
4. 	 S. I. A\kovitz. S r i r n ~ e121, 212 (1955). 
5 .  	'Thc centroid of two weighted points divides 

the \egment joining the points in proportion to 
their masses and lies nearer to the "hea\.iern 
point. The  division of the segment can generally 
he estimated with a ruler quite readily: or more 
exact rnethods may be used, to be fonnd in any 
lexthook on plane geometry. 

6. 	 The centroids ha\.e been pro\,ed to lie on ordi- 
2 

nates cpaced -3 J apart irorn each other. where s 

is 	 the unifoxm interval between the original 
x ' s .  
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Interaction Product of 

Glycine and Ilextrose Toxic 

to Phytophthora fragariae 

Ercause of difficulties in isolating and 
culturing Phytoph thora  fragariae I-Iick-
man, the causal orqxnism of rcd stele of 
ytraivbcrr!, studies \\,err made 011 the 
came of its failure to devclop on Inany 
mcdia. I t  was found that potato agar sup- 
ports groxt-th although potato-dcxtrosc 
agar doci not, so it was concluded that 
dcxtrose in some rnanncr 12-as responsible 
for the lack of growth. 

The cffect of dcxtrose in oatmc,al and 
bcan agars, the only mcdia reported 
bvhich satisfactorily support groa-th of 
thc fungus ( I ) ,  \\,as tcstcd. \Yhcn oat-
incal and Difco lima-bean agars contain- 
in? 0.1, fl.5, 2.0, and 10.0 percent dex-
troqc Jvrre inoculated with P.  jmgariae, 
growth \\-as rrtarded in the 0.5-percent 
dcxtrosc medi;i and completclp inhibited 
in tlle 2 .0- and 10.0-perccnt dcxtrosc 
media. l laltosc and lactose had the sarlle 
cffect, b ~ i t  the fungus was ablc to grow 
in culture media containing up to 20.0 
pcrccnt sucrose. 

These results indicated that inhibi-
tion occurred only whc11 reducing sugars 
were uscd. The follou,i~lg nine rcducing 
carl~ohpdratcs-arabi~losc, xylosc, galac- 
losc, I c ~ ~ ~ l o s c ,  cellol~iosc, lac- mannosc, 
tose, maltose, mclibiosc-and thc folloiv- 
ing 15 nonreducing carbohydratcs-su- 
crore, raffinose, trehalosc, mclc;litosc, 
adonitol, dulcitoi, glycerol, inositol, man- 
nitol, solbitol, corn starch, dcxtrin, inu- 
lin, salirin, and soluble starch-were 
addcd to potato agar at  a 2.0 percc~lt 
concentration before autoclaving. P. 
fragariac, did not grow on mcdia contain- 
ing any of tl-rr reducing carbohydrates, 
but did gro\2- in the prcsence of each of 
the nonretiuciiiq carbohydrates with the 
exception of gl\-ccrol. Horve.rres, the auto- 
clav?d glycerol-potato agar mcdiurn 
gavc a positi\.c Bcncdict test. P. iafes-

tarr.c grew on oatrncal agar containing 2 
pcrccnt dextrosr, mannosc, or galactose, 
but did not grow when 2 percent rnalt- 
oyc, arabinosc, levulosc, or xylose was 
acldccl to oatmcal agar. 

If dextrosc is sterilized by filtration in 
a Seitz filter or in the autoclavc at 20-lb 
nrcssure for 20 minutes and then added 
to stvrilized potato or oatrncal agar, P. 
Jragariae grows on the media evcn if 
they contain as much as 12 percent dex- 
trosr. This proves that prchcated or un- 
heated dcxtrosc is not in itsclf rcspon- 
siblr for thc inhibition. 

I-Io~vcvcr, if autoclaved potato agar 
containing ,4pcrcent dextrose is addcd to 
autocla~cd ontnleal (or  potato) agal in 
equal proportion, the mixture will not 
support devcloprncnt of the pathogen. 

Although it has bccn shown (2 )  that 
glucose reacts Tvith amino acids and thi- 
aminc (which ir rcquilvd for the growth 
of ccltain rpecics of Phytophthora,  3 )  
and thus could make them unavailable, 
thc prcscncc of dcxtrosc ~\,ould not ac-
count for the afore-mentioned result un- 
less dilution by 50 pcrccnt of an cssen- 
tial substance causes the inhibition of 
qlo~vth. I t  can be assumed that thc oat- 
meal agar in thc mixture plovides the 
nccpssary amino acids and vitamins. I t  
scerned mole feasible to ~os tu la te  that a 
toxic or fungistatic substance was formed 
through the interaction of thc dextrosc 
with constitucnts of thc media during 
autoclaving.. I t  was kno\vn that auto-
claved glucose in thc presence of phos- 
phatc givcs considerable conversion to 
kctoscs ( 4 ) .  

Proof of thc production of a ~oxic  or 
fungistatic substance th~ough  the irttcl- 
action of an amino acid and a rcducing 
carbohld~atc  was obtained \\,hen it ~ a \  
found that P. fraga~iae would riot o,rortr 
on media to ~vhich had been added an 
autoclavecl nlixturc of glycine and dcx- 
trose, but that it ~\,ould grow on media 
containing thesc constitucnts if they were 
autoclavcd separately bcforc bcing added. 
Glycine (0.024, g )  and dcxtrosc ( 2  g'l 
tvcre autoclaved separately and t0gethi.r 
in 0.5 ml of watcr and were addcd to 103 
nil of oatmeal agar. Whcn glycinc and 
dextrose were autocla.r~cd together, n 
browning reaction occurrcd ( 2 ) .  

P. c a c t o ~ u m ,P, cambiuora,  P. ci71-
n a m o m i ,  P. mpgaiperma,  and P. patn-
ritica, which arc ablp to growr on auto-
claved rnedia containing 2 percent 
reducing carbohldratc, wcre also scnyi- 
tivc to t h ~  product of interaction of auto- 
claved dpxtrosc and glycine. 'T11c.v 

sholtcd a range of scn\iti\itp, but none 
\i7crc as sensitive as any of thc P. fra-
garlae races used. I-lo\\-cver, a spccics of 
Phytoplrtlzoru ( 51 that causes loganberry 
root rot showed thc same a ~ ~ l o u n t o f  scn-
sitivity as P. fragariae. 

Dilution of the glycine-dextrose mix- 
ture before had markeda u t o c l a v i ~ ~ ~  a 
cfTcct 011 the production of toxin. I n  10 
mi of water, 0.14 g of glycinc was re-
quired with 2 g of dextrose, whereas if 
no \i7atcr \vas added. only 0.01 g of glp-
cine was required with 2 g of dextrose 
to proclucc sufficicrlt toxin to inhibit 
gro\\-ill of P. fragariae. SP toxicity to 
1'. ji-agariae was obtained x2-her: sucrose 
was sub,;titutcd for dextrose. 

\Yhen dl-alanine, I- ( - )  -leucinc, and 
Bacta ayparagine were autoclaved with 
dcxtrosc, a substance that was toxic to 
P. fragariae lvas produced. Holi~cvcr, thc 
same amount of I-cystine and dcxtrosc 
autoclaved togcthcr was nontoxic to P. 
jragariae. 

Thc bro~vning rcaction ( 2 )  occurred 
!\,hen dextrosc \\,as autoclaved with gly- 
cine, alanin?, lcucine, and asparagine, 
but only to a very slight degree when 
cystine was used. I t  has becn obscrvcd 
hat when dcxtrosc ii autoclavcd Tvith 

oatmcal, potato, and lima-bean agars, 
thc media bccornc rlightly bl o\vnish and 
thus a similar rcaction probably occurs. 

Bccausc not all thc rcducing carbo-
hydrates inhibited thc groxvth of P.  in-' 
festans. cithcr different toxins or 
amounts of toxi~ls arc ploduccd. The  
be~lsitivitp of Phytoph thora  rpp. and 
strains to the product of interaction of 
glycine and dcxtrosc will aid in showing 
their relationship (6 )  

IT. I;. l / r c K l b ~  
Plant Pathology Labora tor ) ,  
c / o  C'r122 erszt) of B r ~ t z s h  C o l u n ~ b l a ,  
l 'ancour er 8 ,  British Columbia 
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