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FUNGUS SPORES / 
Lawrence P. Miller, S. Em 'A. McCallan, and Richard Bd. Weed 

Boyce Thompson I n s t i t u t e  f o r  Plant Research, I&. , Yonkers 3, New York, U. S. A. 
d- -- - - - - \ - . -  _ _ ___ J -. -- - -/ 

I n  t e s t ing  the  toxic i ty  of chemicals t o  biological s t ructures  such as  fungus 
. . .. . 

spores it has . . been customary . . . .  . t ~ ~ e x p r e s s  the effectiveness on the basis of the con- 
. . .. . - centration of the  applied solution (1, 2). This has been necessary because of the  

. . 

I - 
small; quant i t ies  involved and the lack i n  p r a c t i c d l y  all instances of a sui table  

method f o r  quantitative determination of . . the toxicants taken up by the spores. In  
. . 

investi&tions of the effectiveness of d i f fe rent  m t e r i a l s ,  comparisons dn t h i s  . 
. . 

basis  a re  subject t o  serious error  i f  there a re  la rge  differences in the doses re- 
. . 

ceived by thk sp,cres from applied solutions of cornpar&ble concentrations. 
. . .  

With the ready avai lab i l i ty  of radioactive isotopes, quantitative tox ic i ty  

s tudies  on a spore weight basis can be carried out qui te  easily.  In  connection with . 
a program of investigations undertaken in cooperation 11~4th the  United States  Atomic 

b e r m  Commission (Contract ~T(30-1)-788) . innate tox ic i ty  on a weight basts has 
\ - 

been determined f o r  a nmb'er of toxicants and species of fungus spores. The r e su l t s  

have shown t h a t  the  concentration of the applied solution is indeed a poor measure 

of the .amount of chemical received by the spores. Concentrations associated with 

t h e  spores nay reach values 10,000 o r  more times t h a t  of applied solutions. 

With the  use of isotopes it has also been possible t o  study the  r e l a t ionsh ip .  I .', 
I 

1 a 
of some toxicants to each other in competition f o r  receptor s i t e s  .and to study 

I .  

displacement of one material f o r  another in fungus spores. It has also been found 

t h a t  spores of various species may a c t  markedly d i f fe rent  i n  t h e i r  a f f i n i t y  f o r  

various ' toxicants. 

I rrmATERIA&S AND IVETHODS 
I 

I Toxicants used in these s tudies  have incauded 3 5 ~ ,  uO&, u ~ e ,  203~g, 

1 f e r r i c  dimethyldithiocarbamate labeled with 3 5 ~ ,  and 2-heptadecyl3-imid~oline 

and 2,~ehlo~o-1,4-naphthoquinone labeled with '4~. The isotopes and labeled 



compounds hare been ob-ed f ron . the  Oak Ridge Nationd Laboratories, Oak Ridge, 

Tenn., U. S. A*, and from commercial sources. All of the  materials were available 

a t  suf f ic ien t ly  high specif ic  ac t iv i ty  to  be sui table  f o r  use a t  the concentrations 

required f o r  t h e i r  toxic effects,  

Conidia o f . t h e  following species of fungi have been included in these studies: 

Neurospara s i tophi la  (Mont. ) Shear. & Dodge, B. crassa Shear & Dodge, . b n i l i n i a  

f ruc t ico la  (mint,) Honey, Alternaria oleracea Mlbra i th ,  GlomereUa c inmla ta  (st .)  

Sp. & von S.,. A s p e r ~ l l u s  n i ~ e r  tfan.Tiegh, Rhizo~us nimicans Ehr., Cephalos~orium 

acremonium Corda, MYrothecium verrucaria ( f ib ,  & Schw. ) ~ i & .  ex Fr., Stemphvlium 
. . 

sarcinaeforme (Cav. ) DBFlts., Venturia inaeaualis (cke. ) Rint,. , and 1. p n i n a  

(~derh.). Cells of Saccharomces cerevisiae Hansen were also used i n  some of the 

tes t s .  Methods employed f o r  culturing the fungi, harvesting the spores, determin- 

ing the  spore weights, and the nutr ients  added f o r  germination t e s t s  a re  given in 

previous papers (3, 4 ) .  

For studies on the uptake of toxicants by spores, known weights of spores 

were suspended in aqueous solutions of the toxicants f o r  v ~ r i o u s  periods of t i ne  

and the  l o s s  i n  radioact ivi ty  of the ambient solution a f t e r  ~ e n t r i f u ~ a t i o i  deter- 

mined. Valueq obtained by t h i s  procedure were also checked by determining the  

radioact ivi ty  of the  spores a f t e r  removal from the  solutions of t o x i c a t .  Specific 

a c t i v i t i e s  of the radioactive toxicants were suf f ic ien t ly  high so t h a t  radioactivity 

determinations could be nade d i rec t ly  without correction for  self-absorption, 

Similarly, because of t h e i r  s m a l l  s ize ,  samples of fungus spores could also be taken . 

in s m a l l  enough quant i t ies  for  d i r ec t  counting without loss from self-absorption 

even with We labeled compounds. 

The radioact ivi ty  was deternined by the use of conventional scaling equipment 

and end window type Geiger tubes viith th in  windows. When mixtures of isotopes were 

used i n  the  t e s t s ,  the  determination of the r e l a t ive  quant i t ies  o,f t he  various 

isotopes present was carr ied out with the a id  of absorbers, Automatic counting 
. , 

equipment was available and 'the samples were counted i n  the  absence and presence of 



. . 

sui table  absorbers. F m m  a knowledge of the  effectivekess of the different  ab- 
- .  ; I 

sorbers used ih reducing the  cou& o$b)tained hi.& '&he varibus isotopes under the 
. . 

conditions employed, it was possible t o  s e t  up simultaneous equations .and determine 

the  re la t ive  quantit ies present. 

Nith elemental sulfur  the  r e su l t s  were obtained la rge ly  by conventional 

chemical methods. I n  contrast  to the  other toxicants studied, sulfur  is not 
. . . . 

accumulated in spores t o   any extent bu t  i s  rapidly reduced to hydrogen sulf ide which 

.is then released. The quantity of hydrogen sulf ide given off before germination was 

reduced t o  50 per cent was considered the ED50 value (3). 

. .RESULTS 

RATE OF UPTAKE OF VARIOUS TOMCANTS 

An unexpected resul t  obtained in these studies was t h a t  the  spores took up 

la rge  quantit ies of toxicant very rapidly from di lu te  solutions. Rate of uptake 

and f i n d  concentration reached on a spore weight basis mas considerably influenced 

by the  species of spore used. With 2-heptadecyl-2-imidazoline, by f a r  the  major 

portion of toxicant wax taken up in 15 seconds or  l e s s  (4). Only when the  *amount 

of toxicant present was more than 10,000 p.p.m. on a spore weight basis with 

Neurc8~ora sftophila (with a concentration of .2.16 pap.m. in  the  ambient solution) 

was the  r a t e  of uptake decreased so t h a t  l e s s  than .50 t o  70 per cent was  taken 

up in 0.'5 to 2.0 minutes. Eken when the  possible dose w a s  34,000 p.p.m., 40 per 

cent was taken up in  30 seconds and a further  23 per cent in  1.5 more minutes (4). 

On the  other hand, spores of Asverdllus niner took up re la t ive ly  small q u ~ n t i t i e s  
I 

of 2-heptadecyl-2-imidasoline, and when these spores were mixed with those of g. 

sitonhila,  they interfered with the uptake of the  toxicant by the lat ter . '  This 

,effect  remains unexplained. . 

Silver  Md Cerium 

Silver  and cerium are  also taken up rapidly (4) a s  shovm by the data 

summarized in Tables I and 11. F 
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TBBLE I 

Uptake of Si lver  by hngus  Spores k e n  Exposed t o  

1.04 PmPoM. in 10 N i l .  of Solution 

* These values fo r  120 minutes. 

TABLE I1 

Uptake of Cerium by Fungus Spores When Exposed t o  

10 P.P.M. in 10 1U. of Solution 

It i s  apparent tha t ,  with s i lver , ' spores  of all species included in  t h e  

t e s t s ,  covering possible doses of from 520 t o  LJ.60 p,p.m. of spore weight, removed 

SO t o  90 per cent of the  available s i lve r  from the solutions i n  the f i r s t  30 seconds 

o r  less .  With cerium also the grecter par t  of the toxicant taken up by the spores 

ga 53 - 5 

--.-- -------- 

Species 

Neurospora s i tophi la  

Asper a - U u s  niaer  

Alternaria oleracea 

Monilinia fruct icola  

------------- 

Maximum 
dose 

possible 

2080 
h040 

1040 
520 

lo@ 
520 

4160 
2080 

Species 

Neurospora s i tophi la  

&per,tzillus n i ~ e r  

Alternaria oleracea 

Monilinia fructic0l.a 

--..-----.- ---------- 
Cumulative uptake of 
s i lve r  a s  p.p.m. of 
spore wt. a f t e r  vari- 
ous in te rva ls  ' minutes 

- 

M d u m  
dose 

possible 

10,000 

10,000 

8,620 

10,000 

0.5 

1085 
585 

480 
310 

745 
445 

,2125 
1530 

- 
CumuIative uptake of 
cerium a s  p.p.m. of 
$pore 'wt. a f t e r  vari- 

ous in te rva ls  in minutes 

1. 5 

1475 
7@ 
534 
330 

955 
490 

258W 
131W 

6.5 

1715 
700 

675 
385 
- - - - 

6.5 

910 

5400 

5990 

- 

0.5 

630 

4500 

,2255 

U O O  

1.5 

590 

5220 

3820 

U50 



was removed in 30 seconds except fo r  spores of a t e r n a r i a  olerakea. It w i l l  be 

noted that  spores of ~ s p e r a ~ i l u s  niper take up much more cerium than those of 

Neurospora s i t o ~ h i l a  and most of the other species,while with the other toxicants 

studied such a s  sulfur,  2-heptadecyl-2-imidazoline, and s i lver ,  A s p e r ~ i l l u s  niner 

was found t o  be among the l e a s t  reactive. 

biercurs 

Recent t e s t s  vaith mercury and 2,3-dichloro-l,4-naphthoquinone have shorn 

t h a t  these toxicants a re  also taken up i n  re la t ive ly  la rge  amounts and t h a t  large 

doses a re  required t o  reduce germination capacity as w i l l  be shown below. Mercury 

differed from the toxicants previously considered, i.e.,  2-heptadecyl-2-imidazoline, 

s i lve r  and cerium in t h a t  uptake took place more slowly. This i s  shown i n  Table 

I11 f o r  Monilinia fruct icola  and Table I9 f o r  Neurospora s i tonhi la ,  It i s  obvious 

t h a t  16 and more minutes a re  required f o r  meximunn uptake in contrast  t o  30 seconds 

o r  l e s s  f o r  some of the other toxicants previously considered. 

TABLE I11 

Uptake of Mercury by Spores of blonilinia f ruct icola  

from Solutions Containing 10 P.P.M. 5n 10 NU. 

----------- -_ _ _ _  
Iv-urn uose 
possible, 
p.p.m. of 
spore w t .  

20,000 

10,000 

5 , 000 

2,500 

1,250 

---- - ------ ------- - - - - -  ------ 
Cuinul~tive uptake of toxicant in 
p.p.m. of spore w t .  a f t e r  various 

intervals  i n  minutes 
86 

11320 

6235 

4250 

2320 

1200 

16 

66535 

4775 

3885 

2260 

U.90 

1 

4760 

3255 

2990 

1930 

1150 

6 

6625 

4120 

3650 

2210 

1190 



Uptake of Ebercury,,by Spores .. . of Neurospora sitophfia 

from Solutions 'Containing 10 P.P.M. in 10 M. 

Maximum dose 
possible, 
p.p,m. of 
spore w t .  

- 
40,000 

.Cumulative u p m e  of toxic~mt in ' .  

p;p.m. of spore w t .  after various 
intervals in minutes 

Results of similar studies carried out with 2,3-dichloro-l,4-naphthoquinone . .  

I are given in Table V. In- gen,eral this material mas t~iken up rapidly in conformity 

with various toxicants previously investigated except mercury. .As will be shown, 1 .  
~ this toxicant was more active on a spore weight basis than .any previously con- 
i ~ sidered except silver. 

TABLE V 

Uptake of 2,3-Dichloro-1,4-naphthoquinone by Fungus Spores When 

Ekposed to 2.8 P.P.Ni. in 10 U. 

Species 

Neurospore. sitophila 

Monilinia fructicola 
4 .  

btyroth eium 

' - 

bl-un 
dose 

possible 

28n0' 
933 
311 
2800 
933 
311 
2800 

. - - - .  - - - -  --.- ----,--.--------- 

Cumulative uptake of toxicant in 
p.p.m. of spore w t .  after various 

intervals in minutes 

* Values after 216 minutes'. 
$25 
W O  

75 

800 
505 
335 

1445* 
81W 
295* - 

5 

830 
550 

U 2 0  
700 
290 
1360 

- I - 

15 

755 
535 
3LO ' 

1320 
775 
29 5 - 



-Effects of Mixtures of !Ioxiuants When Used Simultaneously o r  Consecutivel~ 

In recent experiments spores of a number of species of fungi were exposed 

t o  various combinations of 2-heptadecyi-2-imidazoline, si lver ,  and cerium both in 

simultaneous and consecutive treatments. The resul t s  have shown (5) tha t  the 

spores take up these toxicants a t  about the sane r a t e  and a t  about the same degree 

whether they are presented t o  then singly; simultaneously o r  consecutively. Toxi- 

cants are  not released on.resuspension .in water or  on further  treatment with.a  

second tdxicant. The resul t s  suggest, t ha t  receptor s i t e s  for  the three toxicants 
. , 

are  not similar. It would be expected, of course, that,  i f  toxicants more closely 

related chemically were studied, certain interferences would be noted. 

With the avai labi l i ty  of both mercury and s i lver  as  radioactive isotopo,~, 

it seemed of special in t e res t  to  study these two chemicals i n  the i r  relationship 

since they would be expected t o  have some receptor s i t e s  in  common. The r e su l t s  

have shown, somewhat unexpectedly, tha t  spores previously t reated with s i lve r  

took up mercury much more rapidly than spores not  pretreated. Results of such 

an experiment with spores of ~eurospore s i tophila  .are shorn i n  Table V I .  I n  

these t e s t s  spores were treated with s i lve r  followed by .mercury, mercuzy followed 

by s i lver  and w i t h  s i lver  and mercury simultaneously. Ekposures were f o r  10- 

minute periods. In  the simultaneous treatments two consecutive 10-minute treatrrient 

periods were used. Deterrcinations of both isotopes were made so tha t  release o f .  

toxicants previously taken up was taken in to  account. s i l v e r  was applied as 1.00 

p.p.n. in 10 ml.  and mercury a t  10 p.p.m. This difference in concentrat$on was 

used because of the greater toxic i ty  of s i l v e r  compared t o  mercury. The maximum 

concentratims t h a t  could be attained i n  .the LO-mg. Pots of spores were 1000 and 

10,000 p.p.m. f o r  s i lve r  and mercuryrespectively and correspondingly l e s s  f o r  
. . 

the  la rger  l o t s  of '  spdres. It is apparent t h a t  'more mercury i s  taken up .during 
. * 

t he  time periods under study i f  the  spores have been t reated with s i l v e r  previously 
' 

. . 
or  i f  s i lve r  i s  present simultaneous3;y. . .For i exqmple, ~ t h  the  10-mg. lots ,  spores 

. . 
not previously . . t reated took up' 4450 p.p.m. while those previously exposed to s i lve r  

. . h 



as a r e su l t  of which they took up 760 p.p.m. of s i lver ,  took .up 7800 p.p.m.of 

mercury i n  ten  minutes. men s i lve r  and mercury were present simultaneously, 6700 

p.p.m. of mercury were taken up in the f i r s t  ten minutes. Another l o t  of spores, 

data for.'which are  not shown in the table, but which was t reated simultaneously 

with those in  t h i s  experiment took up 4800 p.p.m. of mercury i n  t en  minutes. men  I 
the amount of 'mercury axrailable is re la t ive ly  low as  .in the 40 and 50 milligram 

l o t s  the. mercury i s  taken up equally readi ly whether or  not pretreatment with s i lve r  

i s  ihv6l~ed .  Further' experiments have.;sho& that t h i s  effect '  o f '  s i l ve r  on the  up- - I 
t&e of mercury i s  p r h a r i l y  an influence on the rate. '  Vh&n longer' time periods I 
a r e  obskrved, spores -not  pretreated with s i lve r  'take u p  about a s  much mercury a s  

those pretreated. ''. 

. . . . . . . . TABLE VI - 
Silver  and Mercury Contents Germination of Spores of Neurosporzi s i tophi la  

2 ' 

Treated with Si lver  ~oll'bwed by Mercury, ~lekcury Followed by Silver,  and 
. . 

with Si lver  and Mercury Simultaneously i n  Two 10 Minute Treatment 

Periods 
- - ------- ---- ---- - - --- 

Treatment 

Si lver  followed 

Spore wt,. 
mg. 

10 
20 

--------- 
Ion content i n  p.p.m. of spore weight and 

by mercury 

Mercury followed 
' by s i l v e r  

germination 

First 

Ag 

760 
405 

in Der cent 

Second period period 

Germination 

0 
35 

Ag 

615 
460 

25 
37 
46 

. 

64 
77 
86 

102 
96 

320 
240 
200 

Hg 
5320 
4070 
2360 
1700 
1880 

30 290 

, 

Silver  and mercuqp 
t o  get her 

1 - 
. , I ,  p rca. 9 

Ag 
700 
275 
320 
240 

Hg 

7800 
4600 

40 
50 

I Ag HP, 
10 1625 6700 2 

Gemination 

0 
7 

3010 
2300 
1650 
Ag 
780 
480 
260 
235 
190 

23~0 
185 
Hg 

, 

25 
27 
36 

- - - -  - 

0 
0 

20 
' 32 
W. 

Hg 
8190 
W O  
2990 
2200 

10 ' 4450 
- 20 j 3430 

30 1 2300 
40 1 1780 
50 I 1650- 

0 
28 
36 
48 



INNATE TOXICITY OF THE FUNGICIDES 

With these techniques the  e f fec t  on germination based on the actual 'dose 

received by the spores can be readi ly .determined. When plotted on logarithmic- 

.' . 
probabili ty paper a s t r a i & t  l i n e  i s  :obtained a s  usually happens .also.when the  

dose i s  expressed on a concentration basis. Such a curve is i l l u s t r a t e d  in  

Figure 1: in which the  e f fec t  of mercury on the germination of spores of Neurospora 

s i t o ~ h i l a  was determined. Vdues obtained in two d i f fe rent  experiments, as 

indicmted by the d i f fe rent  kinds.of c ircles ,  were plotted, The ED50 value was 

found to' be 5030 p. p.m. of spore weight. . , 

Figure 1. Dosage response curve f o r  the e f f ec t  of sercury on a spore 

weight basis on the germination of spores of Neurospora s i t o p h i h .  
jasr~. " 



. . 
. , 

ED50 values. for a number of the fungicides under study are  summarized in 

Tcble V I I .  Sizver is the most toxic of a l I  the materials investigated, although 

2,3-dichlor o-l , 4-naphthoquinone approaches it closely . Tha quantity of 2-heptadecyl- 

2-imidazcline required on a spore weight basis to' give a' 50 per cent loss  in' 

germination capaciQ for spores of Venturia p n i n a  was found to  be 9300 p.p.m. 

In spite of this relatively low innate toxicity this fungicide i s  successfully used 

commercially against apple sceb caused by the closely related Venturia inaequelis. 

Cerium i s  the l eas t  toxic o f  the materials studied. It was toxic only t o  Monilinia 

fructicola. Spores of two other species were not affected by the uptake of 7000 

TABLE VII 

ED50 Values i n  P.P.M. on a Spore Wight Basis for a Number of Tq .x i c~ t3  - 

for  Spores of Some Species of Fungi 

* No effect on germination a t  these concentrations. 

___-_-___--_--_--- 
_-_---_I------ -- 

ED50 values 

5800 
9300 

165 
Z.6 
360 
540 

> 970# 
4600 

>7110# 
>844W 

11,500 
53,600 (m2) 
6,800 ( m 5 )  

5030 
2830 

560 
385 

Toxicant 

.2-Heptadecyl-2- 
imidazoline 

Silver 

Ceriulr 
0 

Sulfur 

Mercury 

2,3-Dichloro-l,4- 
naphthaquinone - 

.F ' 

--A- - ____-______ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ - - -  

Species 

Neurospora sitophila 
Venturia ayrina 

Neurospora sitophila 
Monilinia fructicola 
Alternaria oleracea 
Asperfillus niger 

Neurospora sitophila 
Monilinia fructicola 
f i ternaria oleracea 
Aspergillus n i ~ e r  

Neurospora sitophila 
Ce~halosporium acremonium 
Alternaria oleracea 

Neurospora sitophilra 
Monilinb f ruc t icoh  

Neurospora sitophila 
Monilinia fructicola 

I 



f 0 8000 p.p.m. , Spores of Neurospora. . s i to~hi la . , .  h?ok up only re la t ive ly  small 

amounts. . . . . . .. 

.The toxic i ty  of all the  fungicides included i n  these studies i s  r e l ~ t i v e l y  

low, compared t o  the effectiveness of other .biological agents. ,Many drugs are  

toxic t o  animals a t  several milligrqms per kilo,grcm. Studies with 3 5 ~  labeled 

penic i l l in  by &aley e t  al. (6) have shown tha t  only very s m a l l  quantit ies a r e  

required per un i t  weight of bacteria t o  stop growth. Similarly  any insecticides . 
and plant growth regulators a re  active a t  low concentrations. It would therefore 

seem reasonable t o  expect tha t  much more,active .antifungel substances w i l l  probably 

be discovered. 

Release and Exchan~e of Toxicants Taken up by Spores 
C 

When spores which have tzken up various toxicants a re  removed from the  t e s t  

ing solutions and resuspended i n  water, there i s  usually l i t t l e  release of toxicant 
. . . . .  

from the spores. In general dras t ic  measures are  necessary t o  remove the toxicants 

from t h e  spores, However,, on adding a large excess of non-radioactive fungicide 

t o  the ambient 'solution, .. . . exchange takes place. By studying 'the degree 9nd r a t e  

of exchange it is possible t o  ge% Gone idea as  t o  how firmly the mat'erials :are 

held, and also with organic compounds, whether they have undergone chemical change . 

i n  the  spores. Fbrther, by .using related chemicals i n  the ambient solu.tion, in- 

stead of chemicals ident ical  with those used i n  the original  treatment, information 

can be obtained as  t o  the  degree of competition for  the same receptor s i t e s .  In 

such t e s t s  it is  necessary fo r  only one of the  pa i r  of m.aterids t o  be investigated 

t o  be radioactive. This f a c i l i t a t e s  studies with organic compounds which are  

often d i f f i c u l t  to obtain in radioactive form. ' 

Studies of t h i s  nature.nave 'shown t h a t  fungus spores do not distinguksh 

between neodymium, lanthanum, samarium, praseodynium, and cerium. Cerium taken 

up by spores was found t o  exchange jus t  a s  readily with the other elements mentione6 
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as  with cerium i t se l f .  Some of the relationships between s i lve r  and a number of 

other ions are  given in Table V I I I .  In  these experiments the ef fec t  of H g t ,  

TABLE V I I I  

Effect of Other &eta1 Ions on the.  Uptake o r  Release of Si lver  When Added Either 

Previous to,  Simultaneous e t h 7  or  Subsequent t o  Exposure t o  Silver# 

Ion 

None 

Hg+ 

Hg+t 

Cu++ 

CdU 

N i + t  

c o u  

Zn* 

*Spores exposed to 10 ml. 'of soln. of s i lver  containing 2 X 10.5 
equivalents per l i t e r .  Other ions used a t  concentrations 50 times higher. 

-##. Spores had tslken up an average of l l , 5  micrograms. 

- -- 

Ucrogams of s i lve r  for  10 mg. of spores of Neurospora s i tophila  

H e ,  'Cu++, Cd++, Ni*, Co*, and Zntt ions on the uptake .and release of A@ when 

used in pretreatments, in  simultaneous treatments, .and subsequently fo r  exchange; 

was studied. The spores were exposed to  10 uiL. 0 f . a  solution of radioactive 

s i lve r  containing 2 X 1 0 ~  equivalents per l i t e r  and the  other ions mere used 

a t  concentrations 50 times higher. It i s  seen t h a t  Hgt and HgH and CU* showed 
.. , , 

Reiease of Ag on 
subsequent treatment* 

60 Min. 

0.9 

11.9 

5.5 
- 

1.0 

1.1 

0.9 

0.9 

0.7 

the  greatest  competition with s i lve r  for  receptor s i t e s .  Interference was more 

Uptake a f t e r  
pretreatment 

pronounced in  the  simultaneous treatment ser ies  than when the.spores were pre- 

10 Min. 

13.9 
10.0 

6.0 

4.8 

6.9 

10.4 

12.7 

- 
9.7 

Uptake i n  simultaneous 
treatment 

t reated w i t h  the,varioua ions. In the  exchange studies, exchange was found to be 

1150 IU. 

17.7 

9.0 

12.0 

8.1, 

15.8 

18.1 

17.4 

- 
18.0 

10 kin. 

U . 2  
- 

0.0 

0.0 

2.7 

3 0 

3 .9 

3.2 

15.6 

complete upon the  -addition of s i lver  . . and about 50 per cent .with He (HW was not 

~ 2 5 3 -  1 3 

932 Min. 
.- 

18.2 

- 
4.6 
2.8 

13.4 

16.5 

15.6 

14.3 

19.7 



included in  t h i s  tes t ) .  The other ions did not release s i g n i f i c m t  amounts of 

the absorbed silver.  

Other t e s t s  have confirmed t h i s  finding tha t  s i lve r  taken up by spores i s  

readily exchanged upon the addition of more s i lver .  This is more complete than 

the  exchange ait'h any of the  other toxicants studied. Spores saturated with 2 , s  

dichloro-l,4-naphthoquinone released only z. few per cent of the tcxicant upon the 

;addition of non-radioactive naphthoquinone. T h i s . i s  interpreted t o  indicate t h a t  

t o k c a n t  taken up has undergone chemical change. This i s  being investigated 

further  by other methods. 

SUMMARY --- 1 

Wen fungus .spores are  exposed t o  d i lu te  solutions - p ~ ~ z r d )  of I 

toxicants such as  2-heptadccyl-2-imid&line, 2,3-dic~oro-l , 4-rkiphthoquinone, 

s i lver ,  mercury, orcerium, re la t ive ly  large mounts a re  taken up rapidly by the 

spores. ED50 values were found'to range from.165 p.p.m. of spore mQht fo r  
L 

. . 

s i lve r  and spores of Neurosuora. s i touh i l a ' t o  9300 p.p.m. fo r  heptadecyl-2- 
, . 

imidazoline and spores of Venturia pvrina. Thdse high values shok tha t  the spores 

accumulate the toxicants from di lu te  solutions. They also show tha t  the innate 
. . , 

toxic i ty  of these materials i s  ndG very hi.& i n  comparison &th other biologically- 

:active ,agents. . 'The re su l t s  suggest tha t  further search f o r  new fungicides should 

I lead t o  some tha t  are more active bn ,a spore weight b i s i s ,  
. . 

The amount of toxicant taken up depends. upon the toxicant and the part icular  
r . . 

species involved. Spores nore active i n  t&ing.:up one toxicant compared t o  spores 
. . 

of other species, m y  not necessarily be more.active i n  t h i s  respect w i t h  another 

fungicide. Specificity of fungicides may be the r e s u l t  of differences i n  the 

quantity taken up and i n  innate toxic i ty  to  the .particular species involved. 

Wen various materiels not closely related chemically are  used i n  e i ther  

consecutive o r  s i m u l ~ e o u s  applications t o  fungus spores interferences are not 

apparent. Spores saturated with one toxicant w i l l  readi ly take up large amounts . . 
I 

r. : 

of a second unrelated chemical. Competition f o r  receptor s i t e s  becomes* evident, 
I .  



however, when cJg.sely rexated materials a re  studied, The rare  ear th elements 
. . 

neodymium, lanthanum, samarium, praesodymium, and cerium seeem t o  compete f o r  

the same receptor s i tes .  

Competition fo r  receptor s i t e s  was found between A@, He, H g H ,  and CUU. 

Spores pretreated kth Ag take up mercury more rapidly than spores not pretreated. 

t Silver  taken up by spores i s  exchanged were readi ly than any of the other 
0 

fungicides studied, ' It appears tha t  2,3-dichloro-l,4-ncphthoquinone is rapidly 

changed chemically when taken up by spores, since no exchange occurs when spores 

apparently saturated with t h i s  fungicide are  exposed t o  additional quanti t ies  of 

the toxicant. 
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