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GROWTH OF CUNWINGHAWELLA AS INFLUENCED BY

FORNMS 01 PHOSPEORUS AND HITROGEN

The relative growth of the fungus Cunninghamells

on proverly controlled soil cultures has recently been pro-
posed for measuring the level of available phosphorus in

; .
soé%k.lbéecause of the considerable promise which this method
has, it seemed desirsble to make a thorough study of the nutri-
tion of this fungus, particularly as regard the suitability of
ciiferent forms of nitrogen and phosphorus. An investigation
dealing with this subject was, therefore, undertaken and the

results are herein reported.

HISTORICAL

Very little specific information regarding the nutri-

tion of Cunningh;mé}lgfwas found in the literature and studies

D ;
Ay
were mainly restricted.to morphological and genetical classi-

fication. The forms of ﬂiﬁrogen which various fungl preferably
utilize have been widely investigated, and for a general re-
view of the literature, the reader is referred to the texts of
L8hnis (13), Yaksman (31), Lafar (11), and to the papers of
Klotz (10), and Janke (9). Whether the ammonia, nitrate, amid,
or amino forms of nitrogen are used at all, or vwith preference,
appears to depend upon the fungus, the reaction and carbon

source of the culture medium, and isoelectric point (19).

Cunninghamella bertholletia at a slightly acid reaction was

able to use the nitrate form rather well (24). In the presence




of one per cent citric acid and ten per cent sucrose,

Cunninghamella sp. apparently was unable to develop with am-

monium sulfate as the nitrogen source (23). C.elegans and

C. ecninulata used the ammonia and nitrate form equally well

at neutral and sglightly acid reactions (15).
The usual forms of phosphorus used by fungi are the
salts of orthophosvhoric acid, although the meta- and pyro-

forms of phosphoric acid and organic forms have been found to

be used (3). For a review of the literature on the forms of
ohosphorus and the extent of its utilization by fungi, the

reader is referred to L8hnis (13), and Waksman (31). It will

be found that the assimilation of water insoluble or slightly
) ) » by.fun%i L .
; soluble forms of plosgoug/is closely related to the formabilon
of acid in the course of their metabolic processes and partly

to the action of enzymes. In the assimilation of phosphorus

reduction may also play a role (18). The acidity of the cul-

ture mediuw influences, consicderably, the assimilation of soluble

phosphates by Aspergillus niger (26). Rhizopus sp. utilized

v n
phospnorus from thée so6il approximatély%proportion to the phos-

T

phorus soluble in one per cent citric acid (22). (. elegans

i

and C. echinulata grown on soil cultures near the neutral point

§ developed in relative proportion to the solubllity of the ap-

plied phosphates (15).

KETHODS AND MATERTIALS

In this investigation the method closely followed was

that of Ilehlich, Fred, and Truog (15), in which a solid sub-




Se
stratum is used and the fungus growbth of the aerial development
was
of the mycelium/measured.

fungus Cultures

0f the Cunninghamella species 1t was found vpreferable

to use (. blakesleeana minus strain (12), because it develops

a dense aerial nypha and grows rapidly. Reserve stocks, carried
on malt-cxtract-agar slants (2.5% malt extract, 27 agar), were
transferred every four months and kept in a cool place. Cul-
turés were also carried on the regular nutrient solution used
for making the test for phosphorus, about to be .described, but

: to which is added 2 grams of agar anc 0.05 gram CaH4(P04)2-H20

or

-,
1N
AN

utrient Solution

The nutrient solution used for studying the influence

of forms of nitrogen on the growth of Cunninghamella was the
same as vreviously describved (15), except that 0.1 gram of

of and smounts
CaHy(PO4)s * HoO per 100 cey/ Ho0 were added and the formgy of
nitrogen were varied as will be showm later. To study the in-
fluence of forms of phosphorus on growth the nutrient solution
as previously described was at first used, however, later, as
a result of detailed studies with nitrogen the following some-
what modified nutrient solution was adopted. A stock solution
of organic salts which keeps indefinitely 1s first prepared,
and then to avold cecomposition, the final diluted nutrient
solution is made up Ifresh daily. These solutions are made up

as followss




4,

Stock Solution Inorganic Salts Final Nutrient Solution
XsS80 e o o 10.0 grams Sucrose or Glucose . . 2.5 grams
MgS0g4e 7HoO o . . 5.0 grams Asparagin . . . . . . 0.5 gram
FeB804. 7HoO0 . . . 0.05granm l-Aspartic acida . . . 0.1 gram
Zn804. 7HoO + +» . 0.05gram Stock solution of in-
Distilled water. .100.0 cc. organic salts . . . 0.5 cc.

: Distilled water . . 1U0.0 cc.

Culture Dish

In order to better control the moisture conditions,
to lessen the amount of soill needed, and especially to make the
readings more accurabe, a speclal clay dish (16) was designed
for use instead of the Petri dish (50 mm. diam., 100 mm. deep).
This special dish consists of a clay slab (55 mm. diam. by 15 mm.
thick) having a cavity (23 mm. diam. by 7 mm. deep). The sur-
face of the cavity is pglazed so as to be waterproof, but the
rest of the slab is unglazed and has a porosity of 8 to 10 per
cent, so that it will hold moilsture anc¢ thus vpromote the growth
of the funsus uniformly over its surface. The surface of the
unglazed portion should be of a dark color, like dark red, against
which the white mycelium may be easily seen. This dish may be

purchased of the Coors Porcelain Company, Golden, Colorado.

llaterials

PSR ——

Forms of nitrogen: The inorganic salts of nitrogen,
used
asparagin, aspartic acid, glycine, cystine, and ures/were com-
the
mercial, chemically pure products, an@/glutamic acid and

arginine were prepared in the Asricultural Chemistry Department
of this institution. The fertilizers used were commercial prod-
ucts, and the mold tissues were obtained TFrom nutrient liguid
cultﬁres. They were washed free of the inorganic salts, and

ground to pass a 60 mesh sieve. Alfalfa hay was similarly




treated.

Forms of phosvhorus: Viith the exceptiocon of crude

ohytin, which was prepared in the Agricultural Chemistry De-
partment of this institution, and meta vhnosphate, which was
prepared at lluscle Shoals, all inorganic and organlc phosphor-
us salts used were commercial, chemically pure vroducts. Be-
fore using the iron ané aluminum phosphates, they were washed
to remove the water soluble vortion. The baslic iron phosphate,

dufrenite, was an impure sample containing 19.2% Po0g, and be-
fore using was treated with CUo saturated water so as to remove
any easily soluble phosphorus. The rock phosphate used was a

200 mesn sample of Runm's phosphate.

: Sand Cultures

Optimum concitions for the growth of the fungus
usine sand culturcs were provicded by mixing 2 parts of quartz

vowder with 1 part of washed quartz sand. This mixture, from

the standpoint of texture, serves as a very satisfactory sub-

[

stratum for growth. To buffer this sand at different reactions,
bentonités were employed. The use of 6% natural bentonite from
Yyoming containing some free CaCCz permitted the system to be
puifered at pH 8.6; five per cent of a 96J K-saturated bentonite
and 1% of the natural bentonite vuffered the system at pH 7.54.
With 6% of a 5l% K-saturated Lentonite the system was buffered
at pH 6.72. By means of H-bentonite, systems at pH 5.26 and

oH 2.9 were obtained. Tne latter was made possible by treating
the sand mixture with &ilute citric acid and washing with dis-

tilled wuter to remove the excess of acid.




B il

Systems of intermediate points of reaction were obtalned by
making mixtures of these systems. The ¥- and H-bentonites
were orevared in this laboratory by Tyner (28), and Cook (4),
respectively. For’the ¢etermination of oH the slass electrode

and Truog's triplex indicator methods were used.

Soil Cultures

Fresh soil samples were thoroughly air dried (employ-
ing at times a fan) and screened through a 20 mesh sieve. Sam-
ples may be dried in an oven, bubt the temperature shoulc not
exceed 40° ¢. If samples are to be stored for use later, 1t was
found important that the well dried soll be plsced in air-tight
containers and stored in a cool, dry place. Soil stored im-

properly should nsver be used for a test of this kind, and

fresh soil is always prelerable.

liethod of Addition of Uifferent Forms_of
Nitpogen and Phosphorus

Unless otherwise indicated, the soluble forms of
nitrogenvand ohosphorus were added in the desired concentration
to the nutrient solution and a definite volume, usually 2 cc.
added to 10 grams of sanc or soil. The preparatiocn of the
plaque is brought to its optimum moisture conditicn by adding
some of the nutrient solution free of nitrogen or phosrchorus.
To obtain & satisfactory distribution between the non-water
soluble forms of nitrogen and phosphorus and the substratum
(sarnd or soil), the required amount of material was first mixed
in a .ortar with a small amount of fine quartz sand, and vigor-
ously stirred with a pestle. This larger sample can then be

more thoroughly distributed with the soll or sand.

T ——




Detalls of Cunninghamella Culture Yests

Ten zrams of soil or sand are thoroughly mixed with
gsufficient nutrient soluticn for opbtimum growin: conditions.
The mixture is then packed into the caviﬁies ol the snecial
dishes with a spatula, and the surface smoothed and pressed
just sligntly below the rim of the cavity. These dishes are
then placed in a pan, supplied with water to a depth of 6 to 8
mm. ‘e pan 1g then covered with a glass plate, which 1s removed
only for making inoculation and I'inal measurements. A4 spore sus-

vension 1s prepared by adding 1 cc¢. of the nutrient solution to

o

test tube culture of the fungus anc stirfing with a wire.
This suspensiorn 1s poured into a Petri Jdish. By means ol a
wire loop (3 wmm. diam.) a very small drop of the spole suspen-
sion is placed in the center ol each soill placgue. In order to
make these drops uniformly small, the loaded wire loop is
touched to the clean glass surface of the Petri dish, thus re-
moving any excess. A plece ol vaper or wood is then placed be-
tween the glass cover and dish to vrovide for aeration. UYhe
for 64 hours.
cultures are incubated at 29° ./ At the end of the incubation
period, the diameter of growth 1s determined by making two or
three measurenents with a palr of calipers ant measuring rule.
Weasurements shoulc include only the main or actual body oi the
growth, ignoring a Iew Indivicual hyphae which project Leyond
the main mass. Accuracy in reading is obtained with the ald of
a large magnifying glass. Daylight readings are usually more

satisiactory.




It was found vreviously (16), that within a moderate
ran-e of reactlon, both the ammonia and nitrate forms of nitro-

sen were used C©y Cumninchamella. Tn this study orranic forms

of nitrogen were Iincluded and the ranse of reaction exitended.

In some of th

D

eariy tests for available rhosphorus,

wit

w1t armonivm nitrate,

[}
)
o]
[}

a souwrce oi nitropgen, the nabtural

fungus Ilora oif thwe soll greatly suppressed the -rowth of Cun-
ninghamella., This was avolded vhen the savple of soil was

heated at 40° C. Tor several days. In extending the test to

1

nclude a greater variety ol soils from recions where the

natural fungous rlors was more prolific, particular if the

P

soil samples were taken in the fall after green manures were

incorporated, or undecouposed or anjc matter from the previous
cron was vresent, the natural ilora, interierred considersably,

itn the vproper development ol Cunninghamella. It was Ior this

reason that the present 1lnvectlration v as exbended to include
the iniluence of several Torms of nitrogen on the zrowth of the
natural fungous rlora of soil.

After the concentration of soluble nitrogen necessary
to obtain maximwun srowth of the funpus was deteriiined, diiferent
forms of nitfogen were added at a rate to »rovide & mgm. of
nitrogen pver 100 grams ol sand-bentonite mixbtures. The results

£

in table 1, indicate that different forms of nitrogen are util-

jof

g

ized cifferently and that

he reaction nlays an important role.

i

Cunninghamella Dlakeleeana 1s able to use the nitrate form

equally well throughout a wide range of reaction, while the

avmoniwm rorm is used equally well only sbove »H 5 and to a

.

considerably lesg extent below ni 4, That




9.

39 L% L3 Al 0s 10574 eq 15574 4¢) 18 g 8L°8
s LY 62 LT wm ba% 174} 18 9g 3s 9g G4
174°] [S374 4 33 4% 374 145 0% ¥S 0s 99 06°9
e] 8% 8¥ 82 eg 15574 0¢ TS 9% as 7 03°9
29 0¢ 6% 83 1] a4 6% S 4% 2g 39 gg*g
4% 08 8T 9¢ 4381 954 ST as LY 7S 19 o'y
4% 8% L og 145 8¢ LT (54 9¢ g 1745 %2
18 9% 9% 4% 1374 o¢ 8¢ . 3% 13 0¢ 545 00*¢
¢ TUIUX * U UL * UIUX * UL * WL * UL * UM U * UL * UTl Hd
LY E g B8 .2 9§ sy Ep BE
O b o] 0 3 e oo (o 0] [ o o 3
RS @ He o e o () o =5 O B 5 0
g m e =] e pm = ww u. w m W m
& & B 5 B - o ) m o " ® g uoT3oBLOYy
ot e o = =
Mo u ~

UeJO0dqTH JO SUWIOL AU6doJIT( UATM UIMOIH 1640487 JO J930WBT(

ﬁﬁmw.WOOﬁh@ngonuﬂmmo.Emgmm>m$m@mmmﬂﬁmgﬂ

UOT4BOTTAUY JO 948X  °SUOT328BE} JUSJOIIT(I_38 USH0J4TY
JO suwdo. £g peousnTIUl S€ BUBSSTSSHBTQ *0 IO UIMOJD

T oTgsy




10.

anmonium nitrate 1s not fully used at & reaction more acid then

pH © 1s due to the lower concentration of the nitrate nitrogen
form. It is interesting to note that urea and, to a lesser ex-
! tent, calurea, which contains about 1/5 of the total nitrogen
in the nitrate form, both of which yield ammonia as their first
product of decomposition, influenced growth much like armonium
E sulfate. That reaction plays an impértant role in the assim-
cifferent

ilation of/forms of nitrogen by fungi has been clearly demcn-
strated by Rippel (19), Sakamura (20), and others (13, 31).

0f the monoamino-monocarboxylic acids used, the
glycine, CHoNH,+COOH, was utilized equally well at all reactions.
The cystine, HOOC.CHNHs.CHoSSCHo. CHNHo.COOH, (table 2) was con-
gicerably less assimilated, notably toward the alkaline side of
the reaction. The reaspn is obvious, glycine is quite
soluble in water whereas cystine 1s insoluble. Of the mono-
amino—dicarogylic acids used, aspartic acid, HOOC.CHz.CHNHg.
COCH, permitted maximum growth throughout the range of pH 3.0
to 8.7, whereas the glutamic acid, HOOC.CHQ.CHZ.CHNHZ.COOH,
while not vermitting maximum growth was equally well utilized

et reactions above pH 4. The diamino-monocarboxilic acid,

NHeo

arginine, HN NH.CH2.CH2.CH2.CHNH2.COOH, did not permit maximum

growth, and was best utilized on the acid side and least on the
alkaline side of the pH scale. The acid amide, asparagine,
HOOC.CHg.CENHo. CONHg, was assimilated equally well at all re-
actions. The casein containing a variety of amino acids was
utillzed best on the slightly acid side.

To deterimine to what an extent g. blakesleeana csan

develop in the presence of more complex nitrogenous materials,
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12.
a number oi organic Ilertilizers, calciwm cyeanasmide, mold and
nlant vissue were added to sand-bentonite mizltures. The re-
Svits obtained are siven in Ttable 2. “he nitrogen most access-
able for funcus srowth in the case of the organic fertilizers
is found in Hettolin, which contains some nitrate nitrogen,

1

followed by cotten seed mweal, Vith Callls no growth was at

-4

first obtained, however, when a second samnle was taken and

wetted durins a derilod ol 14 days and then Inoculated with

spores of Cunninghamella, growth took vlace as shovn in table 2.

That the fungus can utillize nitrogen ifrom mold tissue and al-

LY

falfa hay is also incdicated.

o

The results obtained in general would lend suoport

to the idea that . blakesleeana could be used for measuring

the nitrogen cdeficiencies of soill. The fungus not only re-

| sponded to the »nlant available fTorms of nitrogen, namely,
nitrate and ammonla, but also to the forms of nitroren which
are considered votential sources for pnlants, notaply the mono-
amino acids. The writer made tests with soils of different

hal

fertility, and conslderable diiferences in the growth of the
fungues were obtained. The resulis, howsver, were not fully
satisflactory, vecause too freguently the native mlcro-flora of

the so0il influenced thie growth of the fungus.

Ialluence of forms oi niftrogen on the natural

fongous flora of soils: Tor this opurvose solls were used with

-

wnlch the native [lora had grestly suppressed the growth of

Cunninghamella when ammonium nitrate was added as the source of

nitrogen. The use of glycine and glutamic acid favored the

growth of fungl less than did ammonium nitrate, however, they

R,
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favored the crowth of actinomyceltes. Armoniwm sulfate and urea
also strongly favored the development of the fungous flora.
with asparacin as the nitrogen source, the soil nlaques re-
mained uncontaminated after 72 hours, but the growth of Cun-

ninghamella was also comvaratively slow. Acsvartic acld, on

the other hand, creabtly increased the rate of growth of Cun-

ninghamella, although i1t also promoved the growth of otier

ct

fungl slightly. Finally different ratios of asvaragin to

asvartic acid were trled, with the aim of {inding a combina-

' tion which would permit Cunninghamella to grow rapidly, bdbut
not favor the growth of the native soill fungous flora. The
mixture which met these reculrements best was found to consist
of 0.5 gram asvaragin aend 0.1 gram of asvartic acic ver 100 cc.
of Hgo. Results with this nutrient solution, walch was pre-

viously fully cescribed, will be given later in this paper.

INFLUDHCE OF FOniig or FPHOSFHORUS OXN GROWIH

To study the influence of dirferent .forms of phos-

nhorus on the growth of Cunninghamella, sanc-bentonlite mixtures,

and =oils were used as the substratum. The influence of iron,
aluninum, and calcilum, on the availability of phosphorus to
crowth was also investigated. Iinally, the availability of
phosphorus apvlied to solls, and slightly decomposed rock
materials, was compared to their ceapacity of these soils and

23

roclr materials to fix vhosvhorus in difficultly available forms.
"he influence of forms of phosvhorus on growth in
relation to reactlon is shown in table 3. Of the inorganic

phosphates the mono- and di- calcium phosphates are available

throughout a large range of reaction. fagnesium vhosphate
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becomes slightly less available above pH 8.6. The tricalcium
readily
phosphate is/available on the acid side and becomes gradually
less available toward the neutral and allaline side. Cunningh-
amells can use to an appreciable extent the Al- and Fe-
phosphates and the metaphosvhate. Particularly A1P04 is ab~
sorbed on the alkaline side better than Cag(PO4)2. In the case
of plante some investigators obtained similar results (1, 14,
25). That plants can use the metaphosphate has also been
Bhown (7, 32). With the exception of phytin, which is appre-
ciably utilized only on the acid side, the organic phosphates
are readlly available throughout the range of reaction.

In table 4, the influence of forms of phosphorus on
growth of Cunninghaniella on soil cultures are given. The
presence of free calciw carbonate in soil avpreciably renders
the tri- calcium phosphate less available. To quite an extent
glso the di- calcium phosphate and iron phosphate are made less
available. Other vhosphates, notably the organic forms of
phosphorus, are considerably less affected by the calcium car-
bonate. Soil 4 is a red soil, having a phosphorus fixing
cavacity of 80 per cent, as determined by the method of Heck
(6). As a result of this high fixing capacity, the availanili-

ty of the soluble phosvhates was considersably recduced. Partic-

ularly the e~ and Al-phosphates, the rock phosphate, and phytin
are unavailable. It will be noted that appreciable growth was
obtained after 48 hours in the case of the organic phosvhates
and particularly on soills 2 and & both of vhich are comvarative-

ly nigh in organic matter.
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Influence of Iron and Aluminum on the
Availlability of Phosphorus

The extent to which the fungus can usge the different
forms of phosphorus as has been shown appears to depend mainly
on the solubility of the different forms and upon the factors
vhich influence the solubility duringz the growth of Cunningham-
ella. To observe how iron and aluminum influence the avail-
ability of a soluble phosphorus, hematite, goethite, limonite,
AloOz, Al(OH)z, and diorite were added to sand bentonite
mixﬁures?enyaigﬁgém. Po0g per 100 grams, as CaHy(POy)o.

The results in table 5 indicate that hematite has no effect on
the availability of the phosphate, the goethite is more reasc-
tive and particularly the limonite reduces the availability of
phosphorus, especially in the case when the soluble phosphorus
.18 in contact with the limonite for 12 hours at 100° ¢. The
A1205 was particularly effective in rendering the phosphorus
difficultly aveilable at a vH 5.2 to pH €6.0. When Al(OH}s was
added in concentraticns of ohly 0.02 per cent}ﬁarkedly reduced
the availabllity at oH 5.2 . ~ 1f the phosphorus was added to

fresh colloidal aluminum hycdroxide. Adding the Al(OH)5 to the

sand culturesg, then drying, . and finally applying the

phosphorus, 1its efficlency in rendering the applied phosphorus
less avallable was greatly reduced. 1In the presence of limon-
ite and AlgOz, the availability of sodium-glycerophosphate was
also appreciably reduced. The addition of peat apparently did

not affect the avallability of phosphorus. On adding colloidal

8i0g or Kz310z to the system containing limonite or Alo0z, the
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Table &

Availability of CaH4(P04)2 as lleasured by
the Growth of Cunninschamells in the Presence
of Fe, and Al- Oxides and Peat

Treatment: Diameter of Lateral Growth
S mgm. Po0g Reaction of Substratum (pH)

plus the following: o g 5.4 4.4 5.2 6.1 6.8 7.5 8.6
mnm. mmo. M. mmn, mn. Ml e MM « miti.

No further addition o8 59 60 56 56 o8 55 54

¢, Hematite 56 50 56 54 56 55 55 52
4%, Brovm Goethite 47 B2 49 48 46 43 40 42
4% Limonite 44 45 45 37 42 40 40 42
47 Al0. 45 45 46 | 18 24 30 36 40
2% Diorite 56 b8 B8 b2 B4 B3 52 50

% Peat 53 50 52 50 B6 B6 57 54

0.02% Al(OH)5 52 B4 36 28 42 47 50 48

4% Limonite heated

at 100° g. 24 928 32 28 29 32 34 34
¢ Limonite

air dried 28 40 42 40 38 39 39 42
4% Limonite

Na-glycero- 50 52 48 40 41 46 50 52

phosphate
4% A0 48 47 38 25 36 38 38 41

Na-glycero
phosphate
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phosphorus became slightly more available if the concentration
of limpnite or AlgOz was reduced to one per cent. At the high-
er concentration the eifect was negligible. (Data not presented)

Influence ol CaC0x%Cal onlthe Availability
of Fhosphorus

When to a sand culture, containing no bentonite,

increasing amounts of CaC0z, and varying amounts of CaH4(PO4) .

HoO are added, fungus growth as given in table 6, was reduced.
The decrease in growth was greatest with the lower concentra-
tions of vhosphorus; the Iincreased concentrations of CaClg
played a minor role. The presence of one-half per cent of
CaCly reduced growth nearly as much as 10 per cent. On adding
€ per cent of a 96 per cent I-saturated bentonite the efficiency
of CaCOz to reduce the growth of Cunninghamella becane creatly
less at all concentrations. The addition of a soluble salt had
an influence.similarm&)bentonite when the CaClz concentration
was small. At the higher concentrations of CaClz the KoS0y
tended to decrease growth.

The addition of (a0 to sand cultures containing no
bentonite prevented the germination and growsh of CQunningham-

ella If, on the other hand, small amounts of (a0l were added

to the sand bentonite mixtures, growth was obtained as shown

in table 7.
the
Relation off Phosphorus Fixing Cavacibty of
So0ils to Increase in Growth of (unninchamella
on Additions of Phosphorus

- ilethod: The phosphorus fixing capacity of partially

decomposed rocks from the state of ilaine, and soils from the

155




Table 6

Growth of Cunninghsmella as Influenced
by Different Concentrations of Phosphorus
and CaCOz and K-Bentonite

Diameter of Latersl Growth

Treatment Amount CaCl, added {(per cent)
0 Q0.5 1.0 2.5 5.0 10.0

mm. mm. mm. mm. mm. mm.

1.25 mgn. Po0g 13 8 8 7 7 5

1.25 mgm. P50 14 13 12 13 11 10
% EK=Bentonite

2.50 mgn. P205 25 11 10 11 10 8

2.50 mgm. P 05 28 27 28 26 26 24
6% K-BentOnite

3.75 mgm. PsOg 36 18 18 17 16 14

3.75 mgm. Fo0 39 38 37 35 36 33
% K-Bentonite

5.0 mgm. P205 48 30 31 28 28 25

5.0 mgm. P 05 52 46 45 43 43 40
6% X-BenfoRite

5.0 mgm. P,0, 48 42 40 32 24 18

2% KoS0y
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Table 7

Growth of Cunninghamelle as Influenced by Cal0 and o mgm.
in form o6f C3H4(PO4)2 . HQO

Reaction a0 added per Diameter of
Initial Final 100 g. sand growth
PH pH mei. ™.
2.9 2.9 o) 56
2.9 3.6 50 57
2.9 4.5 100 51
2.9 5.6 200 36
6.8 6.8 0 55
6.8 7.3 50 38
6.8 7.6 100 37
6.8 8.0 200 40
7.5 7.5 0 55
7.5 7.9 o0 46
7.5 8.2 100 42

7.5 8.6 200 44
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Hawailan Islands and Wisconsin were determined with a method

proposed by Dean (5). Half gram samples of the 30 meshed
materials were shaken with 50 cc. water containing 500 ppm.
phosphorus in the form of KHZ(PO4)2,allowed to go to dryness

on the hot plate, and then the phosphorus determined according
to the method of Truog (27), excepting that the ratio of soils to

extracting solutionwas 1 to 400. Using the same ratio and the

method of Truog, the availsble phosphorus in the untreated
wag also

sample/determined. “he amount of phosvhorus fixed was then

obtained irom the relationshiv =s follows:

Amount of phosphorus extracted from, treated sample
Amount of P added, plus amount ¥ in untreated sample

times 100

equals, amount phosphorus recovered from treated sample. This
amount subtractea from 100 represents the phosphorus fixed in
per cent at piH 3.

The test for phosphorus with Cunninghamella was
carried out as already described,. using the
modified nutrient solution was employed. A parallelfculﬁure

o]

was introduced to which 5 mgm. of Po0g per 100 cc./soil were
added. ’To do this, 44.4 mgm. of CaHy(P04).Ho0 were added to
100 cec. of the regular nutrient solution in the test for
phosphorus. 7Two cc. of this solution were then added to
exactly 10 cc. of s0il and the plague vrevpared in the usual
way. This plaque was brought to its optimum moisture condition
by adding some of the regular nutrient solution. The phos-
phated and non-phosphated cultures were then pvlaced into the
same pan and incubated at 29° C. for at least 68 hours and

then the diameter of the lateral growth measured. To express

—
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' Pl

the growth increase in terwms of avallability of applied
phosphorus, the following scheme was found helopfuls

Growth increase due to the

addition of 5 mgm. PoOg per Availabilitj of apnlied
100 cc. scil pho sphorus
less than 3 nmm. ’ very low
4 mm.=-6 mm. low
7 mm.~9 mm. moderate
lO mm.-14mm. high
greater than 15 mm. very high

Results: With the exception of the red sandstone,

all other slightly decomposed rocks fix ﬁbre than 80 per cent
of the applied phosphorus (table 8). 7he avallability of the
applied phosphorus is also low. I'ixation ®y the soile from

the Hawaiian Islands varied from about 50 per cent to about

100 per cent, and the availability of}ggplied phosphorus varied
frbm very low to very high. For these soils and rocks, no re-
lationship existed Letween fixing capacity, or phosphorus
avallability, and pH. The color of the soil, indicating the
presence of hydrated iron oxides, helps better to exvlain

e

differences in the phosphorus fixing capacities of these soils.
In the case of the yellow soll, Wo.ll4, the availability of
phosphorus at pH 7 is low, while at the same reaction, the
avallability is hizh in the case of the red-brown soll, No.1l1l3.
Soils Fo.208 to 216 fix in general less phosphorus, and vary
in availability of applied phosphorus from moderate to very

high. 1In the case of these soils, the phosphorus is usually

more available when the reaction is slightly acid or neutral.

|
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Table 8

Growth of Cunninghamella on Slightly Decomposed
Rocks, and Soils, Phosphated and Non-phosphated,
and Their Phosphorus Fixing Capacitiles
of the Materials

Diameter of
Lateral Growt
bf Cunninghemelila
1 0 e
o, 1] QO od
qd oo Mo O
< oYy ! Ay le;
2 ©"8 {38, .8 8| Availability
No. Kind of Rock S ERRIEES | B 4] of Applied
' or Soil ® Ko O 07 | & H4e+d] Phosphorus
o o O G o g T ® O -
T My o Ay S d ] oo
per mn. mm.
pH cent
200 Shale 4,1 85.0 12 17 low
201 Quartz trachite 4.4 B82e3 4 8 low
| 202 Diorite Deb 8l.1 8 18 moderate
204 Rhyolite 545 93.3 7 10 very low
205 Andesite 5.8 91.2 9 12 very low
206 Basalt 6.2 83.0 15 20 low
207 Red sand stone 6e2 39.7 27 38 high
631 Yellow soil
(Hawaii) 4.5 94,5 8 13 low
121 Yellow red soil
(Hawaii) 4,8 9640 20 20 very low
102 Yellow brown
soil (Hawaii) 5.2 94,0 16 20 low
116 Yellow brown
soil (Hawaii) 5.4 9648 9 13 low
112 Yellow brown
soil (Hawaii) 5.6 92,2 13 18 low
103 Light brown
soil (Kauai) 5.9 93.7 13 30 very high
105 Yellow soil
(Hawaii) 6.1 99.2 4 4 very low
108 7Yellow soil
(Kaual) 6.4  96.0 5 7 very low
111 Red brown soil
(Oahu) 68 70.4 21 31 high
113 Red brown =oil
(Maul) 7.0 61l.2 30 40 high
114 Yellow soil
(Kauai) 7.0 95,2 8 13 low
117 Red brown soil
(Maui) 7.2 53%.4 26 36 high

s
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Table 8 (Cont'd}

Growth of Cunninghamella on Slightly Decomposed
Rocks, and Soils, Phosphated and Non—pnosnhated
and Their Phos%norus Fixing Capacities

he Materials
Diameter of
Lateral
Growth o{
, bunning ame. 1q
& @ oc>®
oS NO © .
g ©o5 A MGl Availability
No. Kind of Rock — ST omn +O & of Applied
or Soil ol 59 £ 22 { E 4| Phosphorus
o Moo O 0T | €& A
© ol O o< QO
| om e Zo8 | an
pH per . mmm.
cent
120 Gray brown
soil (Osahu) 7o 83.7 6 13 moderate
123 Dark soil with
free CaC0g (0ahu) 8.0 57.5 12 13 very low
20&% Caribou ldam 6.2 7740 10 19 moderate
208 Marshall s11tlo amb.0 43,0 1z 19 moderate
209 " 6.2 35.9 20 34 high
210 " " " 6.9 37.1 20 30 high
211 1Miami silt loam 5.8 44,7 30 4] high
212 " " " 7.0 43,1 29 39 high
213 Carrington
silt loam 5.5 4543 22 28 moderate
214 Carrington
8ilt loam 7Tel 43.6 24 37  very high
215 Dodgeville
silt loam 5.3 51.8 9 16 moderate
216 Dodgeville
silt loam 6.2 50.0 21 36 very high
217 (Calcareous soil
2.3% CaCogz 7.8 14.0 14 26  high
218 Calcareous soil
€.1% CaCOgz 8.0 11.5 10 17  moderate
219 Calcareous soil
20.0% CaCO3 8.2 16.0 7 12 low
220 Calcareous soil
25.4% CaCO3 8.2 9.4 6 17 high
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In the case of calcareous solls the avallawility of the apnlied
I

phosphorus varies, without a deiinite relationship to the

e

airly satlefactory relatlionship existed in

P

-

CaG05 content. A

Lo

zeneral between fixinz capscity of solls at pH 3 and avallabil-
ity of phosphorus as measured by the increased growth of Cun-

SR,

ninghamella at the natural pH in the case of non-calcareous

soils. Of the results given in table 8, only those ifrom soll
103 show poor agreement. Althoush at pH 3, its fixins capac-

ity is high, at pH 5.9 the aovplied phosphorus remains quite

available.

DISCUSSION

Cunninghamella will grow over a wide range of re-

action, pH 2.9 to 8.8, and is not easily influenced directly
by acid or alkali, but is very sensitive to form and concentra-
tion of phosphorus. I'ive mgm. PoOg of a soluble form added to
100 grams of sand will vermit maximum growth. With decreasing
solubility, the concentration of phosphorus necessary lor
maximum zrowth has to be increased in oroportion to its solu-

hility. However, the funcsus can grow quite well on water in-
3 . (@)

soluble forms of phosvnhorus. This it does probably because of

ts metabolic process. The sub-

o
H
[
=
3
e

the production of acid

d below the center of csrowth than

}.Jc

stratum 1s usually more ac
the area surrocunding it. Yhnile thus the rate of growth in the
presence of soluble nhosphorus 1s progressively uniform, in

the precence of HoO insoluble phosphorus, it, at first will be

slow, but becomes rapid, usually after thirty hours.
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Factors which influence the solubility of phosphorus
will indirectly influence the growth of the fungus. Thus in an
acld medium, water insoluble phosphates will be readily util-
ized. The presence of the hydrogen ion greatly aids solubility,
and since the fungus is not affected by moderate acldity, good
growth 1is obtained. The presence of hydrated iron oxides or
aluminum oxides will greatly reduce the solubility of phosphorus
and hence reduce growth. This is particularly marked at re-
actions where insoluble aluminum or iron phosphates are formed.
Largef amounts of iron or aluminum oxides may influence the

=]

avallability of phosphorus from/very acid to a neutral range

of reaction. Very small amounts of fresh, colloidal Al(OH)S,

particularly affect the solubility of phosphorus- at PH 5.2

and somewhat less at pH 6.0.
the
On the alkaline side it is largely GaC0z that influences/

solubility of vphospuorus and hence the growth of Cunningham-
in T
ella. The influence of GaCOS/depressing crowth 1s most marked

at the lower concentrations of phosphorus and becomes less
with higher levels. The effect of Call0z on growth is modi-
fied in the presence of a soluble salt or the-pregenee-of-an
exchange material containing a mono-valent cation. Relatively
large amounts of a soluble salt, like K2804, at the lower con-
centrations of CaClz will piomote growth; at higher concentra-
tions of CaCogz growﬁh is/ggomoted. In the presence of an ex-
change complex, the CaCl0z 1s mobilized, Ca ions are removed

from the immediate sphere of growth and even at the higher con-

centrations of CaC0Oz growth 1s not reduced. That in the

|
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certain
presence of an exchange complex, /insoluble salts become quite
soluble has been shown by Ungerer (29, 30).
Although Pierre found that higher plants cannot use
organic phosphorus directly (17), good yields epy-ecthers were
by others _
obtained /with organic forms of phosphorus which were readily
mineralizec by microorganisms (2, 21). Phytin can be used by
plants largely in proportion to biological activity in which

the catalitic action of phytose appsrently plays an imvortant

part (6). It is significent to note that Cunninghamella can

use to an appreclable extent only those forms of organic
phosphorus which are readily mineralized.
While the growth of Cunninghamella on properly
an timately
controlled soil cultures fspﬁggégfyeégoportional to the con-
centration of readily available phosphorus, the rate of in-
in zrowth ‘
crease/ﬁue to the addition of a definite amount of soluble
related the
phosphorus is }arge}y-in—preporgron to the factors in/soil
wnich render the apvlied phosphorus difficultly available
(Table 8 and Fig. 1)s In carrying out the test for phosphorus,
it 1s therefore desirable to introduce a parallel culture to
which phosphorus is added. If the addition of 5 mgm. of Polsg
(preferably CaH4(PO4)2. Hgo) per 100 cc. of a soil does not
increase the diameter of the colony by more than 4 mm., a

high fixing power for phosphete ig indicated, and this is

then taken into consideration in determining the rate and

method of fertilizaltion of this soil.
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AN wealing with the nutrition of
Cunninpghamella blakesleeana wminus strain, particularly as re-

tability of Jdifferent iorms of nitrogen and nhos-
prorus was uncertaken. Both sand and soil cultures were used

-

and the orowth of the gerial

o]
(¢
rf‘
".‘)'
D:

1

A

At neutral or slizhtly acid reaction, the fungus
usec equally well the nitrate and ammonia forms, urea, calurea,
and acpartic acid. Somewhat les. advantareously used vere as-

paragin, glutamic acid, casein, arcinine, and consideral vy less

d with different

0]

cystine. A relatively zool zrowth was obtain

v]

organic nitrogen lertilizers, mold tissue, and alfalfsa hay.

AT & distinetly acld reaction, growth was considerably
less with ammonium sulfate, urea, calurea, and slutamic acid.

AT a more allzaline reaction, gsrowth was anpreciably
less with arginine and case

Zolubnle vhosphstes were util

e
083
[}
jof
[©]

‘.(3
SlD
;_l

A

g
=
@
=
b
(6}
<
@
e

a wide range ol reaction, oH 2.2 to 8.6. The utilization of
slisntly soluble or insoluble vlwosvhates varied with reaction.
The productisn of acld curing its metebolic nrocesses apparent-

1y enabled Cunninghamella to make appreciable growth on waber

insoluble nhosphates. Organic forms of phosphorus were util-
ized largely in oroportion to the ease with which they can be
mineralized.

Factors which influence the solubility of phosnhates
influenced growth. High concentrations of iron and aluminum

oxldes redquced the solubility of phosnhates over a wide range

of reaction. Freshly precipitated aluminw: hydroxide reduced
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growth particularly at a neutral anc alksline reaction.

s

p vas Found to exist

ct
[

A Tairly close relationsh
between the phosphorus fixing ceapscity of soills and increased

growth of Cunninghamella on adding a soluble form of

phosvhorus.
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sure 1 - CGrowth of
Cunninghamella on
soils unbreated and
treated with 5 ngm.
o

Po0g per 100 cc.

No.l. ¥nox silt loamn,
nH 5.3

Mo. 2. Enox silt loam,
pHE 6.2

No. 3. Yellow brown soll,
(Hawaii) »H 5.2

Mo. 4. Dodgeville gilt
loarn, vH 6.2

=
O
L
(3}
-

Soil from Germany,
PH 6.8

Cultures on the lef't re-
celved no nphosphorus.

Cultures on the right re-
ceived 5 mgm. Polg
per 100 cc. soill in the
form of C&Hé(?04)2 01”120







GROWTH OF CUNNINGHAMELLA AS INFLUENCED BY
FORMS OF PHOSPHORUSZ AND NITROGEN
Adolf Mehlich

The relative growth of the fungue Sanning.
hemella on properiy conirolled soil cultures has re-
esnlly been proposed for megsuring the level of avelle
able phosphorus in solls (Hehlieh, A., Fred, L. b., and
{rueg, E.). DBoeseuse ¢f tho considerable promise which
this method has, it scemed desirable to make a thoroush
study ol the matritlon oif thils fungus, psrticulerly es
regards the suiltablility of different forms of nitrogen
and phosphorus. 4Ln investigatlon desling with this sube-
Jeet weaz, therefore, underiaken.

fpores o yunninghemells blskeciceans minus

straln were seeded on sulil or ssnd pleagues to vhich weore
edded ail the nuirients necegsury for growth, excepting
phosphorua and nlirogsn, ohich were varied in form and
concentreiion sa desired. The plaques were made in
specially cdesi;ned oley cBltwre dlshes which vermitted
goud conirol of meleslure conclitions, and mede ihe
measuremonts of the fungus colony more agourate. The
cultuies were ineubated at 29°%C. ror at lsest 64 hours
after which the dlsmeter of the lateral fungus srowth
was mesaured,

-4t noutral or slightly ecld reaciion, the
fumgues used squally well the niltrale und ammonic formse,

urea, osluresa, and aspariic scld. Lomewhad logs sdvene

h
4
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tageously used were asparagin, glutamlc acid, caselin,
arginine, and considerably less cystine. 4 relatively
good growth was obtained with different organic nitrogen
fertilizers, mold tissue, and alfelfa hay.

At a distinctly acid reaction, growth was cone-
sidersbly less with ammonium sulfate, urea, calurea,
end glutamic acld.

At 8 more alkaline reaction, growth waes appre~
ciably less with arginine and casein.

Soluble phosphates were utilized equally well
over & wide renge of reaction, pH 2.9 to 8.6. The
utilization of alightly soluble or insoluble phosphates
varied with resaction. The production of acld during

1t8 metabolic processes apparently enabled Cunninghamella

to meke apprecisble growth on water insoludble phosphates.
Orgenic forms of phosphorus were utilized largely in
proportion to the ease with which they can be mineralized.
Factors which influsnce the solubility of
phosphates influenced growth. High concentrations of
iron and aluminum oxides reduced the solubllity of
phosphates over & wide range of reaction. Freshly pre-
cipitated aluminum hydroxide reduced growth malnly be-
tween pH 5.0 and 6,0, Caleium carbonaete reduced growth
particularly at a neutral and alkaline reaction.

A Tairly close relationship was found to

exlst between the phosphorus fixing capacity of s=oils
and increased growth of Cunninghamells on adding a
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soluble form of phosphorus.
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