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~\~I' M'1 \ 
X~5S 

CONDITIONS Modifying the EFFECT of DELETERIOUS AGEN~ 

upon the FUNGI. 

For Bome time 1 t has been kno"n that t~aoe8 of 

metals in solution can be rem~v~d from such solutions by 

t~e introduotion of insoluble substances. Nageli found in 

expe~iments ~it~ npi~orryra that distilled ~ater,as well 33 

(jt-

tap water,often proved injurious. By oarerul experimental 

study of all the faotors whioh might be involved,he was 

able to traoe the injury to soluble copper,whioh in the 

first oase oame from the distilling apparatus,and in the 

seoond,from the brass fauoet. By varying the quantity of 

the solution into which a definite number of Spirogyra 

filaments were placad,it was determined that the amount of 

solution was an important factor. 

Filaments placed in 1000 

c. c. of harmful distilled water died,while the s~e number 

plaoed in 100 o. o. were able to survive. It may be conolu­

ded from the above that there is an inverse ~elation between 

the deleterious agent and the bulk of the organism acted 

upon. with a few organisms the toxio agent,6ven when in 

great dl1ution,may manifest itAelf in time. In this connec­

tion,it may be said also,that the surfaoe of the oontaining 
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V8S8e1 attars a plaoEt o£-' ~ attaohD1ent for poisonous moleoules 

or ions. Nageli found by the introduotion of insoluble 

substanoes suoh as granite,staroh grains,and ootton fibres 

that the toxioi ty of tl1.e solution could be reduced, and 

rendered har.mless to·Spirogyra. He also attempted to 

dete~ne the effeot of the presence of insoluble Bubstanoes 

on nutrient solutions,but found that they exe~ted none. 

Nageli experimented with many of the heavy metals,platinum, 

gold, meraury, silver and cop~e~, though chiefly ~ith 

oopper. The oopper used as alloy in a gold orown was 

suffioiently soluble that its presence could be distinotly 

deteoted in water into whioh such coins had been dropped. 

Following Nageli,11ttle was done with this 

problem until the swmmer of 1902 when True and Geis made 

prel1mina~J experiments to determine the effeot of insolu-

ble substanoes on toxio solutions. In their work,a solution 

of OUS~ of sqtfioient oonoentration to permit growth for 

about twenty-four hours was required. Suoh a solution was 

experimentall~l determined, and to it insoluble substanoes 

were added. Lupinus albus seedlings were plaoed into 

these solutiona,where they were left twenty-four hours. The 

results were so favo~ablefth~t in the summer of 1903,0. s. 
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Oglevee oontinued the work. 

In the more extended soope of the work, 
Jro.OH 

OUSO ... , Ag}IQ3, HgOl-l '" Thymol, Resoroinol and Phenol were 

used. A maximum ooneentrat1on ~ermdtt1ng growth ~as dete~­

mined,and from tb1 dilutions were made. These solutions 

were poured into beakers of 300 c. c. capaoity,a duplicate 

being made for eaoh. As in the previous experiment, 

Lupinu8 albus seedlings were used as teat objects. The 

oultures stood twenty-four hours,8ometimes longer,at the 

end of whioh time;the average growth made was taken as the 

growth for eaoh concentration. In all cases oited from 

True and Oglevee,the moleoular weight of the toxic agent 

is dissolved in the nn~ber of liters of distilled water 

mentioned. The following data may be taken as typioal of 

the1~ results ~-

35,000 L. + Mol. "t. auso,/- 4 m. m. 

• • • • +glsss 10 m. m. 

• " " II + filter paper 18 m. m. 

• • • • + staroh g~a1ns 12 m. m. 

• • • • + paraffin 8 m. m. 

Distiller! H10 12 m. m. 

The growth of the oontrol for twenty-four hou~s was 

12 m. m. Distilled wate~ plus the toxie agent gave ~jm. m., 
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or 8 m. m. lees than the growth of the oontrol. The 

presence of glass gave an inorease of 6 m. m. , filter 

paper,an inorease of 50 % above the oontrol. All of these 

insoluble substanoes aoted as agents of dilution, filte~ 

paper being so effeotive in reduoing the toxic aqt1en that 

solutions oontaining this substance in oonjunction with the 

toxio agent were suffioiently diluted to oause stimulation, 

or inoreased growth above that given by the oont~ol oulture. 

Merourio Ohloride and silver nitrate gave the 

following resulta~-

2000 L. + 

" 
Distilled H~O 

20,000 L. + 
• • 

35,000 L. 

• • 
• It 

Di st ill ad Hi. ° 

" +glass 

---_ .... _---

AgHOJ 

It + sand .. 
• +glase 

It + filter paper 

10 

16.9 

12 

13 m. 

16 m. 

14 m. 

14 m. 

19 m. 

14 

m. 

m. 

m. 

m. 

m. 

In the oase of the addition of glass to the HgCl~ 

solut1on,an inorease ot 6.Q m. m. was obtadned,an aooelera­

tion of 4.9 m. m. above the oontrol,12 m. m. Silver 
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nitrate also -gave some interesting results as may be seen 

from the above table. 

To ahow the relative effeot of a more 

conoentrated solution,as oompared with a highly ionized 

one,~esult8 obtained ~ith Thymol are given;-

2800 L. + 
• 

Distilled HLO 

Thymol 

• + sand 

0.5 

7.0 

10. 

In this special case,the results were marked. In 

general,how6ver,True and Oglevee found dilute solutions of 

stronger toxio agents to be more effeotive than more 

ooncentrated solutions of weaker poisons. 

One other experiment is deserving of speo~l mention. 

A solution of OUSO~ m/35,OOO was taken,and to equal volumes 

of the same,d1ffe~ent amounts of sand weTe added. The 

solution gave a growth of 2 m. m. The solution .f.L40 grams 

of sand gave 8 m. m. The addition of 80 grms. gave 10 m. m.; 

of 120 grms.,18 m. m. 160 grms.,14 m. m. ; while 200 

grms. gave praotioally 12 m. m. The addition of 40 and of 

80 gr.ms.of sand diluted the solution suffioiently that 

8 m. m. and 10 m. m. were the resulting growths as compared 

with the greatl~" depressed growth of 2 m. m. 120 grtIls.stil1 
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further reduc_ed the toxic agent 80 thElt that ~ema1n1ng in 

its solution was suffioient to oause acceleration,as is 

shown by 18 m. m. growth. 180 gl'ms+200.-'ra8.08'l1Sed suoh 

• ereat dihlt10n thGt the acoelerating effeot was no longer 

manifested ,growth gradual13' approaching that of the control. 

D~deno has also prosecuted studies along 

a similar line using inorganic and arganio salts. His expeT­

iments dealt partioularly with Mass action. Seedlings of 

Lupine,oo~n and pea were used in amounts of toxio solution 

varyin~ from 1 c. c. to 25 c. o. Results showed that the 

smaller the amount of solut1on' used,the ~eater the ooncen­

t.:rat1on whioh oould be resi s ted, e.g. a seedling may grow 

several millimeters in l o. o. of a solut1on,and be killed 

by 2 and 1/2 o. c. of the same solution. By the introduo­

tion of an amount of sand nearly equal to the volume of the 

solut1on,t~e toxicity was in some cases reduoed thirty-two 

times. 

since in the ~o~k already done along this line, 

phanerogams have been used,it was thought that something 

interesting as ~el1 as p~ofitable might result f~om a 

repetition of the above using fungus for.ms. Expe~1mentB 

which emplol' seedlings must of necessi ty run only a short 

time. It is also diffioult to determine at just what point 
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death occurs. 

In OI'de~ to 1nmlre uniformity,it was not 

possible to use Erlenmeyer flasks,sa on the addition of 

insoluble solutions,t.he level was changed and the surface 

area reduced. Bosto. presoription bottles of 125 o. o. 

oapaoity "Nere used 1nstead,as the parallel sides gave t.he 

same surf'aoe whatever the variation i ·n volume of th1e solu-

tion. The solubility of the glass,wh1ch must have been 

s1ight,enteTed as a common faotor. After each experiment, 

the bottles ~ere thoroughly oleaned,and sterilized from one 

half to one hour at from 120°0 to 140°0. 

sea sand of two grades,orushed windo~ glass 

of th~ee grades,absorbing porous plates,and ash free filte~ 

paper were used as insoluble substances. The sea sand and 

filter ~aper were boiled in several ohanges of distilled 

wate~ 80 that all soluble paris might be removed. The sand 

was not treated with aoid for the reason that 1~ has been 

shown to be prB.otioall~r impossible to remove all traoes even 

by very oareful washing. The glass,however,wa8 tTeated 

with aoid as it oame from the laboratory, 

Belt deoootion and ~.et bouillon served as 

media. !n the preparation of beet deoootion,450 gr.ms.of 
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sugar beet root we!'e a.llowed to each 11 tar of tap ~lITater. 

This was boiled fOT two hours,fi1tered. and cleared by 

heating ~ith white of egg. In bouillon,l lb. (453~gTmB.) 

of lean beef was allowed to eaoh l1te~ of tap ~ate~. All 

fat was t~immed from the beef,after whioh it was finely 

ground in a ohopper. Late in the afternoon,one liter of 

water was added tor 453 gr.ms.of chopped beef. This was 

allowed to stand all night in a cool place. The following 

mornlng,the liquor was drained off,and oleared by heating 

under presBure. To eaoh liter,lO grms. of peptone and 5 

grlns.of salt were added. This deoootion was no~ thoroughly 

sterilized. MaOH was used in neutralizing. 

Toxio agents u$ed ~ere OUS~ and H~SO. (Merck. 

1 ' - 84). The solutions were made as gr~ equivalp,nt solu­

tions, n/4 01' n/a being the usual ooncentra't.ion,and 

dilution'fade from these. Twenty-five o. o. of the nutrient 

solution plUB the toxio agent were URed in eaoh bottle. 

Eaoh oultur8 was eet up w1t.~ a duplicate. In 

series where Penio1l1um was used,the "ultu:res stood two 

weeks ; in the oaee of Aapergillus,however, one week was a 

suffio1ent length of time. Cultures of Aspergillus were 

kept at 2S c a.in order that oonditions might be the same. 

After the solutions ~ere poured out,and the insoluble 

substance added,the bottles were sterilized at 1200 0, and 
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when cool, inOCl1lat ad f:rom pUl'e oul tUl'es. Aft e:t- at anding 

the required length of t1me.the growths were filtered off 

on papers of known we1ght.washed,and aft ~rward~dr1ed for 

several hours at from 100' C to 110' C. From the oven, they 

were p1aoed in a- dissicator until weighed. In all oases 

the average d~J weight of two 'cultures ~as ta1~en as the 

growth for ~ the ' oUlture. 

In many 1nstanoes,there wa~ ~l1te a d1ffe~ence 

in the two weights. If it were possible to get app~oximate­

ly the same number ofs~o~eB into each bottle,it seems 

reasonable that this differenoe might be lessened. 

Preliminary experiments we~e made using CUSO
t 

as the toxio agent,and Penioillum as the test objeot. Two 

&mounts of sand and th~ee grades of glass ~ere used. Results 

were not very satisfaotory owing to preoipitation,and to 

imp~itlr of the sand used. 

In the experiment given,an equal amount of 

insoluble substanoe was added to each oulture. 

I. au SO~- Penioilllum in Beet deooction two weeks,-

n/256 Solution Large glass .1614 g~8. 

Medium 

small 

None 
Control in deoootion alone 

.1580 

.1760 

.1692 

.1190 
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From this t.able it 1s seen that the J.)~e8ence of au SO~in 
the nutrient media had a .t1mmlatin« effeot when .1692 grms. 

18 oompared with .1110 gr.ms.pr the growth in the control. 

The addition of fine glass acted as an agent of dilution 

reducing the toxioity of the solution 80 muoh that it aoted 

even more effeotively as a stimulating agent. Large pieces 

of glass ~ad little effect,while pieces of medium size for 

some reason seemed,from the result ,to have increased the 

toxio effect of the solution. 

Penicillium erew slowlY,and as an usual rule, 

did not for.m a oontinuous stroma over th~ surface. Because 

of its more thrifty habits and more rapid growth,Aspergillus 

niger was used in the subsequent ex!)e~imentB. H,:z,SOLfwas also 

substituted -r"" cu.s0L.f 8S it gave less precipitate, thus 

insuring great er 80 curac~r in result e. 

In one experiment it was thought desirable 

to test widely differing absorbing surfaoes. Porous plates 

and ~1ndo", glass of the same thiokness were obtatned ,and 

Pi~oes two inohes square out f~om each. These were weighed 

to asoertain the amounts of eaoh it should be neeess8.ry to 

add in order that equal surfaoes would be offe~ed. 

The following table gives the results obtained~-
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11,- AspergilluB niger in Beet deoootions,-

Insoluble subst. 

pottery(22.25gr.mS) 

Glass(12.47 gr.ms) 

None 

None 

niB 

.0444 

.0080 

.0014-

H,..80+ 

nil 6 n/32 n/64 njl28 

.0786 .0956 .1081 .1008 

.1142 .1296 .170? .1466 

.14S9 .1371 .1628 .149S 

control 

.1688 

~he gTo~thB obtained in solutions oontaining 

potteTy,when considered by themselves show a gradual in-

orease ~h1ch reaohes a max1mua at n/64. With a slight 

irregularity in the deooot1on~the toxio agent,the S8m6 

thing i8 t~le of the other two. It i8 at n)B with pottery 

and glass,and at n/64 with glass that growth exceeded 

that produoed in solutions in whioh no insoluble substanoes 

were present. These t~en,in this exper1ment,mark the places 

at whioh insoluble substanoes were most effeotive. Pottery 

showed an injurious effeot,as will be more fully tneated 

later,yet even under suoh unfavot'~ble c0l1dition3, gl'owth 

showed a gradual inorease and a deoline wholly oomparable 

with that in deoootions to whioh H~SO~had been added. 

II!,- Aspergillus niger in Beet deoootion,-

Insoluble subst. 
n/a 0/128 

Pottery(22.25 g~s).0800 .1189 .1307 .1439 .1548 
Glass(12.4? gr.ma) .0665 .1732 .1939 .1802 .1836 
None .1028 .1506 .1539 .1869 .1932 
None 

Control, 

.1558 
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Results obtained in the repeti t ion of the previous ex-

periment are more satisfacto~J, though they do not agree in 

all partioulars. Here again, g~owth in the cultur es contain­

ing pottery did not in any instanoe qual that in decoction 

+H~SO~. There was a g~adu9l inorease from n/8 to n/128. 

OUltures oontaining glass showed ~eate8t g~owth at n/32 . 

~~28 in deoootion H~SO+ gave .1932 grms.dry weight , n/32 

in the solution to whioh glass was added ave .1939 grms. 

To produoe the same growth,the solutions must have been of 

praotioall y t he a~e oonoentration,s .oondition,in this ease, 

produoed by the glass. Conoentrations of n/64 and nj128 

gave,with slight irregularity,the oharaoteristio deoline 

whioh approaohed growth in the oont r ol. 

These results may also serve as an illustration 

of the general effeots of toxio agents. When the oxic 

solution is too ooncentrated,suppression of growth results. 

As the ooncentration is reduoed, growth grad'l~lly approaohes 

that of the oontrol. Further dilution weakens the solution 

to suoh an extent that the toxio agent beoomes an agent of 

growth acoeleration. As dilution is oontinued,the toxio 

agent beoomes 80 muoh eskened that it loses its effeot and 

growth approaohes that of the oontrol. The above experimem 

shows that Teduotion of the toxio agent may be brought 
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about in two ways ,-cither 'by dilutJion ~ith the medium,oI­

by the int~oduot1on of insoluble substances. 

To determine the cause of the results obtainffi. 

by using ,otte~y as an agent of d11ution,a third series was 

set uP. In two sets ·of bottles, the usual ~e1ght of potter,r 

was 1)la~ed,A.nd the solutions !,>ou1'ed over it. In Bet two of 

the above,how6ver,the solutions were transferred to othe~ 

bottles ~ontaining no potte~y. This was to determine 

whether or not there were soluble substances in the Dotte~y. 

The results were as follows:-

IV,w - Aspe~g111us Niger in Bouil1on,-

Insoluble Bubst. H.1S0lf-

n/8 nil 6 n/32 

pottery(12.47g~s) .0072 .0594 .0433 

Poured from potte~y .0071 .0650 .0487 

None- .0660 .0791 .0715 

Growth in the presence of Dotte~y,and in the 

solutions poured from pottery we~e practically the s~e, 

henoe it was just to conclude t~at the solutions were the 

same. The same depress ed growth again resulted,so it may 

be oonoluded without a doubt that this depression was due 

to some injurious soluble substanoe which oame from the 

pottery. 

In the next experiment,the absorptive power of fine 

and of ooarse sand was compared wit.h that of fine and of 
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ooarse glass. 

V. - AflpeTgilU8 ~ger in Beet deooetion,-

Inso1.Subst. HI. S0lt- • oontrol. 

(10 gl'llls) • n/4 nja n/16 n/32 n/64- njl28 

Fine sand .150., .2144 .21:33 .2204 .1900 .2073 

Coarse sand None .2120 .2081 .2143 .1985 .1692 

Fine glass • .1874 .1466 .1602 .150'1 .1682 

Coarse glass • .1328 .1427 .1394 .11553 .1601 

None • .1337 .1583 .1530 .1443 .1683 

Hone .1569 - - - -
VI:- Aspergillus niger in Beet Deeoetion,-

Inso1.S1lbst. H,L SO.".. oontrol. 

(10 grms) n/4 n/8 n/16 n/32 

Fine Band .1430 .1871 .2032 .2141 

Ooarse sand .0434 .1768 .2137 .2344 

Fine glass None .0620 .15'75 .1613 

Ooarse glass • .0437 .1644 .1663 

l-lone • .0069 .1199 .1800 

None .1569 

In series V. both fine and coarse a~nd showed 

themselves to be , _ od absorptive 8U~faoe8,the fine sand 

being the more effeot1Ke. This property may well be att~1b-





- 15 -

uted to the greater surfaoe area offered. The presence of 

the fine sand in the n/4 solution gave a growth ~early 

the same BS that of the oontrol. The maximum point of 

aooelerated g~owth was reaohed at . n/~2 , and was followed 

by a marked deo1ine in n/64 and rt/I28. Wi th fin~ glass 

also,JIlax1 mum ~1tth was at . n/S2, ~h1le oultures oontaining 

ooarse glass seemed to reaoh thei:!' maximum.. at n/128. The 

etfeot of tine and of coarse sand,in series VI. was especial­

ly marked in the n/4 solution. As a whole,th1s series 

WBS not as unifor.m 88 series V. It showed the common 

tendenoy of 8 gradual inorease in growth which,judging from 

the previous seriee would have reached a maximum near the 

n/S2 conoentration. 

VII.-ABpergil~uB ~ger in Bouillon,-

Insol.SUbst. H1.S0 ,," . Oontrol. 

n/4 nja n/16 n/32 n/64 n/128 

20 grlllI.sand .1541 .1'733 .1649 .0998 .0998 .0820 

10 • II .1606 .1'797 .1326 .1081 .0908 .0694 

6 .. II .1048 .1"66 .1014 .0963 .11Sl .0'704-

None None .1049 .1006 .0965 .0.,89 .0686 

None .0'794 
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VIII.- Aspergillus ~ger in Beet Deoootion.-

Insol.Subst. HJ,.SOJt! cont~ol. 

n/4 n/8 n/16 n/32 

20 grms.sand .2808 .2064 .2497 .2646 

10 It It .1094 .2327 .2~88 .2782 

5 It It None .1420 .2328 .239'7 

None • .0324 .0811 .2207 

None .185S 

A oomparison of the results of series made in 'beet 

deooction and in ~uillon showed that growth in the for.me~ 

was always greater than in the latter. Th~re was al~aYB a 

shift1n~ of the maximum growth towa~d8 the stronger solu­

tions when bouillon was used. This was very evident in the 

two preoeeding tables,bouillon givi ng a maximum growth 

at nl8 1 beet deoootion at n/32. The presence of twent~,. 

gr~B and of ten grams of sand in n/4 of series VII. gave 

a growth nearly.twioe that obtained in the control. In 

_eries VIII. growth in the n/4 solution to enty 

grams of sand were added,was greater than that in the 

decoction + H,. SOf- at n/32. 
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IX,- Aspergillus fliger in Bou111on.-

Insol.SUbst. H SO control. 

n/4 n/8 nile n/32 n/64 n/128 

2 grms.filter 
paper .0084 .09'76 .0841 .0876 .0665 .0652 

1 grm.filter 
paper .0179 .1018 .0885 .0696 .0716 .0627 

2 grIns sand .0364 .1538 .126'7 .0821 .0764 x 

1 grm.sand .0124 .;1.189 .1142 .0844 .0'706 x 

None .0946 .1012 .0721 .0679 .Oe91 

None .0656 -
x :: Contaminated. 

x.- Aspergillus )tiger in Beet Deooot1on,-

Insol.subst. H1S°it • control. 

n/4 n/8 n/16 n/32 

2 grms filter 
pa})er None .0239 .2048 ~ . • 2030 

1 grm filte:r 
papel' • .0654 .1999 .2213 

2grms.sand It .1166 .2380 .2892 , 

1 gm sand It .1605 .1734 .2488 

None It .0606 .1872 .2316 

None .2308 

The results .of series IX.were interesting 
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for several ressons. Maximum growth was obtained at n/8 

where insoluble sub~tanoe8 were p~eBent,and at n)16 in 

their absenoe. In the higher oonoentrations,one gram of 

filter paper proved more effeotive than two grgms. The 

oonverse ~aB true with regard to the sand. A repetition 

of series IX,the results of whioh are reCorded under table 

X.st~engthen statements made with regard to series IX. In 

two cases out of three,one gr~ of filter paper was meTe 

effeotive than two gr9lDs. In two oases out of three,again 

two grRms of sand proved an effeotive dilution agent. 

Weight for weight compar1son~ of the two was not possible 

owing to peouliar propeTties exhibited by the two deooot1onl. 

In oonclusion,it may be said that insoluble 

substanoes aot as agents of dilution or of absorption 

removing in Borne '!'lay toxio moleoules 01' ions. This effeot 

is most notioeable in solutions of high oonoentration, 

usually ~8,and in solutions giw1ng maximum growth,--n/S2 

?r n/64. 

A toxic solution gives greatest growth at n/128. On 

the addition of a suffioient amount of an effeotive insolu­

ble substanoe,greatest growth 18 obtained at n/32 or n/64. 

SUch results lead to the oonolusion th,t the immediate 

effect of the presence of insoluble substanoes is to move 
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the region of -growth from one of lower to one of hi gher 

concentration. 

Of the insoluble substanoes used,e&nd proved 

the most effeotive diluting agent ; glass was somewhat 

effeotive when of medium fineness,but large pieoes showed 

little or no effeot. Powdered glass is undesirable since 

in suoh a finely divided state it is known to be soluble 

to a oonsiderable extent. Althmlgh- filter paper was effeo­

tive in some instanoes,its peouliar effeot will be a prob­

lem for further 1nvest1.ation. Pott~ has been previously 

ruled out as harmful. 

Beet decoction is the bette~ medium. 

Bouillon is not so favorable on aooount of the faota whioh 

are to be found in some of the tables given. 

The results of these experiments oonfirm 

oonclusions drawn by Nage11,D~deno and True and Oglevee, 

namely,that the presenoe of insoluble sUbstanoes in toxio 

solutions reduoes the toxioity of suoh solutions. True and 

Oglevee found filter paper to be mOTe effeotive than sand. 

Pre.tnt evidenoe is to the oontrary. FUngus for.me as test 

objeots are undoubtedly more desirable than the seedlings 

used by the above experimenters,as the growth in eaoh oul­

ture 1s an acourate and delioate response to the oonditions 





under whioh it was produoed. 

It is a faot worth noting that two such 

nutrient media as beet deco ~t1on and beef bouillon have 

suoh different effects upon the same fungus foIT.l. When the 

toxic agent is added,it -also is found to be affected diffe~ 

ently in the t~o ~ia as is indioated by referenoe to the 

tables. In future wo~ktjust such variations may be ex~ec­

ted unless the same medium is used througho~lt. 
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