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NtllllEB OF f'AGf:S: 

to BJOl'phological alld pll.Jiiobgii.eal variations of the isoht•• obt.dned. 

morpbological variati on$ were based on <H.i!mparhon in culture witb a selected 

standard.. i1bJ&,iologied varhthns. w~re det~cted by fHlithoijeuicUy experi­

ments , and a .study of ''similad.on Qf; variops carbon and dtrogeJI eomp(>tuu;ls . 

Some furdu~r at pectt of tJI~ bhlooy of t l1e organbms werf: investigated•.
' 	 . ­

All expe:rim.,at was carried out, e\Uploying. several lll\askrelons and watermeloa 

vQ<rieUes, to eomptu'e theb reshtance under field con<UU o:nt . 
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In recel)t ye<U'4 tho fiADfiRI wUts of musbelou• aod watermelo•• 

have beco• inereadngly illpbrtan' in Ontario. The JU.derillot. area , aear 

lfamU ton, an4 the extreme :;out.fletn .part of t:nex county are tbt two Dtab 

areas in whteh aelona ~u·e grDWD.. Ct•ercial gttl\dng of watenieloas to 

Buell eount..r arni the r•rt Dover area has been seriously aftected, while 

•uskmelort growlnu h~rs been abandouel!l. os BtanJ fant~ from Essex colUttJ t.o 

t:)bde (near Toro•to). tbh Jetioully atl~ctt tbe growing O:t bottt .elons 

h Ou.t•do, du·~ the Ugnt tntJ nU and. hiUh te~tpetataret whi.ch. t.lte.J 

ptefer , a:.rt fou1ut in verJ few place~. in the produce. 

'fhe f irU r'cor« of htarhtlli: wUt. f1f rlllliblelont itt Otttati.o wat 

•• in 1~36. ln that Jear. t ·be disease waJ observed b tbe .Ni.agat'a 

Peniaaula. aDd Ute grower tepo:rted \bat it had been pnsenl. 2 or .~ years 

previeullJ• lt Jlf.t~ reportttd ltf Chupp OZ) b1 1930 a-.i 1931 as OCCJ.tttriJlO 

in M«w York itate, and in 193a b, Leach UOJ la Mhutetota . Not tuatU 

1943, aceordbg to lel(een U3}. wa& it found h Ute prinetpal l!lelon 

9r•lng a.tea •t t s$es co·-.nty. the dlseaa;e bas tinee spre•d r~i<Uf ~nd 

i$ no present in aU majot mu,lalelon growing. ubtrict$ i .a tmtarl•• 

FueJarirua wih of watttnaelon was fir.st clescribed by Smith (21) ifl 

1~ ts 'O'ccut.rhg in S<outh CaroUna. Be naf*td t.be pathOQen £MIIfhl 

u&U•• MeiCeea US>· repottl that fi:Mtith•· wilt was aot observed auaekin~ 

tUt hott in tbe J!);ssex areq uut.il 19:48, dtbougb H llad been co-..on in 
' . 

watenelon trowing areaa·. of t:be ' .UJiit.ed States !or neatlf 60 7ear$. Since 

19·48 tbf: iisease lias beooae very baportalt in the ~tea extendhl.Q trem 
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Harrow to Port Dover. It h interesting. however,. tbat in the course of 

ibis investigation conversations with several growera, partlclllarly one 

near Port Dover , indicate that the wUt was present much earlier. 

The field SJ11ptoras of muskmelon involve 1tunttng, wilting and 

<Cieatb o.f the vbes, but wbeJt less severe the vine$ turvive and the fruit 

h .smaU , bitter, immature and unmarketable . The: :S)'IDptoms of watermeloa 

wilt i11volve death of the vbte and immature or tt.npalatal)le trait when th 

The causal organis•t have long since been ettabUsfled as specie 

YAr e. Djytg Leaeb alul G.ureace. t.eaeh aD:d Cureace snowed tbtt tbe fuag.l 

c~utting wUt in watermelens and mus~melont were -closely related, though 

· causing watermelon wih would not attack t~uskme-loatt and that the fugut 

causing •usueloa 1dlt wutc 'ft,Ot att.a~k watel'llelons . 

De iaitial purpose in tbb tQ:v-enlgaU.on. was to study the 

occurreace and distribution of the Fnsar.ii. eausiag: w:U t of waterotelon.t 

an(l muskmelons in Ont.atio . After ·thh study bad' been statted it was fQund 

that more than one strain of both the muskaelo:o and watet~~eloa pathogeai 

exhted. lit view of t.hh,. ex}-.el'.hte.nU were undertaken to compare the 

pathogenleUy of these isolates, a:nd tQ determille whether or not tbeh 

morphological differences could. :be cot"relat.ed with their patllogeb.icity . 

ln view of GordOJt•s (5) finding that ttHl utbg type• exiSted in the 

futariWil diseases of certain cereal$' investigattont to detent iDe whether 
' ' 

opposite mating t7pes ext•ted a•ong: U!.e strains bola.ted were earded out. 

Since little h knowrt o.f the p~y5lological differences between 

.,' . 
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different strain of pathogenic Fusaria other tban the effeet on host 

plants , attempts were made to correlate strain differences with the 

auintilation of various carbon and nitrogen sources .. 

'. 
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I 
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cultural •edia e•ployed were C:capek Solution ag,r, Nitrogen baae 

raedia., and Carbop base media . Czapek 'olation agar, was tbe medhll used 

in the classifieaU~n of the various isolates, and in all places where a 

soUd aediwa was n~eded. It. gave more pronuuneed cultural differenees 

between strains than did Potato Dextrose agar. ·tauy isolates wtien 

compar&d on Potato l)extrose agar appeared identical, &u.t wbe-a compared 

on Caapek ager these isolates woul be different morphologically. 

hen eot~tparing the tDo.rphology in culture of various strnl.n• on 

pl ates of Czapek agar aei.dified wUh 10% Lactic. add, each plate was 

inoculated f<tur times . twice with the Uandard strain and twlce with tbe 

strabt to be c1Jmpare witb tbll! startdttrd. Eaeb point of inoculation wu 

90° from tbe adj:u~ent p"oiots . Tbe plat.es wel'e then in"Cttbated at 27'°C. 

tor 1 to 2 weelu after whiel:t time comparisons ·were mQde J (1 ) betweea 

ttle standatd strain and t ne o·ther sttaht (HJ the plate and (2} betweea 

the various plates . U all eultures of S'-tain 1 hGked identic.el it was 

auued t.b,nt c«)nditions weJre s\\ffieientlJ ~;~nifom thro..~llout tbe plates. 

ln tlle experil\lents t ·nvest.i.gaUng t be utilization of carbon and 

a.it»;ogen compounds Uqutfl ntedia ~re used. Fuarium growing in a Uquid 

mediUDt forms a tbiek mat- like laJer on t .ne surface and does not grow 

thrnug.h the medium. For carbon uUUzation tests"" the lUtrouen base 

medium of Wieterbam ( 24) wa$ eraploy,ed,. a.s prepared bf the Di!eo labor... . . 
atort·ea . It is us.ed iQ ,".t.be :elauiflcation o.f yeast$ ~nd eOcnt.eins all 

t.he essential$ fo.r yeast growth ex~ept a seu.r~e of ca·rbon . In prelimin:ary 

http:identic.el
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e~perieeats it was tound: suitable for invettigating the uUUzation of 

carbon so11rces by EusariJP• Since tbe onl)' carbon source present h tbe 

one added, U growth occurt, then the carbon source hu1 beea a•slmilated. 

The selected carbon $ource was added in l" concentratto.ll, and cheeks 

containing no carbon source were inchded for compa.rhon. 

Tbe liquid medium for nitnyen ass:lmil t .itl'l'l. was base on 

Wicker ba• •• ( 24) .ca.-bon ba.se lftt~diwa. but only tbe trace element$, salta, 

and ghcose were vs·ed. 'fhe complet.e medlu was :not used as it v1a.s fou.nd 

that the ·fVIAii:Um could Qrow· in the. Carbon base roedJq, even thot.l~R a 

souree of nitrogen wa$ not added. tbh ind.icated t he orgiUihlft could. 

utUize either the vitamtrt$ or amino acids preseut ha tbe Carbon base 

111ediWll as nitrogen sou:rees . 

Soil was infes'ted: by taeorpcoraUng 1% of eor~Meall""sand. mediWII 

on wblcb the organhw had 9fQWD fo-r 10 day5. The ingredients of thh 

medium wer e a$ fo. lowst lnoo grants of sand: 200 grams of corm~eah 

250 mls. ·Of water dis~nfed io 100 al.- qtuurttUet tn 250 11$1 . flasks . 

Fla.iks were ibQeulated direetly from stock cJaltures Gf the ortnnit•e 

maintained 1rt .$oil tubes a 1 desedbed by MU ler (17). 

The $oil used in tJie patbogenieity trials was a e01i:po,$t cont.Qin­

bg 3 volumes of tift ed black loam, 2 vo.luateJ of fia~ sand, 1 vlHt.l.e of 

eomme.reial fertilizer . This was plaeed in 10 U t re flaU and .eOllllJlerdal 

peat eou adfled itl the voluae of 1%. ! hi'S was thoroughly mh:ed, and 

t.ltese flats were uted for plaatbsg. ':llte soil in these trials wu not 

sterUhed. It was felt tbat. · dditioo .of htariy to tterilized s.oU 

would \l ive t.he organh• an advantage whteb it doe.s no-t tuave under rlor.aal 

field condiUon• ~ One hua4red and twenty seeds -ere planted per llat: 

http:concentratto.ll


40 Bender •s Surprhe IIUJkmelo.n, 40 h(;tquoi$ mU$kmeloa. and 40 Peen•len 

wat-~:FIIfloo. l'be5e varieties were selected f en eomparhou s:biee it gave 

pathogen.icity COD!patison$ for $1llceptible (Bender 's Surprhe ) , and 

re&h't.ant (ir oquois ) musktnelon varieties , as well as ladieat1ng wbetber 

or not isolates from muskm•lon could attaek watenael on, and vice versa. 

Bender'& SuJtprhe h a l ~nge•fruited. · vigorou.s melon witb coarse . heavr 

lines. It h kpown t .o be very susceptible to flltsu.iq wilt . Tt.e Iroquois 

~telon is a resh-t.in' vadety developed bf :Mua.ger (18) and r8leased in 

1943. It '~u selected trom the etu.ss o.f a lfvtlliHI redtt.ant Uae of 

melons s i milar to Gelden Gopher witb the Bender ' s Surptbe variety.. The 

vinet are st.rong and vigor ous•. with ro.\Uld to oTal tieeplf rubbed fr~its , 

and de.ep OJ',oge fle• h· The Peerleu wat-ermelon :is '1 well 1\nown variety, 

witb me4ium. dze vines, oblong, meditut...greel'l• fine- -veined fruUs. ,whh 

bright red fle-tb. 

Cultural pul'1fi:cation$ were nuule by fl~oding Cz:apek agar plQtes 

with coli14inl I U$pendons b neriUzeo dist.illed water.. f.xcess water 

was drtliRed by i~t•erUog tbe dhll. Sb gle sporei were tben re11oved by 

the '"'llheu:U eut.ter.. aetbod or Ke itt ( '6.). No spatula was: found necessary• 

. l 0 

' 0 

.' 
.I 
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1. ~~~itl'J 0:~ the-.lMVI!!! I Ca~.ting_ W:lltI 

~lltf _ilUt~lG» a U'ttt.ti'IJelft• 

TMa:e iaob•t•$ ••e obt h;o.t bJ (ll pl~ ~U,ft\1 tis I If I pl 'tSI ~ • I 

t.he~itlil t'ii ~ du:eas:e4 ud (2 plantb;G ••fHil tn •~U :Ob'tli~t•d tt0l1 f i 'Olli.t 

belbnr•4 to De. itltttt•d ~hlt ti~ t&i.t~(ta~tt. llntl ~akl'flt ia.o~latltJ:»I t'rOm tll• 

iltttlaie r.t $uoa ,, gotaJ~hlt . 'lb:ettY :acne as Jt oek ceultP&t for coapatl•on, 

""-'P•....•••· tbil. teelni~..~. $$ deael'i~4 b;r t~Ul~r \16h W$.f ;used tQ teep 

~~t.lto l<~t:tla\ :f:rfl'e trMJ mtawUon .. 

Cnguniso e~·d~~JUiS \JeW · rlo'hlltd: ~~ 'tliO secU,~tti 'J U) b wlt-te,fl 

aU iJ~la.t~$ tr® _<Sk_-. l,cn wtlte it41ap.at id atilll!U-S't a ch'l'la•u st.aa a~d alld 

UU lB wb1tb aU ii<Jlat.fi,J lfOI& V~Wle:t11Wloa tQapar. d' aga mst a (lb.OMtt ttMchll'4. 

U~dv~rsU.f ~nd i• lhtqdl i~a tll '*"Dlr•ot,~::r aad tlltalowuo Gf G-dlettiens ot 

l:ltl'ootguotaus 'it\alned itt C. I ada"., 1••· ~ t)y t.lte ~~-Uona,J Rete -r•fl 

wat :rmec~ d ,a.n\1al'd at :als~ tfta:ppUe~ 01 Gr. J., J. ~~ JJ.~r aa~ i1' Ua~d nt 

f14. la, '"- C~otal~uue . ,._, ""t~la~ ~~ro•• euU•rn• wHl llo dedgnn't- us 

tUn i l •"'tl$li\Clon wii.t Fpaduq lAd st:r lu 1 w~'tii.l .lJ)& wilt Fttsu-dum 

respee.t.t.vtJlf, in tbe p:tluerll $tttdf .. 
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U laol• -~~~~ ob· &ilWiA ·fl"• mt$~1...,~Ui1 t'e: COl tJioil'~~ t Uds ·~)eri•· 

· Jtt . Situ~. eo-ll~ct.ill 1 Ql'e mod n ditfe#ent. U s . ;u c ~· rhBa ~• 

•ad~ in l Goetion:&~ l'n tb: fl'r&t e.oc':rc .:·iAJ.Oti ·:)(> .holat.. t ~.,~ t-1!idt~d~ D 6 

Jt\)1$ .Ita Ql" ~~ ··· .a:t.i~d t t:ablc x. 
Tbe 1J~"•ot~ ·•i.\l~ritJ ot t.ltc it~lattu~ Ui)P~~rt~:d identic 1 wit • s-tr4it~ 1. 

Howe'W'el', ~t f tJp~s ~te :ta~t\tl e ~ti·ti ~ 21~ Qf t. lr*l\ 1. · •~ aU 

. ~ dG t aerial ~1 ttU . and • · .n~t 

-..~~~- · 
tn tbe $f:C.~·:ad c a .f'i.S'ift ., porll'iC!!tl tbe l'ttG3,i•d•:g 214 bol t s •• 

<: ~ttl~ •t;r l 1. 11\ r'-~ fi 1tii t · U.•ted itt foble U . It St vld~Q/l U t. 

oPC4.11 aijuln a vari~\7 'Ot 1$!1)1~C.J:ft :wa$ o~t*bt#d. Of t.JJtll t~:td t 214 hola't.eJ 

\ 4\'St d ,Url wro idf.!i Ucttl. wi t · •tr.ahl 1. Tile o\ ·. :r 11}2 o:t 41.6. r gnttped 

J.n 9 ot r elat$ \j ,. , ~ ot lJw h•la.t&s. ~..:lo 'ot. b*l ti-t~t4 htt~ t..b~lflt 

g.-oup$ ·ad \fl..,lut ate U:st d, as *"ot.b ~•'" in 'U•e tab.le. tllAt- at.r 1tJ& :r~,ng~ 

!~<"~ t.ito;~Je vo.ry ti~Uer to t;trdn 1 ' . blrowu -~~. tes.cutbUa-g .. ·.-rt.~io '~ 

l!lO>:I $1.:pl'·o thyUt Fusar ia . SU.aU v rto\l·'- ent wtr~ uo\e1J. witntn- 'i 4t.,.ioa. 

tile la;U.nQ.I-i~tli · "t · ~IDQ qu1t -e $ I ~I}} J tbtt 'tabl WU1*14 1odlc l<t . 

It 4ibi.lu14 ~ ~ote~ t.•t ttntn l -~ cli$tl'i.b\Jted cvtr lb · e""Ure 

~/.Ul!J)hd a~e&, ~l. tll;~~~it it. 41atl :n;Q:t. f tmd n v ty ·s.., .. ~l.lll'fi plf.tl . Cerld-a 

\lt.b r· -&t.rttitts . :r !) Kmly ap._t$ l,, tU.t\l'ibvt.ed. Fur ·tt t!!plt,, I 'U i 9 ua 

fo;~_nd OtdJ etl: a :bilat.tls·., (-. fttt~ {~:b:i(}, ~itttl i'Jfte IY!M St .. thG~.. S'lbitl a. 
h s t . nd ht 11 IJ lau•• tr t. Alde~uot iu·c,.,. .nd. 3 trOIJ 

·' . 
tllxl· • StU> 1 of ' ·taW • wiU uboltl tu,tcor v~daUon' to a . . nG8 ~•d 

diJ¥\l!ib t1D'U• 
. , 
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TABU! 1: Comparison of 56 Isolates ot f UftriWJ frODt MUIImlelon . 

lUSTRIBOTION 

AREA FABII 

Alclershot Gallag.her 

Filma& 

~araiagton l attl'onardl 

lht. t hveu Colasant.l 

Harrow Ou.ransky 

nutz ' 
Ti.ngen J •. o. 

Tolah 

-

Sl'BAIN 

1 A B c 1) E F G 

20 l l 1 1 

~ l 1 

4 1 

3 

4 

2 1 

2 1 l 

44 3 l 1 1 1 2 2 1 

• .l • 
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TABlE U: COlllparisen of 214 Isolates of tJ.rurta from uslattelon . 

DlSTRlBOTION USQEWN S'i'RAIN NUMQER 

AREA FARM 1 2 3 4 5 6 1 a 9 10 Others 

Aldersllot. Crouebley 20 1 1 1 

Det..u~ea 3 1 1 

FUaan 7 l 1 1 

Gallagher 9 1 l 2 1 

Rieei 1 2 3 1. 1 1 1 

otxte Death 17 1 1 

lcta~thy 13 5 2 2 1 2 1 1 

IUlgrotfJ Goadbrand 1 

Boston R.usding 5 2 1 1 2 

Port. Dover Thompson 3 2 1 1 4 

Aylmer Howe 2 1 

Nondeb litro 1 2 

St.Thomas Ward 2 6 1 

Harrow Waters 10 2 1 2 

. l . 

. ' 

. 
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TABLE Ut (CoaUnu••O 

DISTBIBU!lat MUs.mum 

AlEJo\ FAIUl 1 2 

PlaJit 

Bfeedhtg 

Ph'>:t * 
Statio» 

Plot ** 
tlatera 0 

w.-tg:ht •• 1 

Rut.bV~UI Colasaatl 6 

Leattillft&Jl last.roaarclt 1 

Totah 112 20 

* lh•ira1oa Exp.edment.al Station. 

** .Laboratory of Plaut PotholOSJl• 

a 4 

2 

1 

22 7 

S'ltil N NmlBEft 

5 6 ,. 8 

l a 

1 3 

l l 

1 

2 

8 6 6 :fa, 

' 

a 

10 

3 

G\hers 

4 

a 

20 

-
' . 

. ' . 

. r 
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Another point wortby of note. however, h that ee·rtain sampled 

farms yielded a wide nu ber of strains Utcta.rth1• near Db:ie), while other$ 

· yielded only a few strains (Deatll, ne r Dixie) . 

UH llorphologieal Comparison of ·~ Isolates· of [u§prigra fto.lll· Water­

melon. 

The isolates t es ted in these experiwnts were obtained from water­

melon -- \11'0\dn~ areas by tke two methods ·mentioned for obtaining isolates 

from muskmelon and tlte CQ~parhons ttere DUJ.t:W t~ tbo $afle manner. Strain 1 

wbieh was reviously mentioned. was used a$ \be stancb1td . T.he results are 

lhted in Table Ill . 

The to~d number ef strains deteeted was 18. These showed similar 

variation to the mt~skmelon sttains . However • .of the 99 isolates tested. 

only 16. or l . 2% were like 1trdn 1. Strain 1 was widely dhtributed• 

being t'-o11nd en :mus·t Qf the farms sami)led. Strain 2 was obtained in as tll1il.ny 

holationJ as strain 1, bu,t it:$ distribution was sparse, being localized 
' 

almost entirely to •one farra from the Harrow district. I t would se-em that 

this organism differs from the uuutmelon pathogen h that o.n tbe whole,.. no 

lt h interesting to speculate on the natural vari a tion that ha$ 

been found. 

Miller 04) in pr.evious wo:rk with muskmelons found only one type~ flf 

isolate fJrom tbe field, tbe strain l o1 tites.e e~pe:tinwnts . One would he!i• 

i tate t0 attrib~rte the mulUplidty of $trains obsenred here to •utaUon 

in cl.llture since tare was taken ta J»htimtze mutation by protnpt transfer to 
' 

soil tubes. Tbus it h necessary t u -expl<'dn the difference in results bet­

w~ea those ot ~iller and the w;riter. Set eral explanations may be suggested: 

..
' 

http:tll1il.ny
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~ nt.~ Ul# Di ttri·buUon of 99 lJ()lat· ' frc:illll M:tskme·loth 

OlSi'RlllrtltJl WAitMELf.JN S'l'WU.N ~:R 

AREA FARM l. 2 3 4 $ 6 1 a 9 10 ()&hers 

oston ftudbtfl 2 3 

Pot'' over Tb~pao.n 1 2 3 1 3 

.Ay.·t•• So• 1 3 1 6 

Nf»rwt~ li'U'O. I. l l 2 2 1 

St.-Tk<*l-$ w:a•« a 1 1 1 1 1 1 

lorpeih w~ute l l l 2 2 

Clear tthk All~n t 1 3 1 2 

&now !l:D~~il:ll 'o. l 3 1 

Ti.D(ltUt J.D. l 1 2 l .1 .1 1 

W•fgbt. . a a 2 1 

lll041tt 13 2 

totfdl lS .l9 9 • i a 6 4 4 $ rr 

.' . 
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(1) the expc;rience of t e pntent J- \~t41es a<bowti.d that ti'l'aln difle"•c:••· 

te tfit be e;ore cu1tdent on Cupek SlJ.l-.:tiou atr r \boo oa ~ ~\i'O tte•trose 

auar., t -It amdh•• Uted bJ 1llct tn bh Wc.11'i . -(:JQ~k SolvUo'* ·~31' .... 

used by ·ua. wr.U,er. (2)· lt w· a to Rd that. Jtr3ha it£ l'M~ t bee~ ato..f$ 

-evident in older (:Ul\u.res than ln oulltu: s tdtoul 1 · ek old, th'l ht: Uth 

Wtltk «::omparbo._t e.rf: ade t lh .%-4 eek ~:rio .af . r ~htocula\lon. (3.) 

2. 	 EIU'tli.U·&I- oa lb11 l~ q&ftRQWJ;IQi&X .p( Stittl Q{ . t ii& IIQlvSfl Qla:tAiatsi (tg 

!JIYFf!lllaP -i,DQ .M.VIatlili" 

· l•eao &llper.t at.t mu·~ carl'ted wt to ( 1) dfltemtne w~e'lbu 

i·adi¥1dua.l atraiua ·var7 1:tl p•t •tdci\J, M ( 2 to f!1 if patbotealcitJ 

can be correlat.e4 ·. il.b aorpiol<>\11• 

One bun.clnct and O!te of U 309 holat.. s oht.ained were 1 cludect in 

t b&se '~!> rhteatt. ~he heh-.es t.itst 4 w 'fe sel~ct ·d l.":t •U 20 of l tt!! 
' 

lllOJ'pbologic:al ~)'J~(YI p'l'«tVhu..dJ IICDtlOP 4 , 

t ia t>V i d nt fl'Om l'ab),et{t lV tO VU tlUlt, t bt it-Ol(tteJ 9' ded in 

thdJ~ abiUt1 to ~J'ltaelf tbe ae~{jUngt . For -exatllP'l~ isolate 29'6 lhU . in 

M2 (T.abie t\1') cnuuaed l . 2J 4iseau,, ta Be~r"'•• ~ in Peerless. ~nd 65.5, 

dbeatr ln ll\'Oq\lob . . imila:rlJ isolate 84 lhle4 ia M ( 'l'Jtble lVl «aned 

40% dlae .se 'in Sender's. a-9 .6 - dh~ se ht. {· erl u . rtii o.-,. ,. <Uaeate ltt 

l .roquolt. .b tll~te CUIItt$. ll'l'f> tUl li:e IC iotidlmt h ,tJpp$l'6'1ilt .it it 

prollably t afe to an1u~e "t'! hlllilCI hl)lotet 4irt· r '"'' t hen -we ••P­

prO;pbJllc tiypes. od -lnaUr obtai d frmt weakened h<tst pl •'•· 
' ' 

Tablet lV ud "Vll U•tr the .,. sult.a of a dupUca\e6 e.l!Cf,lerltQettt to 

<ie\0 ine whet~.- result. obt -llW-d at OliO _r,!(tr.tod of 'th-e staw r coul be 

R pea·ted at a lat.. I' d.G te . 'fht \WO ex riments Wfe 0t1,l~Jl 9$ ft7t apart; • 

. 
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TABlE 1Vt PaUtouenld ty of 16 Isolat.e$ ft·om Muslalelon ~nni 10 

Isolate$' froa flaternaeh·n to 'tttr ee HoJt Vadetiet . 

J DISEASED 6 DAYS %DISEASED 10 DAYS 

1 I B l 

298 eo a2 . s n .4 ss.1 o 31.9 81 . 2 Q 65,. 5 

260 70 77. 5 77. 5 39 .• 3 0 100 0 96. 7 

13 195 47•. 5 65 36.8 0 

116 70 70 62 . 5 0 0 0 

194 so eT.s eo 3.1 0 10. 0 5, 7 43. 7 

0 0 90 . 0 0 

0 0 0 

0 0 

•• 0 0 

355 50 50 0 0 

0 0 

374 90. 3 34. 1 00.5 0 0 

75 67.5 65 40 

263 74 70 15 3i.4 30 70.1 

2. 5 0 42. 3 6.1 25 

127 75 16. 7 0 •'95 42.3 6 

22. 5 26. 3 0 11.1 73. 6 Q 

77. 5 7.9 0. 76 . 7 0 11.4 

336 72. 5 57. 5 62. 5 0 47.9 0 

385 55 0 38. 2 0 

W3 173 

382 

i OO 

a1. s 
62. 5 

.
o(}" 

87. 5 . ' . 
65 

0 

0 1 

a 
6 

0 0 46. 1 21 . 2 .54) 

100 

.141 

375 

75 77.5 72. 5 0 46.6 25.8 5l. 7 
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0 

tAII..E l't (COJI't.ilted) 

.,.StltA lSOlATI ·Gfi:~ INAflmf J DI$!1\SeP 6 M~S ~ 3l$E;A;:mO u; OAt S 

• IN 	 I f l 6 ~ l fl fl 1 

iW5 	 169 11.$ 10 4$ :0 G 0 0 0. 

a7« 

'' 
216 ·.... ~ 60 Q1r,.$ 0 0 0 0 0 0 

168 00 o~. a ea.s Q () 6 20 0 36.5 

364 {15 10 74 . ~ Q 0 a.,e 26.A 0 41 tt3 

N1 aaa 12. 5 TO ~(# 0 .Sf). 0 0 et..•3 a 

~ ts (}2.,a 5?.5 ·o &1". 5 f~ 0 ~1.9 t} 

1$6 us 11~5 31.$ 72:.f.S 0 i 0 0 ~ (.l 

us 15 &4!. 5 35 0 23.9 u 6 1€:10 .(; 

~ uo n ..s ~ 6!) 0 a.J 0 0 9l.6 0 

317 95 9f; 17.5 a 0 (I 0 N -.2 0 

f lO 2~4 00 t,'l.•5 11h5 0. () {3> u .s ~2 .. 1 6. #1 

322 7.i 15 12..1 0 () Q 13.3 10 20.6 

IMS St.t·. l 67.$ 92.$ ut~s 0 6!';., U .. 4 1?. 1. ~1.9 20 

ltitS St~. U: 12•.5 6! .5 12.5 24 {) 24 1® 0 100 
~C:I Ia 92 .6 t}7.$ Q 0 0 2.9 0 l .O 

Q!· tl '90 al.5 15 t 0 0 0 0 {) 

~·C3 	 e·r.!.» tJ! . :S 100 0· G 0 (} 9.1 Q 

" • 92.$ 92.. S tr.i .J) 0 0 3 ~ u 3 

cs "' ()1. $ qg 61'.. ~ 0: a•.o 0 0 16•.9 0 

,..,
t6 ·n.s 95 9t.s 3 {I 0 0 0 0 

C1' 91 90 9~. "' . 0 0 g. 0 0~ 	

"' 

.... • n., 
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'l'ABI.E ·v: i'at.bogenieity of 16 MPskmelon Isolates and 17 

Watei'JIIelon Isolates. 

·~ DISEASED 6 DAIS %DlSEASEfi 18 UAYS · 

IN B 1 B p I B l 

M2 300 90 92. 5 . 75 20 0 53. 4 83. 5 5. 4 96. 7 

382 82. 5 75 o7. 5 21. 2 o 40. 6 ?0.~ 0 96. 2 

88 100 

240 65 60 ~0 7.1 0 0 1,9. 2 29 . 1 5. $ 

M4 162 50 72 . 5 87. 5 10 0 a.a ao o 51.4 

224 60 100 

151 100 

0 0 

149 67 •. 5 40 60 0 0 0 0 

122 75 72. 5 72.5 0 3.4 3.4 13.3 3.4 13.5 

M7 359 90 70 75 0 0 

0 to.o a.4 o 12 

357 62. 5 GO 67. 5 0 0 0 2. 6 

74 75 87.5 60 (} 0 

19 93 66 92 .5 75 a.a o 3. 3 41 . 1 0 26 

56.8 75 75.6 

26 0 6#>. 4 0 

230 72.5 60 82 ~ 5 0 25 0 87.5 0 

167 65 61~ 5 75 0 0 0 0 0 0 

367 81~ 5 65 67. 5 0 0 0 0 0 . \ ' 

0 0 

381 0 0 10 0 

346 85 85 90 0 0 0 0 0 

380 92. 5 85 97. 5 0 0 () 0 0 

364 

110 
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TAIU.B Vt (CONttNU!O) 

S'l'RA ISOLATE "GEQlNA'flQf ~ DlSE SED 6 DAIS DlSF.ASEO 18 DAYS 

...Jtt '8 , ,); s p I B 
"· p 1 

16 217 90 ao 6t} 21.8 0 6. 3 21 .1 0 4.6.6 

3€)2 15 62. 5 05 6.6 0 5.9 26.6 3 tU .l 

W7 304 11.5 15 70 0. 30 0 0 latJ ·0 

323 07. 5 05 67. 5 0 ~w. s 0 0 88.2 ~1 

~3 tr7 70 67...5 11.5 fJ 33. 3 3.2 39 .. 2 85.1 6 .. 4 

Utl 07•.5 42.. 5 55 l) 23. 5 (I (} 100 0 

9 116 07«S 90 qs. 0 22 .. 3 () 0 100 () 

112 77.5 90 95 0 20 0 Q 94.4 0 

tno aoo $2 . S 90 4)7'..6 19 s . ~ 2.8 23.6 Uil U.4 

WMS: S\r.t aa.s' 75 61.. $ {> 33. $ 0 0 l t1U G 

JMS St.r.x 52.5 i 1.S 90 47.6 0 &t. l 100 ~ 100 

4tCl 7$ 75 75 0 0 Q 0 0 () 

.ca M 90 95. l fitl 0 0 0 0 () Q 

,.C3 1'5 ao 100 () (} 0 0 0 0 

...C4 50 10 fl.fJ () 6 0 0 Q 0 

cs "' 100 100 100 0 0 0 5 0 2.5 
tlco 70 75 Ti 0 0 0 0 0 0 

C1 90 95 100 0 0 Q 0 0 0"' . ' I 

.. 
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't~U~ VI: Pat. togcnatei t1 of 19 luskmulort lsol tes flHd l 

i te~l.ou tsolat;ot. ,,
~"l:JA lSOUW: ~ QJ:nfllN~Tit!l ~' DU.mASED 6 DAIS DJS!AS£D 1& DAJS' p-:nt 	 8 t> 1 B :p ) , ·a 1' " 

tQ 	 a~u ao .a.:l EQ. :;;, ~u .s 0 36•.4 at.s ;,i.•• tl.& 

29& 75 77.5 1~ 16•• 0 1) . 1· 73. j 0 66.6 

290 10 77.5 11.5 25 lu~ .l 26.6 ~. 1 16.1 m.a 
276 oo ~ 61. $ ij 0 ~ .9 eo.& 0 65.1 

13 	 12.3 11.& '11. 5 65 3.2 o.4. 14.. 1 36.1 45.1 64.7 

219' .as tJ2. 5 1t•.S :! . ill 0 22. t» 13.· .;Jt! 0. ' <'13. i 

2.T7 62~ -ee 61'. 5 l~ .. l ~5.1 tn.B lU•.S tm:r• "·' 
65 17.5 02.5 a~ u 9 . 1 20. 6 ::W. 7 te.G 73.. 5 

14 129 1'J.•S '71. 5 1& 38 a &0 .100 ••• ao 
24:2 ~2. 5 1fl 62; ,. 5 0 '() 0 t.T. d 0 1$.1 

110 8'1. 5 62.. 5 i 'i. S ~2.$ 6. 1 2S,.6 t} 3tl. 5~-' 
a~231 ~B ~ 02 .. 5 U .1 Q ~.1 19 .~ ~ .9 60,6 

15 131 n.s 12.•£t "tT. S 0 (; 0 0 0 ) 

160 0a.5 n .i ij'l.......6" 0 {I ~ () til 0 

16 	 144 TJ. :5 "11. 5 65 .?()..... ..6 3.. 2 30. (l 00 ·~ 111 . :~ ~2 ..3' - ~ 

&1 60 61.5 62•.& u 6 0 0 0 Q 

;tf'f 35& Ti ao 7$): 0 (J 0 g, G 0 

363 n ..s 67•.5 00 f} 0 0 0 0 0 

til$ 	 tl4 90 00 ~.s •., 0 14.. 1 ~U .2 0 <-R.4 

300 (ir.i . $ 11.5 7:».t! 0 40. 6 a u ~~ . l Q
'"' " ~ 

t'fi! 	 345 01'.Q 81.:& f)$. ' Q 38 3. 1 (~.•!;. tj7 w:l a.• 
l2:$"1 ~a .. s tu If> ~ 71 .4 '0 0 lL'li'J 0 

. r 
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'lAmB "' ( Ctli'fl Mlf!lH 

t.'TIA l SO!J\'m ' GEKMU~ TIQI %DlSE.~S£0 6 DAYS ~ tJlS:EASi:D Ul f)lt S 

· lll i p l !I p 1 II f l 

\t3 178 60 17. 5 50 {) Q 0 0 G 0 

163 65 71. $ 62. 5 0 () 0 0 c 0 

238 9(1 i f) 15 4 29 6·. 3 12.1 eo.s tl .a 

\44 349 b .a t J , S 10 tit 6 0 0 0 0 

W5 342 97. 5 7V .f;'1 . 5 0 0 0 0 () 0 

332 17. 5 87. $ tl2. G 0 () 0 ,() 0 0 

W6 51£> 90 610! 5 ~0 4.1 0 8 3&.. 6 ,CJ 00 

378 W). 61 as 7 • .1 2.1' 18.6 ST .. ct 9 .. 3 16. 6 

W'f l i8 ,l~
<71 100 l ~iO 9 62 .. 1 3 c,,.4 l t10 12-1 

347 S2 .5 . ~ 
57. 5 87. 5 0 6t;. l 4 a •. s 10() 4. 

liS S~r. l 52 . 5 60 15 0 39.6 0 0 }6. 1 G 

.as su .l 1~1 82.5 1'~ .& 14 0 ll B?. l. 1., 3 90. 4 

Gl .. 65 77 •. $ 1ll., 0 0 0 0 Q 0 

C2 •• 12.6 87. 5 6$. 0 0 0 0 0 

cs .. 17.5 62. £> '12. 5 0 ~ e 0 (; 0 

G4 " 75 30 72. 6 6 0 3.4 14.0 0 6. 0 

C5 tl 95 15 so ta.,l lo•. l 5.1 43. 3 15 50.4 

t6 li T.Z •. $ 70 &7. i {} ·0 () (): 0 0 

C7 ,, 62. 5 90 92 . $ ' ;fl 0 0 0 0 0 

. ' 
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'lABbE Vllt athog,e:d:oit)' of 10 V~t$lmelon laolat.eJ ~-.d 

1 ~nte~lun h olat.ta... 

1 

298 72..5 82. 6 72. 4 45. 1 0 

200 65 a2. 6 ua. s s1.•a o 100 

19~ 50 1.•a 0o 100 

0 0 

314 75 17.5 &t. l G 

lt3 

215 

u. ' 0 

173 100 72 •.5 S5 . '' 0 

..... • il" 

16. 1 3. 3 .0 

54.1 .~s s~.a 

l6. t 

so.o 
T.€4. 1 

0 

(l 

http:laolat.eJ
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"t Btl VU; (CcOnt.:htll1Hth 

ST ISOLJ ·m nGe lM :r:t~ %IUSBA 'EO· 6 O l S li 1)1$/ J) i DAYS 

p• IN B 1 B I e f 1 

iii l!'}) 91.'( 7{l 95 f) 0 0 0 0 0 

ato aa.s 12.$ 97.5 0 0 0 0 0 0 

t6 lM 6:1 7.5 6<:1 0 0 () 23. 2 0 31. 2 

364· 1() 15 65 -~- 0 0 25 0 47 

11 3~ "Ia.$ 71··DJ' -~ e 35.4 t) 0 ao.u 0 

386 92.5 1 . $ 15 0 55.2 0 0 12. 5 0 

~t) U5 75 75 rt.a «) 0 0 ill D 

un 60 11.S 87.5 () l-t. 3 6 0 83.8 0 

W9 l UJ 11 •. 5 ao G ta.r U 'tfi 0 Bl. l 15. 8 

a11 ~5 95 00 2-.6 2..6· 0 1.9 a&..9 0 

lfl O 254 07.5 75 7$ t') 0 ·a 0 0 0 

3 2 40 00 G 0 (;) 0 0 0 

WM$ St r . l au ~r~. 12. 5 6 •. 3 63.4 0 11>.6 90 0 ., S'Jr~Jl 'JS 80 12 •. 5 20 6. 3 6 qo 15 .• 6 0 

..tl ·SG 81.5 va.s 0 0 0 0 0 Q 

e2 Pf 2.6 _.. 1 75 0 0 0 :Q 0 0 

(:3 tt n.s 7$ 00 () Q 0 a 0 0 

e4 •*t 92 .~ 00 1$ 0 0 0 tl 0 0 

...C5 73.,.5 72.5 00 {} 0 0 0 0 0 

C6 t• :625.-- 50 b~ 0 Q () 0 0 " 
flC1 El~ . , 15 72. 5. r~ 0 0 0 0 0 

·' ' 

• A ' 

. ' 

~ 
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eot~sidering the 1 · combinations of host and pathogen (36 8eftder ' i, 36 

Peerless . and 36 Iroqu·oh with each Fusariu• st.rab)., 69 ot tbe results for 

both eX,pe:riments did not val'y more than 10% from oJ'l.e e}l_periment to the otber. 

If the allowable variation were irlereued to 20 ' tben 99 of the results 

would be siaailar for bot trials.. Because of tile similarity of r esults the 

wrhe.r feels tha.t t.be pathogenicity of the isolates h~5 been COfflpared in a 

reliable mann-er. 

Tables IV to Yn: show that pal:bog:entJU'ty h eor·related with the 

morphological ·types pl'evioudr de$ignated. toPd.deti-ng tbe 12 dau of 

tables l 'V'• V, and VI we f£nd that t he degree of .pat.lH)ge;ntcJty it apl)rox... 

baately tile same. except in two eases .. M2 Table IV isolate 298, Iroquois 

:seedlings and !42 Table VI h ·ola$e 290.. Peerless seeolin~J•· If o11e stud.iet 

the rest of Table1 I.V, V.., and Vl the dose agreement o.f ref!lulU within a 

given morphological type cun be foQnd in 173 of the 201 •uskmelon holates. 

Certain morphohgica'l t ypes might nave slight pat:bog:enieity variation 

accounting for tbe difference hs results . 

this experiment. also showed the attack ot W-itenaelo-n seed1ing:r by 

muskmelon fV.filiUI ano vtce vena .. For e;oaple see T"c~ble V, i:solates 300, 

240, and 122. Other examples ca'n also be noted:. 

ttescuhs also indh:ate var.taU.on in stra.in type. and pathogeni.dty 

fr·om indivi-dual fams. lsolate 300 t';rom the Croocbley farm b Aldershot 

placed h strain 2. gave 83. 5% wilt wUb Bender•s. 5. 4 witb Peerless,. and 

96.• 7% wi:th Iroquois , Isolate 264 from the same fartll gave 76. 7% wilt with 
. ' 

Benders , 0% l"lith Peerless , : and 77. 4% with hoquoU . Isolate 122 frOII 

Crou.chley farm. placed iR strniu 6 gave 13.3% with B~nder ' s 4 3. 4% whb 

Peerless•. and 13.5% with ltoquo.h . Fw the.r exa.aples of this can he noted 

http:var.taU.on
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with isolates fTom various other farms . 

3. 	 Igustiga tiOD§ on tbe Elrtrent tg ~'h1Qll. lb§ Pa U!OJJftDS .f;ijD AUQQk .Bit\h 

f!ons an<! he'her Qne d Dtm ·~2914. bJ Natural or Indyqed Mutqtitn 

til!! J}ht t2 1be . Otb£:t • 

If stu~b tautati<ms o~eur naturally. then t e pr oblea is, bow cou.ld 

s\lteh a mlitation be detected.? i f l arge numbers of con idia could be lao• 

c1dated into immune host plants. and the hoU plant becalie diseased, then 

U a,pp:ropriate eont·rols were used it could. be auua.ed a mutaUon had 

oceured, eonfe:rri·n_g on t he pathogen the ability to attack a previously 

.immJtne ho.st . lf this mutaUilrt does occur t hen. hs f r equency would be 

i:nerea$ed by treatmen.t with suob mptageni.e agents as ultra-viol et U 9bt. 

X- r ay.s, and such ette•J:eal agents a$ t he JHUlyl xanthine der if'athes . 

It was felt tha t t lte results of ti'be patbotJeniQity tdals previo'US• 

ly r eper:ted, iodi·eat-ed that certatn ho1~tes had. t he ability to attack 

both hous . To con( irm tbis;. a fu.,-ther patbog-e.nh:ttr ~xpe.l!iment was ·cartled 

out . Se l ected strain$ were i~ot(l,lated lnttt 11 .tlat.s ol sterilized $oil . 

Sixty seeds ·Of mus.kmelon (BendeT ' s Surprhe) , and 60 watenaelon ( Peerleu) 

were planted in ea~h fl at , a.nd dbease beldenee was estimated by obae!'ving 

t he, emergence. and wUt t hat followed. The results are Ust ed in Table YlU . 

Considering the muskmelon itolates t'tr$t. it )I evident that 

pathogenieity varies from strain to s·train . Thi.s h in accord: with t.he 

r esults ol the pathogenicity trials predously reported. Severity of attack 

varied f:rQtn very severe to UtUe or :no ~ft'e¢t on the mu•klldon$ , whUe 

~ettain $t.tains al.$o anaeked watf'e-rmelons ( .ttrdns 2. 3, 9, and 10) , but 

mueh less severelf. 

Couiderbg t he watermelon straitli it was t~und tba t the range was 

• j ' 



TABLE VUl: Comparison ·Of htbogenhity of bolates frotll 

luskmelon artd w.atenelon to Both aosu . 

STRAIN 

EMEilGENCE POS't..uERGENCE EIEBGENCZ POST~IEIGf:NCI 

' IOITALlTY lN % MOOTALlft • 
29 UAJS ' 29 DAYS J 

1' l T 2 'I' 3 t . 1 T 2 't 3 'l' l 1' 2 T 3 T l T 2 r 3 

l . IUtkmelOJl 83* 87* 73* 62 M 66 tllfl 1~ 92jt 0 0 0 

2. .,. 
72 83 6S 100 <15 67 68 60 75 6 8 0 

OJ 

3. It 48 50 41 93 90 81 16 78 87 14 21 20 

4. .. 70 TJ 61 48 51 44 82 51 61 a 0 0 

s. .. 87 qo 85 0 0 0 12 79 65 0 0 0 

6 . 
,. 

81 5$~ 82 0 Q 0 so 82 75 () 0 0 

7. .. 73 80 52 G 0 0 95 88 92 0 0 0 

8. .,. 
08 73 67 35 39 27 12 95 62 0 0 0 

9. ,.. 85 1.00 .a 48 56 50 78 63 83 41 42 5(J 

10. tt 82 78 92 as 63 90 85 82 92 15 17 10 

* Replicates ; Repliea.tes. 

T Denotes Trial 

.' . 
'' 

. ' 

..­ I ij' 
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TABLE VIII: (C(}4TlNUED) . 

Sl'RAlN MUSKJIEI..Oit \fA'tERMEWN 

EMERGENCE POST-EHRGENCE EMERGENCE POST...£ •RGEtfCE 

IORl' Lift IN IIORTALITf IN" 	 " 
29 0 rs % 	 29 DAYS " 1. Wa t~melon 90 03 1 16 12 11 82 78 7 100 96 100 

2. 90 75 78 10 6 9 73 87 82 93 91 82" 
a. 	 " 48 78 83 0 0 0 52 63 58 3 5 0 

....4. 82 81 85 42 51 56 85 65 10 20 26 29 

5. 	 tt '73 ao 33 () 0 ·() aa 92 00 0 0 0 

6. 	 " 75 60 92 0 0 0 100 90 83 0 0 0 

..7. 82 78 43 0 0 0 82 51 62 81 93 87 

tta. 48 52 7 0 0 0 85 100 87 1 100 92 

;9. 	 " 78 82 i S 0 0 0 90 100 8... 84 11 36 

10. II 90 100 65 13 17 25 61 57 65 0 () 10 

Check 1 90 83 78 0 0 0 100 92 05 () 0 0 

Check 2 68 100 92 0 0 0 6"4 85 83 0 0 0 

Check 3 so 81 87 0 0 0 65 80 92 0 0 0 

. ' . 

.' 

- . .. 
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was tro compb.,te pathoge·nidty. to nott.wputbogeaic toms. $tr lns war• 

abo foun4 U, '?, 4, n 1()) whleb · itu"ked. IU&~dunel os rNU.b l t ·l virul~nee 

1t is un .tutereaUAg point th· ·t b~th t he hal tes frtmt mvsueloe &ttd 

wat.·eDllthn laelu~ strains which can,nqt. attaek eithftt b~st . Certain hC)lates 

.frg wat .fl)Clon ( 1, ·.., 3. 7, 8., (~nd 9l «U.lVSt!'-d severe wilting. Tbb h in 

a;eeoni :w.itn the le.$'1lltt of !a-cf~tUl u::n ,. StJ'iliftS: 3 &Dd tJ, of wa,.ermelon caused 

a wU · t 'eck ~n Jt~t ill $ S and 6 showed no ofteet.. ln a pr1lU::d ry tt"ial 

U.fhlg 4 watem'tPJ.on S<t.railu th 3, 3*• a.n:-d 1Q) tst»J'l.O' ttf t:h.e ~tolates aU.uded 

Ttte t esults obtained ,wU.·b t 1e mv'$:k~tehn h.olates were sllllllru·, .rang... 

lot~ frQI'.It se•ett!' athogeni~it1 'o non-r.urthte .nh. 

. . oint of intereG·t is t bat do.rti\g :Ueld eo.UeeU.ons, 5 iti>la\e~: 

$I a eucltmbtir b>ltlM •re. oln;aiu•d• lluHH) wel"m not iD:cluded in· \htUJ;e 

\du1 , b: t itt ll .tlnU•tnary teat it. Wll$; ftJtnut ti at. t~ cuouoor t:a•a~Ehuo 

appct~.red to a\Qek beth licst 'f!.Jl)e t of Ill l.~>.n . 

In ,n,o instane <li·d an bel te lrom <Wfl bost J?l ant., att ck: t.:be o·t.ber 

bost pl~at. with t~ tanMl virtd·enc<t a• h did if,J ·c;rigind host. . 

4 • iWift t!i~StiMQU Qn llie Diilt!D. I( Wlt ,.PgtJ MDI• 

(.A) Itlvt&tiqaU&ns iato tb~ Pi!Jsdble Occurt.en~e o.t fle t.e l"othalhm 

Amoti9 t e CoUteted St r .·lnt o:f £)t;ar&g. 

The p1n•pos• wa t () detel'lftine wh .:tlrel' 111 pairiog r•present.atiYe 

i.1cl~t.es. t he 11e:rteet Jt.agt of the pathogen.• euald ·be ~t,ined. 
l ' 

b canb exped.~~en~ t-en- se1e~t. :stJ i Qs wer . paire~ lD aU comhinathns. 

by tdxiug r ep4ted spo.t': t\ spen.donaJ wh i~b fla · be~n adJ ua.t- d b7 zoeam1 o.r a 

haeotOOJ\OWUel' to ap r oximat(tl y 1000 conltUa pe.r VJl . Tt:tl I:Q\11 o.l teA bolat.,s 
• r 

J " 
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TABLE IX: Results of Pairing a Number of ,Isolates fr0111 

Jluskael on iP All Coilbinadcuts. 

IllS 128 68 224. 130 355 384 74 96 135 

O S ... .... + .. ... ... ... .... .... 

128 ... ... .. ... - - ... ... + -
aa - .... .... ... ... .... - .. ... 
224 + ... + + + ... + ...-
180 	 - .. - + + .. ... ... ...* 
355 ... .... ... .... 

~·· 
74 	 ,., ... ... .. ... + - - -	 "" 
98 • + ... + - .... ... ... + 

135 ·• ... ... ... + + ... + +* 
+ 	ue•otes presence of hlall dark ctot~h &a or 1-n the agar of tbe plate. 

TAII.i X: ftesulu of Pairiitt a Numbet' of Isolates from lfa\entelon 

b i\11 Combinat!Ofts. 

as ass 361 381 230 364 330 115 317 304 

a s + + + + + .... :- ...• 	 ""' 
3&5 '+ .. + + + + ... - - ... 

381 + + + + + .. ... ... ­-
230 	 + + + + + + • ... ... -
304 + + + + .. - .. .. ... 

330 .... ... ... ... ... ... ... 

115 - .. ... ... ... ­
. l317 .. ... - - ... 	 ...- '. 

304 .... ... ... ... 	 .. ... 

.. 


• r 

' 



--

Result$ of Pairing a Number of ltitlate• ftta 

luskmelon in All COtDbbatlons . 

277 170 131 160 67 356 383 242 

MIS + - ... + 

261 ... 
_277 .,.-

110 + + + - .. + 

..131 ... ... 

160 - ... .... 

61 -- -· 
ass + -
3&3 .... -
242 ... .. ... 
22f:J + + + 

tABLE XU; le$ulti of Patrint a liwuet ot I1elates tF• lus:Jawloas 

and Watehlelon tn AU Combtnat.tc:uas. 

211 170 131 ltlG fJ1 366 3i3 242 

as + 

..ses • 

:&u7 .... ... .. 
...361 ... 

230 - ­
3M - .. ... 

330 ... + + ... ­. l . 

U5 -- .t' .... + ... 
317 + + ... ...-
304 ... .... ... ... 

·r-
·/ .. 

" ~ ... 



the plates were poured with 15 •h· of Potato Dextrose Agar + 1% 

Yeast Extract , into whhb was ab:ed: 1 ml . of spore suspention of bo'h 

strains. whieh were to be paired• 

.A t.otal of 100 such pairhttiiS were carried out. but due t& results 

only 40 o.ne repGrted ere and are lhted in Tables u,. x, Xt . and XU . 

Dark hard structures were noted throughout tbe plate$, and their 

identit)' invesUgated. It was thouyht that \key might possibly be 

peritbedal primordia . Strips of agar containing tbe atrueturet were soaked 

in 95% aleobol af)d thin sections were made. Al tbollgh on repeated oeca:sioo.s 

tbe;y were foand to ).)e hollow ~»asses of ~yeeUa and $WOllen cells. no 

evidence' of a$ci or aseoapo·res could be found . 

(8) The Effect of bpoting Conidia of uskmelon and atemeloa· 

f:Vnr&IYI to Vadon Mutagenh A9ents . · 

The origin.al p\U'pose of this experi~~ent was to (hf~el'lline the dosage 

of ultra...violet Ugtit that would cause about 50% aortii}U.y ia conidial 

$uspensions. 1t was eonshlered t:bat the mutation rate of conie.ia tO 

treated would be the maximu111 possible without too great a loss of viabHity .. 

The trea~ed tonidh1 were t <l ~ injected into both hosts . By obtervtno the 

inJeoted plants it could thus be 4etemined whether ·Ptant type$ bad. arisen 

capable of attacking the other bo$t . 

Preliminary experiments indieated that nehhel' hoat was im•une to 

injected non....treated eonidia of t he ·other pathOgen, but other effeeu were 

fotuut. 
• t . 

( i) Tlte eftect o~·. ultra• violet l.ight. 


Stratn 1 of tbe uu&$kmelon fV,§irlMI and strain l of the waten~eloa 


i 

£JJat:IWI we:re the two straln$ selected f9l' these experimeau . 

http:conie.ia
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For treatment of the conidial ·suspensions with ultra-violet ligbt, 

tbe select.ed strains wero grown on P'otato Dextrose Agar in petrie dishes 

and eo•1d1al suspeniions were prepared by flooding th.e pifd.es with sterile 

water. With a baemocJt.omete' Ute suspensions were adjusted to coatdn 

2000 conidia per ml ~ Otle hundred (Ols .. of thh suspension were added to a 

·moist cheber dhh S inches io d.iameter to which a la7er of water agar hsd 

been added to lllake the bott.om perfectly fh.t . Then the s,...s pension was 

irradiated, beiag gently agitated td .th a rooking: motion all the while, wltb 

a WeJtlnghouse Sterilamp ( L-782· 20) a t a dhtanee of lb inebes . The 

irradiation was interrupted at lhe :proper Umes te allow wittuirawd ot 1/10 

r.d . samples to be plat.ed. Jl lating wu done in CzapEfk Solution agar + 1% 

Oxgall t.o delild t t he colonies.. as. described b¥ Mi Uer et: al.. U 7), and a 

tiailar set pbted into C:toapek Sol~~rUon agar ¥~ithout OJ;gall for eompathon. 

The results of t.h.e expertmeat ar.e litted b Table Xlll. 

lt is evhie,t that pedods of h'radi.atieo llp to 1 minute di.d not. 

affect t te viability o.f t.he conidia, but after 2 minu.tes decrease was noted, 

and this was prono1n1eed after 5 airJute•~ Only one colony wai found in the 

plate$ exposed for 15 and 30 mlotate peri<tds .. 

On the Oxgall platet, the colonies did not intermhsgh and mutations 

could be deteeted more easily. t hey were made up of fovr main types: 

U ) Those witb a ,..nring:y» rAJteUum, which were ligltt Ume h colou.-, 

(2) a fine eottony eolonJ tdth a periphery marked hf a fine lHlDd of mycelia. 

Ltght litue in colour, ( 3) a r'Oug.b, wh.lte,. rather .s:prea4ing colony. The 

mycelia of whieh U semi•~ppren cl, (4.) blue tinted cc;l~niet of various 
' ' 

forms . 

The plates which did no,t bave Oxgall added,., consis ted of one large 

http:select.ed
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colony re$ult1ng from. tbe intermingling af nuaerous colonies. The colonie$ 

varied .in te~ture and appearance from place tOe place, and detaile exa~~in­

atton w s made for evidence of the per fect s.t.age as a result. of this 

treatment. everal t ype$ of abnormal structures were note , but repeated 

secUooi.ng qave no indica tion ot peritheeial develop•ent. 

h h evident from the table. that phtbg of l/10 ml. suple$ Gf 

suspension adJusted tq 2000 eotddia per el. did not give rise to tbe 

expected 200 colonies pet pl ate . 'l hh could he explained by: (l) not all 

the conidia in the suspeasion were vtable and (2) during preparation of tb,e 

coneenttuted suspension. the sutpens:l.on bad to be centrUtiqed. tki• ttlight: 

have resulted in ehtmphlg of tells, thul r~duein~ the actual number of 

colonies that would be produee«. \i:hher one or a e1>1ibhtatiG'n 'Of both t:bese 

(U) the effect of Caffeine. 

Fries (4) t~re·t rtp~rted Jueoess wi tb i\Elt.by1 xanthine deriv tives 

as mutag.enic agen~s.• 

A conidial sus.pension was prepsr·ecl in the manner previously 

mentioned using t.be onJsbi~lon standard atrah and the watermelon standard 

strain. 'the strength of tile suspension wa$ aot ad-justed to a"J predeteradned 

value since it was feU. a tnaximum tntmber of co.nidta should be subjeeted to the 

tJ"eatment. and the dUutions utili2ed to get a reduction in nurabers. 

The nspensioo dens tty for nu:tsk_melon t.1as 220, 000 viable conidia. per 

ml •• an4 300.000 viable con$dia per ml. for watetltlelon. The Caftdne was 

added to the stock &u$pens~&ns· in' on anu:nmt nffieient to make tbe final 
·'' 

CaCfeine sttength O. i%, a figure determined to be adequate by .Fries (4) . The 

1u1d pl ate4 into· Potato llextrose Agar + 1?' Yeast Ext:ract. 

http:i\Elt.by
http:sutpens:l.on
http:secUooi.ng


w .re r .ibOve ll.Dd pl -tctt. the l 1\tl$ ent t -e, fl'!at.e4 iu tile lac~ ur •4 

I$Tlt>l.fi.C;dif• 

Itt o· e ae m. tl1 r~ iinf ~lear 

*• uan· t " e hard black sttuQtttrn• 

pl'< vl sl)l men· ion:ed ~•.- Oi>P reo:"• It) .a:-"r 1 cr~a.dne liP to t. · 12 lt&u:r 

«HJUnl, nene bel t ppal'eut. at\ t • t. . '.bb ' robablf l ic.att:-s these 

ttt.'Uc,twrtl's a:r• Ue< result c:t . e ·. :uta~~~~~ t.J' ~t®at . 

Tt•e ii" ' Stllt·$ atre . howa in Table' IV. th~ 'IP'l' o·t eolo ~~~ produeed 

tnclvu · Ql . fo ~ typ 1 prMUCfld ~ . alt.:r ""'"iole't tn l _d&'ftt pJ • • e,r 

colourtt ~olQn · ltb 1 · t:llllm\ ~PP,ftlt &JeeUU~J .. 

. l ' 
I 

. ' 

·l . 

..' 
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(iii) The effect of TbeopbJllibe. 

1heopbylline, another cetbrl xluttb.ine 4erivaUve,. was also t ested 

udng the Salle tee&nique as with Caffeine . 

'file density of viable conidia in the suspcen.sitlnt eJBployed was 295, 000 

conidia per mi ., for tbe muskmelc>n F.ysady and 31~, 000 conidia per al ., 

for tbe watermelon fitl!ltiU· 

!be r esults hown in 'l'Uble XV indicate t hat the colofli.~s examined 

a t Ute interval& menti .on.ed in tbe previous experiment were (If tlle wUd type 

in ·natur , and tbree of the vada.nt. colOIJ types· previa idy me.nUO:ne4.. The 

rou.gb, wbtte. t'ather spreadintJ eoloay witn t he telt1i- appressed l!IIJeelia was 

absent. tlte creaay coloured type of colony Which was first noted with the 

taffe ine, was dso present here . Tile hard dark structures. were pr esent after 

t he 3-we{lk period, as well as local areu o.f JAOu»ded dark broWJt myeeUa . 

The$& m~HlDt'ls were filled with muJero~gs IIU.\Cro.aportls .. On .si.ngle spore isola• 

Uon of on &f t.:hes~ J,porea. a mutant tta$ found wltieh pr~du~ed only large 

'uaerospores, and these were prodllc·ed h rin.gs . 'l'bis phenoraenon bad been 

noted earlier with other organisms. and bad sometimes been found to be the 

result of Uabt strikinu the cultures. 

Plates of C~apek agar were hoeulated in t 1e een~ret wrapped in 

photographic p3fJe r , .and $eU incubated at 50°C., 370(; . ,. 27°C. i llOd 'Ute set 

placed ill tbe re frigerator,. 'ifiaese ""'O're exu.i:ncHil aft.er 6 days, but no l'ing 

was apparent and sporulation was unifom throughout the plate. Lig.ht was 

next tested as t he cause of this ring effect in sporulation. 
' l ' 

Plat es were. inocu,l.ated wl tb the mutant._ wtap1 ed :ht black pbotograpbi~ 

paper. and ine~bated a t 27~. These pla~es were exposed to Ught from t be 
' 

north window 0f tile lab&tatc.u:y after 2 days tlntubati&n . Six .plates wel'e 

.. 
' 
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removed trom the Ught after 0., 5, lOt 15, 30 minutes, l hour, and 2 hours. 

The peripheral edge of each colony was m.arked o:n the uttdersi4e of each plate, 

at the t.boe of, exposure . Upotl rc•oval :from tbe Ugnt the plates. were 

buaediatelJ wrapped :..gain aad returned to the incubator . The light 1nteositJ 

.falling on ~the plates. was 26. 5 foot candles per square foot throughout the 

entire period, measured wi th a Getl~n·at Electrie Ugbt. Meter. 

On e~uination after 3 raol"& d.ays , it wu found that the fl latei not 

exposed to Ug lh tUd not nave t he ~pore.s produced in a ring. but wete: 

randoml7 seau.e:r•4 tbro.tAtJbout. ~ver:y plate from t tte 5 lllhu.ate time up to 

the 2 nour time contained a rinfJ inO: d'ftu~t in which the organism prod..ueed 

iU ~Spores . Tb,e rtng effect 'vas pi'I'!Ebtced dhr&etly over the marked line, 

ind!caUn~ it was e:xposur~ '.o Ught · wbic4! c;.auutd the dog type sporulation. 

<h) 'i'be ettee1: of \rhiblet H ght on cultures o.f [JS.t£iU 

irtadiut.ed with ult:ra ...dole~ Ugbt . 

In the preoe,4ing uUra...violet irtadh'Uf>n f)X:pedqaent the plates 

~ontaintag the hrad:iat.ed conidia were imm.ediately placed b the dart . ·'the 

advbabUU.y of tbh follow$ ft.cn; tbe c:U$covery of Kelner (9) that vhihle 

light to •ome extent. reverses tbe pbyst.oloyhal effect of ultt"a•violet. 

Ugta. . Not only was the turvival of irradiat-e-d cells of Jgs.cberighii .s;Qll 

increasecl by se~bsequeot e.1(p.osure to visible Ugbt, but the numbenof 

nn.ttatioas mtre reduced. Ligbt huiucefl wcovery was noted with t\l~beri&bia. 

An expttri.ment; was p&rforlled to determin& whether a simUa.r effect; 
. . ' \.

codd be detect.ed wi\n fPIHilll· :thirt,...two plate$ eontainbg 1.5 ml~
'. 

Caape:t Solution avar Wtll'e inoculated in the centre with Jlrain l of the 

mu$km.elon al'Jd 32 plat.es with the watenaef~n p-atb.og.en, . After the co-lo.nies 

A.,I 

http:p-atb.og.en
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had grown so a&: to half cover tbe plates they were ref!loved from the incuba ... 

tor (27°C. ) an . irradiated a.s be :fore in lots of 4 ;for each organism for 

1>eriods of o. 10. and 30 $eQs . , 1, ~.. 5, 15, and 30 minut s. After each 

irradiation 2 plat es of both organhms wt-re plaeed in the dark, in the 

ineub tor and the other 2 plal.e$ were exposed to the light .of three lQ 

w~tt desk. lamps for 6 hours and then placed in tile incubator . 

A week after treatment the plates showed no apparent differ ence 

t•'UI.tad•m· Wi tb the nnasknielon strain. :however, a dhUn.c1 difference was 

noted in the platel expo$&d for 2 and 5 mins . Those kept in bright light 

i'Q:r 6 hourt did not develop Ute bluish rhlg produced h the dark·ened plates . 

tbe plate · exposed for less \ban 2 miQQte$ dev,elope4 no ring in the Ugbt 

or dark, and. thos-e exposed longer. than 5 mins. developed tt in .both Ug.bt 

and.cttrk. 

thus visible : Ugbt ~videntlJ nullified an effect ot exposure to 

ultra·violet llgbt. 

<v) 'l'he ef!eet G:t x...J'ays on eul tures o! f)4Jad)!m. 

tt was found htpouible to irradiate spore suspension& with x-rays 

as was done wi'tb the ultra-violet light, becaue of \be nature of the 

apparatus avaUabh~ . 

tlates .of Czapek Sol i.lJtion agar weJre booulated h the centre wi tb 

the mukme·.lon qnd watermelon stan ard stJrains . Instead of placing the 

petrie dhn lid ·on, the bottom halt was wrapped with stei'Uized paper and. 

sealed. After 3 days inCJ~bati'o · the plat s were exposed t:o x...rays of the 
'' 

.. 

- .. ' 
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The time ot expoure was O, 5, 10, 15, and 30 se~onds,. 1, 5, and 15 mibutes . 

After irradiation through t he paper cover, the paper was removed and re­

placed by t he glass lid. 

The plates were examined at the designated intervals ot 3 days for 

a four week period but no efte.ct of x.-rays was noted. 

5. nimilation by Certain f'ls.aazlum Isolates of Vario'-ls Carbon s ources 

Ten isolates were selected one f .rom each of the cbiet morphological 

types . Single spore holaUons of each were ntade by t he method described 

by Keitt (8) . Stock cldUlres lfete maintained on Potato Delttrose Agar + l% 

Yeast xtract slants, covered with sterilized Paraffin Oil, then store3 in 

the refrigerator. 

The cultures selected were: muskmelon standard. watemelon stan.dard, 

isolate 88 (muskmelon atrai"' 3), isolate 74 (muskmeloa strain ·fl> , isolate 

355 (musklllelon stntin 6} • isolate 130 (muskmelon strain f)), isolate 330 

(watermelon strain 7). bolate 385 {watermelon nrain 2) , isolate 230 

(:watermelon ,;train 2) , and 364 (watentelon strain 6) . 

the medium select.ecl for this ·experiment was iekerham ' s feast 

Nitrogen bate (a carbon•free medium) wbhb ha• been used suoeessfull7 by 

Wiekerham (24/ in s·tudJinQ the utilization of v.a¥lout earbf>n sources by 

yeasts.• 

Into carbon- free mediWR1 iaoculua from each stock t-ube was placed. 

Thh was allowed to ~row for four days, and fr001 each of these tubes 

inocullUI was placed int~ .more t~bes of earbon...free A!ecUum. It was from 

tbh second set of car bon- free medillll tubes, that 1noculu10 was take.o for 

tbe experi en.t . This procedure insured that little or no carbon source would 
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the e(.lllpo~ndJ to be ta,tted O$ c ·tt)o.n sources :t~~ere ad4. in 1% 

tttengt to the media. 

o:notaecfuurides: 

l'kNU)Je.t: t-•wuc:tote, Glueoae. Gah.elose., an4 latUt.\Jte, 

PetttOittt Wt:abi:~~ose, d.•Xylos~. an.d 4-fUiu.lte. 

Ui JQ'f!!CJ\aridf>t:t 

I U.ose, Hthio.;e, :Laet<JSC't U1dose:, .and .~·aceba:roso . 

tarbaoc.l\Qridett 

aatn • .,••. 
I"Olfllll~Oilartc.t•st 

Arobtln, S'tarch. ~a.:l 1••1b . 

etk:tu· st.tbt£al'u~e:• toS'\~d we~:.... pt:t.e\itl, .sodium acetat ·• mal~aio 

·ttd~ atlccird ~etd, t1toi.l. ~.. . lll'tatio ci~.. c.rrptophatte, :U«lt ion:intt. 

histidine, lunin , ae~t~l~ aetcl, ul)'t:f;lrol. petpt.ono. 7east cx:tra.et, st,nUum 

pJrt.tvate,. tOObtm t.il<mu:te. ~l'.fhol. to4ha pltopioaaattl·, udi• btd.Jt'a"• 

saditmi formate•' aud glJciB~. 

Ea.eh tu~ ·~~u adJ:usted to pft 1. Contrell tube$ •*&re oaphtJtd 10. 

w.tdch u.o earb~n $0-Ut:Ce 'llllas .al:We:ul. 

l t , ble XVIl $ :r •eftl'dt:d tnc oun:t ol urowt · and \Jge of 'J>~n·ulQt,ion 

for itteb. 'ni.e deg.ree of rowtb for t).ueb: bolat wn# a$$eU J bJ eom:p~rl .aoa 

of eu'C'it tube againtt. ~ s.et ~f standard~: pt'epare'd ttQd kept 'ttn¢er oU. 

U. h :lfttetuiUt1fq tQ· , ... o·ttl .t llat in ~ fevt ea.J.eiJ eett.d.n cli»>lpO\lntts eoo 

'' 

~ 

http:cx:tra.et


Tt\BU l:Yt: Gt•tb a11d S)lorulauoa of S.elttcted IS3lat.es frotlli llubleloa aod Wat.e:melo. 011 

'Various Carbon S®r:eea. 

I5m..Att 

CAnOON· SOLRCE WS. ilf<lS 00 330 385 14 ass 230 1 364 

~. • #h4t­llaltase ~· : ,..,_ , 2; tin. 2!i;ooa 2;,Mat 3 ;1111 Jl(ant.•> 2;(1J(a) Z;<ltJa l ; 

l.ae40ie ~UO(aJ 1t;Ot>(a) l;* ~(llHal f.;i;.a l;a. l;llt ft~;il~~-~-
~laetl)lt' 3ilil 3;Mit 11-i,.u... 2•• 2.; 2:118 2:;- = ..; Ill li-*t"2•- t 1~:-

. 
rr~tue 3; UO(a) 2;(tl)(m} 3; 01} at; UO(a) 3 i OUGI.)3.;a a;.untm) 2l};lh .. .• 

")tl:. ( ) l)~~klihi:ose ~;£... - 2;a ... 2~; (.li)bd 2.!2;• 1i:lll......- ~t II ";• ~;· 2ti:• ~-... 
:. 

~...saedtar4.l" 3.; 0011 2 ;(11)&; 2.; a.~•• J• UtJJt 2¥~11 .........". 3; 0H(a) 3;a li.:; 

Dt;in.rose-- 1~; 01)• ~;,OU•· 2;(!lla 4; Ut)a !&:at 4;t~)- .2$;~· l..'fi:b J;a •
' 

Jl..lJaaaese 3;Unc 2; UlH•) 2;(~)(ml'a;a ~r 3;m, 2;a 3!i;• ~,flflt 1;51. 

Al'abinQ:_Je 3;('1Jt) :2;(.m) !;f~b•J ~·- ~;\if)($)3J1t,(a:lm .;It 3; .. 2~;(M)a ~~· 
•tu ,. '!ttl <'j\L.. 1 Jl)fl. 3}£• (11\• 1•iat.fi.aoJe 3;(.1}1t Zi;t~ 4;• 2;MII ~.. ;Ma 3;_$ ~... .· .'lit J . • ~· 

a·~•> 2· ra' "'" "l.. u;... ; 01) :·ltlit 2; Mt,a) ltntli:n a~* 2; Mbd ... --~ 18 2:~1· zt;lkl"""'~ 

'<lJL•.mD-Jtylose 3;m 2;\Jt) 3; 3; UOm ~;UO.ta ~;OUa 2;Jft 32; ( l>tt ~;'ll(a)-.r"·' 
Suce.iotc A.eto 2;.1:(»l} l.~;s. 2;(1l) 2'* (m) 2;• . l~;bJ)~- •• • • 

stldiae l;Jta () UUa l~;m l;»Jt llt&lil l~;fAfl ; r.; On L~; OUt~ l~;UU• 

CelUbi.i)# 3-~;Mm 3 ;1Jl 3; 3•m hill ;>; e 4; Ut)ta 4;• 3;lRaJ lUI• .,.~.. "ltt.SodiM ADlttt~%.~b;~ 2;s Ui; 2;*t 2;111 h t ~·~· 
Starch 2$i;llm 2; 1'4 2;.Mm Ul!;.k 2;1" 2; . 2;Ma ;s• 1~ ... 

N · 
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"MBtB xn ~ l~m"mn> 

JSQL.'m 

-CAQOO SOOI~ SIS us 00 sao .38f) 14 355 230 130 361 

Glaeose-1­

fkolpbt 3;1Ahd l ;b 3ii;a -~~ --.. · """<l•~ s:~~n 4;* 3;c 4ilm 3;a h• 

Fl'Uetos..,1~6-

;IJ,pkoa:phate 3;81 31 m ~·.. m 3:; 
>­

. 3;. 3;1m 3; • s;.mm a. • 1; • · 

41-..tJllonlB· . 
t .; •• ..• "'• ; ; .,. .. 

' 
;. 

ttalonl~ Acld ,.
• ..• .. 

f 
,... •" 

,.
• ~• •

* ·­' 
.. 
t' 

SMiW~ 

-!laloaate 1;• l; • 1;. l;Utla l ; fBt h* .l;Jim l;ra l;Dl! l;(UJ{:a) 

feitto• 3;1m 
~·· ·~· 3; . 

~·- 3;S. a:• Zfi tM 3;&mr 3~;-

&lJcerol S; fk 3; . 2•· ' ~;{!l)m 3.~·· 2f'~· 3;UOa ~·-* 21Jk hUOa 

~u Alaabe 3; ·• 3; . ~·- 3;. 3; . 3; a 3:111 3;. £m) 3;m 2a; fl)a 

feast hl•act. ~;1111 ~; . 3;. 3i; t~ J~,, ~;b ~~* 3; 3;18 ~-· 
SodS• 

Pnpi<~•aw 3;1a 3i JAIIl 3Ji;lll 2-; 0nm ,.,,. 3;1r~. 3.":;1\l l;Ja 3;Sm 2~;1(11) 

Glyet• .1 ;111 ~;m 2: Ol»-l 2; 111 2;Ma 1 ;:ea ~--- l;l\1 l 5);;Ma 1;1111 

t'cectia 2;. . 1; m 2; • 2; • 2; a 2.; m :J;, • 2; :Ill 2; • 2t It 

t:ellulHe h• 1; S, 

~ 
-~ 
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TABU: XVI t ( COfttlNUllll) 

* eraue ot four t.ttbet tor o!leh t.est. 


l Sl i t bt ttotrlb. 


2 Moderate v:r•th. 


3 t bundau.t. g.rowtll . 


4 J&tr Ut.tntlan.t growtb. 


J( • • :rospore• UU or (m) pr estint.. 


• eh~rotp&l'eJ ~t. tnfrequeat. 

' \ . 
.' 

·'· 

... t J .• 
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holates d.ld not spotuia·te , ev n t hough a fairly good egree of gr owth had 

been pr o ueed. For example isol te 88 with cellibiose and Sodium A:ee t a t e , 

isolate 355 with Dextrose. A great many raore examples of tbh can be seen 

tbroughout the table . 

Another point of inter st is the great variation in amount of 

growth, and in t.b.e nature of sporulation wi t h any one isolate , supplied 

wHh different carbon sources . :For example consider isolat e 230. With 

Succinic aeid, there h no gr owth or sporulatio.n. Hh Sodium Malonate 

there is light growt h, producing both roacrospores .nd mie:tospores . With 

u,..x ylose however. the re is a very heav1 mycelial growth , but ·only micro... 

spores are evident . 

Isolate 364 whieb is a mediam brown, &llpr eued slightly pat lO• 

genie isol ate . elosely resembling many of the sapr ophytic [u~i&:1J.. is 

especiall y i ntere.s ting. I t. gave a beavy myeelial gr owth with only one 

t est chemical and with a f ew others it gave a fairly good gr owth . In the 

!lajor.it.y of c~ses. however, n gave poor growth with little sporula tion . 

With one or two other isolates, t he amO\Uit of mycelial growth was 

fairly eon.stant., but t be nature of sporulation and the a ount of it varied 

from carbon souree t o carbon souee.- An example ·Of t his is isolate 130 

wbich had an average \}towtb value of between 2 and 3. Spo:ruhtion rang-e.d 

from production of both macrosporea tutd tcrospores t o failure. to produce 

aoy spores. 

It should be mentioned here that t.be nature of the spores vari~d 

as well as the aetn.al .type ,of sporulation . ne holate might pr oduce 

maerott:pores in t o different tes t eb:e4Dicals,, but t hese s pores ntigbt not be 

tbe same shape or have the same average nUIJibel' of cells . As an example 

·I .. 



45 

of thl.$ cons i der isolate 230 . Using Dextrose as t he test source, the micro­

conidia were digntly longer than they were wide, The t!U~:crocQnidia were quhe 

large, siekle-shaped, wi t.h a IIUlximum of four cells . \Vben Inulin wu used as 

the test source t he macroconidia ere very abundan·t. whb a yrcat man)' 

spores being 7 celled. l ost of the remaining spores were 4 celled, witb a 

fell having · smaller number of cells. the.se spores were. ext remel7 large, 

and varie-d hom siclcle• shaped types to l ong slender toms wltl little or no 

cur'tl'ature. 

(> . Assimilation .by Certain t)!'!tiHJ bolat es . of Variou1 Nitrogen Sou,rcet 

for Growth. 

Six isolate~t. ~aeb of @ dU'ferent motpllologlcal type, were selected 

tor study, as follows! muskmelon standard, wat ermelon standard,. holate aa 
(musk.tJelon strQin :n . iiolate 74 (muskmel~n strain 8) , i.solate 230 (water­

melon strdn 2) , and isolate 364 (watermelon $ttah 6) . The technique for 

' 
preparing tbe .stock eultute$ was similar to that employed in the carbon 

ouimilation tests . 

The mediwn employed. a s mentioned pt'evlously, was derived from 

W·iekerham' s carbon base medium (24) . 

Into nitrogen free medina, inoculum from eueb stock. 'tube was plaeed. 

this inoculum in the nitr.ogen f .Re medhun was allowed to g·r ·ow tor 2. day$. 

Tile growth in these tubes then 41erved as hoe,ulua for a second $e't of 

nitrogen free medium tflbes , f rom which, after 2 days inet~baUon, t he inoculum 

for the nitrogen t est tubes was obtained. this ensured tllat li tUe or no . ' . 
nitrogen woflld be ear.ried ·over h t .e myeel.tum. 

strength . . ' 
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Substances tested as nitrogen sources were:- ammonium aeet.ate, 

dl metbi-oninth potassium nit.rate. L ( +) histidine monobydrocbloride, yeas.t 

extract, dl tryptophane, asparagine, ammonium sulphate, param1nobenzei:c 

acid, peptone, urea, a lanine, atnmonhun nitrate. glycil'le, ealelum pantothenate. 

sodium nitrate. sodi.um cas.ei.nate, pepsin, t biudne hydroehlol'tde. and sod.iu 

azide. 

Fr·om the results recorded in tali>.le XVU it is hard to general he on 

the type of compound that can be utili~d as a source of nitrogen. For 

exantpl e , one cannot say that vnaains co ld be assimilated as a nitrog('ln 

uuree for tbiamine hy(lroehloride cannot be utUiaed while calcium pad\o... 

tnenate can. It is not clear wbether t ile e lchua pantothenate is ut1Ute1i 

a$ a source of ·nitrogen or whethe-r ·t e nhrogen h obtained frOtD alanine 

as a result of byft.r()lysis ot tite cal ehm pa:utothenat.e to alanine arul otber 

compounds. This .bas been repol"ted by Hawker (6) with certain other flll'l'Q'i• 

The amino acid• tested generally supported grow'U1 of aU Jtn.lns tested, 

with the exception flf L (+) histidine monobydrocbloride wb~cll support,ecl 

growth in o.nly one isolate. An1111onia nitrogen appeared to tw a rcadJ source 

of nitrogen tor use by most of the tested strains as. does nitrate nitrogen. 

This is in keeping with t e r esults fotKnd by Lilly and B:arnett (12) , wUh 

t he exception the nitrogen from sodium nitrate is not utUhed by ny of 

tbe isolates,. 

It is evident on Ute bash of growt h that certain teU substances 

can be utilbed b7 some ot the itH'}late$ • but not by otb&1!'1. for example 

4 • \ •
•IOlates 74, 230, and 364 .could not utiUse dl meth.hnlne whUe the other 

three isolate• could. T e muskmelon standard was the only isolate tthat 

could utUize U + ) histidine monohydroeriloride, while t he watermelon 
. ' 

I . 
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till$ iS 74 230 

; 3; • ~;OO• 4;b 3 ; UUt~' 3;1b't) 

dl Methionine 1 ; Ill lij; • 1 ~uu. ; : ..• 
3; • 3; • 4 1( .). 3; UO( tl) 

L( •HthU4i.• 

... . 	 ,,ODOhJtlro-chlor.t.• j 	 2 ; UUa .. • 


3• a; • 3; ( )tit 3;MII 3; 


'!<fl . , ....dl Tryptopluaue 	 2i • ~; • 3; a 21,.... l2•I""'.J• .... 

Atp:arar;iac 2; { .) a; hl) 2; ( m.) . u.ae (,m) ..
• 

l ij; h ll lflt (t¥t) 3~t ·(!i!}Jl l~tUUc %); 

f ep1>ou 3I:it; • 

,; i ~ 

a: ' • 4;M$ 3.;._ 3; ( ' 
Urea 	 2~; ~;OHm 2Jq 'll 	 2~;- 4; 

~\lallne l~;Ba 2 J(tt>.• ZU~ ' r· 2 i • 	 2 •
~ .2f.:,i; II 2 ·•t 1 2f 	 2;( Htal.•,. 

•. 

Glrctaa 2 2-~; m 3 .; • 	 a; • 
Cal c1• 

'l•.. (UJ) 116: • 1i • l~Utfi J.i; 

hf•
/:loll ~~· 1); ~ ~•. ~-

l ij; • l lli • 1/i; • 2;1ra ll ( $ ) 

SodiWII Aclde .; i I• • ;• 
thlaaa!• 

• l ' 

UJdrHhloridlt 	 ' ; ; ;.· ~· <•> 
teptta 	 •f l .,:(M 

• f 



TABLE lVll : (CONTINUED l 

* Average of foot tubes tor each test. 


1 Slight &rewtb. 


2 Moderate Growth. 


3 Al:nu:t<kuat Growth. 


4 Ve.rJ elxuulant GtMU. · 


' II ••.$ro$poret UO or (II) preeeat. 

, but; infrequent . 

. . 


., 

- . ~ 
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standard was the only one which co"uld not utilize ammollium acetate as a 

nitrogen source . Variation in growth was also fou.nd when asparagine, 

thiamine hydroe loride., and pep.sin ar the sources of nitrogen . Thh 

variation ean ran e from very sparse growth , sodium nit rate with the tlate:r­

mt.llon standard isolate, to very heavy growt. • yeast extract wi th the same 

isolate. 

Variation in t e type of sporulation oecured as (;lne changed tbe 

nitrogen so{lrce . In some cases, isolate 364 with yeast extract, alanine, 

ea~eium pantot.henate and isolate 74 wi:tb alanine, there was growth without 

any sporulation . More pron<:uuu:ed., however, was t ile general lac of •aero­

spores . Th41ly oeeured in abundance only a few times, and generally t bh was 

only with isolat, 230. They were pro-d'Aeed to abundance with otber holates 

on a few nitrogen sources, for extunl~le watermelon standard, using urea and 

alanine , isolate 74 using peptone , and isolat - 364 using am&nonbm acetate . 

Mieroeonhli.a were t>r oduced with the major:U.y of t he isolate$ in a majority 

ot the nitrogen sou~:ces , and were generally in good numbers wh_en present. 

It was not ed, however, tbat tbe aetud nature oJ the spores in tbilll 

experiment did not vaty nearly as mueh as with the carbon utilization tests . 

An e"al!lple of t bh was maerospo:re production with the isolate 230. The 

maerospores when present bere were l most always large 1•7 telled, sickle-

shaped types . 

7. ku!pad§orl o( Resist@.nee pf CerUin Select ed, ,Malon ya:rieUes tJndg[ fiei~ 

f;oodUions . 

A field experiment was perf-ormed t o eompar'e t he resistance of the 

varieties selected to the _muskme: on fsuadum.-wilt organhm. The melon 
'' 

varieties selected were; 

OJ Muskaelon 
'r 

I ,ij 'i-
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{a) Uender ' s surprhe . $usecfJUblo, 90 d y vrelon. 

(b.) Gol en Chaml)ldn, suse , t:ible. · to Q daJ melon. 

(c) <xua tia:rly ack us:aek, suscept ibh, <52 daJ melon. 

( ) trotl&~oi , resistant 90 day melon. 

(e ) Delici01tl al. 'tts.b t out (I day melotl. 

(f) DeUc:totAs. su~teeptil>l~ 1 u f raelon . 


( SJ) Ic.proved ,fleart.s· of Cold, Sltse:~))t.ible 7S daf lon:. 


UU fiattly Kitlf,Jbt ,. eu.seeptible , SO day ·· ·lo~;.. 


U) l proved otky F:or4 J't.. $lU~tepUble 6() d .f melon. 


(J l Exu·a Enrlr ttn.ttQvtu·., :svs~eptibl¢ 70 clay meloa. 


(k) 0 a. &use pUble &1 dJaf hJhdd aelt.m. 

U) l :rts of Gold. •llst,ep~~·ble 65 day •loo•. 

(m) 3 • h a h7bdd vud~\J Otb$aine<l tro;~ V!.n~lam'l i'l~r.Uedt:oral 

(n) 3& - ~ ... ,.51 , • vyltdd variety l)bt. in~d fro. Vh~.hn:d I ortte~u... 
' 

ural St.a.t.i n. Rests t\l.n\ parf'tnt.s ,. 

(:O) 'I - 261 • a :resistant h1brici va.tiety ubtalaed fr.o tue Sci.e-ace 

Senllee t.ab<l>l'' 'tory, fmrro~. Oat.a:rio. 

(2) atenuelon 

{a) Uhde (Ju~ttn. redstaa\ var iet y. 

·(b) l~eerl st, s scflpt ble va<tlety. 

e teel .nique emr;loyeu for plantinv the melons was iimU r to t hat. 

uf \b~ m:e1Qn QtcUwet s in t hff Ald~n!i(l)\ area.. Plnt d~e bcu:r7 h~Xt~$ ~~ 

sterilized greenhous:e flO ~~ost. S¢}~1. wer<t planted U.b 12 $eet1t r box . 

·' 
nty.....fovr AJS Jate:r t se ~re thitlned t6 6 p r box an a. week b t er U• 

melons were lJ<an~JplurUed to a fl:atvral!y ioltst.ed field. tile blstoory ttt tbe 

muskmelon ttil:t on tbb field: was si bUshed .8 being a\ bast 6· years hl. 
I 
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duration, and repeated isolat i.ons of t he organism were mad~ by the writ.er 

over a two year period . The soil type was a fine sandy loam• 

. Two rows of fifteen hUh were planted for each variety tested: . · The 

rows were placed i n a manner calc l ated t o expose eueh variety to two diff• 

eren.t areas of t ile field: • Four plants w re left per hill a t final tbinBing . 

Oaring the $even week p.eriod illl!»ediately afte r planting in the fielct, 

t be plants were constantly checked for sign8 of wUt . The early summer was 

unuually eool and dai:Qp. <H.tUling slow maturity of t be plants . 

file. results recorded in Tabl• l VlU point out several interesUno 

things . The most hnportant h t ttat I roquois is no longer a resistant melon. 

this was :reported previously b)l Eide and l aldla (8) and was £1rst. noted by 

this writer 2 years ago. De<lieious 51 bred at Cornell did not appear redst• 

ant, nor did variety 9 • 201 . The · Oka melon showed a Temarkable degree of 

:reshta.nee considering it is not listed as a :resistant type . Extra Earl7 

Hackensack gave dutilar result.$ to that of Oka . It was aho noted tbat 

both watetaelon varieties were not a t t.aeked. 

' l . 

. ' 

' ' . 
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3.-1 

1' Bl.l KVU· : COtaJH1ll'hon ot Heiist.aruJe of Certain lelo•. V'arieUes 

ffC flUtillll ~U lt of ltu&kaelons lillder fteld CoatU.'lltut. 

. illVlHG 

Bendert surpdu 100 

,;otde» Gtuusaplaln 102 

:Extra Ba:rlJ Hacke••acl 

l.roquob 

.OeU:e-iqvt 51 

·etliel.oue 

.ltlprorttd fktart.a of Got4 

JarlJ KDigl\t; 

J:wpro••u1 RoO:kJ far d. Jr. 

£~ra !arlt Hanoyer 

Qka 

3S.a-51 

87 

<}6 

00 

. l 
I.. 

• J·-

CROP 


Moderate 

GoQCI 

Good 

74 

24 

69 Poor 

() Goo4 

0 Goo4 

YIEU> 

itoderat.e 

.Modell'ate 

' ' 
I • . 
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1 ~ Ot 270 isolates of Fusar&ul frDm muskmelon compared ·~torpho­

logtcaUy. only 156 te5embled the strain deiivnated as shndard. 

2. Of 99 hohtea flf ELtU!'iUI from watermelon , only 18 resemble 

t he watermelon standard strain . 

a ~ The isolates cause4 :from o to 100% mortality on three hosts , 

and the d-egree of pathogenicity for isolates placed in t he tame morpho... 

log.icd ~roup was of the same order. 

4. Certain isolates of fun:th&~t trem musklltelon were hund to 

attack wat.emelon seedlings to a v~rJ;i. .n.g degree, and vice versa . 

5. fle ter·othaUism did not. appea:r to e:dst among t he isolates 

t ested. 

6. Ultra...v~olet Ugltt , Caffeine , and Theophylline appeared to 

c~ruse llUtaU.ou in k)tsgdJifl of somewhat t he same types . 

7. The isolates were found to vary pbydologieaUy t:r·om one and 

other in their abiU ty to assimilate diffenmt carbon and nitrogen sources . 

Sporulation varied witb tbe source tested. 

a. Certain mel&n varieties pre-v i outly regarded as reJhtant. bave 

been found sueceptible in t he iUdet$bot area• 

. l . 

• t 
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:tbc!r re-JA.lU <Q't t be pre.se:tt atu•Ue$' i . 4iea'Ut that va'f.ta:Uoo itt 

n•tun b a tt'>rNl tlCelJr-tct.n.ta i1 the tus.udutt wUts of wate~i,on sod 

f.iUs~lOih~ 'tbie v~i'i&Jl.fif r~UlO.ff. troa hJ~lll1 pat.ltoyeele l& .u0ft....,4'iboyeaic 

tom•• n:d earl b~ ti ttod · tf fl'"O~pt ~u~ th~ ba#b ot tll'6iY ~&ulipbulQ\J.b;•.l 

,..,t.us.raet~r~~ to ctllt'*~ · 'l'hh ¥adtJti~W·I la pat.~fiit':*liei"' h bt •tre~•~ 

wU.n l"0$ulu t>.op\'Jtted 'bs s.lf.t·etll ( .~~) . wtnt f•und a whle touge (it v~n:htton 

~ODf.l bQl~t~eJ ot the \lltlltt'Ur•l~n wUt fjt_IJlllll trom v:~dl)U$ ~lP&.s ol ~~~ 

\lttlto«l Statets, ~it1clt tte: eonticder~~ to •ca.- notttt4itUy.. 'lMs ~.~, shown by 

work of Hendrix et ~l (1} , ~lld t iifJ wur.k (}f Uflsit·OttQ el al tU . Anest~ug 

et. ol £oaa4 ~Uf~d difte:rt.~$ bt· ~ataQUen l~it;t 4'nd c•lt.ar~1 ~~a.r~u,.t•ris• 

tie$ btu.w•n bolules Gt (.IIUil& Uliii(IUII A.tk • .tr~ dUt~robt loo.al• 

iUes~ Stt,Jder \22) in bi4 ~O<dt. found sitt·U~t tt:snli-fi wu.. £.:1·1i!A'd8 
\ 

IIIU9111.Q App. and ~r. atU1(¥r rahet u.~-~ ot.jf!ctlo•s to U!t~le l'lh'&l.l:h.s, 

p'Oi~tUAt to tbt faot iJ~~t •c~tl ol tno ~ ~llt>"r.s .rt}~ortitttJ t.hb p·beuo;mer.ton, 

dij not fltl!rifJ thelv euU\t~J ilJ dn~l• Sf;tute lJf~,tuUeo, l•~tU~telr ~.n~~' 

i.sohtthg t be or; ~Jiaa, \)f t!leJ did .nG't flmlu talJi t b'f:ir ·&t.oek euU.~-rftls ia a 

-~ftltf ~A lett ~Olihf pJ'flt 'flnt Mtt~\it»i'l . flCi{ d ( J3J $tlpp&l'\$ the WD1'.k. Of 

llU~r .,,,b :-e1peoll t\) til~ *i~.lQ<q ort,tJni•• "*'·re.p~rt:~ h~letlou 'flt 

t:U-frt 1atu:r 1 v-•rlQt.,J ol ''h~ ·~t.or loll ortantlt~t ~bien difte• stJ'.UtirtQ17 

in pathoi}enichJ.. D~t:d . tnb: \))Utk tJ~ wri t~.tr .l$~lat~4 ~ud tOOl~ttained. t:\dtlfn't 

b , Ute IJttftJtiU' d..tsotlbed bf .t~iU.,t' ( 16) f11td :fC)UOWid bJ DC~tif!it. l\ b tfUUJ 
. l . 

&tnrpr.hit~.f that t~~ ~it.tl'ti iadlctJtc t he, pr s~tt.e.e ~~ m.J.f..tlraUr occutlllll 

vo-dtu.tf.$w t~l'dcu cUtf~tr fruns Gft.C)ft ot.~.f \dt~ l'ilS~~~ to- pa,b«Jy.~·..ttit-1 ••titd$ 

t Ne llot·t p!.auts and •rpbobt)J. 1t h ·t~r,ber iltt.ere'sti• tb~•t J.aclaUoaa 
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were aade f:rom area. tested bJ Miller and lei( en . be probable r~asonl 

tor iller f iltng to lind morp.bologieal v· riants . :hcusseo previously,. 

T e faet t.bat tb. ~ . rite.r fouad suoh variation iu pu t..boueDieity t igln be 

explaill.ed ott th~ o~ sh of th · gr•at r IHUBbet o! holat s ·teUed. 

T1Je results f thh wor- increases t ~ number of fYiiliYI s. eeies 

known t o have more t hon <me w.Ud type in oatu:re . .lt is felt that t h 

should not be ov rloo·ked ·in considering lts taxon.omy.. · 

l.eac.b .opel ~urrence U U found tbe f4uskmelon 6Dd wat.ermeloa patho­

.gens eouJo be dhtinguh.1ed on t e huh fif host t elaUoruhiJ)S• and tllh 

could J)robably be done with respect te all natur~l variaats o.f e!ich of tb<~t 

two path0tJEUJS . 'fhe r~$Ults Ql t he carbon Gnd r~HrogeQ. atlimlhtt.io.n tests. 

would •eefl to indicate tba't other phydologic.al tests could be aUUz~d 

trJ taxon:OIUJ o.t i'J.!.IiriD. !'hysiolog!eal lea.ts u:re of pr·t.ae biiJH}f'tance in 

bact~rid \a,xonomr. Yoast el~ussi.fhta 'tl.cn h beeotainiJ metr~ dcpentient on 

pbfdolo icd 'tb ' rac:t~I'S, and r cent work by Wick rball utiU:~es 37 ca.rbon 
' 

I'>Urce& hi t.bh regard. ~iith reJpeet to t he results ot the ud Ua.tiQn 

te&'t$ t he wthe:r feels tb.ete is d.efi:ttite mertt ~~ i ·wvestigaUltg tbe po.u­

ibilUy Qf setti.ng up a t xonoraic syst m tn fBUdWII ush9 mflrphologr e.nd 

physiolotY• Clusitication codd U.Ul be hus~·d on eeros·pot e$, w'hicb 

are of prime illpo:rt~u~ee in the ~foUenw~tMU' and lteinkinw (25) clauiticat.1on. 

fonuation. of maerospore•• Tllis would eliminate repeat.ed subcu.lturing,. and 

t.axanomic confusion dlte t.o mut.aU.ons ht ~uUure . 

Gordon (5) ot>tained the ptt:r.fee.t stage ot cert.ain o~teal rots Cl<iUtsed 
' 

·' 
b1 species :ef fnnrigj, but the f:tairlug . ~peril(ients 4id not demonstrate 

• 11·.-
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agent used the perfect staye was never detected. On several occasions 

·"dque structur·es were obtailied w:bictl might have been ped thecial prltltor-dia, 

but t.bis could not be defint tely establhhed. However, it is interesting 

\o note that t he type of mutations resulting from t he various agents were 

similar. 

During visits to mehn growers it was noted that in the Aldershot 

area Iroqttols was becoming susceptible . On one occasion liearts of Gol.d was 

eased. On many occasions bealtby watermelon.s were observed growing betide 

di:seued :muskmelons and vice versa . 1i'he$e ob•enaUon• were substantiated 

in the fiel(i retistance exper.btent. Heart$ of Gold waB not more suseept• 

ible t han Iroquois, but Iroquois was definitely seriously diseased. 110re 

than 50% of the plants being sedo1uly affected. l'hh verifies tbe fae.* 

reported by JUde and. Makila (3) that Iroquois, a wilt :redstant antskmelon 

variety developed b)) Munge r U 8) has become susceptible . Delicious 51. 

developed 11\0l'e recently by Munyer 09) Ol:lnnot. be :regarded as resistant on 

\be basis of Ute writer ' s field exp~riment . This raises t;be que!it.ion of 

111hethet pl ant breeders, breeding lor reds;tance to muskmelon and probably 

watermelon wilts , are breeding against a Umiteil number of races of the 

pathogens . 

Tbe writer recommends t .hat in breeding for reshtanee t.o Fysarjg 

wilt of amskrnelons , uew line$ of aaelon should be tested in as many infes~eti 

'to a maximum number of pat:}tcgeni 'l'ace.s of the organism llefore they are 
. 

rel•ased. This probably applies to wateTtl'!elons as wel.l • 

• r 
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for suggesting the problem and fo·r his advice and, assistatt~e througllout 
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Platea 1 aad a show the type of spores p:roduc.t 'by isolate UO, 

em t ditterent eaJ"bGn s<»U"'ee mcla. 

f'late 1 

Fl,gve i Glucose-1-phosphate 

F~e 2 OJ.7cerol 

Figure 3 D-M&nllose 

Flgure .4 SacobarQae 
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Plate II 

F~• l Glrctne 

Fipre .2 Histidine 

Figure 3 4 l. Alanine 

Figure 4 Fru.ctes.--11 6-41J;lkoaphat.e 
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PLA1E If 

FIG. I 

. 
,. 
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·. . Fig~ l & 2 ill't:Jft~ qpe•taace ln nlhft of itntal 8 a 5 
re•pectiYelJ• ot c.he owNtlOIJ -.ut h••rl• lltlq ._,.m whll 
slraln l . Strata I is Yert.lcal • .. 
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