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INTRODUCTION

The importance of growing fungi in artificial cultures
has been recognized for a long time. These culfural studies
have been undertaken to determins taxonomic relationships, the
effects of the substratum on the metabolic products, and to
obtain theoretical concepts of growth and development. The compo-
gition of the substratum used for artificial cultures has varied
greatly. Plant decoctions have been employed but they contain
numerous unknown chemicals and cannot be easily or even accurately
duplicated. Synthetic culture solutions devised by the early
workers were often very complex. Raulins' fluid wihich is still

much used by mycologists is a good example of this type of

mediunme.
The later work of Nageli (34), Molisch (32), and

Benecke (3) has shown that more simple synthetic media can often
be sucecessfully used in culturing a variety of fungi. The results
of these investigators showed that after a fungus had been supplied
with available sources of nitrogen and carboen, four elements,
only, were needed for growth; those elements being sulphur,
phosphorus, magnecsiuin and potassium. When highly purified chem-
icals were used to sunply these essential nutrients, some invecti-
gators found that growth could be increased by the addition of
minute traces of other chemicals., aoulin (39) included a trace

of zinc in his classiczl culture fluid because he was convinced
that it gave increased yields. Later workers have found spproxi=-
mately eighteen ilons which act in a similar manner when added to

cultures of Aspergillus niger. The careful work of Steinberg (47},



Bortels (6), and Roberg (44) indicate that some of these ions

are essential for the growth of Aspergillus niger. Richards (41)

was convinced that the response to such elements would vary with
the organisms cultured,

Elements wnich are essential or stimulating in minute
guantities becowe important factors whenever cultural studies are
undertaken. It is desirabls to know how more of tne economic fungi
respond to such elements, MNost of the studies on growth stimula-
tion, in the past, have dealt with non-pathogenic fungi, while
very few of the important oathogens were included. Few fungus
genera, if any, have 1in recent years been cultured more than the
Fusaria. In these studies dealing with the expression of various
morphological characters, and physiological activities, no definite
gtudiss have been made of their growth responses to those chemical
elements and compounds commonly considered as growth stimulants,
The main problem of the present investigation has been to compare
the growith responses of several Fusaria with other pathogenic
and non-pathogenic fungi to the three elements, boron manganese
and zinc, and if possible to make some contribution to our know-
ledge of growth stimulation, A minor, yet essential, phase of

this problem has involved a study of the growth responses to
certain salts containing the so-called essential elements when
supplied in varying amounts under different conditions. Tais
study was necessary first to secure a suitable culture medium
and second to contrast the growth responses due to the essential

elements with the responsss initiated by the so-called stimu~-

lating elszsments.



METHODS AND MATERIATLS

CLEANING OF GLASSWARE: -

All glassware used in the preparation of the nutrient
gsolutions were first washed in hot soap water, then rinsed in
tap water, allowed to drain and dry, and finally rinsed three
times in hot distilled water., All the culture flasks were first
rinsed with a cleansing acid followed by three rinsings in dis-
tilled water. The final operation was to boil about 25 cc. of
distilled water in each flask and drain while hot., This pro-

cedure was sufficient to remove all traces of soluble residues.

INNOCULATION OF CULTURES: -

Spore suspensions in distilled water were first pre-
pared. A uniform number of droplets were transferred with a
sterile platinum wire loop to each culture flask. With the
Fusaria vary uniform innoculations were obtained in this manner,
However, the Aspergillus spores presented a slightly different
problem since they always float on the surface of the liquid.
Care must be taken to obtain a fairly uniform distribution of
the spores before final incubation. The effects of using extreme

differences in the amount of inmnmoculum with Fusarium lini are

presented in Table 1 and Figure 2.

FORM OF CULTURE USED: =
In all these experiments a liquid culture medium was
employed. The composition of the nutrient solution has been

stated under each table of experimental data. When different

concentrations of chemicals were used in a series of experiments



dilutions were made from stock solutions* Pyrex Erlenzneyer
flasks of 125 cc. or 250 cc. were used, especially when dry
weight determinations of the mycelium and spores were desired.
A large series of cultures just after innoculation, in the
125 c¢c. flasks are shown in Figure 1. In some of the experi-
ments where a rather large number of cultures were essential

and an economy of incubator space required, test tubes contain-

Fig. 1. A series of the 125 cc. Pyrex Erlenmeyer culture flasks
containing 40 cc. of the nutrient solution. (Just after innocula
tion). In the background are the glass funnels, filter paper
and weighing cups used in the dry weight determinations of the
mycelium.



ing 6-10 cc. of the culture solution, and arranged in a vertical
position were found to be very convenient. All cultures were
stoppered with clean cotton plugs, (Non-abscrbent cotton,
bleached, packed by Seabury and Johnson, East Orgnge, N. J.).
All cultures were steam sterilized at 15 pounds pressure for 8
minutes. More intcnsc hcating was unnceccecassary and sometimes

caused the formation of precipitates.,

QUANTITATIVE DETERMINATIONS OF THE MYCELIAL MATS: =

‘The weight of the dried mycelium was considered as
one of the most reliable criterions for determining the response
of the fungus to the medium on wnicn 1t has been grown. For
such determinations single cultures were filtered on a previously
weighed and dried filter paper placed in a glass funnel (See
Figure 1.). Here the mycelium and spore masses were washed with
distilled water to free them from as much of tne medium as pos-
sible. In some cases the amount of washing depended upon the
quality of the mycelium. Usually about 100 cc. of water were
used in the washing of each culture. As soon as the wasning was
complete the filter paper containing the fungus mat was partially
folded up, dropped in an aluminum weighing cup and placed in a
drying oven ranging from 85-S0°C, After one day in the drying
oven the containers were weighed, then dried again for several
hours and weighed again., A check within 4 milligrams of the
previous weight was considered close enougn because Tfluctuations
within this range were aifficult to overcome.

In some experiments the amount of mycelium was estimated

and scored, taking into consideration the thickness and uniformity
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of the mats. Such estimations have been restricted largely

to test tube cultures.

pH DETIRIZINATIONS: -

The pH of the filtrates was aeterminec colorimetrically
using color standards and indicator solutions as described by
Medalia (31l). There is some error in such determinations but they
checked reasonably close with known standards. The ease and speed
of manipulation is of prime importance when 25-50 determinations

must be made in a short time.

CHELIICALS USED IN PREPARATION OF CULTURE MEDIA: -

The chemicals used in the preparation of the culture
media varisd in kind and amount according to the purpose of the
investigation, Ths distilled water was prepared with a Certi-
fied Barnstead Water Still. The same source of water was used
by Johnston (21) in some of his studies on the boron relations
of the tomato. No special methods of purifying the chemicals as
used by Steinberg (47) or Rbberg (44) were employed. Chemicals
of high purity were used and in general tane results obtained can
be compared wita the work of other investigators using similar
chemicals., The following list of salts were specially prepared by
J. T. Baker Chemical Company for the Committee on Salt Require-
ments of the National Researcia:

llagnesium sulpnate ...c.eee. MgS0y . 7H20

Potassium nitrats c.esessee KHOJ

Potassium acid phosphate ..

Magnesium nitrate c.ceee... %NOS)

Calcium nitrate seeeeeeecess Ca(h05)2
Ammonium nitrate ...ee.e... NHNOz



The following chemicals were C. P. products of J. T. Baker
Chemical Company:

Urea, crystals eeeseess.. CO(HH;5)
Iua.nbarl()us sul th-te eoecn o IJIH.SO4. 2%20
Boric acid, U. S. P. X crystals

SOd.ium borate e 00 s s 0000 N‘a B4O .10H20
Zinc Sulphate ®® @ 0000000 § ;HZO

The other chemicals were from different sourcese.

Iron tartrate, (ferric), Mallinckrodt Chem. Works.
Dextrose, Merks, C. P.

Sucrose, crystals, lerks, C. P.

Sucrose, Commercial Brand, "Crystal Domino",
Sucrose, Commercial Brand, "Quaker Brand'.

NAME AND SOURCE OF FUNGI; ~-

The following PFusarium sp. were obtained from Dr.
Freeman Weiss, Associate Pathologist, U. S. D. A, : =

Fusarium tricotinecioides, straln 141

" eunartii 528
" sulphurum i 244
n oxysporum " 529
" solani " 658
" radicicola " 701

The following strains and species of Asperglllub were
obtained from Dr. Charles Thom, Mycologist, U. S. D. A, : =

Aspergillus albus candidus - 117 (In the albus candidus
group but not definitely named to strain).

Aspergillus niger -- 111 (From Westerdyk).

Aspergillus niger -- 4247w (R. A. Steingerg's strain w)

Aspergillus fuscus Schiemann -- 3534c (Same as A.
Schiemanni, Sch., )Thom.

The strain of Rhizopus nigricans was isolated from a
culture contamination in the laboratory.

The Altenaria sp. was isolated from diseased strawberry
plants and nas not been definitely classified as to species.

The strain of Fusariwan lycopersici -- 100 was isolated
from infected tomato plants.

The conidial stage of Gibberella saubinettii-- 200 was

isolated from diseased wheat grown at the Maryland Experiment

Station.



PRESENTATION OF RESULTS

A. Growth responses to "essential elements".

1. GLUCOSE AND SUCROSE REQUIREMENTS.

A great variety of carbon sources have been used in
culturing fungi, some of which seem to be almost omnivorous while
others show decided preferences. Sucrose and glucose are
generally used in the numerous nutrient solutions listed in the
literature. The amount of each carbon source in such solutions
is usually sufficient to support a fairly good vegetative growth
but in the final analysis the amounts seem to have been determined
in an empirical manner. The development of reproductive struc-
tures, according to Klebs (23), Coons (11), and Leonian (25) are
often hindered by very vigorous vegetative growth whicn can usually
be controlled by the carbon supply. Reynolds (40) working with

a strain of Fusarium lini has tested a variety of sugars and

found that with a suitable carbon source, within rather large
limits, the vegetative growth was almost proportional to the
amount of sugar present,

As a preliminary experiment a study was made of the

effects of using a small and a large number of spores in the

innoculation with two concentrations of glucose. In the light
innoculations from 5-8 spores were introduced into each culture
while several hundred spores were used in the heavy innocula-
tions. The dry weight of the mats and the pH of the culture
liquids at different time intervals are given in Table 1. Xach
weight represents the average of triplicate cultures. These

extreme differences in the amount of innoculum did not



-Ge

materially influence the maximum vegetative growth. The medium
in each case became alkaline ciffering only in the rate of

change. The growth curves are presented in Figure 2. Ifrom these

Table l. The effects of a light and a heavy innoculation with
spores of Fusarium lini in media containing a high and a low
concentration of glucose. (Dry weights and pH values given are
the averages from triplicate cultures).

Mdiér concentrations of glucose used
/10 glucose M/ 30 glucose
Amount of innoculum used Amount of innoculum used

Age of Light Heavy Light Heavy
‘cultures  dry pH dry pH dry { pH | dry pH
‘when i wts. of wts. of wts. | of | wts. of
harvested | mgs. | £il.® mgs. | fil. mgs. | £il. | mgs. | fil,
4-days 28 4,1 ! | (17 4.0
- 6=-days 131 | 4.9 : 66 1 5,3
i T : :
: 8=days | 3 | 4,1 181 7ol 56 @ 4,8 83 | 7.5
10-days 149 5.5 183 | 7.6 86 | 6.9 79 7.6
: : o | i _
1ls-days 195 | 7.6 204 | 8.4 82 | 8.4 78 8.2

T i !
16~days 206 8.4 184 | 8.6 74 | 8.6 70 8.4

3 f

20-days 189 846 | 188 : 8.6 70 [ 8.6 T2 | 8.6 |

(MeSU,-2, CaHgPOy-2, KING,-10) *7

curves it is evident thi2t these extreme differences in innocula-

tion resulted only in differernces cf the growti rate. This dil-
ference in time regyuired to attain the maximum gro.nl was about

four days. Tne difference in the nwi-.r of svores taken on a

wire loop from a well cha'ton socre suspension, snculd not be suf-

ficient to caus: 2uch variation within & series of cultures.

S ——

(: pH of filtratss
** Salts used in the media exoressed in grams »ner liter.
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c0lid lines-heavy innoculations
dotted lines-light innoculations

~~-i, MW/10
I g}dcose

Q-=~-—---g ¥/30
’ © glucose

6C

3C

welght of dried mats in milligsrams

4 6 8 10 13 16 20
age of euliures viken harvested- in days

Fig. Z. Growth curves of Fusarium lini on two concentrations of
glucose when light and neavy innoculations were used.

The growtin of Fusarium lini on different molar con-
centrations of glucose is almost directly proportional to the
amount of available carbon opresent. However, taere seems to be
a slightly more efficient utilization in the lower concentrations.
In the culture media used for tnis experiment no zinc or other
gtimulants were used. The maximum dry weight was reached wnen

thie cultures were about three weeks old. The results are pre-

sented in Table 2. The weignt of the cultures gradually recedes



from the maximum probably due to autolytic reactions. Similar
losses in weight have been reported by other investigators. The
growth curves obtained bv Mayoue (30) whenever a good carbon
gource was used, reacned a maximum point from which there was a
downward trend., Camp, (9) using Duggar's solution slightly
modified, with a variety of fungi in most cases obtained similar
Table 2. The growth of Fusarium lini on different molar con-
centrations of glucose over a period of four to five weeks.

(Dry weights of the mycelium given are average of duplicate
cultures%

L ]

— e e e L TE ) T T T
Molar concentrations of glucose used
M/10 M/15 T M/20 M/ 30 M/ 60

Age of ary dry Coary dry dry

Culture wts. wts. . Wtse wts. - wts.

in weeks mes . mgs. L mgs. mss. | mgs.
1 152 | 126 | 108 86 31
2 228 . 175 161 L 111 L 61
3 316 ! 200 162 L | 58
4 295 [ 163 129 | 81 | 46
5 225 {162 } j

(MgS0O,~2, CaH,PO,-1, KNO,-10. 40 cc./culture in 125 cec. flasks).
4 2”4 3

results. Klotz, (24) also using Duggar's solution in the culture

of Aspergillus niger, Spaeronsis malorum, and Diplodia natalin

obtained similar types of growth curves. Sideris (46) working

with Fusarium cromyphthoron found that after the fungus had ab-

sorbed all of the available sugar of the culture medium, its

mycelium undergoes autolysis.

There is little, if any, information regarding the
maximum concentration that any of the Fusaria can tolerate with

reference to any of thne common carbon sources. In Table 3 some



-12-

growth responses of Fusarium radicicola to different molar

concentrations of cane sugar are presented. Zinc sulphate was
added to the medium. Some observations were taken regarding

the general abundance and type of spores present in the cultures
containing different amounts of sugar. These observations snowed
that very few spores of any kind were present in the lowest con-
centration, and in the 1.8 cultures no spores were found. The

abundance and preponderance of microspores OvVer macrospores
increascd from the M/85 to 1M cultures. The mycelium appeared

Table 3. Some growth responses of Fusarium radiciccla to dif-
ferent molar concentrations of cane sugar.

Age of harvested cultures oo
T3-davs ] 20-days 0w G
| , B SRR
! [ 42 ® o
Cane sugar as ' a & P o o g P
molar concentra- ! + g RIS o
tions anda as G4 Gt PR R I
| Q4 b T [ + W =
grams oer e T vy S5 A Seu B o
‘100 cec, culture T Ty G i S R R
M/ 342 : 0,040 6.0 0,052 )
9_;90 gus./ C } 0,052 @ 6.0 | 0.041 6.0 6.0 | 52.0%
W7 en T 0,133 6.8 0.176 !
10,400 gmu./ c 0,176 6.6 | 0.140 68 6.6  44,0%
TTm/TI ; T 0.783 8.0 0.833 f
2,200 5mo / C 10,835 7.6 0,789 8.0 7.6 | 38,056 |
L/ 8 | © 1l.484 8.0 1.640
‘4 800 gms./ C {1,640 7.4  1.444 8.0 Ted | B8,2%
/4 | , L 2.102 | 6.4 2.102 | ﬂ
8 600 gms./ C 11,818 . 6.4 2,066 | 6.4 6.4 24 .4%
nw/ 2 : - 2.643 | B.8 . 2.643
17,100 gms./ C 11,932 | 6.2 = 2.566 | 5.8 ‘5,8 15.4%
! T » v
Couw/ 1 = 2.110 5.6 2.198 )
54,200 gms./ C 12,179 ' 5.8  2.198 5.6 546 6 04%
1.5 M | | 0.464 5.0 0.464 -
51.300 gms./ C | 0.280 , 5.4 | 0,458 | 5.0 5.0 0.9 |
(MgS04~4, KHpPO4-3, KNOz-6, and ZnsQ,-0.050)
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normal in all but thes 1.5l concentrations where the cells were
short and large usually irregular in outline. The filtrates
were clear in the /342, M/85, and 1.5M cultures while the others
contained a yellowisnh-brown coloration which increased slightly
with the culture age.

The sequence and magnitude of the responses of

Fusarium radicicola to the different molar concentrations of

sucrose are illustrated in Figure 3. The maximum culture yield
in dry weight increased with but not in direct proportion to
tae concentration up to the /2 series. The I/l concentration
was somewhat less favorable than the /2 as apparently too high
an osmotic pressure existed. Decided toxicity arises in the
1.5l series (see curve A). The efficiency curve B varies
indirectly wita the amount of sugar present in the culture.
These percentages were obtained by dividing the grams oI sugar in
toe culture by the maximumn dry weight obtained in that series.
There are several apparent reasons wany this efficiency decreases
with an increase 1in sugar concentration. The surface area
remains coanstant thus forming a limiting factor. Although rather
high concentrations of salts were used there might have been
more growth if still larger amounts had been employed with the
high concentrations of sugar. This hypothesis draws some support
from the experiments dealing with variations in the amounts of
magnesium sulphate supplied.

The pH changes in the presence of different amounts of
sugar are interesting. It must be borne in mind that more

harvest dates and a little longer duration of the experimenﬂwould
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A. Dry weight of mats in milligrams |
B. Grams of sucrose/dry weight-percent
C. Grams of sucrose per culture
A B D. pH of filtrates c|D
2500 B0 R, 2.0
2CC0 40 8.0
15C0C [3C 7.0
1C00 |2C 6.0
5C0 .0 5.0
. 4,0
i ¥ ¥ E ¥ ¥ E Lt |
342 8 16 8 4 2 1 M ;
Xolar concentration of sucrose

Fig. 3. Responses of Fusarium radicicola to different molar
Z?g%?ntrations of sucrose. (The original pH of each series was
have given a more complete record of the rate and extent of these
changes., The active acidity of tine media was not increased beyond
the original condition. In general there was a tendency to
decrease the pH of the medium. When the exhaustion of the sugar
supply was a limiting factor to increased growth, the reduction of
the active acidity was closely correlated with the amount of dry
weight produced. It is assumed that unequal ionic absorption and
autolytic processes tend to bring about an alkaline condition.
When 8.6 grams or more of cane sugar was supplied in eaca culture
the alkaline trenc of the media was depressed, in direct propor-
tion to the increase in the sugar present, and indirectly propor-

tional to the amount of vegetative growth. The odor of the fil-

trates from those cultures containing 8.6 grams or more of sucrose

suggested the presence of alcohol and acetic acid., The produc-



tion of organic acids and the lessened autolytic action seems
responsible for the acid condition of these filtrates. The

presence of acids was not detected in tne cultures containing
less than 8.6 grams of sucrose. Quite similar results were
obtained by Herrick and May (17) which show that the condition
which most favors the production of gluconic acid is an excess
of glucose over the salts available $o0 that vegetative growth
is not at the maximum., It is not to be assumed that the same
concentration and proportions of the nutrient components will

cause identical responses for a number of different organisms,
2. NITROGEN RELATIONS.

The kind and amount of the nitrogen source used in a
nutrient solution will depend upon the purpose of the investi-
gator and the type of organism cultured. There have been dis-
agreements as to the relative nutritive value of organic and
inorganic nitrogen sources. This problem has not been solved.
Comparison of nitrogen compounds based on the number of grams
supplied per liter is misleading since the percent of total
nitrogen is not constate. Substances wnicia may be supplied in
amounts equivalent on the basis of total nitrogen may lead to
erronous conclusions of zinc wnich may cause marked growth
stimulation. The kind and concentration of the other nutrient
materials certainly will be importantfhctors in determining the
growth response to any variation made in the nitrogen source.
There have been no such thorough experiments with fungi as with
the higher plants. No one has carefully used the "triangle

systens" of Saive or Tottingham, nor has there been careful com-
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parisons made of the relative nutritive values of tie cations
or anions as made by Johnston (19 & 20) in his studies with the
potato.

Several experiments have been reported in which varia-
tions were made in the concentration of the nitrogen source
while the other componsnts were kept constant. Pratt (38) used
Richnard's solution modified to omit the ammonium nitrate in cul-
turing a Fusarium sp. The amount of potassium nitrate was varied
with the following results:

Gms .KNOz/liter 10 gms. 5 gms. 2.5 gms. 1.25 gms.
Max. growth 0.303 " 0.241 0.279 0.225

Steinberg (44 ) using a strain of Aspergillus niger varied the
concentration of the ammonium nitirate in Pfeffer's solution with
these results:

Grams IVH,NO /liter 25 gms. 15 gms. 0.1 gms. 0.01 gns.
average yield 0.376 " 0.359 " 0.061 " 0.029 ¢

In my culture studies with F. lini a series of experi-
ments we.e carried out walch involved different concentrations of

potassium and sodium nitrates. The maximum yields are given in

Table 4.

Table 4. The influence of variations in the nitrogen sources on
the dry weignt of the mycelium produced by Fusarium lini.

Nitrogen Sources
potassium nitrate codium nitrate ;
| grams/liter yield grams/liter yield
21 C.614 gms. i 21 0.516 gms. !
%% O.bsz { 18 I 0.472 W
0 . 610 " i - ! -
g i 0.598 U g © . 0.465 "
S mn A ! Y n
| 0.z70 T | 5 0,464
0.5 i 0.%34 i 0.5 . Q.267 ™

(MgS04~2, CaHpPO4-l. glucozo, 1i/10) note: grams of sodiwm nitrate
means thie amount used was equivalent to grams of KNO3 on the basis
of total nitrogen.
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From these results it is evident under the conditions of the
experiment that only minute increases in growtn were obtained
by adding more than 5.0 grams psr liter,

The concentration as well as the kind of nitroagen scurce
may influence the changes brought about by the fungus in the
liquid medium. The most conspicious of thcse changes are the
formation of pigments and tne increase or decrease of both the

titratable and active acidity. Palladin (36) at an early date

called attention to the production by higher plants of an
alkaline condition in the nutrient medium when the nitrogen salts
of such alkaline metals as sodium, potassium, or calcium were
employed. Arrhenius (2) studied the adsorption of nutrients by
higner plants in relation to the hydrogen ion concentration. He
found tnat the presence of Palladins "alkaline nitrogen" salts
favored the production of an alkaline condition while the presence
of ammonium salts resulted in an acid condition. As an explana-
tion he favors the theory of unequal ionic adsorption as being
responsible for these acidity changes. Klotz (24) working with
several fungi came to similar conclusions regarding the role
played by the nitrogen sources in the development of either
alkaline or acid conditions in the culture medium. He suggests
that in case a salt sucn as potassium nitrate is used, the
nitrate ion is absorbed faster and in greater amounts than the
potassium ion. This ion combines with the carbon-aioxide result-
ing in the formation of alkaline bicarbonates., When either
ammonium nitrate or ammonium sulphate are present in the medium
an acid condition prevails since the ammonium ion (NHz) is more
rapidly absorbed thus forming nitric or sulphuric acid in the

liguid medium.
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The formation of organic acids by certain fungi will
cause the medium to become, often, very acid regardless of the
nitrogen source., Many investigators have studied the formation
of pigments in the culture wedium by fungl and in general the
assumption is that acid and alkaline conditions are important
factors,

Two experiments were designed to study the pH changes

brought about by Fusarium radicicola with culture media contain-

ing different nitrogen sources when used singly and in combina-
tion. It seemed logical to assume that if one nitrogen source
led to an alkaline condition and another to an acid condition,
that on mixing the two sources some neutralization would occur,
and prevent extreme changes in the pH of the medium. In the
first experiment eleven combinations of potassium nitrate and
ammonium nitrate used singly and in combinations of different
proportions were used so that at one end of the series there was
a predominance of potassium nitrate and at the other end ammonium
nitrate predominated. This series is described in Table 5. The

use of five grams per liter as a standard was an arbitrary

cnoice., The pH values given in the following table (Table o5.)

are the numerical averages of determinations made on triplicate
cul tures. Twelve test tube cul tures were set up for each of

the eleven combinations making a total of 142 individual cultures.
pH measurements were made at four different times extending over
a period of 12 days. At the 8 and 12 day periods dry weight
determinat ions were made so as to get a quanitative measurement

of the growth response. The weights given are the values obtain-

ed by weighing together the fungous mats from three cultures

and dividing by 3.0 (in milligrams).
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Table 5. The effects of the nitrocgen sources, used singly or in
combinations of different proportions, on the pH changes brought
about in the culture media and the weight of the mycelium produced
by Fasarium radicicola.

Part 1 pll changes.

Amount and proportion of each salt for each series
series ‘ ] l ‘ 5
unber 1 2 3 4 5 + 6 7T .. 8 1 9 10 11
rams of | | | ;
K103/ L 5,0 14.5 | 4,0 | 3.5 3.0 12.5{2.0 1.5 1.0} 0.5 0.0
crams of i §
HiNO3/L | 040 10,5 {1.0 1.5 | 2.0 1 245 | 3.0 | 3.5 14,014.5 15.0
B pH{ pH| pH ! pH| pH}] pHi{ pH}{ pH H{ pH|] pH
art 4e0 14,6 14,6 [4.6 [4.,06 4.6 4.6 4.0 [4.6] 4.6 [ 4.6
2-Gays 5.2 14,6 14.6 14,1 [4.0 (4,0 14,0 14,0 3.9/ 3.8]3.8
5-days 6.6 [ 6.4 6.1 13,9 [Be4 3.2 5.0 2.6 12.6: 2.4 | 2.4
8=days 8.4 8.2 |T.4 [6.6 {88 [ 3.6 3.4 3.0 2.8 2.6 2.4
12 days | 8.6 8.2 ;7.6 | 7.2 |4.6 (4.0 (3.4 (3.0 2,6 2.4 ]2.4
Part II Weight of dried mvcelial mats
series
number 1 2 3 4 1D 6 7 8 9 10 11
dry |dry |[dry {dry ;dry | dry |dry [ dry |d4dry | dry | dry
Age of wits.lwis.|{wts. wts.! wts.! wts.| wts. ! wts.{wts.| wits.| wts.
culture |mgsS.|mgs.| mgs. MgS.| MgS.! MEsS,! MES. MZS.|NIS, MZS.| Mgs.
8-days 56 63 62 ;. 62 20 46 | 4o - a7 55 28
lz-days 77 91 92 (100t 74 . 71 | 73 . 46 : 39 a7 38

(MgS0y=-2, KHoPO4=-1, sucrose, Cry. Dom.-4C, zinc sulphate -0.050)
(A1l cultures in test tubes containing abvout 8 cec. of solution)
(A1l dry wts. and pd values are the average of & cultures)

The appearance of the mats ané the liguid media in this
culture series was interesting due to the range in nigment forma-
tion. In series 1 (potassium nitrate only) there was neither red
nor blue pigments but there was a yellowish-green color in the
ligquid. Blue nigment was formed in smeall amounts in series 2,

3, and 4. In series b first tunere was a red pigment but as the
cultares aged vatches of blue appeared in the mycelium. Hrom
series 6 to 11 there was a deep pink to red pigment formesd in

the mycelium w:ouieh soon aiffusced out into the underlying liquid,



The presence of this pigment relates directly to the acidity of
the medium. Blue being favored in the alkaline cultures and red
in the acid cultures. Tnis pigment could be changsd from red to
blue by the addition of a few drops of a NaOH solution.

Differences in the vegetative growth were conspicious,
In series 1 to 4 the mats were mogtly wnite having 2 luxuriant
and flufry aerial growth over tune entire ligquid surface. Begin-
ning with series & there was a gradual decrease in the total growth
along with a corresponding increase in a red appearance and patchy,
crinkled growth. The dry weights show that the acid media were
unfavorable for a good vegetative growth., In those cultures
wilere an alkaline condition was reached vegetative growth was
best. Judging from the weights obtained wnen the cultures were
12 days o0ld it seems evident that the best growth was possible
in a partially buffered medium as in series 4 wihnere neither an

extreme alkaline or acid condition prevailed.
The rate and extent of the pH changes in the different

series are shown in Figure 4. From these curves it is evident
tnat the media in which there was a preponderance of potassium
nitrate became alkaline and this condition increased with time.
The aéidity shows a close correlation with the aummonium nitrate
content. On the basis of gram weigh.s, ammonium nitrate produces
an acid condition which similar amounts of potassium nitrate
cannot neutralize. This relationship is lessened as growth
increases and as tue cultures agc. The pH of five of thne series
of combinations is plotted against time in Figure 5. In series

4 there is a slight increase in the active acidity for the first
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Fig., 4., The rate and extent of the pH change caused by Fusarium
radicicola in media containing potassium nitrate and ammonium

nitrate wnen used alone and wnen used together in different
porportions. (See Table 5).

five days after whicn the pH shifts towards alkalinity. A
similar course is followea in series 5 but does not reacn the
same final pH. If the fungus showed a preference for the

nitrate ion ratiier than the ammonium ion the above results would
be difficult to explain. When ammonium nitrate is used alone the
(IlHz) and (03 ) ions should be present in equal numbers. In
series 5 where there is 2.5 grams of each nitrogen salt present,
there are almost two ions of nitrate ot one ammonium ion yet

the fungus does not produce an alkaline condition waich certainly

suggests a prefenential absorption of the ammonium ion. The
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Fige. 5+ The influence oi culture age on the pH changes brought
about by F. radicicola in media containing votassium nitrate
and ammonium nitrate when used alone or together in different
proportions.

trend towards alkalinity as in series 4 seems logical ir it is
assumec tnat as soon as the supply of ammonia nas been exnausted
the utilization of nitrates is increased.

In & similar manner ammonium nitrate was used in a
series of combinations with sodium nitrate, calciumn nitrate,
and magnesium nitrate. The three nitrate salts seemed equally
available to the fungus. These sgalts possibly were not as good
a source of nitrogen as is potassiun nitrate. The justification
for this assumotion lies in the fact that greatesr I ion con-
centration was developed in series & and 5 than occurred in tae
same series when potassium nitrate was present. <1The develop-
ment ol the red pigment and poor vegetative growta were identical

with the results obuained whnen potassium nitrate was used.
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Table 6. The effects of the nitrogen sources, used singly or in
combinations of different proportions on the pH changes brought
about in the culture medium by Fusarium radicicola.

—— A——=:
Age of cultures when harvested - days
Nitrogen |series [4] 4 o 8 10 11l
sources |number pH pH pH pH ' pH pH
; ;

Sodium 3 : , i
nitrate 1 4,6 = 6,6 0.0 7e0 | 7.2 | T.4 !

and 3 4,6 | 2.4 Z2o4 | 44 1 D44 | b6ad }
Ammonium | D 446 = RBek | 2.2 Rea . 2.4 T 2.4
nitrate 7 _ 106 : 60‘6" 1 6.2 605 i 604: 604;
Calcium |~ : : !
nitrate 1 | 4,6 ' 6,0 _b.2 0.3 6.4 | 6.4

and o) 4.6 2.8 4,8 5.6 6.0 6.2
Ammonium |5 Z.6 2.6 2.2 2.0 2.0 | 2.2
nitrate 7 4.6 32 Z.8 2eU 2.0 « 242
Magnesium
nitrate 1 4,6 0.4 0.8 7.0 7el 762

al’ld. 3 406 2.8 4:.4 5.8 £ 6.2 604
Ammnonium | 5 4e0  Z40 2. 2.4 ' Z.4 2.6
nitrate 7 4.0 2.4 Lol 2.4 | 2.4 240

{ugS0y -2, KH5POy-1, sucrose, Bry. Dom.-40 zinc sulphate 0.050)
(A1l cultures in test tubss containing about 8cc. of solution).
(Serizs auubers indicate the same proportions and totzl smounts

as in Table 5).

(Amounts of each salt used as equivalent to 5 gms. of the anhydr-
ous form: magnesium nitrate - 8.47 gms., calcium nitrate -

7.14 gms., ammomium nitrate and sodium nitrate - 5 gms. each).

Under the conditions of these experimneants and with the organism
used it is evident that ammonium nitrate is undesirable as a
nitrogen source since the growth of the organism brings about
an unfavorable a¢id condition. Unequal ionic absorption offers
a vartial explanation of tie pH changes, Part of the acidity
developed may be due to tae secretion of organic acids, however,

this has not been carefully studied.
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Two exzperiments were conducted to study the influence of

variations in the amount of magnesium sulpnate supplied on the

growth responses of ¥, radicicola.

Steinberg (47) found that his

strain of Aspergillus niger showed an increase in growth over a

great range in the amounts of magnesium sulpnate supplied.

This

led him to suggest that traces of zinc or other impurities might

in part be responsible to some extent for such growth responses.

However, some of his results are not conclusive and do not agree

with some of his deductions.

His results in Table 8 will

illustrate this point in a series of variations in the components

of the Pfeffer solution,

Table 8., Steinberg (47) (rearranged) The effect of a decrease
in concentration of one or more of the salts of the Pfeffer
golution.
(Culture period - 7 days)
i o e e} e —
Grams of each used per liter of solution Average
NH, KOz KH5PO, MgS0y4 of yields
10 gms. 5 gus. 2.5 gums. 0.300 gms.
10 gms. 5 gms. 1.0 gms. 0,365 gnms,
o M 2 Ze n Qe84
10 ¢ 2 " 1,0 0.299 v
4 b T 2.5 M OQe2l8 1 {
4 M 5 1 1.0 " 0.265 " :
/NN | S ST . 2.5 U 0,190 "
4 " 2 " 1.0 " 0.183 "

He states,

"In these experiments we note that only a decrease in

yield follows a decrease in concentration of one or more of the

inorganic constituents of the Pfeffer solution, ---".

should be called to the

ments a decrease in the

an increased yield,

and

Attention

fact that in three of the above experi-

magnesium sulphate actually resulted in

in the last experiment he included an



Table 7. Growth responses of Fusarium radicicola to different
amounts of magnesiumn sulphate in the culture medium. (Cultures
13 days old at narvest).

Data on 13 day old cultures ]
Grams of Welght of , Comparative ]
1gS0, dried pH of estinate of Presence of |
per mats filtra- yellow color ¢rinkling in |
liter mgs. tes in filtrates  surface mats i
i
i no ?
0,000 growth 4.6 0.0 none i
| T00 6.4 ;
P.OO5 96 6.4 0.0 none f
; 77 6.0 ;
| 91 6.3 =
i 230 6.4
0,025 237 0.4 1.0 none
% 253 6.6
[ | 240 )
F E 313 O.6
0.100 ! 294 5,6 0.0 none
- AL 8.6
. 306 5.6
408 6.2
0.500 : 439 6.4 1.0 yes
‘ 371 o2
406 0.2
; 006 6.8
2.000 : o2l 7.2 2.0 yes
i 605 7.0
61l 740
5 664 7.0
10,00 j 664 746 3.0 yes
' 650 746
659 7.0
? 692 7.6
20.00 g 681 7.6 4.0 yes 2
| 686 7.6 ;
3 686 7.6 g
Two grams T 1o i
only of {  growth 4,6 0.0 none !
K,504/L | !
i

(K0z-5, KHpPOg=2, Sucrose, Cry. Dom. =40, ZnS0,4-0.050)

(40,0 cc. of solution per culture in 125 cc. flasks)

abnormally large yield to get an average of 0.190 grams. Also

a decrease in the KHp»PO4 causes but a very small decrease in thae
average yield, (in one instance the average yield difference is

0.001 gms.) One of the chief faults of such experimentation is



lack of data over a longer culture period,

In my experiments dealing with the growth resgonses of

Fusarium radiciccla zZine sulphate has been added in excess of

the required amount so as to avoid any variations due to its
presence as an impurity in the magnesium sulpnate. Triplicate

cultures were permitted to grow for 14 days before harvesting but

Table 8., Growth responses of Fusarium radicicols to different
amounts of magnesium sulphate in tae culture mediun.

Grams of magnesium sulphate used per liter :

y\ B o T T

cultures = dry i pH dry | pH dry pH ¢ dry | pH
at . wts. | of | wWts. of i wts. | of I wtse ’ of

I <y i , I . i . | . LT . . 'S e | ]
harvest  mgs. ' filt. % ngs ! filt | mes ? filt : mgs | fllt§
2 6.2 | 130 . 6.8 = 153 = 7.0 © 273 | 7.6
4 84 6.2 | 116 | 6.6 127 6.8 239 | 7.4
days 84 6.2 | 122 6.6 127 6.8 223 Ted
~ BIL €.2 123 T 7 136 5.9 245 . 7.5
—205 6.4 379 742 482 7.4 585 | 8.0
6 . 222 6.4 350 740 459 7.4 602 | 8.0

days - 228 6.6 340 6.8 424 7.3 620 8.0

218 6.5 356 7.0 455 . T3 602 8.0

357 6.8 506 Te2 600 | 7.4 714 8.4

8 - B34 6.8 508 7.2 606 | 7.4 727 846
days 322 6.8 493 7.2 618 | 7.4 718 8.6
338 6.8 505 T2 608 T4 719 8.5
444 T2 557 8.0 636 8.2 706 8.8
11 478 7.6 570 8.0 641 842 716 8.8 .
days 428 762 563 746 631 8.2 720 | 8.8
. Z50 T3 563 7.9 536 8.2 TIZ | T.8 |
488 8.0 553 8.4 617 8.6 720 8.8 |
13 | 459 8.0 . 553 . 8.4 590 8.6 | 722 | 8.8 |
days 1462 | 8,0 | ; | 598 | 8.6 | i |
' Z70 . 8,0 | B5% | B, E | ®02 | B.6 | Wox 8.8 |
(KH,P04-2, KNOz-5, Sucrose-40, ZnS0,-0.050. 40 cc./ 1285 cc. flask)

there is no assurance that maximum yields were obtained. The
average yields increased with the concentration of the salt, but

it was only when less than 2 grams per liter were present that the
growth increase was in any close correlation with the concentration.

It was found that K5SOz could not replace the kMgSOy. (See Table 7).
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Fige 6. Growth curves of Fusarium radicicola in media containing
different amounts of magnesium sulphate per liter of solution.

In the next experiment the variations in concentration

were fewer but measurements were taken at five intervals during

a culture period of 13 days. The results are given in Table 8.

The growth curves in Figure © show that one gram of the salt per
liter is not sufficient to give a maximum growth in such a culture

solution, The amount of sugar used as well as the concentration

of the other nutrient components are important factors in deter-
mining the response of an organism to a variation in any one

If the carbohydrate supply is sufficiently limitea
it seems would

component,
tnen the addition of more magnesium sulphate,

result only in a faster growth rate and not materially influence
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the final maximum yield. From these growth curves it is evident

that a limitation in the supply of such a salt as magnesium
sulphate influences both the dry weignt of mycelium produced and
the growth rate.

The culture medium tended to become alkaline in all

cultures and this tendency was closely correlated with the total

growth and the concentration of the magnesium sulphate. The rate

and extent of the pH changes are shown in Figure 7.

A-~C.100 gms/L of MgS04
B__G . 500 11 " " L1}
9.0 C--1.000 " " ) n
D--20.0C " " " " M ﬂ‘o
)
3.C|o "/’//,,o—— _,O”’::::::o
7.0 4 .
G
q_‘ W
6.C|°
5.0 N
¢
4£.C
0 4 6 8 11 1F

culture age - in days

Fig. 7. Tne rate and extent of the pH changes in media containing
different amounts of magnesium sulphate by F. radicicola. (See
Table 8).

From the results in these two experiments it seems
evident that under these cultural conditions the addition of
more tnan two grams of magnesium sulpnete is not necessary to

obtain the maximum dry weight yield. However, if larger cultures




were used containing more cgrbon and more of the inorganic salts
then undoubtedly it would be necessary to make corresponding
increases in the supply of magnesium sulphate to obtain opitimum

growth condilions,

4., POTASSIUII ACID PHOSPHATE RTLATIONS.

Under a given set of experimental conditions there is
little if any data available that would enable ones to predict
the growth responses of one or more organisms to variations in
tihe amount of monopotassium acid phosphate. An experiment was
conducted to compare the responses of two fungl to such varia-
tions. The dry weights and the pH changes are presented in TPable

9.
In a previous cultural experiment in test tubes it

was found that several fungi msde practically no growth when the
KHoPO4 was omitted. The amounts of this salt used in the stand-
ard nutrient solutions varies from one to five grams per liter,

In most of the solutions the writer has used from one to two grams
per liter of either KH5P04 or CalsP04 and obtained fairly good
growth., Secondary potassium acid phosphate (323904) has always
caused a heavy precipitate upon steam sterilizstion. By using

aAaspergillus niger 4247w and Fusarium radicicola which differ

widely in appearance, taxonomic position, and the droduction of
certain metbolic vroducts, in media containing different con-

centrations of KHsPO, it was hoped that some general conclusions
might be reached. As in the previous experiments zinc sulphate

was added to all cultures to insure good growth regardless of its

possible presencs as an impurity.
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Q.

Growth responges
niger according to the dry

a
(o

Fusariun radicicola and
welFIt (eXpresssda 1in milligTrams

Aspergillus
“Jl“fafr—”"

(KNOxz-5, MgSO,-2, sucrose (Cry. Dom,) -40, ZnSO%—0.050.

trace of ferfic tartrate) (40 cc./culture in 1

5 cc., flasks).

mycelial mats produced and the Hd-ion concentration of the £il-
trates to variations in thz concentration of KHoPOs.
( Age of cultures waen harvested
Amount 4 days i 8 days 12 days
of | F. radicH »F. radic- ¥, radic-]
KH2P04¢Orig- icola A. niger - icola niger icola | A, nigen
in linal | dry | pH dry |pH @ dry {pH pl ! dry ’pH : dry{'pH
gms./ ipH of | wts.! of | wts.|of wts. of | wts.] of ' wts. of  wts. of
liter énediai mgse Tile. mgs.|fil. mgsﬁ»fil{ mnzs. fili m&s.jfil.émgs% il
16 15 17 | . 25 | 24 |
1 0,000 b1y 16 18 ; % . 24 21
% L 4,8 TI6 (5.2 15 . 4,4 T7 7,0 4,2 . 24 7.2 T2 4.2
{ - 4.8 o0 R 49 ' | 79 53
1 0.005 $2 | - 83 36 ; ‘ 74 65 -
; T BL 1 6.4 B4 0 4,0 4T 6,6 1346 M6 6.0 B9 3,8
i ; 81 - 80 | 106 - E - lo4 126
1 0.025 75 88 112 ! 168 136
4.8 T8 6.8 B4 3.8 TO9 6.8 13,4 T66 6.4 TI3L 3.2
; 176 186 592 j - 509 4]
© 04100 171 189 397 ; 517 390
e 4,8 TT3 7.2 IB7 3.4 394 7.4 2,4 BI3 7.2 400 .2,2
*“ 1le6 ¢ " 323 04z - 645 703
1 0.500 176 - 315 642 - 633 692 -
i 4.6 I7L i 7.6 319 5.8 642 7.4 2.0 639 7.6 T97 2,2
; - 167 329 658 665 721
~1.000 160 | 314 645 | : - 665 725 -
4.4 168 7.2 B2L ' 4.0 651 7.4 2.2 ©65 8,0 723 2,2
S 192 342 615 606 718
5.000 - 186 333 598 - ‘ 660 715
: 4,2 189 6.8 337 4,2 006 7.4 2.2 58 7.4 TI6_ 2,2
~ S193 . 356 096 630 717 |
6,000 - 202 - 342 . 627 | 624 731 .
! 208 TTT4d 1660 : 665 | S 750 |
10.00 | - 204 L 554 663 : 644 - - 730
348 200 | 644 339  4,0{664 6.8 . 1 2.2 |54 6.6 T40 {2,2
22l | T 34a 634 - 820 642 761
- 20,00 ell 337 | 660 | 1 821 642 . 768
| 5.8 | 216 | 6,0 | BE0 | 3.8/547 | 6.6 | B20 . 2,2 | 642 [6.2 |T6Z [ 2.4
and a
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In Figure 8 the maximum dry weight of mycelium and the
corresponding pH of the filtraves have been plotted so as to
bring out more clearly the nature of the results obtained. The
addition of twenty grams per liter did not bring about a condition
wnich was toxie to either fungus. The addition of more than
0.500 grams caused but little increase in growth. The growth
rates in the different concentrations varied a little but was
scarcely significant in the higher five concentration series.
The A. niger was able to make a greater total vegetative growth

than the F. radicicola but both exhinit a similar salt requirement.

The pH changes brought about by ¥. redicicola are of interest.

The absence of the phosphate as a buffer seems to be responsible
for tihe marked shift towards neutrality in the check series where
only a very limited vegetative growth was possible. The pH change
towards an alkaline condition in the media containing less than
3.00 grams per liter can be explained on the basis of unequal ionic
absorption which in extent, is proportional to the total vegeta-
tive growth and the absence of a sufficient amount of the phos-
phate to make an effective buffer action. iWhen more than tiree
grams were present a buffer action occured. Whatever buifer
action was present did not, according to the dry weights, bring
about an acid condition which was unfavorable. In general,
experimental evidence has shown that the ifusaria can tolerate
ratner a wide range in acidity and alkalinity.

Tne pH changes resulting in the A. niger cultures were
of a different nature. 'They became aecidedly acida due to the for-

mation of organic acids. No determimations were carried out to
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Fig. 8. The average maximum ylelds ana the pH cuaange by Aspergillus
niger 4247w and fusarium radicicola in nedia containing differcnys
arlounts of mono-vpotassiwn acic paosnh:te. (See Table Q\)
determine thce kind and amount of scia present. L restricted
vegetative growtih suggests o decrease in the acid osroduction as
indicated by the pH in the sexri = low 1in the phosphate,

The use of 5,0 zrams of potassium acid pnoses T 2s in

biie rfeffer solution dozs not tr2d to a toxic condition but a

muca sme’ Lo oaaount could be employved withoult materislly affect-
ing tne caxiaun 7 id, The growtn rate and the maximuom dry

L wre influenced oy tae amount of the cilferent

ient components used. Differences in th: _ oot rate do
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not necessarily mean correspondin: Cifferences in the final
maximum yield, The maximwn yields in vegetative growth or the
production of different acidity conditions as influenced by
variations in one or all of Lhe nulrients can only be deltermined
accurately by using a sufficient number of cultures that will

permit measurencnts at cifferent times during the culture period.

Be. Growth responses to some elements listed as stimulants.

The action of various salts in a synthetic medium has
been the subject of an intensive study. As a result some elements
were listed as absolutely essential, others unessential, and some
as stimulants. The results obtained by various investigators have
depended upon the conditions of their experiments, namely, the
organisms used, and the purity of the salts and water. Only by
tne use of the most carefully purified cnemicals can one definitely
classify an element as essential or unnecessary.

The distinction between a necessary element and one winich
causes a growth stimulution is in most cases a matter of
definition in terms of the experimental conditions. An essential
element might be called a stimulating element. In general the so-
called stimulants are effective in very small amounts waich in
some respects suggests that they may function as catalysts. If
the addition of an element to the medium causes only an increase
in the growth rate but does not change the final total growth it
would function as a stimulant. In Figure 9 are three hypotaetical
growth curves, A, B, and C wnich will aid in picturing the

writer's concept of a possible difference between essential and
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Fig. 9. Theoretical growtin curves to illustrate a concept of a
chemical stimulation of growth.

stimulating elements. If tne curve A is obltained in the presence
of the salt containing the element in guestion and curve B obtain-
ed when the salt is absent then the element would function only

as a growtih stimulant. While on the other hand if in The absence
of the salt a curve similar to C was obtained then the element
mignt be considered as essential for good growth.

In the following experiments dealing with boron,
manganese, and zinc no special methods of salt purification were
employed. The object has been to study the responses of seversal
fungi especially some Fusaria to the presence of these elements
in media containing chemicals of standard purity. Host of the
culture work with fungl has been with standard C. P chemicals
hence the present series of experiments can be compared with the
results of other workers using similar expecrimental conditions,

No doubt somewnat different results woula nave been obtained by
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the utilization of special glassware and more highly purified

\ chemicals., However, it seems loglcal to assume that only
minute quantities of boron was present in either the salts or the
dislilled water since Johnston (21 ) used the same salts and dis-
tilled water and obtained positive responses of tomato plants on

the addition of one to two parts of boron per million.

5. RESPONSES TO BORON.

Our knowledge of the action of boron on the nigher
plants is more definite and complete than in regard to the fungi.
Although necessary only in minute traces,the work of Johnston

(21), and Breﬂchuqﬁ (7 & 8), makes it clear that boron is an es-
gential element in the nutrition of several crop plants.

Collings (10), however, did not find boron essential to grow

soy bean plants to maturity in nutrient solutions. 3Boric acid
has been considered by some workers as a possible fungicide.
Morel, (33), found that boric acid in weak solutions completely
arrested the development of several fungi and suggested that it
might be used in disease conirol measures. Rdmondson, et al (1l6),
and Powell, (37), have studied the fungicidal action of boron
salts and in most cases have Tfound tnem more or less ineffective,
Agulibon, (1), working with yeasts, bacteria, and molds found no
evidence of stimulation with small gquantities. With the molds
little toxic action was observed until approximately a concen-
tration of 5.0 grams per liter of boric acid was used. Cusumano,
(14), claims that the development of Aspergillus niger was
favorsd at strengths below 0.01 per cent boron (boric acid). His

results are scarcely conclusive due to the slight increases in
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growtn, the variability of the culture weights and tne lack of
growtn measurements over a longer period of time.

Davis, et al. (15) used a medium containing C. P.
chemicals and aanotner medium for wiich tne salts nad been care-
fully recrystallized and purified. They report, "wWhen

Dothiorella sp. was employed yields abont one half, and with the

addition of one and one half parts to a million restored yield to
90 per cent of that obtained with the unpurified salt". They
believe that boron is to he regarded as an essential element.

In a series of preliminary experiments using test tube
cultures with different amounts of boric acid in media of varying
composition, several fungi were cultured to detect possible in-
creases in growth., Qualitative estimztions from sucn cultures did
not give consistent results. It was impossible to detect any
benefit from adding small amounts of boric acid or sodium borate.

Steinberg (47) showed guite conclusively that Aspergillus

niger was able to secure appreciabls quantities of zinc from
certain types of glass used for culiure flaska. The possibility
of the fungi to obtain small quantities of boron from the Pyrex
and other flasks containing traces of boron has not been over-
looked. MHowever, glass wars known to be frece from boron was not
used. A series of culbures were preparsd in bottles wanich had
contained "Bakers Analyzed Chamicals" of 250 cc. capacity. The
following four series of media were prepared:

Ao - 1@304_200, Kjl{ POé-Z.O, m103-500, GluCOS@ CoPo "52.0

2
B, - Same as A plus 25 mm. of ferric tartrate,

Co = Same as A plus 25 mm. of boric acid.

D. - Same as A plus 25 mm. eacn of boric acid and ferric
tartrate.
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Five cultures in cach medium were innoculated with

Fusarium radicicola and observed at intervals for & period of

15 days. No evidence of stimulation or any other growth responses
aue to the presence or aghsence of eitiner boron or iron uscd singly
or together could be observed at any stage of development. Either
the fungus can make but little response to these chnemicals or
sufficient amounts were included as imourities in the medium or

the necessary quantities were available from the glassware.

Table 10. Comparative growth responses, based on the dry weight of

the mycelial mats and pH changes in the culture medium, of three
fungi to the presence of boron and zinc in the culture medium.

, Culture series
A B C

Organisms used Check, plus Plus iron Plus 1iron
iron and zine and boron

and ary pH dry pH dry pH

wts. of wis. of wis. of
age at harvest mgs. fil. | mgs. fil. mgs. fil.
Fusarium radic- 291 6.8 7617 8.2 525 7.8
icola 701. i 286 6.8 788 BeZ 480 7.8
9 days | 297 6.8 | 758 .2 522 7.8
291 0.8 771 B2 509 7.8
Aspergillus niger 402 Thehk~ | 738 4,8 475 Bel=-
4247w 397 Sed= | 782 4,8 492 Sed=-
9 days 363 S.4- 1+ 775 4.8 488 Sed=
387 Sed= 4 T6D 4.8 485 Beb=

Tusarium tricothn- 297+ 4.0 | 482 8.0 353 8.0
gecioides 141 316 7.0 500 8.2 196+ 6.3
21 days 310 7¢2 556 8,4 362 Be2

313 7ol 513 8. 54 Be

(mgso4-2, KH5PQq=-2, KNOz-5, Sucrose, Cry. Dom., -30. Ferric
tartrate - 0.025). Original pH of medium was 4.6. Cultures in
200 cc. Pyrex HErlienmeyer flasks with 60.0 cc. of culture solution.
Contaminated with A. niger and not included in average.
+ Flask overturned and part of mediun lost.
pH 3.4 - means below pH J.4.
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A positive response to boron was obtained with three
fungi grown in the large culture flasks. The ary weights are
given in Table 10. From the dry weights of the mycelium it is
evident that zinc caused an increase in the growth of each fungus.
Two organisins made some response to the boron but not like they

did to the zinc. TFusarium tricotnecioides 141 grew slowly and

the harvest was delayed until the cultures were three weeks old.
It was benefitted somewnat by the zine while it is doubtful if
fhe slight increase in weight due to boron is significant.

The following descriptive notes were taken at the time
T harvest:

Fusarium radicicola 70l.

cileck-cultures A
Liquid medium c¢lear, traces of blue in the mycelium, rather poor
surface growth.

plus zinc-cultures B
Liguid mediuwm deep yellow, large blu: woots in mycelium, mycelium
neavy znd much wrinkled.

plus boron-cultures C
Liquid medium faintly yellow, only a few traces 07 blue in
mycelium, suriacs growth better than in checks.

Aspergillus niger 4247w,

chisck-cultures a
Medium clear, irregular surface growth, abundant crov of very
black spores, nc tag-like projections of surface mats down in the
liguid.

plus zinc-=culturesB
Liquid medium deep yellow, surface growtih quits rcsuliar, spore
masses not so black as in check cultures, muca sinking and fold-
ing of surrace mat forming hag-like projections down into the
medium, unguesticnably incréasea growth due to zinc.

plus boron-cultures C
In all respectis similar to cneck cultures otnar ftanan a slichtly
heavier surface growbtil.

Fusarium tricotanecioides 141.

.

cneck-cultures A
Liguid mediuwn clear, mats pink and water soaked.

plus zinc-cultures 3
Liguid medium sligntly yellow, mats faintly pink ana water soaked,
definite growtn increase due to zinc.
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plus boron-cultures C
Like check cultures, only with less pink color in mats.

Tne increase in dry weigat of tne myceliuwm oI the fungi

in tne above experiment due to tne presence of boron d¢id not seen

Table 11l. Growth responses of Fusarium radicicola to small amounts
ol Boric acid in tae nuitrient mediwne.

Concenbtration of Boric acid in mgs./liter
A B
none 10 30

Age of ary pH dary pH ary pH

wts. of wts. of wts. of
cultures ngs. fil. mngs. fil. mgs. Til.
68 Sed 89 5.8 ©5 5.4

66 D.4 ™ 5.6 74 5.6

4] 51 S.4 85 5.8 53 5.4
days 74 5.6 67 5.6 61 5.4
71 D46 91 5.8 50 5.4

56 ) 82 5.7 62 5.4

297 ! 0.6 329 6.8 14 0.6

L 292 6.6 387 ©.8 302 6.6

12 382 6.8 385 6.8 298 0.6
days 290 6.6 536 1 6.8 298 6.6
L 503 ©e0 3l1L ! 6.6 { 298 0.6

¢ 303 6.6 389 6.8 | B0Z | 6.6

T 366 7.0 381 7.4 373 | 7.2

381 L7.6 574 7.4 372 1 7.2

18 350 ! 7.0 369 7.2 318 1 7.0
days 365 § 7.0 377 7.2 352 6.8
377 7.2 383 1 7.6 | 366 7.2

369 7ot 377 Te4 | 368 | T.B

Yz ; 7ol 539 7.6 T S42 1 7.8

. 328 ! 7.4 332 7.8 i 549 1 7.6

26 L 337 % 7.8 339 7.0 339 | 7.8
days 323 1 7.6 334 7.8 B3l | 7.6
334 7.8 543 7.8 343 | 1.6

%29 L T® 537 TT L1 . T

TTERE T 7.8 309 | 7.9 314 . 7.8

53 . 3816 7.8 323 7.9 326 | 7.8
days . 310 7.8 311 7.8 320 | 7.8
i Blz . 7.8 328 7.9 322 | 7.8

;15 § 7.8 318 .9 720 | 7.8

i A i

(1gS04~2, KH,PO
(40.0 cc.

of

-1, KiOz-4, Baker's C. P. Giucose -40)
so%ution per culture in 125 cc. Pyrex flasks).
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to agree with the observed appearance of the cultures. The
small number of cultures with only one harvest did not seem to
Justify a definite conclusion that boron was beneficial. Another

experiment was made with Fusariun radicicola using a largcr numbee

of cultures and more harvest periods. From tie results obtained
in Table 11 the beneficlial effecls of adding boric acid are
Slight.* Tne addition of 10 mm. of tne acid per liter gave some
increase in yielu over the checks wnile the addition of 30 mm.
per liter did not increase the yield.

As stated befor:s Fusarium radicicola under some condi-

tions forms red and blue pigments which diffuse out into the

licuid medium. The acidity developed in & medium containing
ammonium nitrate seemed to favor the developments of such pigments.
In one of the preliminary tests in test tube cultures, different

Table 12. HZffect of boric acid on the vegetative growth and
pigment formation of Fusarium radicicola.

Culture Grams of Boric acid used per liter
description 0.000 0,010 i 0.050 0.100 0.500 | 2,000
guality of §
crowtn poor poor poor fair good poor
color of
mats | red red red red white | gray
pH of '

‘media I Be4 i D.4 Be 6 3.8 - 4.4 4,4

(Lig504-2, KH,PO4-1, NHyNOz-4, glucose C. P. -%2, no zinc).

amounts of boric acid were added to a mecvium containing ammonium

nitrate. In those cultures containing 0,500 gms. of boric acid
per liter there was a decided increase in growth, no pigment was
formed and the mycelium was white with a luxuriant, fluffy surface

growtn, The cultures containing less amounts or tae boric acid



made a poor growth, with red, hard and crinkled surface mats,
Tne amount of acid used in series © was toxic. The original
pH of the media was 4.,4~4.6. The pH of the culture media after
two weeks growth are given in Table 12. These results suggest
that the beneficial action is due to something other than the

presence of the recgulired amount or boron. In some way the boric
acid has prevented the cevelopment of an intense acid condition

wnen 0,500 grams per liter had been supplied. The boric acid

in sueh a concentration might have acted as a buffer or may

have had a more complex action such as influencing the ratio of
ionic absorption or the possible production of organic acids.

In test tube cultures these results nhave been duplicated several

times.

In a similar tyve of experiuent the concentration of
glucose was varied with different amounts of this acid present
while the inorgsnic salts were the same as stated in Table 12.
he beneficial eifect of the acid varying from 0.300 to 750
grams per liter was greater 1in a medium containing 24.0 grams of
glucose thnan one containing ©.0 grams oper liter. In the low
sugar medium there was little pigment Tormed in the mycelium and the
acid condaition persisted only for a short time after which the
mediv moved towards alkalinity. Urea, peptone, and potassium
nitrate were used as nitrogen sources under the same conditions
but without a corresponding beneficial action of the boric acid.
In the presence of such nitrogen sources this fungus decreased
the acidity of the medium. Hence tnis tyoe of hensficial action
of bhoric acid seems to be restricted to a medium containing

ammonium nitrate and an abuncant supply ol glucose.,.
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Table 138. Growth responses of Ffusarium radicicola on an amaoniun
nitrase medluwn convaining combinations oI boroa, iron and zinc,

Variations Age of culturscs wnen harvested
in 14 days 2l days | 28 days o4 days
culture dry dry [ Ary ary
med ium wlhs. | DH wig.l pil @ wts. 4 wts. | pH
N T
check L 94 4.4 1 176 4,8 256 5.4 | 205 5.0
minus boron, P 112 4.4 ¢ 169 4,8 253 5.4 | 204 5,0
iron and L 105 4.4 ? :
zine 104 4.4 @ 172 4,8 255 5.4 1204 15,0
0101 4.0 ;| 191 4.4 172 | 4.4 183 4.4
plus 0,300 gms. 120 4.0 ! 184 4.4 175 | 4,4 1183 4.4
boric acid/L = 108 4.0 : g r
110 4.0 187 4,4 174 | 4.4 183 4.4
116 4.2 186 4,2 1o ¢ 4.2 188 4.2
plus 0.400 gms, S 137 4.2 led ! 4.2 166 . 4.2 160 4.4
lboric acia/L 124 4.2 | ‘ : -
. 126 4.2 174 4.2, 165 4,2 159 4.5
148 4.2 . 140 4.2 1 155 4,0 144 4.0
plus 1.000 gms. ¢ 127 4.2 0 149 4.2 | 149 4,0 149 4,0
boric acic/L - 115 4.2 | :
- 130 4.2 147 | 4.2 152 4,0 147 - 4.0
no ooric acid 471 | S.0 589 8.4 341 Be8 . 305 8.8
plus iron 477 3.6 379 8.4 348 8.8 - 295 = 8.8
and zinc 48l @ 3.6 ! j
! 476 8.6 584 8.4 345 8.8 . 333 8.8
plus 0.000 gums. - 588 3.0 538 8.0 316 B.Z | 285 8.2
boric acic/L - 871 3.6 v43 . 8.0 308 8.2 292 8.2
plus iron L b02 £.6 ; L i ;
land zine - B3T3 b.6 28l | 8.0 . 312 8.2 288 8,2
mlus 0.400 gms. . 267 S.6 0 336 = 8.0, 307 8.2, 288 8.2
boric acid/L 275 3.6 @ 328 | 8.0 301 8.2 282 @ 8.2
plus iron’ 258 3.6 : | :
and zinc 267 $.6 332 i 8.0 304 8.21 285 | 8.2
plus 1.000 gms. 88 4.2 | 268 | 3.8 526 5.0 230 ' bH.4
boric acid/L 97 4.2 271 | 3.8 | 317 5,0 229 . 5,4
plus iron 971 4.2 ! ’ | '
and zinc 2] 2.2 | 270 | 3.8 322 | 5.01 229 5.4

(MgSOQ-Z,_KH2P04-1, NH4N03-4, Glucose C, P. 42)
(40 cc. of solution per culture in 125 cc. Pyrex Zrlenmeyer
flasks ).

The conditions governing the production of piguent by

Fusarium radicicola are complex. Yhe size and shape of the
Y

culture vessel may influence the resuits. In Table 13 are the
results of an experiment with this fungus cultured in Pyrex

ZIrlenmeyer flasks containing 40.0 cc. of solution. The medium
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used was the same as stated in Table 12, with sligntly different
amounts of boric acid. The series of boric acid variations were
divided in two lots. To one series 25 mm. of zine sulovhate and
25 mm., of ferric tartrate were added. The presence of tue zinc
greatly increased the growth in the check cultures. The toxicity
of the boric acid was increased in the zinc cultures. Contrary
to expected results only faint traces of pigment were formed in the
cultures lacking zine and iron, nor was there any definite
beneficial action of boric acid. The cultures containing boric
ac:yd, iron and zinc at the end of two weeks had developed an
intense amount of red pigment which turned to a bluish-purple
color as the cultures aged. The change from red to blue cor-
responded closely with the changes in the acidity of the culture
medium, an alkaline condition causing tae pigment to become blue.
The results do not seem to line up with the results obtained in
tne previous experiments. However, tuere 1is a great difference
in the ratio of volume of liguid to area of liquid surface between
a culture in a test tube and one in an Erlenmeyer flask. A large
growing surfacc and a shallow depth of the culture medium without
much question favor vegetative growth more than woulda the reverse
conditions. Zinc and iron may play some role in the formation of
sucn pigments either directly or indirectly. Zinc was not added
to the test tube cultures but these tubes were not Pyrex hence
there is a possibility tnzt enough zinc could have been obtained
from sucn glass. Time has not permitted a further study of the
factors which function in the development of pigments by this
fungus nor have other organisms been cultured under siailar con-

ditions.
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Tne toxic action of boric acid has been given some
consideration. No outstanding increases in vegetative growth
wag consistently obtained by the addition of relatively small
amounts of boron. It seemed important to determine what con-
centrations of boric acid were actually necessary to hinder the
growlihh ol several fungl and at wiat concentration growthh was
iniiibited. Tne results of such a study are given in Table 14.
The cultures were all innoculated on tine same way and stored under
tne same conditions of light and temperature. Tane results agree,
in general wita those of previous investigators, in that boric
acid is not uniform in its toxic action on a variety of fungi, and
that relatively strong concentrations are necessary to inhibit
growth. The Fusaria used differ widely in their tolerance of
boric acid. It was interesting to note that two species F.242 and
F.l4l wnich are slow in growth and never make as large a dry
weight yield (See Table 20 and Figure 11) as some of the other
species, were able to withstand greater concentrations of boric
acid than some more rapidly growing species., Tne wnite-spored

Aspergillus 117 was unable to make more tanan a trace of mycelium
o)

in any cultures. Aspergillus 4247w and 0534c were able to grow
over a wide range of tie acid concentration. Bota Aspergiliil

were retbtarded in spore production and eventually inhibited ian con-
centrations wihere a fairly good vegetative growtn was possible.
\See Figure 10). Tne pH of the filtrates varied somewnzt with

the cifferent organisms but in gensral the wecrease 1n acidity

was in airect proportion to tne total growtu. Iifowever, Aspergillus

niger 4247w was an exception apparently aue to tae formation of

organic acids. Tue inecrese in the H¥ilon concentration wue to



-45-

Table 14. Loxicity of Boric Acid to different Tungi woaen grown
under siallar conditions.
GmS. 3. 4. ] | | ! l | !
per L. 0 b1 24 6 8 [1C |12 14 |16 18 20
series i } 1
number 1 i 2 3 4 5] o ! ! 8 9 |10 11 12
original s * , 5 ; ! ;
_pH o6 4e6 4.6 446 4.4 4.4 [ 4.414.4 4.4]4.2 14020 4,2
Tongi--——-F-==f==-oc--—o--—-o--oo--= L _——d--—~-t-~-fo-——<f—--g<-----=
Ded D2 DR 400 44 =~ Tinel i of media
ASD. S S S S S -type ol growtii-suvmerzed only
117 T = T v z  =estimated lbotal growin
704 6.2 5.- 4:;6 N ! ’ !
us. m m 8 m! - surface wmats formed
528 4 1 4 1 0 | | : :
0.0 060 Ded 4.6 ‘ .
Fus. m m m *
©58 5] 4 1 0 ; ? {
Tel 664 D.8 4,0 : Y ;
Fus. m m @ om | |
701 5 4 1 0 | E
: Ted Tel 08 0ed DL0 4.4 4.4 !
Fus m m m m ! s ;
200 5 5 5 2 1 1 0
rT.O 7.2 6.2 5.8 5.2 404: ;
Fus. m m | m m S §
100 4 4 | 3 2 1 0 : ;
6.8604 %6.2 6.2 5.8504 502 404 404 _?
Fus. m m | m  m m m m m s |
244 4 4 4 4 3 1 1 & 0 B
{ Oed Oeld 1040 Dol 0e0 D40 448 4ot 4.6 4.0 4.4 4.2 |
ras. m m . m m m S S S s S S
141 3 3 3 3 2 1 = = 5 & +
| 14e8 4de2 [4e2 246 264 S¢8 4.2 4.4 4.4 4.2
IASD . m m m m m m m m- m-,
4247w .5 5 5 4 2 2 1L+ L 10 B
! 760 TeO (068 068 6ed|6e2 00 . 546 De2/4.6 4.,2:4,2 :
ASD . . m . om m | m | m ! m m ° m m | m m . S 3
35d4¢ 5 5 5 5 | 4 | 4 4 3 2| 2 1 % i

(LgS04-3, KHsP04-2, KNOz-5, sucrose, Luak.-30,

zinc sulphate-0,050)

(A1l cultures in test tubes, containing tne nutrient solution to a
Duplicate cultures used.

depth of 3.5 cm. )

the presence of boric acida does not seem to cxplain the nature of

the exnibited toxicity since A, niger 4247w in cultures 4 and 5

increased the active acidity more tnan did any concentration of

tne added acid.

The spores of thnis fungus always float on the
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Fig. 10. Test tube cultures of Aspergillus niger 4247w in media
containing different concentrations or boric acid. (See Table
14) Uote that in cultures 6 and 7 spore production has been
inhibited.

surface of the liquid and as a result cultures 8 and 9 in Figure

10 show black masses of spores used in the innoculation. These

spores germinated but made only a weak growth and did not produce
a new crop of spores.
Since vegetative growth is so closely related to the

supply of available carbohydrates and a suitable nitrogen source,

it seemed likely that the tolerance of boric acid might vary with

the amounts of these food materials in the culture medium.
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Fig. 11. Test tube cultures of Fusarium sulphurum 224 and
Fasarium solani 658 in media containing“dirferent ~coneentrations
oTlorlc' aci'd""™ (See Table 14). Note that F. 244 was able to

tolerate a higher concentration of boric acid, than F. 658.

Aspergillus niger 4247w was cultured for 21 days in media contain¥*-
ing high and low concentrations of glucose and potassium nitrate.
The results as indicated by the dry weights of the mycelial mats

produced in test tube cultures are presented in Table 15. These

figures definitely prove that boric acid tolerance is in a

large measure influenced by the composition of the substratum,

especially the supply of available carbon. These results suggest
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Table 15. The effect of the nutrient solution on the tolerance
of boric acid by Aspergillus niger 4247w, as indicated by the
weight in milligrams of the dried mycelium.

Media _ Boric¢ acid in grams per liter

used 0.00 [1.00 4,00 6,00 7T 8,00 T10.,0 ! Totals
glucose 6.0 ! j | | L
grams/L } ; L < ;
KNOz-1.0 : 65 | 69 59 : bl 9 10 . 212
grams /L P § : :
glucose-24.0 | ; i % ‘ = :
X70%z-1.0 ;163 157 . 161 |t 117 109 13! 720
glucose-6.0 ? J : , z
K0z~-10.0 i 97 86 88 | 65 10 11 ! 357
glucose-24,0 ' 5 E :
KNO3-10.,0 243 229 233 200 . 155 54 | 1014
vertical ; : O
totals i 568 | b4l 542 . 434 283 88

(MgS04-2, KH5PO4-1, no zinc added)
(cultures in test tubes containing 10 cc. of soln.)
(all cultures in triplicate)

that the amount of any toxic substance required to inhibi{ the
growth of fungi is probably influenced by the nutritive value of the

substratum,.

©. RESPONSES TO MANGANESE,

There has been some disagreement in regard to the manganese

requiremsnts of fungi. Richards (38) found that Asvergillus niger

Penicillium glaucum, and Botrytis cinerea responded to traces of

manganese cnloride. These organisms did not show an equal response
and he concluded that many fungi may be stimulated by manganese

but it is not to be expected that all fungi will respond to the
same degree. Loew and Sawa (29 ) were not able to detect any bene-
ficial action of manganese. Bertrand and Javillier (4,5) using
manganese sulphate found that one part of manganese in 25,000,000

substantially increased the yields of Aspergillus niger. Tney also




found that manganese and zinc used together gave better yield than
when eitner was used alone. In a four days old culture series,

the following results were obtained: Check-- 1,31 gms.; zinc,
1-500,000 --3.18 gma3.; manganese, 1-10,000 -- 2,10 gms.; zine and
manganese =-- 3.72 gms. (dry weight of mycelium expressed in grams).
Sauton (45) claims that manganese is essential for normal spore

production by Aspergillus fumigatus. No satisfaciory explanation

has been found regarding the specific function of manganese in
fungus metabolism.

In the time available it has not been possible to make a
very thorough study of the responses of the Fusaria to the presence
of minute traces of manganese. A positive response was obtained

with Fusarium radicicola and PFusarium sulvhureum, to the addition

of 50 mm. of manganous sulphate. According to the results pre-
sented in Table 16, zinc was more effective than manganese in in-
creasing tne ary weight of the myceelium. The cultures to which

zince nad been added formed mats with a greater toughness and a

more wrinkled suface than in the other two culture series. Altnough
the two fungi are different in their growth rate and utilization of
the sugar in dry weight production, their responses to the manganese
and zinc are of the same order of magnitude.

An experiment was designsd to study the effects of using
different amounts of manganous sulphate in & medium plus and minus
zinc since Bertranda and Javillier found that a better growth could
be obtained if these elements were both present. The different
culture series are explained in Table 17. During the steam

steriligation precipitates appeared in some of the seriss of cultures.
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Table 16. Growth responses of Fusarium radicicola and Fusarium
sulphureum to the presence of zinc and manganese in the medium.

Culture media employed
. plus | plus
Organisms manudnese | check zing
used dry pH . dry [ pH dry pH
cultures 14 wts. ! v wts. | of wts. | of
days old mgs. | fll. © mgs. | fil. mgse. | fil
827 | 8.0 | 771 | 7.2
863 | 8.2 I 638 L 7.0
FULARIUM 848 | 8.0 {691 C 7.2 926 8.0
RADICICOLA 868 ' 8.0 | 688 . 7.2 936 8e0
859 8.0 | 651 P TeZ 901 8.0
| 849 5.0 L BTT L T2 921 8.0
o 544 Ce 251 T 0.8
281 6.2 241 5.8
FUSARIULL 326 | 6.2 241 - D.8 391 6.8
SULPUUREUW 558 1 0.8 : 196 ' De4 400 | 6.8
240 6.2 © 249 ¢ 640 409 | 0.8
ER | 236 - 5.8 400 ' 6,8

{g804-2, KNOZ 5, KHsPO sucrose Cry. Dom. 40)
(Manganou sulvnate = 5% mm /L. zincz sulphate—ROmm./L
(culfures with 60 cec. of soln. in 250 cc. Pyrex flasks)
(original pH of medie-4.4-4.6)
This precipitate was readily disolved with a little hydrochloric

acid, however, it was not possible to treat the culture flasks with

acliad. The original plan was to use Fusarium radicicola as tae

o

test organism but this suggested a further complication due to the
tendency of this fungus to decrease the acidity of the medium. It

seemed Drobabvle that Asvergillus niger, due to the production of

organic acids, would be able to dissolve the vrecipitates and thus
prevent a serious error in making dry weight determinations of the
mycelium. As predicted this fungus was able to completely dissolive
all tne precipitates within eignt days.

The dry weignts of the mats in Table 18 snow tnet manganese
caused an acceleration of growti when used alone. There is no

evidence that growtih is increased by using both manganese and zinc
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Table 17. Composition of the cultures series used in studying the
response of Aspergillus niger (4247w) to zinec and manganese,
Series number ? S=1 S~2 S=3 S=4 S-5
Gms. 1nSO4/Liter 0,000 0,005 | 0.050  0.200 | 1.0Q0
Media | Number of cultures 12 | 12 P12 12 12
vH of media berore ! j H
migus | stean sterilization | 5.0 | 5.0 | 5.0 4,8 4.2
PH OFf media after ! L H !
zine | steam sterilization | 7.0 0.8 [ 046 0.4 | 0.2
; Precipitate after g ; faint fairly
i sterilization ! none . trace | trace neavy heav
Series number _ S-6 | 8=7 5-8 S-9 . 8-10
Gms,., }nSQ4/Liter { 0,000 ; 0,005 0,050 0.200 1.000
Media | Number of cultures | 12 | 12 12 12 12
PH of media before | 3
plus steam sterilization | 4.6 i 4.6 4,6 4.4 4.4
pH of media after i ;
zine steam sterilization |, 6,4 .4 6.4 ' 6.4 6.2
Precipitate after ‘ fairly Zfairly
sterilization i trace trace heavy neavy heavy]

(llgS04~2, Urea -4, KHsP04-2, zine sulphate -0.050, and Sucrose,
C. P. Merk, -30).
(40 cec. of soln. per culture in 125 cc. Pyrex flasks.)

in the same medium.,.
have had some effect
greater acceleration

manganese.

all series except th: checks (S=1).

on the growth of the fungus.

However, the presence of the precipitates may
Zinc causes a
and a 1drger production of dry weight than

At the thnird harvest veriod autolysis is evident in

In all series the pH of the

medium was sharply increased during the early period of growth and

later decreased.

This decrease in acidity is probably due to a

partial utilization of the organic gcids as well as a process of

neutralization caused by amuonia released during zutolysis.
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Table 18. Growth responses of Aspergillus niger 4247w to zinc and
manganese when used alone and together in the medium.

| Age of cultures when narvested
i
% 8 days 1o days 22 days
CULTURE | dry | DO &5 | oo ary | oE
SERIES - wts. of i wts.  of wts. | of
mgs. | fil. : mgs. fil. . mgs. | Tfil, |
S-1 215 | 2.8 403 2.8 . 448 | 4,6
i 5-2 336 2.6 439 2.6 441 6.0
{ ' : ! '
§ 5-3 316 2.6 | 485 2.4 451 - 6.0
B S-4 309 2.6 | 511 2.4 452 6.0
§ 5-5 312 2.6 508 2.6 444 6.4
8-6 610 3.2 | 542 6.4 450 7.2
S-7 565 2.8 . 565 6.0 457 | 7.2
; S-8 550 2.8 | 591 6.0 447 7.2
. 5-9 527 2.8 637 6.0 438 . 7.2
: S-10 550 4,0 511 6.6 454 | 7.2

(Both weights and pH values are the averages of triplicate cultures).

The results given in Tables 16 and 18 lead to the con-
clusion that manganese supplied as manganous sulovhate will increase
the growth rate and the total dry weight of the mycelial mats to

approximately the same degree with elther Fusarium radicicola,

Fusarium sulphureum, or Aspergilius niger. The role.that manganese
2 - g D

plays in the metabolism of tnese fungi is still obscure.



7. RESPONSES TO ZINC.

It nas been definitely proven that some fungi make a
better vegetative growth when zinec is present in the culture mediun.

In most of these culture studies strains of Aspergillus niger

were used as the test organisms. BSome of the resulis of Llhe early
investigators do not agree on the zinc requirements of this funguse.
However, this difference of opinion may be due to the fact that
several physiological strains of Aspergillus niger are known to
exist as well as possible differences in the purity of the culture
media employed.

Raulin (39) considered zinc as an essential element for
fungi and was convinced that 0,070 grams of zinc sulphate in 1500 cc.
of culture solution was sufficient to meet the normal requirements,
Richter (43) reports a growth stimulation of Aspergillus niger with
1/700,000 gram molecule of zinc sulph.te, while concentrations
above 1/600 are toxic. Coupnin (12) was not ablc to duplicate the
results of Raulin and Richter and concluded that zinec and iron

were not necessary for Sterigmatocystis nigra. (Sterigmatocystis

nigra in the early literature is probably the same as Aspergillus

niger). Lepierre (26, 27, 28) claimed that aeriation was the
deciding factor in determining the amount of growth in cultures of
Sterigmatocystis. He was able to obtain normal growtha without
zinc, provided the ratio of volume of liquid to surface exposed
was greater than two to one. The results of Richards (41) show

definite increases in the growth of Aspsrgillus niger, Penicillium

glaucum, and Botrytis cinerea with a 0.002% concentration of zine

sulphate in a variety of culture media. lore recent work by
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Javillier (18), Steinberg (47), Bortels (6), and Roberg (44) prove
that zine, when added in small amounts, gives marked increases in
vegetative growth and that this action is even greater in the
presence of such elements as iron, manganese, and copper.

The manner in waich minute traces of zinc function in the
growth and development processes is not thoroughly understood.
Zinc has been considered as both an essential element and a
stimulant. Unfortunately, most of the investigators report growth
measurement based on one harvest of compratively young cultures.
Due to differences in the growth rate and the ratacr sharp decrease
from the maximum weight caused by autolysis, the one narvest method
does not give a complete story. Ileasurements saould be taken on a
culture series at L{requent intervals during the growing period of
the organisine 1The action of zinc either as an esssential or a
stimulating element depsnds upon the purity of the cnemicals used,
and the peculiarities of the tcst organisms, The data prec:nted

by Roberg (44) on the responses of .Aspergillus niger indicate

that zinec is cssential for a large and rapid growtih while the
absence of zinc praociically inhibits growth. Javillier (18)
thougnt thst zine favored the production of tiue enzyme, sucras:,
hut his data fail to prove wnether the increased production of
the enzyme 1s the cause or tane effsct of accelerated growtn,.
Steinberg (47) suggests thet zirc salts are effective owing to
their ability to hydrolize in agqgueous solutions tihus causing a
beneficial increase in acidity. He supports this view with a
series of experiments in which he obtained growth responses
similar to tnose witn zinc, by tne addition of acids to the

culture mediwn. Other theories have been advanced wnich suggest



Table 19.

milligrams of zinc sulphste psr liter of culture solution.

Growth responses of five Iungi to tne presence of fifty

Age of cultures at Tirst and second narvest
10 days 1D days
Name of minus plus minus plus
zinc zine zinc zinc
fungi dry | pHd dry {pH dry | pH ary pi
wts. 1 of © wis,|of wis. | of wts, | of
used mgs, © fil, . mgs. fil, mgs. . fil. | mgs.| fil.
- > ' :
22 3.6 | B6 3.6 128 | 3.6 | 397 | 6.4
Rhizopus 23 3.6 40 3.6 113 | 3.6 392 6.4
nigricans av.e 22 3.6 38 3.6 120 3.6 | 394 | 6.4
400 7«8 426 8.z 454 T 7.8 & 345 | 8.8
Fusarium 414 7.8 456 8.4 475 | 7.8 ' 335 8.8
solani av. 407 7.8 442 8.9 464 7.8 ' 340 | 8,8
sulphur- 76 . 5.4 4356 7.8 88 ' 6.8 397 @ 8.6
um av. 88 5.6 : 431 7.8 85 | 6.8 407 8.6
159 6.8 548 8.0 26 ¢ T.2 309 ' B.4
Altenaria 171 6.8 310 8.0 299 6.8 384 8.4
SDe av. 168 6.8 329 8,0 L2 7.0 | BT6 @ 8.4
i Aspe. 117 111 7.2 20 9.8 ceo  T.4& | 40 b
'+ white 117 7.2 24 5.8 184 . 7,4 : 46 0.2
| spores ave.e 114 7e2 22 5,8 20 [ T.4 | 43 - ©.
(MgS04~-2, KHpPO4-2, KNO3-5, Sucrose, Cry. Dom.-32, -ZnS0,-0.050.)

(40 cec. of s6ln. per culture in 125 cc. Pyrex flasks).

that zinc acts as a catylist either inside or outside the cells and
that zinc gives a proper physiological balance by the phenomenum of

antagonism,

In the present series of experiments one purpose was to

obtain more information regarding the nature of the action of zine

and secondly to get a comparison of

the growth responses of several

fungi grown under the same conditions to zinc wnen added to the

culture medium.

duplicate cultures were harvested at ten and fifteen days after the

innoculation.,

The first experiment included five fungi, of which

It is evident from the weights of the dried mats

given in Table 19 that tne organisms are not equally sensitive to
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zinc. The strain of Aspergillus albus candidus was not benefitted,
in fact, the growth in the check cultures were greater than in the
zinc cultures which suggest that zinc at the strength applied was
toxic. Fusarium aulani produced hut slightly heavier mats in the
zinc cultures, however, the presence of zinc seemed to cause the
cultures to mature earlier as indicated by the differences in the
pH of the culture media and a loss in weight by the last harvest.
R. nigricans, F. sulphureum, and the Altenaria sp. showed definite
increases in dry weight in the zinc cultures.

The results of a more detailed and extensive comparative

study are presented in Table 20. Again it is evident that the

Fig. 12. Fourteen day old cultures of three Fusaria in media
with and without the addition of 50 mm of zinc sulphate per liter
of culture solution.



Table 20, Growth responses of six Fusaria (F) and two Aspergilli
(A) in a medium plus and minus zinc,

Mungi i Age of cultures at each harvest
uged .7 days 12 days | 18 days I 24 days
plus dry | pH dry | pH = dry | pHd ~dry | pH
and wts. | of = wts.| of wts, | of wts. = of
. minus mgs. ' fil.; mgs. | fil. mgs. Tfil, mgs. fil.
i zinec ; ;
i { .
' F. lycop. 354 | 7.4  B06 | 7.4 E37 8.0 548 8.2 |
§ plus 4 273 Te2 476 ' 7.4 619 5.0 873 8.6 !
. F. Iycop. 9T e 92 1 G.2 113 6,6 135 7.0 }
fminus Z 94 5,0 | 96 0e4 116 0.6 128 7.0 :
[ T, 528 - 127 6.6 1 452 S) 6517 78 226 8e8 :
. plus 2 140 0.6 | 535 7.2 633 78 625 8.8 !
. 528 49 5.8 101 5.0 273 4.8 181 4,0
- minus Z 75 5.8 133 5,0 259 4.8 251 4.6
- F. 0098 372 7.0 464 8.2 439 Coll 621 8.0
. olus 2 403 7.0 i 519 Ced BLS £.4 644 8.0
i F. 008 167 0.8 540 6.4 458 7.2 550 7.8
i minus 2 223 ©e8 548 6452 454 7.4 537 7.8
CF,T0L 409 0.4 D92 . 6.6 600 8.4 563 8.2
© plus Z 401 6ed ©38 . 7.0 595 8.4 558 8.2
; . 701 119 0.0 O42 O.4 407 7.6 443 7.6 ;
¢ minus Z 122 00 261 6ol 43C 7.4 4517 76 ]
—F, 244 87 5.8 228 6o 541 7.4 568 Te2 |
‘ plus Z 81 583 252 5.8 358 T4 558 T.4 i
[ F. 244 9Z 5.6 120 T 5.4 143 5.8 222 7.0 i
i minus Z 82 5.6 107 5.2 150 60 225 7.0 ;
S F, 14T 227 5.6 205 4.2 68T  De.b 426 8.4
_ plus Z 186 O¢6 241 4,4 350 6.4 418 8.0 i
; F. 141 12T S.=  I33 5.6 2056 6.6 254 7.8
- minus Z 109 5.2 125 5,6 194 6.6 244 7.4 |
A, dbd4c 293 Oeb 034 [ 589 8.0 567 S.4 |
- plus Z 301 5.6 635 5,6 584 €.0 572 8.4
i A, Sbé4ce 147 Goi SL& 5.8 H07 Se3 044 5.0
¢ minus 2 lo4 4.2 560 5e8 499 D68 537 4,4
A. 111 097 2ol 560 2.6 472 248 473 2.8
plus % 668 2.0 571 2.6 462 2.8 481 5.0
A. I11 Z0Z .k 24D Z.4 409 2.4 371 Red
minus 2 225 2 o4 529 | 2.4 421 2e4 580 2e4

(1igS04-4, Ki,PCy~2, L0 -4, Sucrose, Comm. wuaker brand -40, zine
sulpnate -0705C.) (40 Hc. per culture in 12& cc. Pyrex flasks),.
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quanitative increase in dry weight in the zine cultures varies
greatly with the organisms., Under the conditions of this experi-
ment, zinc, in several cases, seems to function largely as an
accessory growth promoting agent. Traces of zinc as an impurity
may be present in sufficient amounts for a slow yet apparently
normal growth. In all cases there was a visible difference in the
appearance of the check and test cultures. The differences in

weight of mats produced by F. solani in the check and test cultures

were not great but the aerial hyovhae in the zinc cultures grew in
clumps, giving a distinctive appearance to the cultures. (See
Figure 12). Heavy, tough, and much distorted mats were developed

in the zinc cultures by F. eumartii in sharp contrast to the thin,

smooth surface colonies in the check cultures. The appearance of

the cultures of ¥. eumartii 528 were quite similar to the cultures

of F. radicicola 701. The main difference between the check and

test cultures of F. sulphureum 244 and ¥, tricothecioides 141 was

in the thickness of tne mats and a more uniform surface growth in
thie presence of zinc. The two species of Aspergillus proauced
heavier mats in the zinc cultures but the best sporelation occured
in the minus zinc cultures.

It is interesting to note that none of the eight fungi
listed in Table 20 developed a greater acidity in the zinc cultures
than in the test cultures. Ths general tendency of the Fusaria was
to decrease the acidifty in close correlation with the amount of
growth and the age of the culture. In botn check and test cultures

F. lycopersici decreased the acidity, while a slightly different

response occured in the case of Aspergillus fuscus d534c. There

was a marked increase in the acidity in both culture seriss of



th responses of Fusariun radicicola to different
sulphate supplisc in the culture medium,.

Table 21, &

o}
amounts of i

row
17iC

Grams J pH [Age of cultures at first, sccond and tnird harvest
of boof ; 5 days ] 7 days 1 11T days
ZnS04 - media | dry [ pll . odry | DpE ! dry [ pH
used . at wts., ' of - wts., = of - wts. of .
i per -start ngs. fil. ngs. fil. mgs. ril.
. liter _

i 70 Ced 194 7.0 265 7e4:
' 0,000 4.6 82 6.6 163 6.6 261 74
: 6l 0e2 16l 6.6 208 74

7L 6.2 173 €.7 261 Ted

a 375 8.2 515 8.4 402 8.8
- 0,005 4,6 379 8.2 528 8.4 411 8.8
: 387 8.2 511 8.4 407 8.8
580 8.2 518 8.4 407 8.8

247 748 516 8.0 441 846

©0.025 4e6 354 748 517 8.0 453 8e6
: 367 748 013 8.0 440 8.6
356 78 515 8.0 445 Bal

- 3599 748 5058 8,0 420 8e6

0,100 4.6 351 748 510 8.0 420 846

f 360 7.8 500 8.0 394 846
357 7.8 505 8.0 Z11 8.6

336 76 510 7.8 430 8.6

- 0.500 4.4 321 740 504 7.8 432 8.6
' 334 7.6 496 748 4S54 8.6
53 7.6 503 7.8 432 8l

; 180 6.8 452 Ted 438 8.6
1.000 4.2 198 6.8 463 7ok 417 8e6.
179 68 435 7o 424 846

186 6.8 450 T4 426 8.6

26 4.2 29 4.8 153 5.2

4,000 Se6 25 4,2 31 4.8 146 5.2
26 4.2 o1 4.8 145 5.2

26 4,2 31 4,8 128 5.2

5 27 S8 28 S48 30 348
; 8,000 346 28 Se8 27 948 53 3.8
P 27 5.8 25 5.8 36 S8
i 27 3.8 27 3.8 33 Za8

'(MgSO4-2, KHzPO,-2, KWOz-5, sucrose, Merk-32, ferrous sulphate-trace)
(40.0 cc, of solution pér culture in 125 cc. flasks)
Aspergillus niger 11l. The nature of these changes will be dig-
cussed later but it snould be noted that an increase in acidity of
The medium does not of necessity precede growtn acceleration.
Time and equipment did not permit a large culture series

test of the responses of several organisms to ditferent amounts of
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zinc sulphate in the culture medium. The results of one experiment
are reported in Table 21 in which Fusarium radicicola 701 was
cultured for a period of eleven days in a medium with varying amounts
of zinc sulphate. The presence of 0,005 grams of zinc sulphate per
liter (1.13 part zinc per million) was found to be sufficient to
give as good a growth as much larger amounts. The cultures con-
taining from 0,005 to 0,500 grams of zinc sulphate per liter showed
no marked differences in the growth rates or géneral appearance of
the mats produced. The use of 0,050 grams of zinc sulphate per
liter in previous experiments supplied the amount necessary but

not in a concentration that was toxic.

Average values of the dry weight of mats and pH changes
"throughout the growing period for each concentration are presented
in grapnic form in Figure 13. {(Calculation of average dry weight
and pH for check cultures -- 71,173, and 261 mm. give an average
valus of 168 mm. =-- also 6.4, 6.7, and 7.4 give an average pH
value of 6.8). Taere is some evidence of toxicity when one gram
or more of this salt was present in a liter of culture solution.
HBight grams per liter caused a considerable increase in the acidity
of the medium. The effect of an increase in the pH of the medium
is not clearly understood as the writer has never grown this
organism in a carefully buiffered medium so as to give a considerable
range in pH., Here, as in the studies on thne boric acid, tolerance
and amaonium nitrate requirements it is difficult to distinguish
between metallic ion toxicity and the concentration of hydrogen ions.
It is interesting to note that this organism was able after seven
days to make a decided growth in the presence of 4.0 gms./L. of

zinc sulphate, and to decrease the acidity of the medium. The pH
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Fig. 13. The effect of different concentrations of zinc sulphate
on the average weignt of mycelial mats and the pH changes in the
culture medium produced by Fusarium radicicola.

of the media containing 4.0 and 8.0 gms./L. were identical (5.6)
hence it may be suggested that growith was restricted in the latter
concentration eitner by tne titrable scidity or the specific action
of zinc rataer tnan the concentration of the hydrogen ions. In
tnis type of culture medium this organism tends to decrease tine
geidity with the greatér decrease in the presence of zinc wnen
supplied in non toxic amounts. The production of alkaline sub-
stances in the culture medium is not considered as veing due
directly to zinc but as tas result of a normal growtia of the fungua

and autolytic orocesses.



In all the experiments involving a large number of
cultures in tne 125 cce Pyrex =Zrlenmeyer flasks, incubator space
was not available so as to use a uniform incubition temperature.
Under such conditions results obtained ons nontn may be quite
aifficult to exactly duplicate a month later, The differences in
temperature usually result in variable growth rateg. In these
expe riments, wiere definite comparisons were desired, all tie
necessary cultures were innoculated on the same day and stored
side by side on one of the Jaboratorv tables at room temperature,
hence dail: variations in temperature were common to all cultures
involved. The one day old cultures of ta:z Tungi used to secure the
data presented in Tarle 20 are showh in Figure l. In this expsri-
ment 148 individual cultures were involved. A slight change in the
environmental conditions was coqamon to each contrasting culture
series.

Previous investigators nave often attempted to compare
thq&elative nutritive value of different sources of nitrogen.

An experiment was conoucted to obtain a comparison of the growth
responses of ¥F. radicicola 701 to ammonium nitrate and urea when
supplied in amounts equivalent on the basis of total nitrogen, in
cultures with and without zinc. Two 15 individual culture series
were prepared using 4.506 grams per liter of ammonium nitrate, and
to one of thnese series zinc was supplied at the rate of 50 mm, per
liter., The dry weights of ths mycelial mats and the corresponding
pH of tiie culture media for five harvests covering a pveriod of 19
days are given in Table 22. Urea, according to these weights,

is a poor source of nitrogen in the absence of zinc, but with zinc

it supports a much more rapid and greater growth than ammonium
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Table 22, Tne effect of zinc on the relative value of Urea and
ammonium nitrate as nitrogen sources Tor Fusariwa radicicola.

L Nitrogen sources ]
; - Urea ] Ammonium nitrate
. Age o 4.290 grams/L, | 4,506 grams/L.
, of ' minus zinc | plus zinc ¢ " minus zinc | plus zinc |
-~ cultures | dry | pH dry | pH T dry I DE Tdry | Ph
; at wts., of wts. | of wts.  of S wis. | of
narvest | mgs. ' fil.| mgs.' ' til. mgs.  Fil., mgs. | Til.
56 7.2 | 187 Ce2 141 4.0 157 2.6
6 66 7.2 1 164 6.2 142 4,0 156 2.6
days | 54 7,2 © 184 6.2 143 4.0 152 2.6
i_u_"_59 : 02 ! ___178 f’- 6.2 142 . m m . 2.6
g B2 7,0 b1z 8.4 234 4,0 258 366
; 10 | 65 7,0 . 534 8.6 256 4.0 227 3.6
| days | 63 7,0 = 516 8.6 219 4,0 255 3.6
60 %, 0 B2 B  T@E Z,0 47 B.6
;118 T¢2 455 8,6 329 4,4 428 @ 4.2
14 131 7.0 478 8.8 507 4o4 433 4,2
days 143 7.0 481 8.8 313 4.4 429 4.2
151 70 471 . B.8 319 4.4 429 4ol
- 181 6.8 447 8.6 362 4,6 410 5.2
16 . 16l 7.0 468 = 8.6 382 4,6 415 5.2
days . 148 c.8 440 8.6 346 4.6 426 9.2
153 0.9 450 8.6 849 4,6 417 0,2
218 0.6 430 8.4 409 446 379 6.8
19 199 0.6 4z0 8.4 410 4,6 386 ©e8
days 211 046 412 8.4 3986 4,6 415 : T.2
209 0.0 421 8,4 408 4de6 898 - 6,9

(lig804-2, KHpP04-2, Sucrose, é: P.‘Merk, ~32, ferric tartrate-trace)

(60 individual cultures-40 cc. of soln. in 125 cc. Pyrex flasks).
nitrate under the same conditions. It seems probable that ﬁhe
relative nutritive value of other nitrogen sources might vary in a
corresponding manner due to the presence or absence of zinc. Zinc
in effective amounts may be present in one compound and not in
another so as to give misleading results regarding their actual
nutritive vaiue., Hence, it would seem advisable to include
sufficient amounts of tanese elements waich are so effective in
small amounts in order to mask responses due to possible impurities

in the ¢ifferent compounds to be tested.
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Some of the above experiments have proven that a single
salt may be varied over quite a range witnout materially influencing
the dry weight yield if the concentration of the other nutrient
components is kept constant. A study has been made of tihe growth

responses of Fusarium eumartii to a series of different total salt

concentrations. In the experiments dealing with variations of
single salts, check series were not used sucih that would show the
effect the added zinc had on the amount of the salt required to
give the nighest yield. These experiments did not prove the
presence or absence of traces of zinc as impurities. If zinc is
present in effective amounts as an impurity, an incregse in the con-
centration of non toxic salts should be followed by an increase in
yield throughout the series until the zinec reqguirement had been
satisfied. There should be less increase in growtn in the high
salt concentrations than in the low total salt series brought about
by the adéition of zinc., In th:z present experiment five different
total concentration series with and without zinc were preparcd as
outlined in Table 23. In each series the carbon source was not
varied and in the test series zinc sulphate was supplied at the
rate of 50 mm. per liter of medium. Triplicate cultures were pre-
bared for eacn series thus giving a total of thirty individual

cultures for the entire experiuent.

7
A

Yavle 23. Iive nutrient solutions having a different total salt
concentration. (Grams per liter of solution).

T ] Solution number _ -
Mutrients 1 2 R 4 5 »
sucrose 50,0 gms.!50.,0 gms. ;50,0 gms, | 00.0 gms.|50.0 gnms.
K03 6.0 " 4,0 " ! 2,0 1.0 " 0.6
172 S04 ' 6,0 ™ [ 4,0 " 2.0 " 1,0 " 05 W !
KH>P0, | 6.0 " 4,0 " 2,0 " 1.0 " 0,56
pH oF series 4oz T 4,5 T 4,4 T 4,0 4.6 "




After growing at room temperature for eleven days one
culture wag removed from each series for harvest. It is admitted
that results based on single culture harvests are guestionable
from the standpoint of statistics, however, the culture to be
narvested was selected from a serilies of three cultures which, as
near as the eye could detect, were identical. The dry weights of
these cultures given in Table 24 do not show inconsistent varia-
tions. The remaining two cultures of eacn seriecs wers harvested at
tne end of a sixteen day veriod at waich time the zinc cultures had
apparently ceased to show an increase in growth and noticeable
autolysis had not begun. From the dry weight of the nmycelial mats
thus obtained it i1s evident under the conditions of the experimnent
that an increase in the total salt concentration resulted in an
increased yielc in the presence or absence of zianc. Thers is no
evidence to show any increases in growth direcitly due to a possible
increase in the concentration of zinc as an inpurity in the salts.
ne numerical ratio of the dry weight of the mycelial mats from the
plus zinc cultures to corresponding weights Trom the check cultures
varies directly with the to:sal salt concentration. (These ratios
are calculated from dry weights of sixteen day old cultures, Average
weight of series Z plus zinc (154) divided by the average weight
of series Z minus zinc (64) gives a ratio of 2.40-1). If there
was an effective increase of zinc as an impurity these ratios
shouwld vary indirectly with the total salt concentration. In the
plus zinc series it is evident that 4.0 grams of eacn salt were as
effective as 6.0 grams of eacin salt since there was not a correspond-
ing increase in the dry weights of the mycelial mats. In this case

the carbor suvply and growing space were limiting factors. A
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variations in the total
absence of added zinc sulpnate.

presence

Some growth responses of Fusariun eumartii 528 to Tfive

salt concentration in the and

1

e

Age Oof cultures wnen narvested

3
o

‘Cult- C QIS . L1l days 16 days " Ratio of
i soln. each Orig- dry [pH |Zstim. ; dry |pH Astim. dry wts.
‘ure numn- salt nal  wts. of @ amt. of wts.|of |amt.of of mats
‘ber per soln, mgs. fil. reduc. mgs.: fil. reduc. of plus
; series liter pH gugar | . gugar . zinc
: R : f ] ) " cultures
; i 195 to dry
1 6.0 4.2 165 4.8 5 194 15,0 5 wts. of
§ j 124 i mats of
; ' o7 minus
'Minus 2 4.0 4.3 100 4.8 4 146 (4.8 4 Line
: 151 : : cultures
‘zine : 109 i cam————
% 3 2.0 4.4 84 4.6 3 110 4.6 | 2.9  ggycula-
J: : : . { 109 ' R
‘series —————— i : 50— glong
4 1.0 4.5 59 4.4 2 83 4.6 2  Jocagy
. BT y
61 - old
5 0.5 4.6 49 4.2 2 67 4.4 2 cultures
R 6L
; 662 ‘
1 6.0 4,2 473 6.4 4.5 659 6,8 . 1 3.39=1
5 : - 660 :
Plus 670 : ’
zine 668 i :
: 425 ‘
series 3 2.0 4.4 297 5.8 2.5 - 418 644 2 3.856-1
: C 420 . ;
278 %
4 1.0 4,5 : 200 5,2 2 277 b6 ' 2 | 3.42-1
| 277 | i
L 155 ;
IS " 0.5 4,6 147 4.8 2 153 5,0 2 | 2.40-1
_ . 15% .

comparison of these growth responses are presented in craphic form

in Pigure 14,

The amounts of reducing sugars present in the filtrates

of eacn culture series after eachn harvest were estimated by the use

of Fehlings Solutions.

placed in smali bore test tubes and treated

Aliquot portions of

the filtrates were

with the Fehlings
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Fig. 14. The effect of the total salt concentration with and
without the addition of zine on the dry weight of mycelial mats
produced by Fusarium cumartii. (See Table 24).

Solutions., The reduced copper was allowed to settls to tihhe bottom

o the tubes ana the amount estimated, The results of these tests
are included in Table 24. These tests snow that the minus zinec
cultures contained a little more reducing sugars than the plus

ginc cultures and that the hydrolysis oi cane sugar was almost
directly proportional to the total salt concentration at the eleven
day harvest. In the filtrates from the sixteen day harvest the
amount of reducing sugars in the minus zinc cultures was the same
as at the eleven day anarvest. The filtrates from tne plus zinc

cultures containing two or more grams of each salt per liter showed

a marked decrease in tne reducing sugars. It is evident, therefore,
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that the presence of reducing sugars is not an important factor
in the growth acceleration aue to zinc. It seems logical to
assume that zinc does not function directly in tae formation of
reducing sugars.

Strains of Aspergillius niger have been used almost ex-

clusively by previous investigators in their studies of growth
stimulation. It seemed worthwinile to compare the responses of a
Fusarium with one of the cultured strains of Aspergillus niger.
It was possible to secure a strain of Aspergillus niger which was

a direct culture descendent of Aspergillus niger 4247w used by

Steinbery (47). A series of cultures were urepared from the same
stock solutions. To one half of these cultures zinc sulphate

was added at the rate of 50 mm. per liter. Fusariun radicicola

701 and Aspergilillus niger 4247w were used as the test organisms

in the »lus and minas zinc cultures.

A difference between tnc check and test cultures of both
fungi was soon apparent. after Iour days, the A. 4247w test cultures
(plus zinec) showed more growti than tne checks. hen five days
old the check cultures anad a darker and more abundant spore crop
than the zinc cultures. Arter eignl days the surface mats in the
test cultures beg.nn to folqﬁn several olsces and sink below tne
gsurface of tus liquid forming bag-like pro jections in thes mats.

In the cueck cultures only a tnin surface mat was Tormed.

CThere was little aifferentiation betwecn tue check and test
cultures of ., radicicolz at tne end of tnc Tour day pcriod. In
a

eacih flsck thaere was a colony on the surface - bhout the size of

penny, walle thers was an abundance of submerged gro i wialch later
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appearsd on tae surface. after five days these surfuce colonies

in tas test cultures had begun te curl zrnd fold duwawards Trom the
edges, wnile ths colo i:g in tne check cultures remainesc smootn and
Shine L yellow-brown colcoration appeared in tie zine cultures and
increased in intensity as the cualtures aged. The liquid medium in
the check culturecs was alwavs clear., Slimy masses of spores anoveared
in both: test and check cultures.

Some measurements were made on tne spores from the test

and check eleven day o0ld cultures of . radicicola. There was a

marked difference in the appearance of these spores. The spores
from the less mature check cultures were completely filled with
dense protopnlasm so that no septation was visible., The ends of
these spores were not sharp pointed, a result of hign turgitity.
After treatment with 95% alcohol and a sodium chloride solution
these spores were injured and plasmolized to such an extent that
tne gepta became plainly visible and the gpore cends became pointed.
The spores from tne zinc cultures contained only a thin film of
protoplasm around tine walls, the three seplta stocod out clearly

and the ends were sharp pointed giving & typicel fusiform appear-
ance. From the summary of these measurements given in Table 25,

it is eviaent that somewhal longer spores were present in the
check cultures. The arithmatical mean length of the spores in the
test and check culitures respectively were 5,00 and 5.43 occular
divisions. (One occular division is equal to 7.47 microns). It
seems logical to assume that this slight difference in spore length
is largely a question of maturity rather tinen a direct effect of

tne zinc.
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Table 25. Lengoh measurements of spores of Fusarium radicicola
from plus and minus zinc cultures after eleven days growthe.

Classes (length in occular divisions)

Frequency 2.0 $.,0° 3.5 4,0 4.5 0.0 5.5 0e0 1 6.5

(100 spores) . to to: to to to to  to to | to
245 3,5 4.0 4,5 5,0 5.6 6,0 6eb f7 0

T
¥
H
¢

i plus zine ! ! : |
' cultures .2 1. 3 5 15, 28 33 12 ¢ 1

Tminds zinc , ! : j ; | f

cultures 4 | 0| 1] 2. 5| =20 32| 22 14

Arlthmatlcal mean length-plus Z cult. --5. 06 occular d1v181on '
" minus Z " -=5.43 "
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Bean plants about ten inches in height were cut and placed
in filtrates from the eleven and Tifteen day old cultures of both
fungi. In three to four hours the plants wilted in the Tiltrates
from tne check cultures of both organisms, while wilting did not
occur in less than twelve hours inthe filtrates from the plus zine
cultures., Some plants were placed in tap water and used as checks
in wanich case wilting was not pronounced until after twenty-four
hours. The slight difference in the culture age did not cause g
noticeable difference in wilting the bean plants. Although this
experiment was not extensive enough to draw definite conclusions
it suggests some interesting possibilities for similar studies,
Different types of media have been used by other investigators to
study tne effect of metabolic products and changes in the liguid
medium of several fungi in relation to the wilting phenomenon,
neir studies have not involved a careful comparison of the effects
of using media which permitted a relatively good vegetative growth
of the fungus in contrast to tnose permitting a poor vegetative
growth of the fungus in contrast to those permitting a poor

vegetative growthh. The exact nature of the substances wnich cause



wilting is not known but their cuanitative production may be more
or less inversely proportional to the amount of vegetative growth
occuring in the medium. Herrick and May (17) have found that a
medium wnich gilves a relatively poor vegetative growth is most
efficient for the production of bluconic acid by some Penicillia,
Similar results were obtained by Currie (1l%) in the production of

citric and oxalic acids by Aspergillus niger. The results pre-

sented in Table 27 show that the addition of zinc tends to decrease
the amount of acids produced, which is closely correlated with the
total growth of the fungus. It is possible that the substances which
cause wilting of the higher plants both in nature and when cut and
pused in experiments similar to the one mentioned above, are gimilar
to the organic acids in their production. Such parasites as the
Fusaria seldom, if ever, find conditions in the host plant as
favorable for vegetative growth as in the common nutrient solutions.
Hence, it may be suggested that relatively larger amounts of toxic
substances would be produced in the host plants than in the synthetic
nutrient solutions permitting a luxuriant growtn., It would be an
interesting problem to make comparative studies of the production
of substances which will cause wilting by both parasitic and non-
parasitic fungi in media wnicn supported variable vegetative
growth. A knowledge of the factors influencing the production of
such toxic substances may lead to a clearer understanding of the
nature ol disease resistance and susceptibility.

The dry weights of the fungus mats in Table 26 show that
tane Aspergillus and Fusarium are guite similar in their responses
to the presence of zinc, differing somewhat in tne growth rate and

maximum yield. In the check cultures the growtn rates and dry
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Table 26. ieight of dried mycelial mats and pid cnanges in the
filtrates of cultures of Aspergillus niger 4247w and Fusarium
radicicola 701 in a culture medium plus and minus zinc.

i ? Cul ture series
. Age ; minus zing glus zinge
- of __Aspergillus | Fusarium Aspergillus Fusarium
- cultures ry ‘pH | dry pH ary l pH dry | pH
- at wts. of | wts. of - wts. | of - wts. | of
. harvest mgs. | fil. | mgs. fil. = mgs. £il. = mgs. | fil,
. 100 4,0 93 6.6 205 | 4.2 12 7.2
5 93 4,0 70 0.4 272 4.0 163 ' 7.2
days 86 4,0 125 6.8 3l5 . 4.2 192 7.4
95 Z.0 98 ©.6 297 4.2 TI72 .3
. 228 9.0 177 Tez 085 9.4 - 820 - 8.0
8 224 9.0 153 7.0 594 | 3.4 - 494 7.8
days 214 340 178 7.2 599 Sed - 499 8.0
. 222 3.0 168 7.1 594 Bed S04 7.9
265 7 2.4 302 7.0 477 | 4.0 020 8.4
11 263 | 2.4 320 7.6 , 496 | 4,0 505 8.4
days . 272 2.4 318 7.6 490 | 4.0 . 510 8.4
267 2.4 ) 488 4.0 BIz B.4
T 920 2es %29 7.8 472 4,2 455 8.6
15 . 329 2.2 321 7.6 453 4.2 F 452 Be6
days L3825 2el 386 7.8 442 | 4.2 4959 8.0
%26 | 2B . 829 7.7 £56 . 4.2 449 3,6
584 .4 ] 342 8.0 405 4.4 400 | 8.8
; 18 301 2e4k g ——— m—— 4535 ! 4 .4 i 439 8,8
[ days 382 2,4 | 344 8,0 452 | 4.4 | 430 8.8
| | 376 2.4 74% 8.0 7456 | 4,2 | 743  T.B

(MgS0y-2, KHpP0y-2, K0z-2, comm. sucrose -32, ZnS04-0.050).

(Trac: of TefPrié tartrafe in all cultures)

(40 ce. of sola./culture in 125 cc. flasks. pH-4.5).
weilignts are almost identical, ¥Tne chief differences 1in the resoonses
of tnese organisms are tihe pl changes incuced in the liquid medium,
In general one tends to decrease tne acidity waile tne other

increases tue acidaity. It is interesting to note that Acpergillus

niger 4z47w oproduced a greater acldity in the nminus cultures toan

in the plus zline cullures, and that Fusarium radicicols resyponded
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conception of tne action of zinc. He assumes that the zinc sulohnate
upon hydrolysis increascs tne acialty or tine medium taus forming
a condition more favoravle to growth. The results of tinis experi-
ment do not supwvort nis aypotnesis in regard to eituer organisme
It is more logical to consider tnese pH relationsiiips as the result
of growih ratancr than the cause of growtn acceleration.

The dirfference in tne pH of the ITiltrates from the plus

and minus zinc cultures of Asyergillus niger 4247w reported in

Table 26 suggested similar and probably even greater differences
in the amounts oI titratatle acids present. To determine the effect
of increased vegetative growtih due to the acdition of zinc on the
amounts of titratable acic present tie following experiment was
érranged. Two series of cultures were started, to one series zinc
was added at the time of preparation, waile in the other series
zinc was not added at the beginning of the experiment. Cultures
were harvested from the plus and minus zinc series at six aay
intervals during a culture period of eightcen days. At the Time of
the first narvest (6-days) zinc sulphate was added to three of the
original min.s zinc cultures wnich in turn were harvested six days
later. Again at the second narvest (all cultures 12 days old) zinc
was added to three more of the cultures waich nad grown Ior twelve
days witunout zinc. ©The anarvest data given in Table 27 includes the
dry weignt of tne mycelial mats, tne pH of the filtrates, and the
amount of a weak sodiwn hydroxide solution required to titrate to
a standard color, using Brom crescl purple as the indicator, one
fourth of tne filtrate from the individual cultures.

Tne effect of the added zinc, on the weigat of the dried

mycelial mats and the amount of titratable acid present is presented



-75=

Table 27. 'Wane effects of adding zinc at tiaie ol iannoculation and
later wnen cultures were © and 12 days old, on tne dry weigant of
the mycelial mats, pH, and total acidity of culture mediwn produced
by Aspergillus niger 4247w,

Time Age of cultures when narvested
of 6 davs [ 1z days 18 aays

zine dry ce., of | pH ' dry |cc. oflpH dry !cc. ofi pH

addi- . wts. ‘NaQH | of wts. WaOH  of | wts,| NaQH | of

tion . mgs. used | fil. mgs. used  fil, mgs. used | Ti
| checks - 509 2.8 3.8 656 1l.2 2.2 869 17.0 2.0
§ no . 487 2.8 4.0 6387 1ll.4 2.2 875 1645 Dol
o zinc at 517 2e8 S8 662 1l.D el 893  16.4 2.2
. start - b04 0 2.8 e 652 1le4 2.2 879 | 16.6 2 el
! 1011 2.7 S8 llOl ed ez 1218 2.4 3.8
 plus 980 . 2.7 3.8 1146 8.1 2.2 :1147 5.1 @ 3.0
i zinc at . 996 26 3.8 1098 Bek Ze | { :
i start 99 - 2.7 ., 3.8 ;1115 Bed 2.2 L1180 | 3.7 | b.4
L zinc aaded to culbtures wnen . 1038 7.0 2.6 970  11l.2 | 2.6
¢ 6 and 12 days old and each © 1036 7.0 2.6 1008 11l.3 | 2.6
' series harvested six days 1050 7.0 ' 2.6 998 10.0 | 2.8
'later. TI048 - 7,0 2,6 994 T0.8 | 2.7

(MgS0y-2, KlpPOg-2, KNOz-4, sucrose 50, an0446.05O).

(100 cc. of bolutlon per aaO cc. culture flask).

{One~fourth of filtrate used in eaca titration).
graphically in Figure 16. In the six day old cultures there is
little difference between tane pH and titratable acid present in the
plus and minus zinc cultures, however, tals difference becomes more
marked at tine subsequent harvests. The total gcidity of the zinc
stimulated cultures becomes less than in the minueg zinc cultures.
The aadition of zinc to six and twelve day old cultures (originally
minus zine) resulted in an increased vegetative growth and a cor-
responding decrease in tine totel acidity of the culture nediun.

Tines pid chenges of the filtrates listod in Yable 27 check
clusely with tnose presented in Table 20. From a gznsral comparison
or tne cata in these two tables it is evident that in tne latter
experiment the culture growta rate was somew.atl slower, Tais

el

aif

£

ference is aue to temoerature, tae Tormer exoerinedt was poer-
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Fig. 17. Cultures of Aspergillus niger 4247w, twelve days old.

1. - Original minus zinc culture. 2. - Culture treated with zinc,
when six days old. 3. - Original plus zinc culture.

formed in dune, 1928, while the latter was carried out in
February, 1929%*

The original cultures plus and minus zinc showed the
characteristic differences in spore production and thickness of
mats. The addition of zinc to the six day old minus zinc cultures
resulted in a marked stimulation of growth during the following
six days. (See Figure 17). The addition of zinc to the twelve day
old cultures did not greatly influence the general appearance of the
cultures. It was interested to note tnat the original minus pine
cultures were able to make a slow yet steady increase in the size

and thickness of the surface mats, probably due to the impurity of

the original nutrients.
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GENZERAL DISCUSSION OF RESULTS.

A nutrient solution which is suitable for good growth
of all the fungi studied must contain proper carbon and nitrogen
gources. iagnesium sulvhate, mouosotassium acid phosphate, and
zine sulphate can be used successfully to suvply the other growth
essentials, Other elements, 1f needed in small amounts seem to
be present in surficient quantities as impurities to give a good
vegetative growtn., Tane concentration of tue obvious components
of the nutrient solution can be varied greatvly without correspond-

8 possible

e

ing growth responses. The fact thlt such variavion
seems Lo be tue reason fTor tihe heterogenous list or so-called
standard nutrient solutions. Within wide limits tne osmotic
pressure of the culture solution did not exert a toxic action on
the organisms studied.

Tine minimun amount required of any component oi the
natrient solution must be defined Iin terms of tang culture form

and tae concentration of tne otuer nutrieat components. wor

o

instance, dif<ercnt amnounts of potassiun nitoate woulld “e reguired
in the utilization orf ten and fifty grams o0l glucozz >zr liter,
Variations in the concentration of the carbon source in « suitable
medium usually result in corresponding variations in the dry
weilght of the mycelial mets. The minimum amounts of mononotassiwa

A

acid phosphiete and magnesium sulphate reculred to give a wield

@
-

winicn larger amounts of these salts woulc not nmaterially increase
does not clozzly agree with the amounts in many commonl:r wsed

solutions. The result of these studics show tnat gram per gram

asout two times more magnesivin sulphate is recuirsc than potassium
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acid panosvhate., The addition of zinc to the mediwa is odvised

n

onse ol a fungus,

w
&)

waenever measursments are wade on tne Jrowil ro

to variations in the concentration of a single componeant, or to
different components, so0 as to mask the effeclt of tracaes of zina

thnat might be prescnt as an impurity.

Ine role played by the elements wiiich are needed or are

r
[

effective in smell ancunts is not clearly understood. The data
presented in tone ahove tables saow tnat all the organiéms except
the white spore strain of Aspergillus responded to tne addition of
zinc sulphate to the culture medium. The culture medium was not
carefully purified (by chemical precipitation, recrystallization
or redistillation) to remove possible traces of effective im-
purities. Hven though some of tne organisms were able to make a
Tairly good growin wnen zinc was not added it does not follow

tnat zince is an unessential element. The results obtained by
Roberg (44) and others seems to justify the conclusion that

zince is an essential element the same as tne nore obvious elements,
carborn, sulpaur, phosphorus, etc., Tne fact that all tane organisms
did not respond equally to tne added zinc does not necessarily
mean tnat zinc is unessential as &different organisms may reguire
different amounts of zinc. The amount of zinc or ot her elements

as impurities in the chemicals used in the nutrient solution may
have been nearly sufficient to satisfy the needs utaider such
exverimental conditions, Hence, when the culture medium is notb
free from such elements as boron, manganese or zinc, the addition
of sucn elemecnts may ve ineffective, or result largely ia growtn

acceleration or stimulation.



=80~

The slight increase in the acidity of thne culture medium
brougnt about by the addition of zine sulpnate does not ssem to be
a satisfactory explanation of tihe menner in wnich zinc infliuences
the growtn responses. The addition of Iifty milligrams of zinec
sulphate To one liter of culture solution did not give an increase
in the H-ion concentration that could be detected by colorimetric
measurements, The data reported in Tables 20, 26, and 27 do not
verify Steinberg's suggestion tnat an increase in the acidity is

associated with growth acceleration. Fusarium radicicola was

able to make a guicker and greater total growth wrnen zinc was

present even taough the medium was becoming less acid., Aspergillus

niger 4247w never produced a greater acidity in the plus zinc
cultures thnan in the minus zinec cultures. In the case of

Aspergillus fuscus $534c¢ the medium to which zinc was added

rapidly became alkaline waile in the minus zince medium the active
acidity was increased.
In general the effective action of zinc may be extra-

cellular or intracellulsr. Javillier (18) showed that Aspergillus

niger absorbed zinc from the culture medium and fixed it within the
cell even in greater amounts than was necessary for tane maximum
growtn unwer the experimental conditions. The secretion of

organic acids by some fungl may be an assst in disolving certain
substrata but it does not follow tnat tnat acid secretion is
advantageous undaer all conditions. The presence of zinc witnin the
cell in some manner influences this acid secretion. If The amount

of acid secreted by Aspergillus niger was directly propsortional

to the amount o0f growth then far more acid should bhe present in the

plus zinec culitures. Assuming taat the dryv weight of the mats and
& 3 g
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number of vegetative cells are closely correlated, it vthen follows
that eacit cell in thne min.s zinc culture was secreting at least
twice as much acid as a siilar cell in the plus zinc culbure.
Eitner less acid was formed in the cells containing zinc and as

a result less secreted, or approximately equal amounts were Tormed
in both plus and min.s zinc cells but tne presence of zinc in some
manner made possible tne airect utilization of tne acius before
they could all be secreted. Ono (35) and Richards (42) beliesved
that most of tnese acids were utilized directly in tae presence of
zinc tanus decreasing the amouit of acid secreted out in the mediume.
Lne data in Table 27 siow that acid formation occured in cultbures

or Aspergillus niger 4247w with or without the addition of zinc.

If this fungus is abls to utilize the acids before they
can be entirely secretea tihen there snould be a more efficient
utilization of tne carbohydrates supplied and a corresponding
decrease in the total acidity of the culture medium. Xinoshita (22)

showed that the production of Cojic acid by Aspergillus oryzae was

increased winen tne supply of nitrogen was limited or winen fthe
nitrogen source was difficult to utilize., Tnis increase in the
acid secretion may be due to a retardation of the synthesizing
processes caused by a defiecient nitrogen supvly. In this case

tne acids eould hot be used in the syntnetic orocesscs, hence were
secreted. The exact nature and seguence 0I tne phnenomena involved
in cell growith 1is nov known. However, 1T seems logical to aspoume
taat; Tirst, tue Toodw materials enter tag cells turougil a complex
membrance; secoind, Tnese nutrisnts, once witnin the cell, undergo

some transformations Iin tae production ol energy and in toe

formation ol certain bullding units waonlen arc fianally utilized in



the synthesis of protoplasm. It is difficult to say just where
and how zinc or other chemical units function in the growth
processes. The writer is inciined to consider zinc as an essential
element which functions in the synthesizin@ processcss within the
cell. Tanis concept receives some support from tas fact that a
deticiency or an obviously essential element sucn as nitrogen
has tne same effect as an insuilficient sugoly of zinc in tuaat acid
secretion continues even taough an increase in dry welight is greatly
retarded or in some cases inhibited. Moreover, tne permeabllity
of the cell membranes seems to be »nracticslly the same in the
culture with or without the added zinc. The carbon sources were
able to enter the cells, as apparently were the otiner food
materials. The acids in the case of certain Aspergilli were able
to go out through the membrances in the »nresence or tie absence
of the added zine. The Iusaria, in genersal, do not seccrete acid,
probably due to the absence o7 ccrtailn enzymes but tne addcition of
zinc usually resulted in an acceleration oi growtn and a more
efficient utilization oy tae available nutrients in tne oroduction
of dry weight.

There was no abnormal increass in respiration according

b

to Watterson (42, in the presence of zinec., Sns found the ra

ot

jio

of carvon dioxide to dry weignt pdroducea to be practically the

same in the plus and minaus zinc cultures. Tnesge resultvs indicate

a normal metabolism in tne presence of zine., ‘nere is a guanivative
relationsihip betwesn tns amcunt of zinc supplied and the dry

weight of the nycelium according to Stzinbsry (47). Brencaley and
Warrington (8) foutd a similar relationsnip in tne bhoroa

requiremaents of Viecia faba. The boron was ahsorbed and in sonms
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way removeu from action, a consvant supply taus being necessary.
‘‘hese results suggest that boron and zinc do not &ct as ordinary
catalysts

In view of wine prcsent knowleuwge, the Writer is unable
to name tie exact role played by neny 2lements wilca are effective
in minute quanlities. Lkowever, he is inciined to consicder tnose
wnicin act similar to zinc as true egsential elements whicn Tunction
in the synthesizing orocesses of the living cell, and Iorning &

more or less permanent part of some molecular structure.
SULLIARY.

1. A large number of experiments are recorded in walch pure
culiures of different fungus genera were grown in liquid media

to determine certain growth responses to some essential and

some so-calleuw stimulating elements.

2. In a favorable nutrisnt solution the amount of vegetative
growth varies almost directly with the concentration of such
carbon sources as glucose and sucrose.

3. Several nitrogen comvounds can be ussd as suitable sources

of nitrogen. The amount of nitrogen actually requirea depvends
upon tane concentration ol the otasr nutrients. Yie nitrogen
sources play an imoortant role in the acidity caanges 1in tne
culture medium. In the presesnce of nitrate salts of alkali metals
fungi generally decrease the acidity of tu: culture medium, waile
tne reverse is true in tne presence of aammonium nitrate, nrobably
due to the different rates of ionic absorption. The use of
amnmonium nitrate with the nitrate salts of the alkali metals

retards the development of extreme acid or alkaline conditions in
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the culture medium. However, those fungi wihich excrete organic

n

acids will increase tue acidity of the medilum regardless of the
nitrogen source.

4, The minimum amownts of magnesium sulpnate and nmono -
potassium acld phosphate necessary to give maxinum growth was
determined under certa.n experimental conditions. Fusarium

radicicola 701 and Aspergillus niger 4247w have practically

tane same mono potassium acid phosphate reguirencnt. The addition
of more t.an the regquired amount of magnesium sulpnate to the
medium resulted 1in growtn acceleration but gave only slignt
increases in tue ory weignt yield. Large amounts of tae mono
potassium acid pnosphate exert a buffer action in the culture
megdium,.

S5, A nutrient solution of approximately the following composition
has few objectionable features for cultures in 125 cc. Erlenneyer

flasks containing 40.0 cc. of solution.

Potassiwn nitrate,cceeeseeeesss KNO ceceess 0.000 grams
Iiagl’lesj.m“ﬂ Sulpl’late ® ® @ & 6 5 & 00 3 8 IVIgS L ] 7H20 e o BQOOO r’
llono potassium acid phosphate.. KH2P g ... 24000 "
Glucose OI. Sucrose .....0...'......'......0..40.000 "
Zinc sulphate, ZNSO, ceeeecsssscascscconssseces 0a000 "

Distilled water to %ake volume of one liter.

otner elements may influence ths growtilh responses,.

b

The addition o
The extent of such responses will depend upon the purity of the
nutrient componenis and the organism employed.

6. Iore accurate results can be obtained wita several narvests
during a culture period than with a single narvest oL comparatively
young cultures, due to differences in vhe growtn rate and the

occurence of autolytic orocesses.
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7. Under the experiwuental conditions, the fungi used were only
slightl, benafitted by the addition of minute guantities of boric
acid.

8. An increase in growth of Fusarium radicicola 701 was obtained

in test tube cultures with ammonium nitrate as the nitrogen source
by the addition of approxirnately 0,500 grams of boric acid per
liger,

9. Careful studiss snowea that boric acid tolerance varied witn
the organisms and the composition of the culture medium,

10. The addition of manganege To the culiure msaium resulted in
an acceleration of growth and a slightly greater dry weight of
mycelium. Thne response to manganese was less tnan to zinc.

11, All the Fusaria cultured snowed definite growtin responses

to the addition of zinc to the culture medium. The extent of such
responses varied somewhat witn the daifferent organisms.

l2z. Zinc is considered as an essential element winich functions in

anabolic metabolism.
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