

'L';1 ~tP. hn·tlily h lt truly a,·riJ. 
( lil•H" l11Jlll'. 

'-;po1•1>, glubosc, 8-10 nucro11", echinulate. crea1nr-white in 1na:-;s. 
( ·y-...ti<lia present, fc'\'\· . 

2~. U11\S11la corinthiir11bra Bnrl. 

hc<·o1ni11g pla11e 01· -... lightl) Ll(;prrss1•d in the eC'ntcr, up to !) 

1·111. broad. ·urt'-ac·e ('u1 illthia11-1·c•l. failing. thr c·1·ntrr hrt·nn1i11 g 
ti1t!,!1'd \\itl: 111u i 7,e-) P\ln"·· Yis<>id. "iJh the lH·ll il' l <' separ;ihl<' half ,ray 
(q 1h1• ('l' l ll1•r. g_lal r,1us. n a1·g-i11 l,ornn1i11~ -.;}ig)illy striah·-tnben·ulate. 

Fl, Ii whit,•. 11n~1•d !'rd llf'XI 111 JH·lli,·lP. 
<:ills Ll't't)l11il]~ )• ll1,\\. (•<pl:11. ',lJIIH' f11rl,1·1l Jl(•Xt to the s1ip c, 

, 1 ·11, .... ,, ,. ,11111 r·tP,1. 11c11T1)\\ at t lH' i111H'I' 111,l,, br,lad and ,·cu1rieose 
lU\\il J' I he .. ut r. t·athrr f]1i1·k. 1·!(1,('. 
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Stein ,yhite. firn1. nearly equal, -1- c1n. lung, 1., <·111. thick. 
Taste slo,, ly aeril1. 
< )1lor n111H'. 

:--,p, re.-.; suhgluhosl', , . :-:; x fl-10 1ni<·r<.1 ,. rel i1·nlate, orhra11cons 111 

n1a~~. 
C., st1i1in Y('l'? nun1l'rous. rounlle<l at tip. 

~!). [(11~sula tc1~Hi{·C z1, h. 111ft'. 

Pileu-.. 7-1~ <'Ill. hi oad. thin. 1'rag-il<>. eu1n l'X to expaudetl. he 
,01111·\\ hat vi-., c.: id pc-lli<·lc rasilY ~eparahlc, n1arrrin a t fir-.,t cunni, Gill. 
strhd1. dct'p ro y or blnot1 red. -.:01nl'ti11h, \\ hito. ,pottt·d or 1i n!!1 l 
"~ith or<111~P lilott·ltc-;, ,n1nctin1c, nnifor1n l'l'1l. ,, ith {'l' "ithout n1i11-
u1t• l'Ug'~P. 

F'le"h "hite. rea und,•r euticle, t'< ry frauilt Il l nzolll.rity. 
({ills ,, hitt~. then ~ cllo,v-ochraceous. er,,,\\·d1'LL 11a1TO\\ fr· f!il . t • 

n, J'l'O\\ ly nclnnte. to fre<'. fe\\· f0rke1l. inter...,pact-.. , l'll1J'-l' , equal. 
:-;tern ir·ag-ile. \\'hite or rusy~tingctl. spLlllZ~--stnft'ed. sul1c11ual tr tP 

Y~·nt1 i<·usc. 0b::..1·urel, riYulose. \\"hite ,, ithin and n11<·hau!!~d . ."1,9 t·tn. 
1011g ~-~.,) l'l1l. t hi,·l~. ... ~ 

1ra--u, . . 
( )d II' 

• 
l ' 'r 

. 
1·en11s 111 111a-.:s 

( ~ ,1idia prr-..t'Ut. 

30. b'lk'is,lla 1·< It r11usa I◄'r. 

P il1"11, .1 i .. -1 1·111. bni:id. <1011Yex thC'n expa11clc1l. "i 
s, }Ht11ahl1• 111•lli<·le. i11di,\li111 fl!I slriaf1 on the 1nargi11. 
, is1·i1l .,·,t. 

}'le ,l 1111,lt•r t h1' 1· • • ' 

<: ill ti1·,1 

int< rspa1•1·-.. , 1 11,1-..1. 

~!1·111 \\ hit<> 1111•1 r r, ,t. <'Cjll:tl or snhP'JUal. ']HHI!!\ ,111[1 d. -..q111t1-

\\'hat ,h•nd1'l'. lrag-ile. hollo,,. e,·e11, '1--:5 en1. lung,}.}'.) r•n1 th11·k. 
'l' . 1 a,tc "' 1 )' a1·1:1, . 
< )dor 1101te 

:-,;pnr1•, ,1d1!:'.'l,1lio,e i-- lll n111·rnns. et·l11nnlntr Yl'l)o\\ ish 1whr,H·r11p...; 

Ill lllil"-S 

( ·.,sf 1d1a lltlllll'l'Oll-.:, 
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~1 1. I'. 1,sula s11brlt[>11lle11s I>k. 

Pil~us 5- 14 <'Ill. liro.id. Jtflyilt , con,~x tl1t111 plan 1 and <lcprc',.st',I. 
1nal'gin el vnt01 in ag-1•. briu1i l rosy-rt d, ,haJing in1 n Yl'llu" i,h 
bl tPht> n if lhC' 1·cJ r>olo1 "<:rt' put oYcr 1hc ?C'llo,\·. di,k pal , r in 
1 lc1 ,peehnen.", Ji ,k da.rk led in ,·rry y<Ju 11g plau ts, \\'il h n thin 
, 'pa1•ablt, ,·i'-"1 id p1•lliclc, t11lJrrc1dar-.,f ti(lf /J on n1a1·gi11. ul, 1'lll'l I~\· 
"rinkl<',l el,e,,·hen1 • 

Fl '-..h ,, hH, 1·0~- tn1t1cr c-uticle. ht•1·0111i11g sli ;.ditly c-int·rcous, , cry 
ll'[H!il0. thh1. 

<~i]l,._ white broad in front, n:11·1 ·11,vt•,l li1·l1iud. n,lnatc. subdi-..tant , 
r-.,\ fot ked. i11t<'l 'JJn11cs 'PllOSC:. 

Stcn1 " 'hite, spull[0'-stuffe,l. rathPr stout, -1--10 t•Jn. 1011g, J .:J <·n1. 
t t1ir•k, .snhc>qnal. 

T·i sh_· 111ild. 
() }1)1• llfllll' . 

. I rl!' • !.?I, busc, 7.5.s 1n1crons, ec·hi.nnlate ,,jth fine rcti1·11latious, 
,,·hit ,· in 111a~ .... 

( • • 1 · yst H 1a none. 

32. Rus~1tla purpurina. Qul'l. and S,·hultz 

Pileus :3.7 cm. broa<l, frag-il c. viscid, usu~1 lly , ·ery visc•id. sub
gl Jl,o:-e t ht•n expanded and slightly depressed at the disk, brilliant 
rosy-red to blood-rrd or c,·en dark<>r, pelh<'le sou1c" hat separable, 
rnargin thin but n-0/ slriatr except "hen fully ~xpan<lcd, surface 
"'hr,n dry as if with a blooin. 

J..' l<'sh ,, hitP, red un<1cr the eutic·le. thin, fragile, unrhangeahl<'. 
Uills i'.'hit<>, later <lin1;,~·-"·hite or yello" ish; 1nediurn rlose to sub

rli,tant. a<lnexed, not hroad, broadest in front, n1oc..t ly equal, fe,v ur 
11011'"' forkPd, interspaces '>on1r.tin1es Ycnose, edge floccose-crrnulate. 

~ten1 rather long, 5-8 cm. long, 8-12 nun. thick, sprinkled rosy-
pink. equal or subequal, spongy-stuffed, fragile but rather soft. 

Taste mild. 
Odor none. 

Spores subglobose to globose, 6-8 x 8-l O microns, ret iculatc, \vhitc 
1n n1ass. 

C'ystidia present. 

38. Ru.ssula uncialis Pk. 

Pileus 2-5 en1. broad, thin, rather fragile, ronvcx then cxpanr1ed
dc,presscd , vink or urig1tt flesh-color, unicolorous. 1he rather adnatc 
pell ic le 1,ligh t ly scpara ble, sligh lly YiS<'ill ,vhen n1oi:-,t, pruinosc and 
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pulYcrulcnt "hen dry, margin not ::--triat till old. 
Fle:;h ,vhite, pink untler pellicle, unrhanged. 
Gills pure "·hite, srar<'ely ehanging \\·ith age. rather broad. broad

est in f1 out, narru,red behind and ,nlnate; ::--ubdistant or n1oderatelv • 

clo::;c, llistinet. entire un eLlge, fe"· fork<'LL inter-;paces, cnoc:.e. 
8te111 ,Yhitc, rarely tinged pink, rath~r short. 1-3.0 c:n1. long. 4-10 

nun. thick, spung: -stuft'etl, equal. glabrons. 

Taste 111ilt1. 
<)Llor none. 
Spores suhg1obose, 7-8 n11cro11S, echinulate "ith a ie,"t reticula-

tions. \\ hitc 111 n1ass. 
( 'y-.:tid ia f e,Y. 
'fhis species "'ith n-: is gcnera1ly fully ~ en1. hroad but 1n other 

re::-.pret-..; agrees" ith the de!'-l'l'iptions. 

3-t l <1tss1ll11 i11t£ 9 ra Fr. 
Pilens !"i-10 cn1. hroad. tinu, sr>Oll fr11gil1. disroitl, r.(n1, r;,_ or ra1n

panulatr then plano-Llvpressl'll. <·oYel'l~tl \\ith a ris<icl srparal,I p,l
licl1. thin <in t hC' 1nargin. ;tl leng-1 h ,'oar"' l 11 f 11111 r1 Hlur-,t ·in Yar
ial,l,, a-.; to <·11l,1r in <lift'1'n'nt plants., ll11rs i/illf/!/ 11r ., ,rdi,l, 1 ri11n buff 
th1·nngh t,, r,•,hli"'h-111·11,, 11 ;111d dark ,lull n·,1. _(oi/1)1.1 

f.'ll'"h "hite 11111 1·h,ln~i11g. 
Hills "hite at ti1·st. th<'ll 1·r<•a1n: -) 1'110" t) huff- 1l'hr,1,·C'1 n,. 11nt 

-..trn11!.{ly 0<·!11·1·. brood , di·-d,1nt . l:'qn,ll. nParly frr.e. 
~t<'lll "·hite. unc·hange,1. lie,· r l'C\1. -;(Inn qn1tt• frn~ile. eoni · ur 

sho1i-£•LnatC' at fir,t. tlH•n .._uticqnal or yentri,•n-.;c. s1 ,111!!:·-,tnffccl. 

CYell. 

'I' :l "t (' l ll i l ,l . 
() lnr 11011<'. 
~11nn•-; -.;nl,gl11li,1,,0 • '- q " (). 10 1ni,•r1111 . t•1·hinnl.1t1 1·11 :1111: •:·rl)o\\· 

t,1 pal,· 11,·hr:J1·t>1•ll" in 111:1-.;,_ 

l 'y,t idi:1 J\lllll'. 

:;-1. J.'u-,qdl/ 1111111,,rlaluirl,-. Kanff. 

Pi!Pns -1 :--, ,·111. hl'uad. thin. 1111·,l1111n -.;i1.1 o,,1~l' ;It fir:--.t \\ith a 
strai~.d1t 1n,1rgill. t!H·I\ <''"" 1•x-pl.1n• , r ,l,·pr1•,-.,•d. \'1 r_,· ,·i,<·1 l. ·/'iu!II•. 

pah 111'-_\ .fl,,,h t·,)1 11· t i11!!1•d \\ 11 h: 1•1111\\·. -.;1>1111 ti1111•-.; /H ,1 1, , ,Tur. -.;,111, -
t i111es .Juli ,·ii r, n. ·vll11,,., ar) 1ng in, .. ,l,1r fr,1111 :-,·\lt1ll!! t,1 Ql,1. pi l11,·l1• 

continn,111-., a111l t ntirl 1:,· .... cp:1ralili·. 11,;1n!ill 111 ,•11111in~ ,t ru11~l., 1,1'11 ·-

eulatr-striatc. 
Fk..,Ji tlii11, "liite. not <·hnngin~ ti1lur. -.;nft. 
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(+ills bright ochraccous-yello,v, ,vhite at first, rather na1-ro,v, 
broadest in front, 1u1rro" eJ and adnexed behind, subdistant at n1a
turity1 tlusicd hy spores. 

~tr111 4--~ e1n. long. 1-2 <-111. thick, subequal to Yentricose. soft and 
fragile, l1HJ:sely stuffe<l then r•ayernous (but not from grubs), ,vhite, 
1arely tingetl "ith <lelicate pink. slightly ,Yrinkled, subglabrous. 

Tastf' n1ikl. 
Odor none. 

~po1•c-.; suhglohose. 7-!J n1icrons. cchinulate ,vith very few reticula
tions. bright oehre-yello,, in mass. 

C,stiilia verv few·. . . 

36. Russula fl.atiiceps Pk. 
~ Pilens eonYex, then expanding and slightly depressed in the een
trr. !1-10 c·n1. broad. ••n1rfaee an1ber-yellow to golden-yellow, viscid, 
,yith a ,1•par:'llde pclli1·lc, glahrou~. n1argin even. ,vhen young, faint
ly st 1·int · \\ hc·n 1,lrl. 

FJP..._h "h1tc. 
< ;jlJ..., ,\hite. SO{H1 becoming ~aples-yello,v and du.sted ,vith spore~, 

r.qu,d si1nplc1 a,lnate or sligh1lr rounded next to the stipe, broader 
;11 the nutr.r cn<ls, rather narro\\·, (']o,c;c. 

s1 e1n ,Yhitl', eq nal or nearly so, stuffed or spongy \\'ithin, 4-6.5 cm. 
I •II~. :-:- t~ Ill 111. t hic:k. 

T:1-..tP 1nild H' slightlv a<'ri<l. 
I >dor none. 

:,-;pure...; suhglohusc, c:_9 x 0-10 microns, echinulate, maize-yello,v in 
Ill :1...,,. 

( '> ,t 1, I ia ,.<'l'Y fe,v. 

:17. R1u:s11la ch.an1nlconti11a Fr. 

Pil<•u-.. ~-.> <·111. broad, rather sn1nll, fragile, thin, plano-drprcc:.sed, 
,, 11 h a , i-.:l•id sPJHtrnhle pellicle. 111argin CYrn at first then striatulatc, 
< 0 /rir 1•ur11i11u fur dif/t n 11! pi7€i, 1nostly sa1ne shatle of re<l, purple, 
Pll'. f,11lin~ to >·C'llo\\·ish esp<..•eially on disk. 

Flt ,Ii \\ Ii ite. thin. 

I; iJJ,., I hi11 1·!'11\\·ded ur r·lnsr. aclncx<-<1 or alniost free, rqual, rather 
l,111 ,d ,,1111t>tinH·s al1nost 11arro,\·, fl'\\' forked. intersparcs Yeuose, 
11,·h1,H·• ,111-.. 11r u,·hra<'eou" , 0110,, . . 

~tt 1 1 :2 :-) 1·111. !011~. -!-(i 111111. thi('k, \\'hite. spnngr-stuffe1l then hnl-
1 ,,, . ,/1 11d, r, P'jll,il 01· '-UlH•qual to suln·cnt ric·ose. son1rtin1e~ sub
l I 1\ c1t1• 1•,·(11 or 1>!1:--(·UrC'l~· r i\'ulos0. 



Ta--tc 111il1l. 
(),!or none. 
~p11n' s1.ii1l,!lt,ltu,t' t1l g-lulio,, 

1 
1-;.s s '-- ]It 1tti1•ro11,. 1'rbin11lnt1.: \\ ith a 

lC\\ rel i(•nl.1tion,. 11c:h1-.1t·enns in 1na,,. 
('yshdia pn::-.eu1. 

:Js. It 11~.qifo h11n1 "die 1lo Hu l'l. 

Pilcus br1 t1e11~ e•Q]l\ lX," l ll hei:'1))1\lll!r ,l:c.111 -..,rd in 1111.1 '\ ntt-:i 
to (i ('Jll. h1·0.id -..url'at'l' \ arying- in e·t1 l1.>l' 1'1·u111 ~'llinnn, l ,t1cr ,-li
:-a lt11e1ll, anel : c11o,, j-.. h ,alnHil1 t11 .:\l u l'lJl'e'll l'I r1 in tl11• ,·1 nl l'. :-,;tJW, 

ti11H'" f,1 !in" . vi,1·hl \\ ith JH lli,·lc sep~1rahl 1'X1,:l'}I L on di,k. !.!I ht 

111;11•1.;111 tl1·tH)J1ill\.:'. ,non t ulicr ·11lut1· :-1 riat •. 
I l1' lcsh th in. " 'hitt fni~ih•. 

( :ills \\ hill', l11·t•t1n1'nir r·r1':11n -1· Ion I t' j\1,d. 1•,) 1' l le d.:1nu-
io thP ,t ipc i11l1•1Tei111·d a1·t1tc. 11,llTe , .11 d 11 •,1r],:. tl!!• ;Jt h 
rncl,. hro<11l nnd rnullclecl ,II tht' n11t1•1. ,, PSl, thin. 1,1 !llttfr-1 . 

:-;tLn1 \Yhitc. nearl,',~ C'q11al. ,pun!.!':-,•. th, n 11 ,1111\\•1 ::i-~) run. l 1!.r. ~i-10 

1n1n. t hic·k. 
rr.:i,11• lllllel . 

t ld,ir 11011<'. 

~p1 n•-., cr l1llJo..:' , ' 1 

l'l i1·11 la l\lll'-, Ill 1 ro:-is, 

( ·:-,ticlta p11•-..1 n1. ,he ,t :tll 11 lunt. 

P i! •us 1•1,11, 1 x.. t lH•n nearly pla111.•. :2.~1-S 1·111. 

ros., Pl l'< '< i. tlw1t pal,·r . .' L·l\o,,•i-..h in 1·t1111t·l'., i -.,e· 
~• pa r ;,h l1•. i;l·tlnnu..,, 111:111.>,·1111·\111. i11d1, iu~tl_\ ,tria t' ,,h111 

1•'11 ,It \\ hit 1· or ,, luti,h. 
I i i\J-., \\ 111\1• lei 1·11•;1111 .'<Ile)\\ e I' p.de , 1· 1· 1 

i11~. 1•q11al IHI) 1,rl,·11g· < ,1·1·1'l 111 ;1r tl 1! ! 

rat h1 r 1•lc1,1', hre,:td 
:--;1c111 \\hilt'. ,1•llo,,· 111 u1ancr1 . -

,, ,.. - I _ _ ,l- I 1"11\. illtg', .-1 ~ \'Ill. th iC'k. 

'I a:-.tc 1nilcl 

,1uffe,I. 

I lelt iJ' JJ<lll <'. 

:--;p,i r t•s ,1d1'.!lohosr, 7-,...., " ~-!l 1111e•roll'- 1n d1an11'h'r. n t ie•1d:d1'. y, 1 

]n,, 1whra<' l'Olls in 111a-;s. 

( ':, stidia 1111nr. 
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40. R11ss11la roseipcs (Seer.) Bres. 

J> ilcus ~.:5-.'.> <·111. broad. thin, fragile, convex then plano-depressed, 
,\ith a ,·i...,(•id , s,•parablc pcJlirle. n1argin tubercular-striate when n1a
t un·, soon dr) , tosy-rld or flc.\h-red, disk tending to ochre-yellowish. 

F l ·sh ,vhite, thin, un<·hanged. 
(tills soo11 truly orhrareous, sub<listant, 1nostly equal, broadest in 

front . , ,·ntricosc, 11~11TO\\'ly acluate or aln1ost free, fc,v forked, inter
sr.1:-i t•c-.; \'l'llOSC. 

StP111 ,vhit<: anll rosy-sprinkled, stuffed then cavernous, equal or 
tapering upward, CYCn. 2.5-5 cm. long, 5-12 n1n1. thick. 

'rasll' lltild. 

• 
(hlur nnlle or pleasant . 
Spo re ·-, ,nhglobose to glohose, 7-8 x 9-10, mierons, echinulate ·with 

f,,,v 1'1'1 i1·nlat ions. 01•!1 rareon.., in 1nas~. 
{',•st itlia ll () lll' . 

• 

BIB LI(>C¾R.A.PIIY 

1. Tk;l ribl, 1' , II. (' .. The Ruqsula~ of North Carolina. .Jour. Elisha Mitchell 
:-::.-1. :-;; I {. :i:.:: 14, 1Di, 1!)18. 

t 

Hurliugham, (i. :q_, RuqsuJn. In N. A . Flora. 9: 201-236, 1915. 

K Uff,Jtlfl ll, <·. Ii. Ag-atic:H•err· of 1fi,,higau, 1918. 

\lcl ••1, \'. L'Qr11en1t'11tatwn J,•:,; :,;pores J£> Ru1<suln. Bu.ll. soc. Myc. France. 
IU~ ;, "I. 111~ J 

l r, 11, ' lf, ~yn ,p;;i~ mNhu<li,·a fungorum. 1~q.447
1 

lROl. 

:--bu1 • k. l'. l'laut Ht" graphy of tlw Lake Okoboji region. Bull. Lab. Nat. 
r1~t. l I llf l o\\a, ;- ; ]-~o. Hl]5. 



.. 

1, 

0 R. ,1lutnrra 

R. atn1purp11rr.a 

5. 

G. 

7. R. cori1lthiirul,ra 

11 . 

J3. 

1 I. 

l 
. 
'· 

.. 

R. 

H fall:L~ 

R. f,l't,·n tu la 

H hun i,l i, , a 

H 111t ~r:1 

R. Iq,i la 

'' l - . R 
• • 

. Ill!., 111' :Ll -. 

R. 'll'fillllllll 



l 

6 

11 

lli 

:.! ti 

., l . ' 

• , (j' 
• I 

C) _, 

. ,· . • • . ' . • • ••• 

7 

. . . . . ·.. .. . 
7.v. 
• • • • • -:1 •• 

1 :! 

• • • • • •• 
• • t • 

• • • 

17 

27 

._,? 
aw 

• .• . 
••• 

• • 

• • 

8 

13 

2$ 

4 

9 

•• 
• I f ' . . .... • • • •• • • 

14. 

10 

• • I ., ~ 

5 

10 

. ... .. . . -. . . 
•\. -.. . /. 

• • 

13 

··o ., 



()(
1

( il l1l~I~X<. 1E (_)F ~IYCORRHIZA I :N" row ... \. 
1',() I~ E~T l)I"'.\ KT~ 

?IL J.,. LUH:\l \" 

I.\"TH< lf>l-C1TI• >~ 
The 1·oot-fttn!.!ns ,,.._-.;oC'iation in the higher plan1s has had attention 

in hota11i1•;i\ litrratnre si11,·e the n1i,1Jle of the nin<>teenth c·rntnry. 
'fhl' l'la,si1·al in\csli!.!.atiun-.; ot' J(an1it>u--ki ( 1~:--1), l·'ra11k (l~S5 J, 
,1n 1 ~t;1hl ( 1!)00 ) !.!:I\' (• .in in1110t1ts to this ph;1st> ni myc·olt)gi<'al a1H1 
pl1\ siL1lu!!.i1·;il re:-..ear,·h \\ hi<·h has 1'("-,nl1P,1 i11 ;\ (·outinnons :-.l'ries ot 
pn11r>1's up to the p1·csl•11t tinll~. ~lost u1Ycstigatio11s ha,·e brc•n 1na1lc 
bv E111npP:1n \\ol'ke r,. a1111 j,he n1ost rC<·eut stn,1irs arc> those pf 
I >1•1111' tL·r ( ~ ) )[11li11 (!~ 1'1. 11. 12. 13 , nn11 Pc) roncl (17) on the 
01111,1t•111. · nd l·L1.vncr ls. J ri, :20, '.21 '\ in Bn!.!,'l.1nd. 

'Pht' t el'ln ··111.,,·cllThiza ·· \Yas first usctl b>· l◄'rank (:~ ) tu c1csh'-
11·1t · 1 hat 1·1n1dit ion 111' a 1 lln!.!,·ns-root s~ stcn1 in "hirh the flu1u11s 

111 ,·clium forn1s a \\eft 01 intcr,ro·vcu h)phre about the root-tip-; 
,.f th1.c lng-hl'l' plants. Thi;-; term "'ns adopted by later ,vorkers anll 
i '" th• at·t'PJ>l<'cl le1n1 to-tlay, although it has been extend('d to 
·11 ·h1,11• t h11-...c l'on1li1 io11<-: in \\'hil'h the fnnguc:; hyphn: are pre-,e11 t 
i l l r1s nth•'I' than thP root. 01· thnn1ghout the entire pla11t. Tlt<' 
t I rn · · rn. <.;11t 1·u1,hi.- · · hn, h•'<'ll --n~·~,..,f<,i) as n1nrr a<·c·urate. t",i,e1•i;11-
l,\ \\hl'1 1p1 lit•cl to ..... 111"!1 plant, :1, ('01·,J/lorrlii::,1, in \\'hir·h thl'J"<' are 

n 1•t11 t, ( ::--],1•111·, ~'.2 · · 7'd:·1·111Tb1za '· ha::; also been n...,e1.l quite 
11 1--• ). l ~ s tllh.' \\ 1·iti•r tu in1ply in 011e in-.;tancr thr fungus-rout 
s:, 111, : nd ·n others thP 1nngns alone, ,rhi<·h, ot cou1·se, is mis
h·~ liuQ' ·uhl i11•·1,rre,·t. 

1111· t1•1·huiqne iuYol, cd i::i c·on1plieate1l, an,1 it is cxrcedin!?:l~ 
dit"1i1·1tlt t, 1,lcntif~- the fun!.!.·ns funnd in 1nyeorrhizal relation:-.hip 
,N°:th th· 1 1ut of a p;1rti1•ulnr plant. C'onsitlerahle earc n1ust be 
1•:,;: r, 1,, I In su1·1·1•cd in ~<'1 t i11g the fnngus in c·nlturc. 1 \\..-hethrr 
it 1· 1T1 •~1 · t 1 1' 11, t. nut all Ill,\'("01-rhizal fnn~i lll'c)(1n<·e frnit hollies, 
h t I · 11Y1·(•li111n rna,· rcrnain sterile in the> soil fur Year"' eon-. . . ' 
11:r 1i112: hi f1 nn 111:.-i·,11Thiza. The 1netlio<l of t1·a('ing the> n1ycelium 
, 1 ,111 11 L ♦"ruit i11!! hotly, t hruu~h the sud . to the root of the hi!!her 
1il , 1 t has l>l't'll t•1nploye1l as a Till'ans of identification, but it i::, 
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ro,,t anrl .lcY1•l ,p \\"'ithin the 1·0111,·<tl e,,11-.;, ,il,tai11illl! nouri-..l1111 1·11t 
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1l't11 ri ion C r the lli •her p1t1nt t , inc• 1·x l 1lL h~ .I.I I, 1-ifl - l.Ul• 1 ti l It· 
ht11nu" nuu 1·iAI-., di" til le, th pi ,nt thu" obtnin ng aou1·i h111 1 11:t 
ihrou,...b the un~ In u ·a: e the• tu11 1 a , , b1 
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on ohscrYations ma<le under nntnral <·<Hl<litions; a1111 thinl, on .1n

atomieal struc:tnrc ot the n1:'·corrhiza. 
Jt \\HS lvn!!; beli<·\<'ll that the fun~11s rclation:-.hip in the on·hiols 

"·a-; one 1)1 trn<' mvc•usYn1hio..,is. an<l that the fun!!US ,,a .... absnlutt'h . . . 
essential to ~cr1ni11ation an<l i.rH1,,th of the or<'hid. K11n1ls1111 7 
ha.., <lernonst rah'll reeeHtl)· that tl1e gern1inating orl'hi1l sP.ed 1s h 1\£•
titc1l 1,) tl1e. prest•n,·c ot' thr. fun~us in that the fungn.'-i i1H.:rca..,1•s th0. 
hytlro:.rc11-ion eO!lP.<'lltration, an,l c·hanQ;c-.; c·omplr:oe earboh:'·1lrat1 s 
intu forn1s nHn' aYailahle. l ninf ·<·tcd se<!<ls, in solutiqns \\lilt ,Ln 
nci,1ity cqni,·ah nt to th,1t prodnC'.ccl by the f\lll!!lls, ~enninat"d Jtlst 
as \Y ll as inft<·tc,l seeds in eon trol r.;nlntioli~ \\'hit·h ,,1•re )pss arid. 
and i11 ,vhi1·h uninn1·11l.1ted sec1ls \\cJulil not gC"nninatP. 1Ti, t1 \in .. -
o,·nli1tt•d 1·011t1 ,1 1·ulturcs hail a pll ,·alUP. of ~,.7. aud on i111wul·1ti1 11 

uf sn1·h ·ultur('s ,, ith the fnll!.nts th<' ac·i,1ity \\ a, 1 w 

the pll , alnc. ranged lrt•n1 :J. ~ to :1.-1. 
Thu-.:. i11 !!~n,·ral. it nia:· l1c sni11 tl1nt 1hc earl> ,r11 

th.1t t!ter· " '~1s a stnt of true rec·iprn1·1t: existi 
er pl!111t ancl the 1n>·,•111Thiz,d f 111!!:ll..... Tl en· \\,h 1 11•Ji 

,,.hi<·h the 1h11,ry ,,r 1•ara,it i.., n1 on th· p:rt ,, 
,·an,T• 1. 1", ,lt11\\ ed h:· nillrl· re1•<·1 t " i-k 

0

11 \\ 111 1·!! 

?llETll<)l>S 1 ~ET> I~ ( 11LLJ-:( Tl<I'.\ .\?\I> l'l{E 
1·'1 IH :--,'fl l>Y 

TliL' J•ttrpo'-1' 11' this r,,..,r.arc•h "·a.., 1 n n1ak1 
n, ]' h'-ihlc·. in the tin1c at niy cl1,q1 ,..._,ii, cit th<> 
111" rny111rrh'za in 111,,:i turt·'-t 1la11t" Thus th, 111 

1·11111 c-1 i11!..!·. I ,n·li111ill r: ,t 11d: 1d 1'111 ,.._ , nil :-.oil, ti:-.:11 • 
,,C're thri'-1' 1np,t t·1111 ni"nt i ,, u,1 i11 -..u ·Ii a s111 ;c • 

\\','- to \.,1u11 (• ·11 ,I •111:, ti,.'""'"" ;,, 11111, 1 I 
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s1 ii solutinn \\:ls made. and th p lant, ,rcrc• tJ11'n pL1,•r.tl 111 tli' 
rctri!!era tor until the 1n•·li1niuar~ cxa1ninati0n enulrl Ji,, n1:idt•~ 

The I Tl \ lu , f th olut iuns "·rrt1 dl' turnii11l'd as soon ns 
th~ uint 1•i l \\'ft hr ll'!ht :t1v111 th1' tit1]d. 1':~p,1 1 in1 a11 sh 1\\"Pd thnt. 
n l'l!U 1m of 1J1c h, lrug-, n-i ('011Cllltl'fltioti c, r UH' s ,i i :,;,ilnt1on ill 
Ult field ,, no t ucr~, .... 1. nil th:1t , ib kept in IJ1•• 1 t 1f1 i!.!e1:.1t11r 
for frorn " t·nty-f un 1 ► to tJ1 ·.rt . -six: hours 11 xh ib it, d stn ·prisiii!!l., I it I I<' 
,·a riatj ,JJl jn the J'1I r e.a li11 !.! J r v n1 l1at tnk tJ11 111 the fi,,1tl 1r jn1n1, ·-

1li, tel: 111 01,1, 1ri\i11!! a t th1' l~1bo1·ator: . " ·hi,·h " a> 1:11·1·1~ 111, n· tli,1n 
our h1 .. Hll·, ll I ll the t iino Or ,·oil (l (• tj t>ll. 1 ll 11Lta i1ii n ,r t hP p I [ \ Ld llt . 

ithout ;> ti.'. . of snil \\ s ,vr ll rni); d hy shakin!.! in · tt> t 111h, \\ i1h 
·) (' ·. of llCll r a l 1l istill l ,, :it ~r. Tins ,, :is ·,II (,\\ •d tn ---t., IHI uni ii 
he al11'l idi t~· or tJ,e oil soluti 111 \\,I S 1•,1ns idl't.Jbl\ )"('1l u,·1 d. t 'll 10 

fi ft, n m nnt •, , •·n'! su t1' i<;ien 'Th· d <'l<' T' 1n11v1tio11 of the 11 : lr,)g 11-
10n (' 1uCC'lltJ ion ,,·n:-. 10 1 lt~ \\".I th thP s tand nr l i11di1··1t11r" to 11111· 
1l('1·"n1_ul 1lnr . 111, •tl a, uf ('l) lll'SI' ls I\ ,t f 1 If' l l'lllll 1'l'l'11r. 

!J i t ·u " Pll <'f 1 1 1 r j_ny ,Ii. , 1 ,, ,1s ,. 11npi>n,ati11!.!. a111l th<' rf•l· li\P 
ncldit 11' alkaVintl \ tl11..1 ,ari1nb soils I s•r..] , ,l s 11ff:i1·i, nth· . . 
• I' ·11r:11,1.; fu r thP J1t11"poses I r SU<·h n sl]J', " :. l II !!~ll r.il. thr. '-,l)il 

t· tk1 n or tile plT rending \\,ts th~it about th•)se roots exhil,iti11!.! tli<· 
lb\.l'il external .(•hn r;ic•t 1•ri,tic•, of n1~·c•orl'hiza, 01•, in plauts "hi1·h 

d IWt · I m. •c· 1rrhiza in <1x te1'nal app1•;ira1wc of th<' r1Jots. th<' 
ii s:l t \ th 1:111., tnk, n at a depth of s1 \l't·al i11elH•s In sl·V-

1•r al ,ns. , s a 111att er 11t t 1 xp11 ri111r 11t. 1.J I n·adin!!'s of 1111• soil 
s <1 01·1• r11adc r,,n s 1r ~1e 1· la.' <·r. and .ibo fr1)111 \ari1111-.; 

d ' !• l s x and l'l:.!'.hl in•·lin,.,, :ind lit1 !(, \·ariati1>n 
\\ ,l r d. 

· (l · .irn1n:1 loll \\,ts 1nad1· 1111 Ldl plants 1·11llc·1·t1•d, 
\\ \ <, .i <·arPtul st ndy o[ 1h11 •xt1·r11al 1•ltara1·t, ,1-s oi tli1· 
rnc,t,. :Ill l ·1 rni1•J'os1'u}'H· (•xaminatioll of th1· i11te111~1l strn,·1111'1' h.'-

h1,;, st11,h o f frl' -han ll "<'<·tio11 ·• No1c ,ras t:ikl:'11 of the 1re11 1• r,d . ~ 

' I j ·,111n 11re . ·1>r111. root-hair fonnation, and of a11y 1 r,1<•<•-.; of 1 Ll11~11s 
I. ; ,Ju · u11d <1 xtc1·nally ur int,•rnally. F're<• hand -.;rc·tio11s "'1•re 
rrl, the ront, b1• 11 i11ui11g a t the rout-tip and t l 1l·11 a t intPl'\',il-.; 

111 r,,ot [•ii rt-, UJ, to :3-+ 1·n1. I ro111 1 lil' t 1p 11n1 ii 110 1 r,1<·1· 111' 

h t· \\,ls 111t1l1d The.• st 1ini11!.!; 111' l'n·1•-lta 11d s('1·t io11s \\"i1 1t 
l ! r 1111 i11d1111 sol11ti ,11. 111' Ii,,· :tll a,p11>1111 <; s1il11t i1111 11!' P11si11, rJl' both, 

,, 111 1 , 1•1''" 11s1 1'111. I:1111ts of c·11ll1·1·t in11, \\ Ii i,·h disc·los1•d <'<'1 11-
1 1dr1,, ur rnd1Jt r11pli1• itltl!.!,lts Ii., pl1:" i11 1!1is exa111111atio11 \\en• fi~1· ,l 

;1ud J•J'~"''l'\1·d fut 1111·tli1•r st ll I_\. 
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Sryeral atten1pts "·rrc n1a,le. "ith the u-..nal 1ne1·antinus an1l 

n1etho<ls of :-.terilization. to 11htai11 euhurrs of th· l'<"llltruplnc l'nn2 1 
present on the runts ut' O,\il'!J" iiirui11i111111 itlld () ur rel!~ nt1fl1·0 11r1n1. 

hnt t hcsc \\'C re nu.s111·1•c..,...,f ul. 
l 'hronio-;H·eti<' a1·i1l ( 1 per eent "n · n ... e1l in ~llHlt:11 ,1s .1 fix in~ 

ng-cnt, al1J1unQh se,c1·al 1·ulle1•tions ,,·t:1'' :fixl'•l and Jtl'~'--1.'1',cd i11 
f1.1rn1:1 1 in-ah• 1h11l. )lntc1·ial fL"r.cl in ch1uJ1l(l•a<·1.1 tie a1·i11 \\fl'- ,y,1,hed. 
and th~n pr 's(H'\ 1•il in '."i 11cr <'< nt f1 l'IB.tlill ,nlut icin until furtJH'l 
stu,lr. :--io1.·tinn-.. of ,liffcn·nt pa1•ts u[ 1 nit, 01· tlH• -..n1no l'Qllce-dun 
\\l'l'~ k1'Jit in ,e la1.11v , i:ils. Prcs1•r,·l'1l 1nnt1•rial ll)I' 1ni,-r<1,-.l0} 1,· 

tn<l~ \\'as l'llll thrunQ'h th1· (·11u1plett:' sC'1i1.1, It ,1l,•t111, ,l,. :11 lll per 
<·cn1 intt"ry;tls. l ll' 1..lr11::, 1lr:itin11, ,vitli i1 nt· st •ps !l'tll l ausuln· nl '0"" 

hol to ()111'1' x~ 1111. ;in,l ~, :ls i1nh1:d1l1·<l in --1_s• l ·11-. frii1 1. 1u!!itnduu\l 
L·<· i1111s ,r<•t·c n·11l1 ,, 1·, ol · ,,1 nil phnd, \\ln,·h ,] <·l cd 10. co1"1:bl 1 

jn 1h pn·lin1i11n.t. t' • 111111· tin11. a: Q. l11·c·k c,11 su.ch liL1diu_ l 
('1' ~-- st ·ti(1n .. .;; \\ ,~1•1J Jll,• '.11• QI I utll ... l} ih,1,0 1·oll<' ·l iot1 \ lu1·1i dls1.:l h' 

, ut,t 1ndin~ 11i:,1•1).1•1lii :11 t: it:s ill ti 1.' J n .. lt:1u,l1n.d s• eti1111,:;.: I'.l 
111i,·111lllllll' 1"ti11s ll'l' ·nt lf t 1.) . h, 1. 

,p ·t i111 s ht-~,, )l\111 l l' ~I 1di; 
1•· rr f.tin 11\,l ,n-.. \ 
, l \ t I T:i r u, 1 , ·11 

1·,n s 111 s v•h \'"ii> 1 11 t .... a-.. 1lJ, ,e 

\\ 111! ;J11tl t.be ,ld1.. · r,i1Jl-. lli' l'L1J.s, \ t 11 u 
l .. 111,l, · linnun fi~n1\t..: a:-. ,,· L'll h_,· ( 'b·n11}J 
111.111•1·1.il lh(,l i:n li'(lll!.! tlH· 1,11:d\i11 sr,·11011" 

Jtfll\!.!d \l'l ', s\l•'l('""r1il ill !,!lll('l'Hl. hnt -..u1·11•i 

i l 1 (' ·: '-I " ·,, !I t't• 'II'-. ] ll 11 \ht' "" ·ti,111s ul' 
\1l11t·h pt1-..,1 11 ,,,,1, 1r,,1,lii1· 1n11c. s l:1::-l·r, 

ltl''"• 1 I t' \\I f 11" 1, h, j A:l di.\ 1 Pt ailf11·1' 
u11il i11 tlt,• 111 11i:il I f (),11 ,, ,, ,lu ( I I 

lJl,]1)J1,q,l11 · 1111 '...! t\s . tlH• ,.,,]Is 1'"111.ttllill~ l t1' 

1 ~ tili,l' \\ l'l'I ' Ill• , .. ,d I_\ I i.._{, 

.'\1 • ,I 11 l'llt] •I \\ ,l'i ]1t;1,\I' !11 I \'.JjPl'itJH lit \I l 

root-.. ol rn:111., dii'ri I'\ ll '-l''c·11, n pl:111t, .. 11nl d1ft'! n It 1
1 I 

, t tJt1,-..·111iP ,,11,·i•-. \ 1·n l1t i11c!. 111\1,11_·1tt,\. l'l,1n1ni1 .. ·-.. ti 1 l ,1 

\\,tS llsl'd :1, Jh1• o__1·1111.tl -..t,\lll lll tl i-.. till ,: I': 111 I\\''- Ill, ,j · .l:I 

l' 1\1 ii p: r ts 11l a -..;i t u1.1t11l -.11lt1t on 11, 'l.-1 I• r 11•1 1 ,t! ·oh,\ 
,,11 II' if1 11 ,II lll- Q 1-.. -.1 l11tio11. \\ i1h l 111•1· 1•1•1 t ;1,1\11·t1l s , d l 

~•·11 i.111 ._ i11l1·t and 111-.111~' (: l II c· 1, .... \\ 111 1·• 111• r1 • ·11 111 
\\;h d, -.in 1. irun :d111n l1w111:i11 '-'' li11 ,·ntll 11•1-,t 1i11 ,1 \\ t I 11l r 1•1 
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aqut>uns ,ulntit111s oi 01 ,lll'....C ( r or e1·>·throsin \\ as n,rd ;is a <>hC'ck. 
The ha;n1atox.\ li11 lll'O\ eL1 th£' hc:tl er stain in the 1•·1sc nt n10...,t e<'tu
trophi,· fnn~i. ttncl nl o for those urehi,1" ,rhith exhiliit('(l cntlo

trophic fun!!l.1 inyl'eliurn. 

H E~TTLT~ 

...._l'YCnty plant 1·nlletti1111s \Yl'l"l' ntadl' 1 f,1rt:·-thl'l'1 1 of \\ hi1·l1 dis
c·lo-..c l 11111!.!.i in Ill: t1u1Thiza-like relatio11<:hip1 tlH' 1JilH'l' t ,, "nl .-.;c, en 
l"u1lec·tion-.. i><'ill!.!. Jll'!.!.:Lti, r. < It the 1·ollt>('tiun-.; all b11t ulH' (th st,i ·k 
eoll •rtious of ('or,1//ul'1·l1 ··,r) ,rere n1utlt> hl't\\<·en _\pi-ii 1>! nnd 
< tohC'r lll. ]~t~:--1, iu lli(•kinsoll ._111d ,)llhnson <·ou11tir, ,,itl1 one 
1·oll,•ction 11·0111 Jo\\a ( \,nut)·, The lu1:l(ilitie-.. \\1Jrk11 1l in the-.P tlin.•e 
1·ouuti0s .;_n•c c11, C'l'('ll \\ith typi,·al l c,,va 1,n·rst-: . .\lo-..t uf thl' ,J ohnsuu 

ount,y· ~ollE><'tiou,, :ind t11<' t·1Jll(>('ti11n trc1n1 Iuw:1 (\111nt~ \\1'1'1' 111,1<11• 

'111 ho 1nonlh,s of,._\ pl'il ,1nd :\la .• ,. 'J'l1c ten1J 11 17'\tur,· \\';1, 1,l'-f1,·tivalh· 
no1n1al f ,r s,,utJU'a 1<.>111 I\'\V,1, l ut th<> r,1infaU until .Tun, '"'' ;il11,1' 
lhc ave1"Ugc. 1 ion:1Jti, n ~!'1r :nornhl~ for a11 :1hu11il:i1 t h111!..u-., 

1lora all 1 csJ lem1l~ f 11· .rn. ,. linl '.!l'"" tl1 in 1 ll' ,,,i] Eiirl11 1·1,l
leeti011-: \\Pl'C )llild•• i11 .loh11 lll ( '01111tr in ~1>f1te1nlicr ill1 J ( )1·t11h1•1·. 

foll<1v.·inu nn extrl•J11Ph· ,\a1·n1 ~un11ner "ith :1 11Q1·111al ,11notu1t ;111d 

<1GtTihl.,l1 ion lii l';Jlll r,i11. ,,~;11·111 "<'at her· ('(Jll1i11ucd tll11 il ah(lnt 
< 1M_ol,c1· 1:-,, \,lt<'11 hH,L'? f1·n,t-., ,,arl_- ,nn,ys, and l ro~•11 g1·,1111Hl 

J.]1 l' nt1'cl a11~· 111, j'(' ,. ,l]<1c·ti11!!. Thl! gl\lllll«l \\fl, sli 11 li!Jy l'roZ('ll 

flir•J1 tl1r• ln,t r ,IJr,,•\ i1111, \\ t'l' 1 ,nn,lc. 
Tit, 1·ol!Pet1111 in I >i,·ki11-,on < \1u11 , ""JI' 1nndr• i11 ,T11111J ,111d ,J uh. . . 

t li 1 \\et wc- tbt•l' ,,r<'\:tilf.'.,l Lll• l,i1 •1· p.it 1 ,,r ,!111 ,<·, bHt tlll' 111,,1ith 

fil . I 1Jl y i ,J., v 1 • J Io t :r 1 d , h· ,\ . J ) i c ki 11.., u 11 I '1 , LI 11 t , h n d a 11 n :-. t 1'l · 1 u t' 1? 
dt\ , t1·i11~. 1 'qn p' ·11111-; f1111°i \\( l'fl YCJ',\· ',('d}'( ' l' i11 tiH· ( lkcibu,ii 

I e !'-LtJ1111l< 1 r, l'.l:.?:i. on] ,1 f('\\ spt1·im1 us; nf till' Yt'l '~' 

µr1,or; l,Pi1\<2 t(Jll!Hl durin!.!. tliL· <'ltlirP s11111HIPI'. 1 I is rx-

1 r,d,nlill' tlt;•t tlns \\'IS ref1P1·t1.:d in th' !!l'owth and 1'1·,rer 
•1~ '" L Ill II!! j. 

tal ,.f: ,i,·,)nt_\' pln111 (•l)llc1·t inns 1na1lc 1·1•p1'{ :-:c ·11t ed t \\"Plltr-

]t•s. 1h1l't)-f•Jlll' !!,< 1H•1·.i. ;11111 f1Jr1~ S(H·1·i1•,. Th<· r1•-.11lts of 
1•1· in11s. i11,·l11d111'.! fl,,],! 1111\1•-.;, tlH· 1111>--I i111p()r1:111l notes 

·I 11ii11u,.. 1>x;111 in ntio1i--. a11d <'\:.1J11i11at io11-. ol' pn•par0.d 
111 h1• l,p-..,1 ,. •IT< Ltt1•d i11 t.ilJt1 c1 r 1'01111. I 11 Ta h it> I, ,rhi1·h 

ti 'J''' ,,, · ·1 ~ in \\lill'l1 111~ ,•<11Tliiza wa Jll'l's<·11t i11 :ill ('X-

. 11 1h, a1T.i11:.rc·1111•11t i-, 1n phy]11!,!c•11Pt i1• ()J'dt•t·:: ac·c·unli11g 

"ll, n, lat•H•· :Ill l pli., I,;., 1li't 11• onln n,p,1 1:- that 11f Urny •~ l\Ianual 
; I ,1. -
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to fa.n1ilies, antl g-enera ,Yithin earh family. "\\Tith each collection 
is g-iven the hY1lro!.!en-io11 1•u11cent rat ion of the soil solution ; the 
<lisLin,·ti, e ('hal'at>l<·rs 01 the root-fnngu<; a-;sociat ion, an<l or t he 
fttngl}..:.; in, ol \ 1~11; rur1t c.:h.ir:u•tt•r-i of the higher plant; the habitat 
of the hi!!hCI' plant; au1l the 11lac:e and elate 01 collection. 

Table II lists in phylogenetic order those species in \\hich mycor
rhiza "ere fountl in son1e Lut not all speci1neus exan1ined, giYing 
t lie 1ntn1hcr nr colle<'tions of eat·h; the p H of the soil solution ; the 
hahit.1t of th,· higher plant; antl the place and date of collec t ion. 
I 11 those 1•as~-, ,\'Jii,·h reYealecl 111yr.01Tl1iza the fun!!al condition is 

• . 
gn en. 

'rt1hle I I I lists in l ike n1an11er those sprl'ic:-; in "hi<'h no ruyror
rhizal <1 011 liti1,n '"1s fonntl gi,·ing fnr eaeh rolle(•tion thr hy1lrog-cn
i1>n •11n<·11ntr,1tin11 ol the soil ~olution; the habitat of t he higher 
J lunt, f!n,l it..; i1111111rt.a11t (•harar•tcrs: antl 1hc plac:c and tla tc ol' 

••ll< ,·tion. 

f>J ::::; ·t· ~"' I O~ 

TJ11· 1•11,lntruph fonn1l in the t\\·o cxan1inations or ill clilof11s prn,·e,l 
11 i1.1. i''r<' t, a, 111.v1•orrhiz:i hns hc'Cn reported for the Legnn1 inostt· 
ltl\ stJl<'l' l!.):2:1 (.J,,ne..;. H). _\ tkinson ( 1) rrpo1·tc,d on n rniC'rOs:'"'111 -

1 iorrt in Lhc !'Vilt tnhercle of. \ 'ieio sot1"1'11 in 1 !l3. but <lid not refer 
11•TUs4 11 i, fi!l:lll'<'s nl thi-.; n1it·r,1,_, n1h111nl eleal'l~· i,;ho,v 

h1• ,i11.1il:i1· I I th,• n1~ l'orrhiz,tl. 1.J1., ,·11111.,·<·Ptoid , endotroplti1· 
,, itl li ,Lrl1u, ·l u1•111_.itio11, .J,,1u:.s li:is 1ou11J n1~·<'01Thiz:1-

• , 11 tii't1, 11 spcc·i•, ,11 LC!..!lllninosa •. 11''11~ tUll!!llS 

111-v,•etn, , w1"1 ,i ,n:111 J onninu , r.sir. l1•:-. a11 , l . . 
1011t, ,,f 1/ , l1/ th whi,·h I C'X,11uiucd J111sscsserl 

:111il lh<· llll~lls r11111Jtl'11ph \U)s tunnd in t hr 1•or 
c·P1l..:: '1701f' distal\ ·e abo,e the noun I'S (figs. 

l".H·G of a llU'.!tls \\·a, 1<1tn1d in the h:·pcrtrophi,,<J 

". 
Ull' 11:f Jf,nt i I \\f!l'(• 

1 
' l I\ lllf' 111 a l 

I' c•h It 

tro1n \\ i, l~}y '('jlil 1;1t<·d 

1 I,. aud tli1 utl11 1· 
I ·hi - I ,jJ _\ ('C Ill_\. 

ti ( , 1n1• lllll~llS, 

\\.tl1 11<• i11 1 , ,t h.1 r,. 
,·111 11,111 thP r1111 tip 

'- 1 1 l:, I, t • .J t' Ill..! ll '- \\ , s 



found 111 those rout'- \Yhic·h po-,sessed root hairs auJ appea1 e<l 

110l'l11Ul. 
The fungus tound in (),-chis (fit!;. 1,;,,; pl. -1 ) . and in ('or11llo,-,·hi:11 

(pl. 3) nppeare<1 to he the t) ph·al on·hid l\n1~1t:-. as de-..rril t•<1 by 
l{nutl-.;ou {.7). 'I'his \\'as Ycry ahundunt in the suhtl'l'ranc-an parts 
of C1ur11llorrl1i:a ill Yarions stages o[ infe\'tion hr the 1'u1H?.ll", and 
01 tligestion of th<' J°llll!.!llS lJ~· tlH.' husl. The t\\O C'Olh•l;tions uf 
()rch is "ere fro,n lliffcn:nt loC'aliti(•s, 0ne hl'in!.!· frt1n1 a group t

1
1 

plants in a rather 1lPnse ,Youc1s. a1td the utht•1· heiu~ a l,)ne ,pe1.:iincn 
frtHll an open 1••)}1Jlice gro" th . l1oth :--peei1ncn-.. 11 1-,-..e-..st ,1 !.!<Hlll 1'00 
hair de,clupn11>nt. antl the. ftlllQUs ol the i1,r1n0r ,,.1 1·1Jnfi11cd 111 

l,ut t\\o eorti<·:il <'ell-..; in one r,Jnt (of the six rt,ots l');an1i111·d). \dril 1• 
the lath'l' sho,,·c1l abundant endotrophie h) phnj !thl•llt ~ ·n1 1l't,.llll 

the t 1ps of th' root-... The tir-...t ,va~ <'t)lh ell•d .\J rll 1 ~l. ; n l tlle '-t ,. 
nnd ".\l.1y ~O. 111 <•<insidl•rin!! the data 1,f Tahl 1 it i=> sel·n tll t 1111,1(' 

than one•1hirll ut' tl1e 1·11lleeti<,ns "'ere !n,1d1· i11 ~\11ril. hnf 11t 111,,_,sl' 

speeies c1>llcc•1t·d i11 both .\p1 ii and :Jl.iy. and in 1·11ll1· li1ui, n1:1d • 

in :\l:1~ nhn1c. th,, dt•,·elop1nc11t 111 tlil' root. fn11~1h \\,, ~1:;•na11., 

in the latl:I' \·oil <·tit>11s. 
ThP h,o c•11ll1 <·ti1)ns pf Podo ,J,! 1l 1u1 111.1 11 \11 l n ,, ,1I1 l ;' 

lat<' ~tate in tht' 11111!!.tt · 111 '1•,·tion lfi!..,. -1-:.?. ~:~. 11" i . ~l.1.1-..t • f tht.' 
roots 111 1s,t·,,ed ;in 1'11dnll't.'[dI 111 tT111 shape 111 ·t sn1all ut.1n •hi'd . 1 h. '(I 

n1\ ,·ctoi11 flnHn1-.. . 11\1,stl, in t!H' 11,u1·r ,·1,1·Li.1·.uJ <•«->lb, nc:1r Lb· c>11• 11 . ' 

dcr111is. Th<'(' •lls 111':11' the l ucl1J11l'l'I11i-... sh11\\1•d sln~<.., 1l di'l•1'!!:l11i ,\· 
1 inn nnd diu;c-..ti,n1 11( tl1<' 1111~t1s "ith t!H• :q1pe,1ran ·~ ol' -..t• r,·h 
gl'a1ns. \llrnwl 1·ells \\l'l"C. !llll'd ,, ith -..L1l'('h !.!l':ii11-... 1'h1• r t11~ l'

<w1·11 l'l'l'( l a . t'a l' h;1<·k ;1" :2 ('lll. r nHll th l'lJlll ti jl. J: n, ,1 hri I l's \\ I I'. 

present in hulh <'111\(•(·(i,n,-,. 
lt is :ds1) t,1 lw 11t1li< 1•11 ill 1 h iil"-t t.1lil(' th:1t the Tll) <·111'J'hiz.1 11f 

thl' ferns and h1·l'h v1'llll" 1da111-.. ;1!<' t'll\l11J111ph1e i11 l.i:thlt. \\l)h 1 1 

e~<•(•1di11n ol' ,,,111,1r1 11,1,.;,, , 011u1 I, Hand on,· 1• .Jll· ·1 · 11t til /u rf,· . lu 
ex:11ni11in<.: -...u,·h pl.int, in tl1t· 1it lei it i-... ,1ftl'll dirt i,·1tl1 I , ,ll', 1111i1 

\\ ht·tl11•1· or 11111 tlH•n· is a 1'1111!.!.lls a-..;,ul'lat 11111 pn'-..11 I. ;111,l 11 1-.. n-.11:1 

ly 1t 'ces-,c11·y t1i e~a1ni1tL' the rnnt:-. n1il·rost·up11·all~ ht ()J"\' 01 r 1·, n ]1~ 

1·~1 tain. l 1t tht• P11,l1,t r11pl1ir ;1-..-.:p1•iat inn tl11 n· an· 1n 111L1,t <'d"''" a 
le\\ l'llot h ti!', J11"\'s1·nt 011 thl' toot,. altl10U\.dt 1lt1•: Ill,:- Ill' !.!ll':tTh 

t,,i--t,d: ntl di-..t,irt(,\. h11t in '-,11]1\I', :is 111 tlit• 'il'-1' 1,l J',,d ,/ l 111 

11i-,1·u-...-..<•1l pn \ i 1u-..l:, the r,11 t h:111· dl'\1'l 1p1n1·1t1 1nay ·17•1 11. 1 t.1 1 c' 

quit1• 11or111,d. 'I hf' r111d-.. o ( ', ,f,,1,lr11l/11 11 \\t'l'l' 1 :s;lrt 1111'1_\ 11111·n ,t

in!.!. ht·i11!.! n,a,-..1• l 111\ 1 ·1 !!_l'\':ll t:111!!.l1•. ,di l 1<.:ht tn \l·ll 111<·li< ... Inn'.!. 
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iu .. \pril, there was in 1nost cases a better my1.:orr hizal <le\'elopn1ent 
in thnse c-olleetions rnatle in ~Lrr . • 

The tl11rd c-ollcetion ul' (J sn1 llnda, ancl the seconu. collection of 
1ldin II f u 111. pvssesse(l cndotrophic n1yc·orrhiza as diu. n1ost of the 
fe111s list C!l in the ti rst ta hle. I n the first eo1leetion of .. 1d ir111 t 10n 

an eelotrophie l1:i si1lion1yectc f ungus (figs. 1, 2; pl. 1 ) for rned a 
n1antlc of (·onsiderahle thiekncss. Thus of the eight collec t ions of 
fp1 ns in "hieh n1y(·orrhizal i'tu1gi \YCre found, all possessed an en<lo
truphi,· ftlll!!lls ex,·Ppt one eollection of . l diu11f 1011, antl the <·olleetiou 
of n11orlu1. Thi.! t"'O cx.nn1ples eitcd are in agrecn1cnt \Yith th<' find
i11':.!s ol others a-; to the oceurren('e of n1y<·orrhizn, hut it \\ill be noted 
thut in the <.•a-;e uf ~ldiant1111t the po-;itirc C'olleetion posscssin~ an 
1•1·1otn11,hi1· fungus; ,ras fro111 a neutral soil an1l the positive eol
ll'1·t ion po-;s •-;sin~ an endutrophic' fungus "·as from an aei1l soil. 
\\ hiJ0 both 11e!..'.:1tiYc 1·vlleet ions \\Cl'e from 11Cal'l.,· 11eutral soils. [fo\v
t' \ l'I'. the• t\Vo positi,·e (•ollt•etL11ns " ·ere maLle in the spring, a1Hl the 
t,\o lH'!.!.,1ti,t· in Oc·l11b('l' .• \lso, in the ease of ( J-,1111111du , t he ne!!;ati\'e 
1· 1 1111 ·tr1111s ,,ere f ru111 soil:-. ot 1111 G.1 antl ().~. one hein~ n1nde in 
\ il'il and 0111~ in ( lc·toher. ,vhiJc the positive <'olle<' t iou ,,as fronr 

:1 :,; iil .uf pJ I Ii •. c·olleL•ted in ( )l'tobcr. 
11,e \ ~si!'lrs Iu 1l1c c111lotro1,h of .tc/ia11 f 11111 (fiQs. ~. 5 · pl. 1 ; and 

11!.! .2 ~ 11. ' )~ "ere sin1ilar to tho~c c.lesrrihrtl hr '\Yrst (~-1: J tor the 
111. ' \ 1T11_iz11 u the \ la rat t1a<' ·n•, ancl hy J)e111ctcr ( :! ) . and :\la!.!.ruu 
( " . 'l.\ nnin.ll :111d inte1•c·,d:11·y ,e.._i<:les \\ere 0lisc•1•,e 1. buth 0<•1· ur-
1b !.!. i11t1 uuelh1l.1dy and 11dt•r1·cllnL1rl ., . T h<'re ,vc r' 11u l'oot ha11·s 

J l ,p 11. and the r ,11ts \\1• 1·e 111 11·h disturf<'1l. \\ ith shol't th11•k hran ('I I
tip, lwiu ~ hlr11 k. 111 P.Xa111i11at ion ot prcp.iretl slid1~s 1 hr. 

c tl 1· dtsol"!.!.t liiz:tl i ,11 lH':l l' the ('111ludcnni'-, ;incl t l1e 
1 c, 1) 1r.l.11 !.!.t'. bt•,111<·h0.d . <•l1)11~ate h~·pha: ~ll!!~c..,t a pn .... :-,il)],, 

l'llt 1• · . ..,j\ is111 1111 th0 part ot the t\11112,u,. :--: n<·('. 111 cx1c'l'll:il 

1 11 1 11< ~ the;, r,11 ,\, cxhih1l!'d lht.: nsnnl 111.,1·01-rhizal eJ1arac·if'rs 
t> t 1 1 r:11". it s 'l 111s proh;i bll' that the 1ny<·111rh1z:1 1 rni1o1 l'o( 1h li,11 I 

1 , . I'( I I' Lltr. l"l.J ll'ity (I. the 1 1)nt, to !Hild tht• l"llll!!'llS in 1·h<l'k. 
I~ 1 l lt •('h .,j 1h1 Vl ll' oak I ti:.:, :i,. :1~l: pl li ;q1p1•,11't l 1dt•11-

l \ 1 1ml ,J1nu1 1n u,I' ,., t1c11n ,111,t1 . , c1 h111111 .111, r,11 ,n1, !.!: :, 

..., I tr il 10 1t tb1• ...,Ji,,1·t. 1111, l,. l.111·1·!1 111>1,. 

Thi , xt1•n1. 1 1 Ii· I '< ·ter.., ,,1 th,• , , )1 , :11 ,! th0 

,\ l I' \ll 'llfl:l) -!'. tit , 11 ti l ' \\ 1·1 ,. t, l •[(• 1 I 111 

( 1))1lliliHt I l( l --t t f' 'I" · ;I -.. d '('I ii, •,l h~ 
1 In I l · I I l I I I U 1 :! Ill I 1. i I r h; I Ill I ' I·. I h l 
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thil'kness of the fnngus \\·ei't aYera~ed ~II mi1·ro11::-i, a eutH.1itiun ound 
~ ~ 

in general for all \\'Oollland C'olh.'<'tions ot' ()11, r l"- ::--;ix ut th" 1•01-
1,·,·tions \\l'l'C n1a,le at the cl1,2e of a bnr oak 1ure-.t. -.;un1l' ot' the. ::-;e ·,l
lings hei11!:!; quite in the opl'n. I >ne pf the ,eedlings cxan1illt' 1 \Y::ts 

in the first :-, Par 1f grn,,ih. threP \\'Cl'" iI1 the sc1·u1Hl, a11,l nne in I he 
tl1ird. _\II \\l'l'l' rooted t'nnn three ttt t1'11 inl'h:; l, 1lu\\ th1• ,1.11 1n,· 0 

of thl.' -.nil, and llPlll' p1)s:o.'s-,fd r11yt, \\ith 111 ,t hnir,. l 'h, ,, il \\, s 

alkalinL, the, h:-'1r11~<'n .. i111~ l'Ol1•·1·11tratin11s for the, ii] , l.lh1t'o,l, r,.1i 0
·

in~ frun1 1dI ,.-1 !( 1 ~ 1. as sho,,n in the u1hl ·. 
I lne 1·01lt(•ti11n of <1111 r,•11s. a see«llin'.! ot' the: tir-..t :·car. !!TO\\ · ti._.. 

in tJ1e sand :tlu>nt fi1teen Jt'<·t fron1 tlw " :i tc1• 1 f th11 lak'. p1 ,el 
110'.!.tti, C'. Thi~ 1·11l!l't'I lt>ll \\ d'- lll,111(' ;rt t 11' '-lllll~ till)(' 1 .... th t 
fl 1;,1tl /\ \\hi<'b po,...,t'ss1•d 11w e1•totr1,phi<' Jtlll'..!.'11' a11,l tit plant,\\ 1' 
onl: ;1 f•,\ 1'1•(·1 ap,lrt. The pll ,:1lu· vf tl11 :-.Pil ,oht i 11 nt !IP. 
s.11111 .v l,c:1rh \\;ts (j_(i l'ur \,nth c·()llP ·1 inn,. 111 1 Jt• Q I, t:h,1 · 1 e d 
roe1t ,,erl 1101·111:1!. r 111t hair, ,,1•1·e pn·,1·11 in ,1 ht1n I. 1l1·' ,1i....
torted due to !.!T1>\\ th in tl,' -;and. 

Tahl1· TIT r1'qnir1•s litt1e di,1·11ssinn. ;1, 11e0 ; ti,· ..., i'U tnl lit' 

no 1·onc·lnsi\P 1•,id,1 111·<' (',j>tTi,,11: \\h•n "1 , 11' 11-
11 \ id11al ,JH't·ies .11·1· n•1·nrd1•,l. () q11• ll fll ·1 11 .., n1 1rr-
d11za \\ !' ·1• 11ot l'nt111,1 t hc'l'l ,,;1, l1\ll 0111· 1·11ll1•1· ·llH 1 .1 h P ;111 1,nt 

,fnut·. I >n 1·onq,arill!! th1• 110!1•-.; in T.1hlp...; 1 .ind Tl 11 ,, ill ht• t't ntd 
th.it nf tht:> thirtt't'll .spP1·i1•s t·,dl1•(·1!·d. \\·1th t \\ll 111· n1 l't' 1·,dl1·1 t i11ll...; 

111 l'at·h, apprnx11n;tll·l:· all hnt 011t• thir1l ua,t' 1111,itl\t' r,,111 1, tr1r 
(';J(•lt \'t1llo1·t itlll rrhn-.; it is hi~hl:· Jll'Ohahl~ that at l<':t'-'t n, l' Ir I Iii• 
fil't<'Pn :-q1p1•ie, listt·tl in Talil,• 11 I 1lo ordinarily h.1,·1• Ill_\ 1·orrhi/.1. 
\Yith (l(tsiti,·0 t't's\111'< in ]~' 111i.\t /11111 11r1·1 n,, . ,'-:1111/1~1 11111 nr1, 111 1 ,11, 
1'iul11 soror;u, ;11Hl t,,·o SJll'c·ics ut' (lu/11011, TII_\ <•1)1 rl,iza \\ P1tl1l lw l'~

Jli't'1l'cl to h0. 111·e,P11t in the spP<·i(', llf tlH' -.;;\lilt' gl'nl r.1 li,te,l in Talil1' 
TT ! \\'itlt sn n111"h p,·i1l1'11<·1• in the lit,•r,ttnrt• n•g.1nli11!.!" t!H pr,·, 
t'111·1' nf .1 t't1ng11, in tl1t' nr,·hitl-.;, the 1tt'!.!·:tt--i,·1' re,ult, i11 th1' <'.1"' 1• • 

('1f!1ri111ili1u11 ,,en· ,ur11n,i11g. H111,t h:1i1, ,,,•rt' pr1•...,,•11t i11 1111th 
c·o llt•l'tio11s ot' ( '!t/1ri1111li11111. ( >111' t·Pllec·ti11n \\.ts 111:11lt• 111 11\\,l 

( 1t11111tY. ~ro,, in!.! in a fairh· ,11·i,l s,1il in a tlen,a• ,,o,1tl, a11d tl11\\t'I'-. . . 
in'.!; "hil<' tht' olh<'r ,,as :1 lone• ,p1•1·i1111·11 in a hu1·-oak ,,·,1t111, t•t' 
f) it·ki11so1t ( '01111t). ,,lH•n• the snil ,rn, alkaline. l,ik1,,,ist'. tl11• t,,t1 
<·11ll 1•c>tions of 8111if,11 i1111 .,I, ll,1/11 \\t'I'<' fro1n the alk: line ",ii ,,t' 

l li<·ki11son ( 'onnty, "lu•reas thP t \\'o l'oll<•1·tiuns 11t' ~ n1111111,.,11 ~i, inQ' 
positi,·c results \\l'l'l' fron1 thP 1non• a1•id soils 111 ,fohn"•ll ('1111111_\. 

< 'orrl•latill'.! tht' tlat·1 of thP thrt'<' tali\('-.; in rcgar1l tn tiit' hy,lr11~1•11-



ion "' 1 t·<·n 1 1·ntion of th , ,,il :-. dutic,n it j.., :fvnn I t:l.h t tor 1J1, '-('\Pt1t~· 

~ ill ·tio," n acl<' 1i 1, ... 01 \ 1 r-0111 .., 1ib vf p l I h .. -1 ,,r 11Hi 1 ,. 1 ,, 
hi!!h t i JI '. luu 1· l' rdc Tl1,· , h lP t JilI Ii fi i ... trtk 11 

, , an n )it:r.'l.1y a)u b, lo\ , 115,·h 1.; ,111,lit iu,1" :1rP n1 " i'!ll• r, I n1 1 ,, 

i'nvora'ble f< r the iJ(>Y('!l men of ,( il an l 1 ,t fun .. i.. l\ I,,li11 
ha in, st lg: tcd 1.h inf! 1 t 'l of h~ dl'nge11.jon ,. " ,., n J, I·, n , 
, n I cnltw·l! 111c Un 011 tl.1"' i'.!c•r 11f th• 1iiut· 111d flt 1 ut,-f1u ~i l I, 
· , ii.cl n l lh at in ~ l.J 1 1 1 l 111 ~ 11 1 hi ·d 1 un ° i t 1111, , I 1 • lt p 11 . 1 

(11' -.,li!!htly·lc>\\Cl', \V1th p, •rd ·v lopJn Jd . t p l I 7.0; n 1 lu li' lch.lU[ 

, ·a , yl tri n l lly i 111 • tro 1 ·, 11 th r i, , " pt 11 \\ f!ll hi 
u · ral and aritl 111, dh, d,1<i l tt r tl11·i \ i1~ i1l all . p 

oiL In vie,\ of the- · ob er ,ltiou , it ,,'filTI 11 · , I bl • th, t th · 
f I I l -; cl1 -.. (' J J a IJ 1; l ui 1i rh. Th~ I' to J' t)bi1 lll 

-t:- n11uo1ll~ in thi j11, ... iJ: 1 non 0 11 n i, ,, , ru1 , (' 11. < , 
011 • ol] ,,rtion of l'apul 1 ,111 h 11 s n1 n irion). i, b r 
. 1:1 i:.v t )I . L Ii nll •·X . I 1J11: ('11llf'<• ilJ!l of J>, p lu , 
rcun --..<..111 "ith J Tl l\:Uuc 1·,u1!!'i ll ,. ,t r, 111 , .~ t,, " 1 .. 

I 

I I I I 

~ 

if th · fi fty, , 111 ·, I ·t i 11 t ,1 kr.J f1·nn1 :--11il" r1 pl I ,- • tl' l 1 

I ~u L' 1 l{ alu hil' t~ ( 1 p 1· I 11ti11 T •·\ Cl1t I'll --.p ,,, .. jc-., l 
tt •1 rW11 . .a .. lik1• , !ill h t ion,,, "<h '11 er .i i; 11 1· ,-1·111 lf 

1 a11~ll!.! t r J.Jn1 7.<t t,, .1 ( rc1,r -..1•1\ t i11!!' eight 
• if th n1ninin11· 11 il.u.!1P1•n 1•olJ11 (.' ·111)'-, dJ : 

ii-tenu ) l"f'c:f•Hllll"=!" tb11 ,<1rtlf' 1111111!,1 1· , \ , 11· 

ri p 1 ,snti11ir Pi!!ht s 1 ,\111'1' 11 u u1 

In .i .i strl"-t.t111i.t t1• l •• 
i\1<·1111 .ti.] ~~·~ \\ 'I'', , ;1-., d1 ·l!'--,1 d 

,,,r·t :-,;i11 70 f h r 1•(•111 ,,l' th1 1·oll1' 1·t1 ,ns \\Ith 

lj .-, \\111·1· )'" \'t'1 i11 li,•at111!! tl1a1 all ac·id s,1!1 is 

·or Jlt\1·pt'J'l1iz·1; :ilso ill that ll<'arJ,· halt' 11f th P . . 
f pll f3 .i ur of' 11 lii!!'her p11 , alllL' \\t'J"f' 111•":1-

,s t:\ idPnt that a p p1·ox11nately 77 p~r ,·1·11t of t \11• llf:!!al I\ 1• 

ris. a11d 7() }ll'I' 1·e11t nr all po ·iti,1· 1·01ld1·tio11" \\('l'C i r •Ill 
", 1 ':i or al,o,·<' liut tlu· ·r. fi"nres i·aanot l)(: hal:tJ1(•1•d aig;, i11),t 

!.! fi gure-., !1)1" 111 JJ'P thali 7P }l<'l' 1·111'1 ot' all 1•11\l1•1·tio11s 

11 :tlkal i 11c·. 11 ·ut ral, or sli!..!"li!ly :11·1d ..,.,j]:.,_ 

ins "' id1•11l that 111 1111· Iowa fp re,t Ji,11"1 111,\ i·n1Tlriza 

or rn,\ ·1,1-rhiz:1-l ik,· f 111ui .ir 111 1•r11111t11>11 01·1·111TP111·P. :i11d :11·" \\ 1tl1•

sr,l"(•:ld H1n o r1" sj•<><·iP-, ot hi!.!h<•J· plants, in a,· id. ll<'lll 1·,11. and alkal ill<' 

S1>1 b , hut a1·1 1 TIIIJl'P ,., llill l ttll and h('ttt>I' d1•\·1•l11pPd i11 soils ,,r ril l 
,altl · bl'lo,, tj_.-,_ f•'ar-1"1·1<·1 ed ge11P1·alizatio11s slioul,l not h<• clra\\ll 
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fro111 too little c, idencf', but it is belie, etl that the e, idenec. cited 
in the ahoYC disc-nssion eonrerning n1y<·orrhizal de,·eloprncnt a1Hl 
hydrogen-ion c-onceutration, is "·01thy of note in that (1) the. 1iIT 
Yalnes arc fairly accurate; (:?.) the spe1.:ies of plants examined arc 
quite reprcscntatiYc l1l the lo" a forc::-it flora; ( 8) the types of :-nits 
fron1 "hic:h <.:ollection" \YCl'C nHHlL· are n lso rcprcscntat i, e Jurc-.t 
soils of Io\\a; and (.-±J collc<:tion-.; "ere 1na1lc throughout thr grQ\\' 
. 
111g season. 

~l-~T~(_\RY () J,' RJ;-.;l LT~ 

( 1 'l The sc\ e11tr nuliYiLlttal plants 1:t)llel'tc11 and Px .. uninc,l i'rnu 
typieal f(ll'(>t<•d al'cn-.; ut' Johnson, J1n,n, .. nttl l)i1·kinsun t•onnt:ic, 
rcprrscntcd t\\'L'llty-011e fa111ilies. thi1t)-fonr !!l'tH,'I'a, and iurty 

s11c,·1e-. 
\'.2) Sixtl'rn of the eoll1'ctious \\L"l'C of Ptcril1nph) 1<'"'· rcprl'-.ent"' 

ing Lnnl' ln1nilies, eigh1 12,enrra. and nine spe<'i '"· .t\ll otl1L1
t' c 111 c 

tion-; "·ere ot hi~hcr pln11t:-. 
(;1; (l ithe tlltal 11nn1hr.r n\' 1·ollr.<•tio11,. 111rty-thrc•c. J'l•\H'r., nlitl<• 

sixteen fa111ilirs, t"cntr-fou1· ge1H•1·a. au,1 1,,t>111Y•1i\P p~rt, ,. dt--
c·IL)sr<l ass(wiut ion \\ ith a 1ny1•01-rhiza•,-liki· nn~u, ..S 

( -+ ) tl t the forty s11eeies <X n1i111· l twt•nt,~"bn\\ 1 l: 1,1t1t :fn1ign 

ns.:::oeiatHlll in l'\< r~ pl.1111 l ~:u11i111'd. ti,l· in s1H11e e,1,...-.;cs lnt nl1t i11 
oth<'rs, :111<1 fit ll'L'11 sho\\cd no t ra1·1· oi n1:, ,. 1r1 hiz·d fnnui. 

(;;) I \f th· furl) •three posillYl' l·ollrl'tions t\\·euty-t'our p11,,~'-.-...1 d 

111~•<·n1Thiz:1 I en,1nt r11phs, fl ftccn 1nyc·orrhizil I LTt,1t n.11 ,h-.. anJ 
harl l1nth cndot rn[1hi<' and <"Ptotr<1phic root-fnn~i. • 

I, In thP l'l11IC'<·1i,1n of .Fra.r i1111s , nne, l'til)P.<·111111 QL (), v- 11 

1)lll' c·(1il '1 ·tio11 111 l'L, ris. the c1H1ntroph c1Hl1 c<·\ 11tr,1ph ar,· in 1': 
1·h 

1·;1,1· l,t,li1, e,1 11 ]11· 1h<· s:1llll' fu1 1!.!.IIS. 
7 T\\ ► 111' th<• l\\t'lll_\ four 1·1 ► l lr.<·1io11, \\ith <'I 

sht1\1C'cl \\'-.l\'1• l• ► L'lll-111111\'-. lill\' ht·in!.!.· II _1'711111(111 

tht' ttLIH' · ol 1!1 /1{0/ II\ 11/l111. 

'-i 'I'll\' 1ollo1,i1 g ,j11•<·11•-; \\1111 l'n1lotn1;111, -.11 \\(•,l ,11 l l! · ·l1· 

11t, di<111-..: .Ir ,u,111/ t,·i11l,11/{ 1 111.ll11lr!rrl1i1111, nn11111ni111. 1-' • 
I i11111 !llhL l II' · (;1/f , 1 I 1tf1111 1, . U f ,'/111'//lll. J'i tis IUJ ii 1111 , •' 

t l I I . /( 1 ,,, I/, ;i11d / ·,ti 'I II ,, ,., 1I ,, ' · 

!t , lht· ,,·1,1t •,q1l1 of(), i'l/1, (i1,1r 1, /'11 1!1,;, . i1H1 

i, h,·1 I l d It ► l)l ti I ,. 11\1• lllll• '· ]ll\11; l.t.' ii Ji'' I 111 I 

, 11 I I , • 1 1 , I r- ►, 1 d < l , ·n 1 ; 1 

a f1ll12 l 1 ' \ '1'1 · 11 l ]' I ('ll'l 



b 
• till J 1i,· fo1u.1-. int 1,<'lht,ll' lx~J)h,1· \\tl'I' ous('t'\1d 

1rl m l 11.f: nd be \I;\ 11 1·011i, ,ti eclls l \.l Ill intr.t-
d b "l11oll 1nru ,,s w1 1 e annd. 

<.-nd I"O h f I I i, t, 1\: llul .1 .1ncL ID u,1 ·, llular 
cl lll.f.\ h · p I in r fl\t I, l"J·,1111 011c 11 ll f(i 

"t 1 inti 1ccll1.1J r. 
l~ 1 n l nd it ,n Ji~ ph 1 " 1 ,b , 111~1·111~ h -

pi,1 1 1 ll ucl 1 rll trntin th, , , , , ti· l ,., U--. 
n un1 i, i ti 1 nntl n iz. L. ,n a.i r 

d ln , t1J1 r 01 , t l ob • 1"\ o,l 111 111 , n I I ro1 ,hi rn " 
1 I J Ul byph, ,, n ,1u;ud ii\ { pi l, 1,11.1 I ec·ll •·r ti 

ac,-., buL 1- li ll 011ld 1qt !J 111it1 ,1 Thl 
1-n•• tl I d 1 t 1hl Ulfl I It {'( l}:-. iii 

I b r 1~ 1ud , pi 1CtT1n I l 

I l.iu (U I 
nd 



branches penetrate bet,veen t11e epidermal cells, and in some C'a1se-; 
penetrate bet,Yeen the cortical cells of the root. 

( -!) ... :\ fungus may be either cctotroph icJ or en<lotrophic, or. both 
in habit, in its association ,vitl1 the root of a higher plant. 

(5 ) l\Jycorrhiza-like flu1gi occur in Io\\ a, ussor.iatc,l \Yith higher 
plantq in acid. neutral, an<l alkaline soils, but they are more comn1011 
anu de-velop better in soils ,rith a pll ,·alue helov1· 6.!). .a 

These ~tudies \\ere carried uut under the dnection of l)rvf •s or 
G W. :\lartin

1 
to \\'horn I am indebted for helpful sngge._~tions au<l 

criticism.<::, and for the abundant C'ullel·tions of 'orallortlti::a odon
torh i::a \Yhich \\'a:::; the iuceutiYe for this particular stud~• at the 
~tate ·niYCt'l-.itv of Iu"·a . • 

,ii 

.. 
• • • 

• .t' ,,. 

.. .. 

• ; 



l. 

I~ I I ~T, IO(T I{ .. ..\Pll Y 

.\tk111;;1Jn, U. r. l 'dntnl,11t1 ,n to th1• hiolo~y of thr orgau1sm c•ausing 
IL'j..!llJlllll u-- tnl ►Pr,•Je-.i. B<•t. r:az. 1~; 137-1111:i. l':>H:;. 

Jl,•n, t•·r, l-f. t4 1,1 r · · Pla:,mopt) ;::en-.:\Iyk111 rluza. '' I'lora 11 G; 405-436. 
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