
that can be infected by mechanical in-
oculation and that has a short incubation 
period. FVhcn such an  indexing plant is 
used, both growth status and environment 
control (5, 6) arc very important. 

In  late 1954 at  the Plant Industry Sta- 
tion, Bcltsville, Md., a systematic pro-
cedure was developed for finding an in- 
dexing host employing several methods 
of tra~lsmission including dodder, graft- 
ing, insect and mechanical methods and 
involving the sweetpotato and its rela-
tives. 

This report gives the results obtained 
by using a modification of the Yarwood 
( 71 method of mechanical transmission, 
rmploying the freshly cut edges of leaf 
and necrotic root tissue. I t  singles out 
Scarlctt O'Hara morning glory ( I p o ~ n o e a  
sp., 8)  as a remarkably good indicator 
or indexing host. 

T h e  pot-label techniques of mcchani- 
cal inoculation-of rubbing infccted tii- 
sue between two pot labels and involving 
an exposure of 3 to 5 seconds-failed. 
~-~owcver ,the squeezing action of a flat- 
tipped tweezers forces virus extract out 
onto the wounded, buffer-carborundum- 
coated leaf surface, exposing the virlls 
but a fraction of a second before it can 
enter lraf tissue. 'This morning glory is 
a rapid grower and may unfold as man) 
as one leaf each day. Symptoms begin 
to show on the younger leaves, usually 
well above the point of inoculation. T h e  
incubation period is extremely short, 
ranping from 7 to 15 days, 8 to 1 1  days 
bcing most common. Among the numer- 
ous varieties and species under test, thr 
only clearcut symptom picture was ob-
tained on Scarlett O'Hara morning glory 
T \  hen the i~loculum source was swectpo- 
tato leaves with purple rings (induced by 
scion grafting) and roots containing nc- 
crotic tissue. T h e  first symptom is a vein- 
handing mottle, and oftcn the leaves arc 
~ c d u c c d  in size and take on a variablc 
t hlolotic aspect (Fig. 1 > .Most infccted 
plant? arc dwarfed some~vhat but pro- 
duce blossoms and apparently virus-flcr 
\red. During the past 7 months man) 
c.\pt>riments havc been conducted suc-
ct,\,fully using this technique. 

long shield shaped and (ii) 3-lobed or maple 
leaf shaped. The leaf shapes come true from 
seed hut are usually mixed when common seed 
sources are used. Taxonomists now commonly 
employ Calonyction aculeatum E. House for I .  
boaa-aox, 
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Microfoundations 

I would like to suggest the tern1 
microfoz~ndation to complete the spec- 
trum whose other end is occupied by the 
Ford Foundation. According to a recent 
editorial [Science 122, 1253 ( 1955)l the 
small foundation is typified by an cn-
dowmcnt of $2 million and so really be- 
longs toward the middle of the spectrum. 
The  IIolter Research Foundation is a 
microfoundation operating on the in-
come of an endowment of well under 
$50,000. I t  is an operating microfoun- 
dation with one full-time physicist, one 
full-time unpaid biophysicist, and one 
part-time unpaid technician. 

'The small foundation undoubtedly 
produces more per dollar per man-hour 
than the large foundations, because of 
greater ease of administration and sim- 
pler public relations problems. I do not 
knot\. whether this condition can be cx- 
trapolated to the microfoundation. 

T h e  microfoundation is not blessed 
Tvith any committees -cyhatcvcr, and 
every man-hour, outside of janitoring, 
can be used for the drawing board or the 
soldering iron. We at  Holtcr stick the in- 
voices in a drawer, and if the funds get 
lory we wait until the next month's bud- 
get before purchasing anything more. 
Our  results, although not spectacular, 
havc adequately justified our cxiste~lcc 
through various original contributio~ls in 
the fields of physics, medicine, and cdu- 
cation. \.Ye may or may not be typical of 
microfoundations. 'The productivity unit 
is, of course, hard to define, particularly' 
when quality is involved. Using publica- 
tions by professional journals, for lack 
of any better criterion, as an index of a t  
lcast passable quality, it might be inter- 
ebting to find which size foundation pro- 
duces the most results pc,r dollar, per 

E M .  HILDFBRAUDman, per year. 
Plant Industry Station 
I T S .  Depar trn~nt  of Agriculture 
Rclfsville, Mar)dand 
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Mean Rate of Change and a Graphic 
Method for Its Evaluation 

Given a set of data represented by n 
points P, ( x , ,  y,) on ordinary rectangular 
graph paper, with the xi not necessarily 
regularly spaced, thc determination of 
the mean rate of change of the dcpend- 
ent variablc 3) is oftcn a problem of prac- 

tical importance ( I ) . Merely taking an 
arithmetical average of the n - 1 slopes 

mi = (-) of the segments joining 
~ 	 . -

successive points is not very satisfactory, 
since the presence of two points with 
almost equal abscissas but widely scpa-
rated ordinates would lead to a numeri- 
cally large slope (for example, PIP,, Fig. 
1 )  and excessively distort the final aver- 
age. This difficulty can be eliminated by 
using a weighted average, taking the dif- 
ference in x-coordinates x,, ,- r, as the 
weight zwi to multiply each slope 
EIowcver, this results in telescoping 
sums, and the final formula would de- 
pend on only the first and last of the 
observed data (which arc generally more 
subject to experimental errors than in-
termediate determinations) : 

Z w i m i  - 2 (9ji + I  - 314 
.-

9'11 - Yl 


Z w i  2 ( x i + - x i  Xi1 - xi 


I n  an  effort to develop a formula more 
representative of the entire series of 
values, the following plan proved to be 
the most effective. Consider joining on 
the graph pairs of points Pi arid Pi in 
all possible ways arid assigning to each 
slope 

m..,,(= Y~-'), the weight isiiequal 
X i  -.Ti 

to the difference xj- xi between the 
corresponding abscissas. T h e  weighted 
average 

of the slopes of all of these scgmc~lts 
provides the follo~ving formula, which is 
easily derived algebraically ( 2 ) .  
Mean rate of change (m.r.c.) = 

For example, with n 6, 111.r.c.= 
--5 y 1-- 315 - 31:;t yt 4- 39'; -151'0 

5 x 1- 3x2 - X 3  t xi + 3x5 + 5x6 

I t  has been found advantageous to re- 
number the subscripts so that thry will 
b r  centered about zero. Thus, for n = 5 ,  
the points may be thought of as P - ,  
(x.,, y.,), P.,, Po,  P I ,  P,; for n = 6 ,  the 
subscripts may be relabeled to read P - ,  
(x.5, Y - ~ ) ,P.,, P I ,P I , Pi],P,. 111 gcnrral, 
when n is odd, let n = 2m + 1, and then 
h - - - m , - m t 1 ,  . . . ,  . -1 ,0,  1, . . . ,  m .  
FVhcn n is even, let h =- n t I ,  - n t 3, 
. . .  , - 1 ,  1 ,  3 , .  . . , ? 1 - 1 .  

\+'it11 this cha~lge made, formula 1 
takes the following more convenient 
form : 

Z h y i ,m.r.c. = 
Z h x s  

For example, with five points, desig-



-- 

natcd as in the prccedi~lg paragraph, t l ~ c  
mran ratc of changc will becomr ( 3 )  

-- 2 y 2 - y-It yl -I, 2y2 
- ~ x - ~ - x - It XI+ 2% 

and for n = 6, the value \\.ill ecjual 

- 53'-;-- 3y- a -- y- 3 t y, + 3ya i- 5 3 ~ ~  
- - 5 ~ - a - 3 , x - a - x - ~ t x 1 + 3 ~ a - i 5 ~ 6  

Formula 2 lends itself readily to arith- 
nnetical calculation, ~vi th  or ~vithout a 
computing machine. The symmetry in 
the x's and y's should simplify the nu-
~nerical evaluation. Ho~vcvcr, an intcr-
rsting mechanical interpretation of this 
formula leads to a graphic mcthod for 
dctcrmini~lg the mean ratc of changc, 
along the same lines as a method re-
.ccntly described for mean \,alucs ( 4 ) .  
A~surne that the P,&'s have bccn rcnum-
l~ercd as described in a foregoing para- 
graph. Now assign to each point P,, a 
:mass equal to the absolute or numerical 
value of the cocflicicnt h corrr.sponding 
to that point. I,ct C bc thc center of 
gravity of all the weighted points with 
poGtiivc coefficient k,  and C' the centroid 
.of the ~vcighted points ~vi th  negative h .  
Thcn it can bc shown that the slope of 
the line C'C joining the t\vo cc~ltroicls 
equals the mean rate of change for the 
11 points ( 2 ) .  

M e t h o d  (Fig. 1 ) .  Starting ~vitll the 
series of charted data, label the points 
according to the arrangement shown 
carlier (that is, \vith the h subscripts), 
TaLc the first t\vo points with subscripts 
greater than zero, P, and P, or I-', and 
P:, as the case map be, and join them 

~ t i t ha straight line. On this line, locate 
0;thc crntroid of thc first two weighted 
points (51,and mark the sum of the sub- 
scripts near Q. Sext ,  draw the segment 
b c t ~ v e c ~ ~  the P's and O--and the next of 
locate the centroid of thc end-points at  
R.  Procccd until the last point toward 
the right has been includcd, thus arriv- 
ing at C. Similarly start \\.it11 the points 
ha\,ing negative subscripts and ~vork 
toward the left, determining Q', K', 
. . . , anti finally C'. Last, join C' and C, 
obtaini~lg the desired slopc. (Actually, it 
is not necessary to label the pointy on the 
graph. I t  suffices to mark down mcrely 
the integers representing the respective 
!\-eights, as is shorvn in parentheses in 
Fiq. 1.) 

If the numerical value for the rncan 
rate of cha~lge is required, it may bc 
obtained from the coordinates of any 
t~vo points D and F: on this line, prcfer- 
ably far apart for greater accuracy, and 
\\-ith co~lvcnic~ltly selected .r-coordinates 
for ease of clivisio~~ 

Special  case.! (Fig.. 2 ) .  In  certain in- 
stances, the graphic procedure assumcs 
a particularly simplc form. ( i )  IVith 
four points the mid-point of P IP , ,  is 
marked, and the outer svgment is again 
bisected, providir~g C; similarly for C'. 
( i i )  \'\lith five points, the only necessary 
step is to trisect PIP, and P.,P.,, as is 
sholvn. (i i i)  JITith scve11 points, C is to 
be found at the mid-point of QI',,; simi- 
larly for C'. 

It is to Ilc notcd that, eve11 though the 

Fig. 2. Graphical determination of niearl 
rate of change, special cases. (Top)  Four 
points; (Middle) five points : (Bottom) 
seven points. 

subscripts arc arra~lgecl unifortnly, it has 
not bren any\vhcri: assumed that tlic u's 
arc cqu;llly spaced on the graph. JV-hcn, 
ho!vever, tllc x values are eclually spacrd, 
thc interrsting result has bt>cn provcd 
( 2 )  that the slope thrn provided by 
formula I or fornlula 2 or by the graphic 
method is the same as the slopc of the 
line h c ~ tfitting the points according to 
the critcrion of least squares. 7'his Irads 
to a nclv graphic mcthod (2)  for draw- 
ing the line of best fit. Purtht,rlnore, if 
the numbcr of noints is odd. thc succrs- 
sivc ccntroids \vill advance uniforinly to 
the right ( 6 ), eliminating entirely thc 
nccd to divide any seglnt,nts into propor-
tional parts. 

S. I .  . ~ s I < o \ . ~ ~ ~ z  
Ofiht l~ali i lology R e s ~ a r c l i  I ,aborutov,  
Albert Eitzstein 2Lfedicnl C u t t r r ,  
9or thc1 . t~  Dic i~ io t z ,  Philadclplzia, 
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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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