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| HISTORICAL

| Thc deplntion of the native fertility of
soila has node the application of comemial fertilizora
an. im@ortant pm'-equisite ’co aucceasml crop proch.ctian
on many soila. Recormendationg for i‘e,.tili.,inc, practices
have been b'aéetl largoly on £101d tests and the reoponse of
plants to the serien of v:u-iously trsatad plots is ta.ken
ag an Indication of the nm! rien necda of the soil, Thcso
tooto are both timc oo..smj.ng and eapcnbi;e. ey are
- dircotly applica‘ble cnly to the soil on which the test 13
oado end wnldor tho rm,’aic;ular. c}.i_zr:ttic condl tiong praw.iling
- during tho tine tho tést was being carried on,

It 1a gererally woceptod that tho fleld tost is
not a aati.,i’aetor:,' basin Tor rccommdations for :‘:ertili.u-
ing preoticos to farmers who Lave aoiln of widely veorying
phyoical and chemical eharucteristics, In sn attenpt to
£ind o sotlsfactory mothed by which individual solls can
bo mpiﬂiy typed ns to relative fertility, mumorous tests
-have boon propesed.

With tho rise in soll baoteriolosy and mothoda
for the study of the soil nlercflora, workers bave tried
to £ind an index of i‘ertilitj in the groath and oo uivimr

of theso org_nis::s. A stu.dy of tha response of the coil



miérborganisms to & treatment suggested. for use under
field conditions provides a c¢lue.to the probable response
of the higher plants in o relatively nhort poeriod of
tino.

B The nunbers of nicroorganioms present in a )
soii‘has'been studied as o possible index of fertility,
1Hak5uan and utar?ey (30) report data shoring a narked
-variation between the numbcr of microorganiums in plots
that had reueived Various fertilizer treatments. In o
gonernl woy 1t can be said that the mmber of niero-
ofganisms present in the 501l variecs with fertility, in
that sc¢ll conditions determine the number of organisms
present, The so0ll reaction, the preéonéo of organlc
matter, and minerals all influence the number of bacteria
present, . .

~ The ability to convert ammonia into nitrates
15 more or lems common to all soils. Several methods
hove been developed to measure tha_nitrificdtion power
of the soil (35), p._715.. A definite correlation has
boen found between this abllity and orop productivity
(9), (13), and (54). Lipoan and Burgess (14) and
Fraps (8) have used the nitrifinbility of nitrogenous
fortilizers on Varioﬁn soils as on index of the avall-

abllity of these materials,



Ru»gell (20) ob erved that the oxygen
_absorbed by & soil vuricd with fertility. Van Suchielen
(33) studled the carbon dioxide evolutlon of soils and
concluded that 1%t was a'nore accurnte index of bacteriel
:nctlvity(in the soii;than the‘baéterial ccunt, As all
living.bodies gife off carbon dloxide, 1ts evolution 1is
Vaﬁ‘expreésion of all biological activity within the soill.
ﬂaﬁémun and Starkey (37) rcport that carbon dioxide
evolution can be used in grading solls om the basis of
| their fertility.
| Christensen (l) suggeﬂted that the collulose
deconposing power of the soill may serve. as an .nﬁex to
‘ rertiiity. Hptter;ein (16) placed pieces.of'filtcr
paper weighiﬁgrlb grans ot various depihs 1in the soil
~and weighéﬂ thé residue. He took the loss in.ueight of
the filter paper ag the cellulose decomposing power of
‘the soil.

Niklewskl (19) added cellulose to the soil
and measured fho carbon dioxide evolution. Ee found
‘that the rresence of avallable nitrogeﬁ cpntroiled
cellulosa dccompouition. Lo ,/.

The abllity of a e-c:i.l to liberate oxXygen
fronm hydrogen pcroxide hasg often been found to vary

with fertility. Uaksman end Dubos (36) found catalase
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activity of soils to vary with the number of nicro-
organisns present, certaln organic and inorganic con-
otituents, and other factors. They concluded that the
phenorenon wag conplex and could not be ‘ugsed as a nethod
of deternining soill preductivity, unless the various
' factors were dotermined individnally. .
| As the bacterial oount, carbon dioxlde evolution,
-and nitrificotion are definite functions of tho aotivity
‘of the so0ll microflora, studies have been nade to determine
the relntionship botwecen erop productivity, fortilization,
and these factors. Ruassell ard Appleyard (21) found these
factors to be interrelated. : A rise in bacterial numbers
wag acccnpanied by o rise in oarbon diloxide in the soll
‘alr, and somewhat later by a rise in the mitrate content,
Plate I shows a graphical\representationlof the cor-
relation between crop ylelds and mierobiological activities
on a series-of variously fertilized piots.

The "A™ plota were unlined and the "B" piots
‘,wero lined once every 5 years withl5 tons of ground line-
gtone per acre; plot $ recelved manure and minerals
{640 1bs, superphosphate. and 320 1bs. of potagsiun
chloride); plet 7, no fertilizer; plot 9, sodiun nitrate
{320 1bs. annually) anad minerols as in plot 5; plot 11,
anmooium sulfate equivalent to the sodium nitrate applied
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: to plot 9 o.nd the same minernls.

B This graph clearly shows that microbiologicol
!activity 15 asaooiated with. :fertilizinb praoticcs and

.. erop productivity._ The 1nf1uence of liuc is shown_in

plofs 7 and 11. In the limed section of plot 11, four

tiﬁestas mich nitrificution occurred as in the unlimed

 'seot1oﬁ. The manure plots are outst“nding because they

~ show that high crop yields are definitoly associated with

‘an aotive microbinlogical flora.

o  The precpdinb ilscussion has been concerned

“with tho uotion of the complete soil nieroflora or with ‘

a large group of.these organigms in relation to soll

1~fortili£ﬁ; L:numbor of methods have been developed that
‘uso one speoific genua or opeoies of nicroorganisns to

. study the nutrient content of the goil.

Certain fungi havo been used to supply in- . .
l‘formation a8 to the phosphorus and potassiun contcnt of
_solls:i Tis test 1a referred to in the literatare as the
Hiklas nethod (18). Phoophorus or potassiun free nutrient
| solutions are prepored, a certain amount of soil is added
to eacﬁ‘flasklahd ;ﬁoculated with‘aofungus'such as
Aopefgillﬁs higer..lAftor'a sultable iﬁcubation period

the fungus groﬁth is reﬁo#od, ﬁashed, dried and weighed.
The gfowth 13 proportional to the amount of available



phospﬂorus'or pdfdssinn'pfesént‘in the_éoil.
| Smith, éf'dl;5(27) report a;fnir correlation

 between tho Tiklas (1) and the Truog methods (32).
. They used media-contaiﬁing.one:per cent ditric’acid{
thererorc the results actually show the ore per cent
citric écid soluble phosphbrus;3lihe Truog mothod uses
0.002 W.E,50, buffored to a DH of 3.00. Tho citric ncid
* modia used by Smith, ‘ot al, had o DH of 4.05. 4g the

 H-ion concentrat*cns were so ncarly the sane. a fair
.:’ugreement would be expectcd.
T Truffant and Bezssonoff (31) report a
bacterinlogical method for the determination of the
avallable pho,phorus in phosph&tic fertilizers.' They
enployed the principle uued in the NikXlas method. The
.phosphatic mnterial to be tested was added to phosphorua-
free r nut;ient mediun. The sum of the nitrogen fized by
threé organiéms. an serobe, & facultative merobe, and
an anaeroba, 11 taken as an 1ndex of the aVailability

to tha naterial tosted. '

-Christensen (2) ﬁas :mobably the firast
‘1nvestigator‘fo eriploy the stirmlation of the Azotobacter
- gemis in soii fertillty étu@ieé. He used it to determine
the lime requirenent. The test {neluded two phases.

One for the presence of Azotobacter and another for the



vigor of growth s measured by film formation in mannite
polution. The former dofinitely typed the soil as to
degroo of acidity and the lntter was on expression of the
alkalinity and buffer capacity. Christensen (3) found

solls in which phosphbrus wags the linlting factor for
- Azotobacter growth and entertalned the hope that the

| rol&tionships between the Azotobacter group, lime, and
:phoaphoruu contont of soills could be used to suppiy
information as to thair productiveness.

‘What wao probobly a modification of
Christengen's procedure has beon used rather extensively
to study the relative phosphorus oontent,qf_soils. If
the native acldity of the poll, and the ucidé produced
by Azotobaoter during growth are neutralized, growth s
then proportional to the amount of available phosphorus
present in the ooil, if the other nutrients are suppliod
in 1iberal quantities.

‘A certain nmount of soil is added to a phoa-l
phorus free manﬁitol mutrient golution containing 1 to
2 per cent caleciun carbonate.

The naterials are then sterilized and in-
ooulated with o frech 6nlfuro of Azotobacter., After
incubation, the atmospherio nitrogen fixed can bo de-

tornined ag an indox of the phosphorus oontent of the



soilhor-the rolative phoaphorus content can be estinated,
using the fi;m formafion on the nutrient édlution as an
index. ..‘ | _'_ R ‘ ‘  “ :
| In 1926, Winogradsky (89) described the direct
.or spontaneous culture nothod for tho study of the nitrogon
'fixing organiams of the soil. ‘He added carhohydrate
naterialhand wotted tho" soil with water to a putty411ﬁ6i
,‘6onsistehcy. After incubation, 1arge ogale cont colonios
 of Azotobactor had appearcd on some of the aoils.. _
:Winogradsky and Zlemiecka (40) report that in soils that
do not produoe syontaneous colonies of Azotobacter, the
nddition of.phosphates, lime or the two in oombination
ﬁsually allowedzthdse\colonieé'td develop; They conoluded
that tho direct culture method could be used to study
phosphorus, lime, and possiﬁly other soil defiolencios.

To this oonclu?ion, the WinOgradSky or Aéotohacter pl@due'
tost owes its inception, L ‘

In prinoiple the plaque tost is similur to the
field plot‘test. Various nutrients are added to o series
of four plaques and_Azotobactef oolonies are prbducpd 1nu
72 hours. Tho mmber and vigor of the colonies onsthe
- fertilized plaque; when cdmpargd with those of the un-
fertilized plaque, glve infoimqtion as to the nutriont
oontent of the soll béing tesﬁed. The mineral nufrient



roquirenants of Azotobaoter and farm orops are similar,
Advantage 1o takenieﬁ this faot in estimating what night
“-bo mormally expected 1f ﬁ_c:ap is.grown on the soil '
4\£e$tea and fertllized 1n a»way mnalsgous to that of one
:-of the ‘plagues. | N | . ‘
‘ “The a&vantagea of this nmethod are the short
‘ ﬁime required and the simpliocity ﬁf technic, A erop 0:
;:Azatcbaoter eoloniés eon be g}cwn;in 2 to 3 days that make
" oertain mutrient éeﬁiciensieﬁ easily visiblo to the maked
(- Ehefgag the Neubauer method (6} requires a much -
;}iongér yérihé and intriocate cheﬁieal analyses.  With the
‘fielé plot teat, at least one growing seagon ig neaeasary
!‘an& 4 carcful anulyais of tho aata must then be made
‘before conclusions can be dravm.,

Tha ﬁzotahactor or Winogradﬂky plagque test
f:has,heon useé_by_Ziemiecxg,(éq), (41) %o study Polish
_lsoils.;‘niklas'(l§} used it to study Polish soils and
© Guittomneau (11} to study soils’from the plum orchards
. of Frnnoa.~.Thopo_iﬁ?ostigatois féuﬁﬁ the mothed to Be o
satisraetory 1n&ieatidn of phﬁspgorus and ‘lime deficiencies,
In the United States, Sackett (22), (23}, (24) reports the
use of the method on Colorade soils. The beet sugar
éomyaﬁioa of-the‘ﬂagi ﬁqeamo‘iﬁterestédyin'1t,-and The
Great Western Sugar Company alone is now tosting 5&00
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‘soila annnally by the plnque nethod, {4).

| Workers in. the 1uboratories of The Great

‘Western Sugar Company have divided soils into five

classes on the dasis of their colony formation (15),

(24). Tﬁa clﬁnaes'éorréspond in a general way.to those

of the Neubauer method. o |

The nanes of the classes and fhe‘colony

" formation for each ﬁre os £ollowa:- R

' @lass 1. Hot deficlent. Neubsuer olasses 1 - 3,
inelusive. ) '

Colonies on both fertilized and unferti-
lized plaques spproxinately equal in mober and
developﬁent; |
Class 2. 511ghtiy~ddf1¢1en¢.' Noubauer classes

. 4amas. - .

Unfevriilized plague -~ Colonies as

nunerous as fertilized plogue, but smaller and less
~ vigorous, |

Fertilized ploquo ~- Golonics Tew to

nurerous, distinet and vigorous. |
Clags 3. Moderately deficient. Neubauer classes
6 - 8, inclusive. o

UnrertiliZGd plague == Colonieu fcw to

w-us many asn fertilizcd ‘plague, bui puch cmaller and
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'~ weaker in'ddveloﬁment‘ none approaching size of
' oolonies on the fertilized plaque. pigment often
- lesy to nonoe,

Fertilized‘plaque -= Qolonies few to

nURerous, ‘diptinot and vigorous,
Clnos 4. 'Very deficient. Houbauer classes
| 9 and above. ' \

Uhfortilized plaque =« Colonlen none or

v few to many, oxtremely small and feable.
' Fertilized plaque -- Colonies rew to nunerous,

medium to large, distinct and vigoroua.
, Class 5., Doudbtful, . 7
Solly on which colonies.fail to develop.

The only 1itorature swauable on the use of tho
plaque test outside of the beoet producing areas or the .
woat, 1s a study of iis udaptability to Ontario ﬂoils
(12), Jones tested three groups of soils.' Group 1 |
included 12 samplea tron chack plota from fortilizer
teats in the Provinoo. and on which the response of orops
.to phosphorus fertilization was known. Accorﬂing to the
teat, this group of soils wore all deficient in
avallable phosphorus. As all of thon had reapondod to
phbsphate fertilization. Jones qonoludaq,that there wan

a correlation botween the plague test and crop‘responso.



12

Group Brinciudcd.7~scmpies fron a fertilizer
experinent in uellend_CQunty..;Thcse soils had recelved
. applications of superphosphate or tricaleium phosphate

in combination with lime, sulfci. or & corplete ferti-

jlizer. The rosponse of this group of soils to the plaque
.test indicatcd thut.tpey were cll deficient iﬁ rhosphorus,
With tho exception of the two cheok plots, all of tho
' pleta had received liberal anplicaticns of phosphorus.
,_Jcnes expluined thie apparent di"ciepancy by'eseuming
that the preceding crop had . remcvcd noat of the available
.phosphorus frcm'theee soils. - The availeble phosphorus
'es uhown by - the Truog method, with the exception of the
plots receiving tricalciun phoephate. was os 1ow ag, 1f
notrlcwer, than the cheek plots. Jones concluded that
tha jla@ﬁe test iﬁdieeted that nmore phosphorus wag -
necescary to give good returns for the next crop, and
that there was o fair amcunt ef correlation betueen the
resuite of the ‘plagque test and crop returns. |

‘ The third group included 2 samples of nuck-

evamp ﬂoil.-“0ne sample was taken from an area on which
_pctatcee, onione,‘ena‘lettuce had been grown for four
years., It had beon heavily fertilized with phosphorus.
The afcilable phcepﬁcrus by the Truog nethod was'

413 P.D.0e It produced vigcrous_colonies on the check
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prleque thus indicating that the goll was'ﬁot defliclent
ir phosphorus. The Lthcr ganple wag takqn.fron a noewly
fcclaimed area adjgining the first, ond ﬁas béing_culti-
vated for the first tize., Tho avallablo phosphorus was
not deternined on this soil. The plaque test showed 1t
to bo deficlent in phoophoras, '

Jomes? paﬁer nay bo considercd to be o
comparison of the Truog method for determining ﬁ?nilable
‘phosphorus and the plaque test. Experienco with f’thia
‘mothod hag showm that for tho soils of the northcrn'part'
of the United States, loans and clays chould contain at
loast 150 p.p.n. and sands chould contain 100 p.p.me of
- available phosphorus for general farming purposes, Using
thoce valucs as a basis for tho classification of tho
_ 30113 roported by Joncs, the Truog method shows four of
the Sdilartestcd to eontaln cufficlent phosphorus“fo
allow then to bo placed in tho fortile group. Tho
plaque test shdwsﬂonly one of the soils to bo non-
dofiolont. - - |

' The avorage phosﬁhorus content of tho.soils
classed an fortile by the Truog mothod, excluding the
mucke-swanp poll found to bo nmon-doficlont by the plaquo
tost, is 160 p.p.m. The mmek-swanp seil found te be

non-deficient by the plaque test contalned 413 p.p.m.
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availeble phosphorus. This difference of available
phonphnrﬂn content suggestn thaﬁ the plaqua teat in not
B sensitiva to tho axaila%lo phcsphorus of tho aoil an
#hQIQ;nOQ moethod,
| anes propared a series of four plagques
'cuntaining S nl,, 2.5 nl., I1nlsy, and 0.1 ml, of
3 per cont golution 0f X,lP04, corresponding to an
application of 15281 1bg., 7640 Iba., 5093 1bs,, and
309 1lva., rospectively, of suporphosphate per mcro. He.
found theVAzctébaatcr colony development to bo oxeellont,
falr, poor, and very pacx;nraspestivaiy. Jones concluded
that the opt;ﬁnm phosphorus content of tho soil for
vigorous qolanygrormaticn wag far in excoss of that
required for maxirmuz erop returngs,

.5 Dahlbterg and Brown {4) raoport a eomparicon of
fhe Yeubauer, Winogradsly {Azotobacter), and a\chemicél
" nmethod for the determnination of availoble phosphorus,
develeped in the Iatoxnmcriég of The Great Weptorm Sugar
gonpany, One hundrod and cne soils were tested, They
variod in PH from 7.1 to 9.1 and c¢ame from the gtates of
Colorado, Wyoming, Montana, and Nebracks, The following
tabulation shows tho agrecment of- the methods for all
poils tected and tho agreément for polils falling into tho

three Noubaucr classen:



15

Agreement of Methods for Determining Available
- Phosphorus on 101 Solls _

Y ?Agfeénén" Agreemen e Heubauor

31 Hothods - 1in all ;. _classon (deficieney) ¥
: compared tahils ! liov sPoaslbly : Very . it
s . .t1tegted : def.: def., ¢ def. 1
- - 3 : : ‘ . HEH
:Heubauer alone:: ' : 6 15 .80 HH
tAll methods : Vo - t L & : ob 12
tlieupaner end - 3 ey 8 e 8 s : ‘ HH
t Winogroadsky : 84 : 1 b : 78 i
sHeubauver and -: S i : P i
: chenical : 82 s 5 ¢ 8 : 69 $e
itWinogradsky ¢ R K’ o t $!
t and chenical 75 : 1 6 H 68 '

 Dahlberg and Brown also’ report that the lack
of agreemént‘between'tnefWinogradéky-and chenical tests
was due to the tendency of the former.to'give'lon results
on coils of high f305'cdntent,‘and‘thé'téndency'bf the
chenical test to give high results for solls of low
P305;content;'in gone casod. -Théy‘éondlude that 1f tho
Noubauer test be considered standard, the Winograﬁaky
method is & highly satisfactory substitute on deficient
' soils asthey agree in 78 out of 60 cases, '
N Fleld tests on the very deficlent soils show
jthﬁt 56 neerent are So deficient in phosphorus that they
cause "black heart® of sugar beets, & malnutritional
condition caused by phosphorus starvation., The other
50 per cont rospond marikedly to phosphorus fertilization

ond produce one to two tons more beets per ucre‘with an
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| appiicqfion of 125_§9unda of treﬁlé ﬁuperphosphate per
_ aore, | o } f- R : -
It 18 of intérast‘to noto that Dghiberg and .
Browvn make this atatément, Teasssnsves the Same.field
which dovelops this disease (ﬁlack heart) in sugar boots
will grow very satisfactory graln crops, nlthcﬁgh graip;

glves a decided rosponse to phbsphorus,applicatians.ﬂ.-
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lL&.Tm’IIAIS AIID M ’IODS
'- The Soil Sampleg

mth tha c::ception of tvio s&_.rlo... all of the
: soiln ured in the in‘vestiga.tion vore takon from Ssriom A
of tho Rotation tnd Fertillzer Ecporiment of tho Virginio

- Agrict.ltuml Fxperiment Station. Thic experinment io looat-

‘6d on HEngorstomn silt loan of modorate fertility., Tablo I
.‘f?.'chova tro. fertilizer troatment of theﬂa plots from 1901 to
1 193%. Applicntiona of fertilizing notorinls havo boon
mde'rcmnually wmlons other;:iso noted., With the cxzcopiion -
- of tho camtimous aorn plots. 1Ay and lAp, ol bf thoso
ploto havd boon eropped in o four :rcﬁr rotaticn of corm,
. whent and kay for twoe yoars (Mammoth clover, red top and
| tinoth;r). 'i'hebo riots wore n‘amplcd in October, 1931, Just
nftor tho corn vias harvegted, - The sampies wero oir drled,
slevod thru o 20-mosh sieve, and stored in glass Jars for
- future uno. | |
- A mn:plo of soil fron the Eorﬁicultum.l Propa-

gation gardens on Stroudles Creel has boon used in ono of
the cxporiments. It 1o o hoavy ooil of high fortility,
A canmple was alpo obtaingd in June 1932* from noar Fowlor,
Colorado., It is o loary soil of alkalino reaction.

- - L - - o - - - A% 4 = - - L - -.ﬂ - - - - - . - wp -

*Dy Ur, W, W. Allioon,
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"ahlo I, Fertiliaer Treatment of Plote in Series A
of tﬁe Rotation Experiment.,

Plot: . Fertilizer Treatment* ©
Ay - .1909-1931, Tio treatnent. Check. :
19091914, o treatment '
hE.Y) .1914-1931, 16 tons manure and 219 pounda
' * * - rock phosphate
Ao - 1909-1931. 438 pounds of ouvcrphosphate
= 1909-1951, 508 pounds dried blood, 438 pounds
3o . suporphosphate, and 200 pounds
' : ‘rmuriate ‘of potach _
4AY _ 4909-1951, Ho treatment, Chock.
co 1909=-1917, No treatment
4Ao ~,”‘1917-1951, 200 pounds armoniun Bulfate and
219 pounds rock phosphato
DAs 1909-1931. o48 pounds of superphosphatc, and
' : 200 pounds muriate of potash .
6Ao . 1909-193]1, Z00 pounds of nuriate of potash
1Ap - A909-1951, S08 pounds drled blood, and
- 200 pounds muriate of potash
BAn 1909-1951. ©08 pounds dried blood, and

438 pounds superphomnphate

JAo 1909-193.‘1.z o008 pounds of dried-blood -
Ap .. 19 ' ons manure once in 4 years .

bofore corn

11A4 1909-1931, o treatment. Checlk.

- - 1909-1917, lio treatment -

1145 1917-1931, 16 tons manure once in 4 years
. 4 before-corn, and 219 pounds rock
- phosphate -

12A0 1909-19381, 4 tons of mamire annuully

T909=I0%T, 16 Tons mamirc onee in & yoars
: - befors corn, and 438 pounds

13As
suverphosphato annually

]

.4During the‘firét 9 yedrs. the fertilizer spplications
were one-hnlf of that givon in this table, with tho
excoption of mamure.
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Available Phosphorus Detormizations

| The avuilablé»phaﬁphérﬁs of both the sgil% and
tha'plaQues wasg detexmineé by the Lamotfe??ruag mathé&.
The standard gqﬁiﬁment‘ané reugeﬁta-Sﬁpﬁlied in tﬁe kit
were used. The methadiemyloys o dilufe acid extraction
mediﬁm and the phosghamolybﬁiclaaiﬁ colorinetric reaction

of Deniges (5). Fhosphorus igs reported as pounds per acre.

H-ion Eeterminaﬁiﬂns

In the pH determinationa, aAYéudén potentiometer
wag used., It enploys & 1/20 molar aoi&tian of potassiug .
acid phthalate as a buffer solution in-ﬁhe referense |
electrode vessel, ﬁnd uses the quinhydrone electrode.,
Srmall tésf tuben were used as electrode vessels in &ﬁking
the determinations. appraxinﬁtely 1 gn. of the sai]l to be
tested and 5 nl. of water were placed in z test tuﬁé.v The
nixture was shaken thoroly and allowed to stand for 10 to
20 minutes before the quinhydrons was addad and the
reading token, Exporience has shown that this period of
time of standing is necessory for the water and soll to
- pong to an equilibrium, theredby giving a constant reading.

All detorminations were nade in duplicate. A
varintion of 10 m.v. hag been allowed between dupliesate
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deterninations, 4An aversge of the two readings wiag
token as the voltage for the sanple. If the duplicate
doterninations varied more than 10 m.v., & third deter-
nination-was made. The averaze of the two readings fell-
tng within the variation allowed was taken aeivaltag& for

the sanmple.

Source and Culture of Azotobaster Chrooeocenn

 The strain of Azotobacter chroocoseur used in
these studies was obtained from Dr. Waksman. Thé'cgltare
has been kept in o vigorous condition by repeated trans- |
fors on nitrogen free media. All incculaiions of piaqncs
have teen made from young and vigorcﬁs dﬁlturas.‘

Sackett¥s Technic for Uaking the ?lgqnes

'ihe,fgllewing,procedura 1a reported by Sackett
for mﬂking%thg plagues {24}, ». 12.

Welgh out four 50 gran portions of the soil to.
bo tested, which hes previously been air dried and sieved
thru o 20-nesh sieve. Place ezch portion in a omall claas
cultﬁra dish, and to each add 2.5 gramn of cormstarch. IT
tho aeil 15 nore acld than a pH of 6.8, add 5 grams of
calclun carbomate to each portionm. Mix thoroly while dry.
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If calcium carbonate wap added; add 1 ml, of & suspen-

sion of Azotobacter chroococcum*. To portion 1 add dis-

tilleﬁ water as describod belon: to portion 2, add 5 ml.
of a 3 per cent solution of.K2304;'to portion 3, 5 nl.

of a 6 per cent solutlon éf NapHPO,; and to portion 4,

5 ml., of a 3 per cent solution of K,HPO;, To portion 1
add enough.distilléd water, stirring continmally, to bring
the soil {to o éonaistency of putty or modeling clay, not=-
ing the amount of watep reqﬁired. Uix thorely, and smooth
the top with a moist glass slide., Place in o molst
cpamber, containing a layer of wet f£ilter paper'in the
botton., To portioms 2, 3, and 4, 244 enough distilled
water to b:ing the total‘amount of liquids used up to that
of portion 1 and preparé for incubation in a similar WaY.
Incubate at 20° C. for 72 hours. At the end of this period,
1f the correct limiting factors have been supplied, large

opaleacent colonies of Azotodbacter will have appeared.

*Preparo the suspension by washing the growth from o
24 to 48 hour culture with sterlle physlological salt
solution, and dilute to 100 ml, with the salt solution.
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b

Erocedura Uséd in this Investigation
for Haking tho Plaques

Wolgh out four 50 gram portlons of the soll
to be tested, which has previously becn air-dried and
finely sleved thra a 20-mech sieve, ond place each portion
in a glnas tunbler. If tho soil 1ig moro acid then a ?H
of 6.8, ndd 2 granms cf CaC0z and inoculate by adding 1 ni.

of a finely divided'suspension of Azotobactorlohroococcum

to'éaoh portion*, Ad4d 1 ml. of & 1-1 solution of gucrose
end water, no onorgy material., To portion 1 ndd aistilled
water ao deseribed bolow; to portion 2, ndd 5 nl, of a

3 per cent solution of K»304; to portion 34 5 ml, of a

6 per cent solution of HuzﬂP04;iand to portion 4, 5 nl, of
& B per cent solution of KpHPO,, To portion 1 add enough
diot1lled water to bring the soll to a conalstenoy of
putty or modeling clay,'nix thoroly, transfer to a potri
dich half; smooth the top with o moist spatula and ﬁlaca
for incubation in a moist cultpro ohamber containing a

*Prepare the suspension by washing the growth from a young
end vigorous cear slant culture with storile dlstillod
water into a flask of sterile water contalning 1 to 2
grans of quartz sand. Shake thoroly.  Dilute to a slight
turbidity. The sand sids in dispersing the organigms,
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small amoynt of water and s false bottom to cupport the
‘plaquess To pbrtionslzg 3, and 4 add enough distilled
wator to bring the total amount of liquids up to that
used In portion 1, mix thoroly and propare for incubation

in a sinilar way, Incubate at room temperature (25° to
30° C.) for 72 hours.. At the end of this poriod, if the

correct linmiting factors havo been suppliéd. very
charactaristic Azotobactor colonles will have appeareﬁ
on gona of the plaquos,

As noat Eastomn soils are more acid than a pH
of 6.8, the addition of calecium carbonate and inoculation
are inmportant phases of the tochnle, Sackett's technic
‘han been nodified in the substitutlon of sucrose for
starch and distilled wotor for physlological self

golution,
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EXPERTMENTAL

The original plan of thia research was to
study the adaptability ef the Hinogradsky plaqua method,
ag reported by Sackett, to ?irginia soils. If the nethod
was ‘found to be satisractory, the mineral nutrient content
- of soils frqm Grayson, Ronssmond and Rockbridge Countias
were to have been studied, Soil samples collected during
the recent soil survey were to have beon used, However,
as tho method was not found to be adaptable, the second
part of the preblem was abandoned.

The réaearchéa herein reportéd deal with a’
gtudy of the Winogradsky method as used by Sackett and
dttempta to modify his tochnic for use on Virginia soils,



Prolininary Experiments on the
| Plague Teclmie
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Prelinihary Experinents on the

Plague Technle

In o preliminary trial of the method as
Teported by Sackett, eight samples of soll from the
series of plots desecribed under materials and methods '
were plaqued for deficlency Studies, and incubated at
roon temperﬁture. After 72 hours 1ncuhat1on, no colonies
had developed on'the rlaques.  As the technie had been
carefully followed 1n every detall except. that of in-
cubatlon, plaques of four soils:were placed in a 30° ¢.
incubdator and pladues of the four remaining soils left
in the roam,tehpordtﬁro incudator. . The temperature in
the Intter incubator varied from 25° to 30° C.

After a further incubation perilod of two days,
no colonies had developﬁd on the plagues in elther
incubator. It was concluded that temperature of
incubation had not been an important factor in preventing
Azotobacter growth., Renolizing that Sackett's technic had
been developed for use on alkaline golls and that his
proca&ure probably nceded nodification for use on acid .
solls, the following cxperiments were outlined and carried

Ouf .
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‘4eriation and Source of Energy Study

Sackett expericnced difficulty in securing
Azotobacter growth on'éertainlsoils in Colorado. These
goils either lacked in thé necessary flora to_hrdrolizo
starch to sugar, thus making the starch mnavailable to
:Azotdbacter.-or they made puch compact plaques that
Azotobacter iniled.to grow beesuse of lnok of,propef
aerintion. To such poils he ndded 1 ml, of a 1-1
aolﬁtion-of_sucrcse'or 10 grang of qﬁnrtz sand to each
50:g:am Plaque.

~ To test these recommendations on a Virginia
goil four series of plaques.of four each were set up.
When starch, sucrose, or sand were used, they were added
in the following amounts'pef plague: staroh, 2.5 grans;
sucrose, 1 ml. of a 1-‘_-1 solution; and sand, 10 graos.
Coleiunm earbonate and mitrients were sdded es deseribed
.nnder-ﬁaterials ond Nethods., Table II shows the treat-
~ ment of-ﬁlaQues and the Tesponse of Azotobacter. Thia
fest showed starch and sucrose to be of about equal value
as cnergy materlal for Azotobacter. Storch seemed to
encburage'mold~grdwth on the plaques while sucrose dis-
ddﬁraged i¥. Sand decreased-the‘vigor of Azotobacter |

growth with both atarch and gucrose.
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Table II, The Effect of Starch, Stuecrose arnd Sand on
Kzafuﬁactgr Grourth.

=Eh§% = ::_‘_ er gro‘f = ..¢h i e it e dngrsc ey
Sarica:troat- : notrients added

:ment  :Hone:KpS04: LagHrOg T KplitOg :

e % &8 ¢% RE AN &5 3
L3

: b
t A :Starch (¥eeel ~ee 4 fow well :A fTow well s
s : : : . s:developed :developed -
: : H 3 :colonlen. :coloniesn. -
: : : H :Very noldy :Vory mol 12
HH : oz : IOODe n8 \A; oanme a8 (A HH
1: -B (SUCroS0: we=: =~= 70 1101d 7o nold H
r: tSang - 3 : shess vigorousiless vigorons i:
2t € :ond : «w=g === :than {4) sthan (A) ¥
- ¢astarch @ H :llo mold :o mold HH
HH :Sand . : r 3 : . 4
3 D :and 3 e=e: =~e= :Poor growth :Poor grouih HH
1T saquerose: : o mold 1o nmold iz
p o e "

#llo growth,

The Effect of Suaroae, nipotassinm'rhcsphate and
?arying Anounts ef Calcivm Carbonate on
the pH of the ?laques

The work of Gainey (10) definitcly shows that
the reactinn of the culturse nmediun doteraines to o marked
degree‘thaggrcuth and longevity of Azotobacter. The molls
used in this study are slighily acld. If wag felt that o
thoro study of the effeot of tho materlalg used in making
the plaques upon their pH should dbe made,

Iine plagues of a4 sell having an initial pE
of 6.2 were sel up in the regﬁlax way cxcept for the treat-

nents chowm in Table IT1I.



TabchII" The Effect of the Haterials used 1n.Lak1ng

aques on thelr pH.

pH at different

‘Doterninations were made when the plaques

::Plaque- : e
22 To, .Plaqua treatmcnt . s_. dctorminations -
B : L hrs.:éa hrs..72 hrs.::
‘e 1 °Checkﬁwuater only : 5.8 : 5.4 : 6.2 1::
R 2 suater and CUCTOSE § DD 2 D0 I beld 11
e 3 suater and KoHPOA ¢ 5,9 "t D6 : b& i
‘32 4 .water, gucroge and: N ; : R 2
32 - ¢ KoHPOa : t 5,9 ¢+ 5.6 5 6.4 1t
S TTreatmont (4) ond : R is-
‘33 ' +0.25 gm. C2C03 -+ 6,6 : 6.5 : 7.2 ::
‘'t 0 s:lreatment {4) and 3 ' : , R re
'3z - 30.B0 gn. CaClz ;3 6.6 : 6.6 : 7.3 ::
‘ss ¥ :ireatment (%) and : S 2
‘t3 - 31 gu. Calolz " 6.7 6.4 3 7.2 13
sl -8‘=:Treatnent (é).a R N s
Te -~ 32 gn. Callz s 6.7 : 6.5 3 W0 3
s 9 :Treatwcnt (4} and @ : : HH
3 +5 gn. CaC g : 6.7 : 6.5 : 6.9 ::

vwere 24, 48, and 72 hours old. This tadle showg that
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the pE of tho plaques has o tendency to decrcase on the

second day and increase on the third day of incubation.

The sddition of sucrose to the plaques has a tendency to

decreasc the pH, while dipotassium phosphate tends to

inoreasc it. Calciun carbonate, in'a conoentration ag

‘low as 0.5 per cent brought this BOil to approximate

neutrality at the end of throe days.
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Effoct of Varylng Amounts of Calelum Carbonate

'on;AzofbbaQter Growth

Sackott roodmme.ndéd‘ tho addition of 5 graim's o
of Ga005 to ‘each 50 gram portion of the soll when 1% had
an initial pI of less than 6, B. Thia recommendation wan
based on results secured by Gainoy (10), who rounﬁ this
quantity of caloium carbonate noceasary to oorrect tho
acldity of a aoil hnving on initial pH of 4.0, As the
s01ls used in thia te"t wero not that acild, a test was
designed to study tho effect of varying anounto of ‘
caloiun carbonate .on Azotobacter 5rowth.‘ Table IV showa
the amount ‘of carbonute gdded and the Azotobaotor growth,

Table IV, The Effeot of Calcium Carbonate on
zotoBacter Growth.-

1. GOS, CaG0z ¢ Azotobacter growth at the ::
HH added : end of 72 hra. incubation::
i : 33
- 0.0 t Hone 82
82 2.0 : Vory vigorous 3
3 0 H Vigorous 4
18 — : _ I £

This test clearly shows tho necessity of the
addition of calelum carbonate to the plaques for Azoto-
bacter growth on this goll, Mo grons gnve olightly

nore vigorous growth than 5 groms,



30

Sodlun Carbonate as a Sunbstitute for

Calcium Carbonato

It is generally acceptcd that the available
phosphatés in a soll are_refertcd to the triqalqiun form
'in the presenoe of large smounts of caleclum carbonate,
lThiu reversion could occur in the plaques, and thcreby
change the phosphorus of a seoil to a form that would be
unavailable to Azotobacter. If oome other-materiul could
be substituted for calcium carbomate in making the =
plaques, thls possible source of oITOr might be elininated.,

Sodium cardbonate was found by Gainey (10) to be
o satisfactory soil amendment for Azotobacter growth.
This material was odded to the plagues in varying amounts
and the effect on Azotobacté: growth noted. OSoll 1Ay was
used. To 50 gram plaques jof soil 0,25, 0.5. 0.6, 0.7,

- 0,8, 0.9, and 1.0 grams ofrsodiuﬁ carbonate were added.
A plaqﬁg containing 2 grans of caicium corbonate was used
ag the control. Hone of the sodium carbonate plaques
produced colenies, whilo the aalcium carbonate plaque
produced vory good growth, It was concluded that calciun
‘carbongte wag probably the moét satisfactory amendment

for use in the plaques.
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A Conparigon of Physlologieal Salt Solution, Distilled
Water and Tép Water as Liquids for

Azotoboctor Suspensions

. The growth from three vigorous cultures of
Azotobacter was washed froﬁ the slants with sterile physio-
logical salt solution (.85 per cent), distilled water, and
tap wntéf. The suspensions were shaken %o separate tho
organisns and were dlluted to produce approximately the
sane turbdidity. These‘suspensions were streaked on plates
of Lipmants mannitol nitrogen-free ngar. All throo sug-
pensions. produced growth or,approxiuately.eqnalnvigor at
the end of the 72 hour incubation poriod.

A Test of Strains and Species of Azotobacter for

Vigor of Growth on the Plaques

To sgcure orgonisms for this study, requests
were sent to foui Experiment Station laboratories for trang-
fors of the cultures in stock. Eight cultures were recelved,
including 3 specles. The following tabulation‘ahows the
strain or speecles, investigator, and the laboratory from
which they cano.



N P R L l~}"‘ : “ Experiment Station
. Speclog: - - Investigator Laboratory

-Aao?ogacte§ chroococcum Sacxstt . .Colorads
. St. 73 - e o
Azo?o:acte§ chroococcum" Sackett i Colorado
SR & 62 . : C .
. Azotobactor chroococcuml"lSackett - . Colorado.

. (s8t. 58} e n N
Azotobacter chroococcum Walxer . - Towa
Azotobacter chroococeun - Wilsom - - Few York
Azotobacter chroococcun . Waksman " Ilew Jorsey .
Azotobacter Baijerinckiil WHoksman . Tew Jersey .
Azotobactor vinelandii : B -

o Lipmqn WakXsnman - Hew Jersey

l culture of Aaotobacter isolated from soll
t&ken fron the edge of o conpoat pile behind the Plant
| Eathology green house was al“o 1ncluded in tha study.
| | ” Large plaques were made in soup plates, using
‘200 grans of soil. Tiutrients were added in the regular
:Vway and in corrcspondinb smounts. - Susﬁbﬁslonﬂ of the
_organlsms WGre nade 1n physiological salt ﬂolution
t( 85 per cent) and diluted to approximately the sane
turbidity. The "uspen ions were ﬂtrca?ed nlong parallel
lines on the plaqucu‘with uterile cotton swabge.

 only the HaEEI’O4 zmd the KpHPO4 plnquen develop-

cd colong groath. All of . tho cultures save Tery good

growth on these plaqueg. Howevcr, strain 73, Sackett,

was less vlgoroﬁs than the other cultures of A, chroococcun,
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A. Beljorinckii and vinolandii Lipman produced slightly

lesS-vigorous growth-than7the*strains'of A. chroococcun.

The orgnniﬂm from the local soil was lesg vigorous than
~ the strains of A. chroococcum. It produced growth of- the

sane vigor a3 BelJerinckii or vinslandil Lipman.

A Comparison of tho Stresking and Mizing Methods
' of Inoculating the Plaques

Sackett recommended that 1 nl. of a suspension
of Agotobacter be nixed with the soil along with the
nutrient solutions, whon-inoculation wos nececsary. If tho
soll and 1noculum were not thoroly mixed, all of tho ' o
.organisns might be covered with the soild and be unadble %o
devolop colonieu because of luck of aeriation.

By streaking the organism on a localized area of
the surface of the plaques with a sterile cotton swab this
pousibility would be elimirnted, Table V. ghows o coopari-
gon of the two methods of_inoéulatipﬁ on‘dnplicatc Plaques
0f 5 moils. This exporinent indicated that the streaking
or miiing method were equally reliable for inoculnting
the plagques., | -
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Table V. A COnpariaon of the Stroaking and the Mixing
ods of Inoculation. ;

¢ nutrients aa aﬁﬁ me"hods of inoculation

tt mome ' Kps0p i TapHPO, i KpHPO,

Sfr.:Hix. t:5¢r, tMix, .:Str.:Mix. l'Btr.:Hix.
:! * .
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-The Efrect-of'the Tutrient Solutions
o on the PH of the‘PlaqueS‘-

Table VI shows the effact of the nutrient
solutions used 1n making the plaqnea upon the H-ion |
concentration at the end of 7g hours 1ncubation. Thd
plaques were prepared in tho usual way. Two grnmn of
oaloinm curbonato and l ml. of 1noculum vore adﬁed to

soil lSAg; neither'were added to tho 001orado coil,

Tablo VI, The Effect of Plaque Conditions and tho
wutrient Solutions on tho pH of the Plaques,

T or mateTont oinouss :
Tionaine Sﬁ4.haoﬁ?g4:ﬁgﬂ?ﬁ4 :
: . : ! . H
t:Colorado: 8.4 7.5

T 0 R 7.0
::13!&2 H 606 6 9 : 705 701
:é i H - , : - - A

;: Soil ,;0r1ginnlﬂpH
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‘ The - decre e} 1n TE of the no nutrient plaque

‘qf the Golorado soil over tho original pH ig very marked.-
'411~cr the pluques to which the mutrient solu+1ons were
a@ded, ezcep“ the LESO4 plaquo of noil 13A2, gave signl--
ficant -ac;pases in pHan'EhsJHangU4 plaques were narkodly.
hlgher ;ﬁ pr: ’ S L | |

Effect of Varying Qunntitiea of.KBHP04‘
on Azotohactef Growth.

To study .the effect bf varylng quantitics of
phosphate on the growth of Aaotohacter, eight Plaquesn of
soil lAl ‘wore prepared in the usual vay. - The 3 per cent '
solution of K2HPO4 wag added in varying onounts. - Table
VII showa the amounts of phosphate solution pdded and
theo recponse of Azotobacter on the plaques.

Table VII. The Effect of Va.ryinb Amonnts of Dipotassiunm
osp e on Azotobacter Growth. :

YR 0E 20 B SN Bs 48 SH NP W A%

o T ]
T i1, 3ﬁBer cent : Growth : Growen . 5t
: KpHrO : 48 hrs. 2 72 hrg, T2
: 0.0 : Hone -3 - Fone -
: [t : slight- T Vexry slight HH
: 1,0 : Sllght :  Slignt HH
: “ald : FPoor t  Poor -
H Q.U s PFalx : JFalr - Good HE
: 4,0 ¢t Good -+ Good HH
: Y :  Very good :__very good HH
A 10,0 :  Slight : JFaolir S
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On tbis aoil which is ION in availadble phos~
» phorus 10 to 25 pounds per acre. (LaHotte-Truog), the
f] Azotobacter growth is directlyrpr0porﬁional to the amount
"~ of dipotassiun phosphaté nddod. Five nl. of the'phOSPhate
golution prodused very good growth while. 10 ml. depressod
growth. '

Azotobacter Growth on Plaquss of

Varying Hoisture Content

During thésé sfuﬂien. it wan obscrvaﬂ that
Plagues in which the moiat noil or nud was soft, dld not
.produoe vigorous Azotobaoter growth. To test this
obaervation,'o plaques were propared, using a soil that
previously gafe good grdwth with 18 nl. of liquids added
per plagque. This included the nutriont nolution, sucrose.
iinoculum and diatilled wnter.
. : Table VIII nhows the total 1liquids addad to
:Each plaque, the churacter of tho moist poll or rmud, ond
the Azotobacter growth at the end of 72 hqurs incudbation. .
Tho plogues that were stiff, or had the plasticity of
putty or modeling clay, gé?o thé nogt vigorous growth.
The dotrimentalrbffeot of mXing the plagues t0o noist

is olearly shovn.



Tabls VIII. . The Bffcet of Varying the Noilsturo Gentnnt
ol wheo EI‘quen on Azotehneter erth,

'5li0, OF liquiﬁs T LhnTRoTer 0% The @ AZOLoDBOTer 3t
$¢ added ¢+ nolnt ooll +  growth XL
1216 : Vory stiff - : Good i
HH : s Piasticivy of : $3
- 17 '+ putty or modeling : Good 1§
i t elay : it
4 . _ : pPlagelelty o1 : -
HH 18 ¢ putty or podeling : Good '3
3 : clay : ; HH
Ny 19 : Soft : Poor ::
;; 20 ' vory soft ; Very poor f:

Tha Effcet of Caleiuy NMitrate on
» _Aéotobﬁater SCrowth

It is generally nccepted that small omowmts of -
nitrates are utilized by Azotéi;acter,‘ In an attﬂnpt to
supply the nitrogen mcnsum fnr Azotobaster grm‘:th.
ealcixm :nitmtc s ndded to0 5 plaques of soil in guantities
t0 produce o comantmtian o:ﬁ’ 10, 20, 40, n.nri 100 PePells
Tha Azotcbacter growth wagm deamasj.ngly vigorous ap ktha
soﬁcbnmtim of nit'mtes'incmasca. Tho check plaqua,
containing no nitra tos S, pm&ﬁéed 'mr;r éosd grosfth *:z‘hile the
plague eonta:ming 100 PeDelle proaueod feehle crovth ot tha
end of ?‘..’hm‘::rsz incubation., Thero wag o tondency for t.ha- ,
ploquos coﬁtainiﬁg the highex _ebncontmtiona to ntart orowth
aboﬁt 24 ham“a lafcr than the choek.
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Summary of Preliminary Experiments

‘ Observations during these studies have con-
firmed Sackett's-suggentions-conce:ning the noisture
 re1ationships of the atmocphere of the irncubation chamber
and of the moist goil or mud. A low moisture content of
the soll snd a high moisture combemt of the air im the
culturc chomber are essenbial to good Azotobacter growth.
Send tends to decrease the vigor of growth, when used in
26 per cent~conceﬁtration, with‘starch Or sucrose as an
. energy naterial, These two carbohydrates are of about
equnl'#alue és sourccs of energy for use in the plaques.
Sucrose has been used In these studles because of its
6onveniencef _ o _ |

Sackett't24), p. 11, states that Azotobaster
has been éﬁown in the presence ofASS.per cent caleium
qarbonato-withouf any dclateriouﬁ effects. These stuﬂies
have shown that onm these solls a .concentration of 4 per
cent allows slightly nofe vigorous growth fh&n s concen-
tration of 10 per cent.. Sodiun earbonate was not found
to be'a Batisfactory substitute for calciun carbomate.

'_ _Several‘factbrs seen Yo be constantly aotlve in
1nflunnclng,pﬂ iﬁ the.p;aqueu, Sucrogse tends to decrease
1t. Dipotassiuﬂ phosphate tends to tnorease it.. When
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'l“‘-.both materials are present oa.ch seems to have a
cour.teracting inrlueme upon the other. Anracidity
___'_Acycle seems to occur in the plnques. During the first
and socond days of i_ncuba.tion, "the pH io decreasing or

‘Temeins constant, At tho end of the third dzy, it has

| risen and usually app“oa.che., neutrality, when ealeiun
ca.rbonate has been used 1n the plaques.

| This a.cidity cycle is probably asuociated with
the hydrolysia of the sucrope ond iis conversion into -
orga.niclacids. ~ The aclds secumulate in the plaqt;e.' When

. 1t becomes sufficiently acid, the cal_ciﬁm carbonate ;goen

'int:.o aolut_ion,l nautrﬁlizes fho aclds, and tho pH approaches

neut....lity. | | . | |

It has been o‘bserrred tha.t Azoto‘bacter grows nost
mpidly when the plaques are 48 to 72 hours old. Gas fpuffs”®
on the plnq_ues oceur very frequently during this period.

- Possgibly thesca:r'bon ;Lnthe sucu‘r.os'e connot be utilized ='b:,a'
the soil _org'anism.s.until 1tj has been éonvértéd. into a
caleiun ester of an organic acid, | |

-Physiblogica.J; salt solution, distilled water
and tap water have been found to be of equal value as

liquids for sugpensions of Azotobacter. Sackett (24)

used phyﬁioiogi.cal salt; Jonea (12) used disiilled water,

Observation has shomn that a faintly turbid sﬁsponsmn



produces distinet coloz;ios:'t:hile a sugpension, of push
tuxﬁi&ity thot 1t 1s ngzt'_ transparent, I:foﬁuses o gelatine
ous filn over the gurlface ci‘ the pla,que's. Azotobacter

chroocoeoun, A. Doljerinckii, or A. yinelandii Iipnan
can: he nsed satisfaetéxily for inegulatiﬁg the plagues.
Streaking thé inoculun e.n tho surface of the ;piaquau or
m!xin‘, 1t *:rith the scil ore agnnlly rcli.abln os metho:}.a
of incculntion.

msadmn §h03§hﬁ o }mu a tenﬁcnay 4o inereaso

the pF cf the plsaques over that of ai‘bher the yotas..,im
zm.‘lfaw or éipo‘sa.sz;im phos;ghnm plag;;m.

~ The ccmcntmticn of phogphorus necessary for
v*igt:»:::m:: colony foma.tien, on tho mmfn.ce of the plu.mzea,
is meh higher thmz that necus...ary i’or thm grouth of an
avemge 'fiel»:l cmp. ”hia esneentmtion is neconsoyy bo-
causo very J:ﬂt*ely tha normal :ﬁa&s of oocurrence of
A:’.cto‘bactor izi the 501l 1o o glnglo coll oi‘ in snaldl groups
of cells elinging to the collotdal cbvering of the soil
partiel_tm-. If large colonies aro ta be produced on the
surfaco of tho plaques-in 72 hours, & roadily available
supply of phonpbem mmt o muent, an tms glenment 1o
ono of thzz I‘irst limiting i‘actors in ﬂzotobm}tcr ez*o'ath,
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Rosultg Secured with:othe Winogradeky Method in

Compardgon with Corn Yields and Available

?hoﬁbhbfﬁéléflﬁidt Soils

As & trial of the‘Winogrgasky nethod ‘on field
poils 16 samples from'plqts;of'sefies A of the Rotation
and Fortllizer Experiment of the Virginia Agricultural.
Eﬁperiment Station, Blncksbﬁrg,.wera used., The fertilizer
tfgatmént'and crbpping.system enployed on those plots is
givan in‘Table I, pége 18.

'~ Tho rértilizer treatment has varied from that-

of the unfertilized checks to that of a plot receiving
liveral applications of nitiogen, phosphorus and potagsiun,
The.obrn yleld in 1931_var1ed from 10 to 68 bushels per
acfe. The available phosphorus vnried'frdm 10 to 75 pounds
per amore in the samples used in this study. Tho wido
'var;ation in the fertilizer treatment, cornm yleld, and
avuilnblé phosphorus of these plots make them adaptable
for a study of the.W1nbgrddsky'method in accordance with
the procedure_given on page 22,

The response of these golls to the YWinogradsoky
nethod is shovm in Table IX, Hone of the solls produced
golonies on the unfortilized Plogque or on the plague to
which potassiun ﬁulfate had heeon added, . Growth develepod
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on seven of the plaqngq to‘wpiqh di1sodlum phosphate had
becn added and n;i s;;tcop produced growth when dipotassium
phosphate was added. Using_thersystem of clagssification of
deficlencles ouggested by Haxéon, rage 10, all of thesa
sollo were very deficlent, aécordiﬁg to tholr response to
the Wipogradsky plaque test.

ﬂ Thé corn ylelds and avallable rhopphorus of
these plots do not agree with the results asecured with
the Winogradeky nethod. Plot 14; received no fertilizer
from 1909 to 1931 and yielded at the rate of 17 bushels
of corn in 1931, QOver the same period, plot 34, received
1iveral quantities df fertillzer for good corn production
as indicated by its yield of 68 tuchels, EFoth plots
responded 1n a simiiﬁr vay to the plaoque teat.

All of the soils that prodused oolonies=on tho
digodiun phosphate plaque yielded at the rato of 50 bushels
or more per acre in 1931, This indicates that this group
of soils are relatively fertile, but the phosphorus or
potassium fortilization 15 not consistently associated with
this response to the plagua teost,

Five of these solls contalined 75 pounds of
Phosphorus per adre. ‘Thig quantity ig considered sufflclent
for average cropping_needs oﬁ clays and loams, ITone of

the five produced coloxnies on the unfertilized plaque.
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Table IX. A Comparison of Fortilizer Treatment, Availablo
Phoophiorus, Coxn Yields and the Plaque Test.
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It 18 evident that the Winogradsky and the
Lantte—Truog naethods do not agree on the phosphorus
content of these solls, The Lalotte-Truog method 1o
generally considered to be a satisfactory indicator of
the phosphorus content of solls, This indicates that
tho Winogradsky method 1s not sensitive enough to refleot
the presence of sufficient nutrlents for the production

of o good'corn CI'0D,



Misogllaneous Studies on the Plague Teot
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A Comparison of Azotobaoterlarowth on Plnques

of a Colorado and a Virginia Soil

Obséfvatibn‘of Azotobacter growth on plagues of
ﬁhe Viiginia soils ha& ghown thaf it was probably not asm
#igdrous as that ahbwn and desoribved by Saékett‘(24) for
Colorado soils. Td'tést‘this observation, plaques were
set up in the regular way using soil laAz.and the Colorado
noil,

| The Virginia soll was 6,6 in pH and containead

75 pounds of avallable phosphorus; The Colorado goll vas
8,2 in pH and containod 50 pounds oflavailable rhosphorus
rer acre. Calcium oarbonate and inooulun were added %o |
the formor soil; nelther were ndded to the latter, Plates
II end III show the Azotobacter growth on these solls., The
Coloradp 8ol produced large opalescent colonies that re-
- penbled those describod by Sackett; szoll 1:’>1L‘:.3 produced snall,
feeble colonies, _ |

. The vigorous growth on the Colorado soil could

have been due to the presence of a particularly vigorous
strain or spoeles of Azotobacter. To test this possi-
bility, two plagues of soil 13A2 viers inoculatoed with a
suspenslon of Azotodbacter taken dircctly fron the plaques

of Colorado soll. This was set up in sterile vessels,
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so a8 Yo avold introducing othor Azotobaster. A plaque
of the same soll inoculated with.the stock culture of

Azotobacter chroococeun was used ag the sontrol, At the
end of 72 hours 1ncubat16n, 2ll plagues had produced
colonles of about equal vigor. The organism taken direct-
1y from & plague of Colorado aoii prdduced slightly more
pignent than the stock culture,

The Effeoct of Varying Amounts of Calecium Carbonate
on the Availability of the Hative Phosphorus
 of a Soil

Calcium carbonate was used in the plagque tests |
proviously reported on the plot so0lls at a concentration of
4 per cent. It 1s gonerally accepted that a reversion of
avallable phosphates occurslin the prosence of large
amounts of cacoz.' A roversion of the phoaphates ﬁresent
in these soils could have occurred, thereby making the
available phosphorus content of all solls low, as the
regults securod with the Winogradsky method suggest,

To find the amount of CaC0sz necessary to rovert
the avallablo phosphorus of & rolatively fertile soil, the
following test was outlined and carried out. Soil from
the Horticultural propagation garden was used, It had a
PH of 7.4 and contained 75 pounds of available phosphorus
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per acre. Five 50 gram Plaques were made, The CaCOgm
was varied from 0, 0 to 5,0 grana per plaque.k Suecrose wasg
addod to each plaque.

| Determinations of avallable phosphorus were
ﬁade with the standnrd raaéents and equipnent of the
-LéHotte-Truog xit, Care was taken to pack the soil into
the neaguring ladle to about tho Bane firmness for each
detprmination.' The available phosphorus is reported in
| numbers corresponding to the first three shades of blue
on the oolorimétric-chgrt;sﬁﬁplied with the kit., Tho low-
est amount of pkosphorus observed 1s indicated by the figure -
"1rns the intermediate amount obsexrved 1s represonted by tho
figure "2"; the highest by the figure "3".

Table X shows the relaiive amounts of available

phofphorua on the varlously treated plagques at different
intervals over a period of 8 deys,

Table X, Tho Effect of Caloium Carbonate on the Availe
y of the Lative Phosphorus of: a Soll,

{igng, : Helative anountis of avallable phosphorus at
*10aC0n! different ageg of the plaques

- 87T TiTs.: 45 hra.:i2 Iro. @ 120 hrs.: 192 GTa,
: : ‘ )
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This table shows that & 5 gran application of
CaClg changes the available phosphorus present in this
polil. to a forn thnt 1a insoluble in the extracting
solution used in the IanotteeTruog raothod, Smaller
applicationn did.not influenco the solubility of the
phosphorus of *his soll in the reagcnts used. Thisg
suggents thut 1ittle, if any, reversion oceurred in the
plagques of the plot goils, Table 1X, as 2 grans have been
used thruout the work, |

The Effect of Varying Amounts of Phosphate on the
Avallable Phosphorua of the Plaques"

To determing the effeet 6f the 2 groms of

CaC03 used in naking the plagues on tho phosphate addsd,
the following test was carried out, Verying amounts of
a 3 per cent K23P04 solution were added to plaques of
goil 14y, This soll contains 10 to 25 pounds of available
phoesphorus per acre, Jucrose and CaClz were added to the
ﬁlaques in the regular gnounts, ,D¢term1nations of the
available phosphorus were made ag proviously‘described.

| Table XI shows the relative amounts of avall-
able phosphorus in the pldquen at intervals over o period

of three days,



Toble XIJE The Effect of Two Grams of Calcium Carbonate
on the Avallable Phogsphorus of Plagues Containing Varying
Anounts of Phosphate, _

THY, of 3 Ralative anmounts of avallablie tAZ0LODOCLOL

H ¥ : i
siper cent:: phosphorus at different ages :: Growth HH
$sKoHPO4 1:__ of the plagues ' :: s
- 1¢ 2 hra.: 24 hrs,: 48 hrs,:72 hro.3: 78 Nros !
8+ A : : : 33 1
HH 0.0 1 : 1 H 1 : 2 $: Hone 3
11 0.0 1:: L : 1 : 1 : 4 1: licne 3
HE] AR 4 1 o : 0 4 : 4 t: oSlight HE
HH IR ¢} : & : 4 : 4 33 Poor HH
18 3.0 1 7 : 4 t [§) : 4 1 ralr e
i 4,0 13 Vi : 6 : 5] : 4 1: Good HE
HE 0.0 13 i s i ! 5 : 5 t: Good ¢
1: 10,0 1 7 3 Vi : 6 : 6 12 Poor - i3

" This fest shows that a smell part of the
phosphato ndded to & poll gradually changed to a form that
wag 1nsoluble in the extracting solution used by the
Lollotte~Truog method., The insoluble portion could have
beon asslmlated by Azotobaoter or reverted, Those data
éuggeat that reversion occurred, in that the plaque to which
0.5 nl, of the phoéphate 5olution vao added contalned
approximately the same amount of avallable phosphorus ag
the check plaqué and d4id not produce cdlony growth,



51

A Study of tho Adoptadility of Algae to
' the Plaque Toest

The Azotobacter group of organisms are not
chlorophyll bearing and do not synthesize energy materials,
As a result, carbohydrate must be added to allow the organ-
isn to develop on the plagues. In the hydroiysis)and
pubsequent utilization of the carbohydrate by Azotobacter,.
organic acids are produced that tend to increase the acld=
1ty of the soill, This condition plays a part in naking the
addition of CaClg neogssary to keop the reaction within an
" optimun range for Azotobacter growth, The conbined action
of the organic aclds and the CaC0p3 will probably change
the nornal biological,lchemical and.phyaical_equilibria of
the soll, theroby producing a condition entirely different
fron those existing under fleld conditions, . |

The growth of algoe on tho plaques as o substi-
tute for Azotobaster would eliminate the anddition of both
carbohydrate and CaC0g, since the former synthesizos ito
energy material by ﬁhotosynthosis. |

A test was de#iaed o deternine the best mothod
of treatmont of the plaques to allow the best visibility
of the algao growth. Four plagques were nade in petri

dish halves uaing 50 grams of soll, 5 ml, of a 3 per cent



solution of KpHPO, and onough 0.1 per cent Ca(l0g)p
solution tc_ﬁriﬁg;thom to a putty-like consistoncy. They
were divided inte 4 groups of 2 cach, treated ap indicated
in Table XI1I, and inoculatedlby dropping a suspension of
a nixed enlturo of algae ovor the top of the finlghed
plagunes. Tho diahes'wére covored wiihAregula: petrl dish
lids ond incubated in 2 northern window, where they could
recelve light, Table X1T shoﬁs'plaqua treatnent and algae

IreBpoIice,

Tablo XII. The Effecct of ”urfacé Treatnent on the

Urowth ond Vieibility of Algae on the Plaques.
Plaque Treatmont - Algae Growth
Filter papor prossed firmly over

the so0il Poor growth
Dusted with kaolin, and left rough Excellent growth,

and visibility

Dusted with kaolin, and smoothed
with a nolst gpatuls Falr growth

Left bare ' “Poor growth
' Poor visibility
This study shows that dusting the surface of
the plaques and leaving 1t rough for the alga to grow‘on,
gives the nost vigorous growth and best visibllity of the
grdwth. | o o
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In order to tost tho adaptability of algae
to the plaque test, 2‘dﬁplicate geries of 4 plaques each
of soil 1Ay were set up. The plagues were made in the
'regular vay, oxcept_that'the puercsae and CaClg wero omlt-
ted, and-a 0.1 pc# cent solutien of calelun nitrate was
_ 'substitﬁtad for thg_distillqd water, They were dusted with
- kaolin and 1noculatéd, and incubated ap proviously described.
Table XIIX shcws the tfeatment'and responsa ¢f the algeoe,
'Taﬁla'XIiI. The Use of Algao on the Plaquea 2s o
Subpiituie for Azotobacter,

Rutrients Added - Algua Growth at the
end of 7 days

ane Vigqrous Growth
‘K2504_  | | | ‘Yigorous Growth
HaBHP04 Vigorous Growth
K2HP04 , ~ Yigorous Growth

After 7 days inoubatlon, all of the plagues
showed growth Of about equal vigor. It 15 ovident that
algae 1p not a sultable organismn to grow on the plaques
ag o mubstibuto for Azotobmoter pince 1t grov equally ag

well on the piaqnea to which no ndditioncl mutrients had
‘boon opplicd ag 1% d1d on the plaquo Tooelving potassiun,

phosphorus, or the two in combination,



Diseussion

The first part of thils investigation was con-~
cerned with a study of the plaque technic in which the
naterials used in making the plaques were varled in an
attenpt to find optirnum conditions for Azotobacter growth,
These exporiments were discussed and sumarized on pages
28 to 40, After the completion of the experiments thorein
deseribed, 1t was felt that the technic had been modified
for use on Virginia soils and that tho author was suffi-
olently familianr with it for o test of the adaptability
of the Winogradsky test to be nade.

The corn ylelds and avallable phosphorus of
the solls from the 16 plots of the experinent used 1n thils
study show that their fertility varles to a marked dagrea.
The response of thesc solls to tho Winogradsky plague toest
does not reflect this variation, Two possible causes for
this lack of sensitivity ouggested themselves. The avell-
able phoaphorus could have been reverted in the plaques,
as caleiun carbonate had been used at a concentration of
4 per oenty or Azotobacter could be unable to produce
colonies on a soll containing sufficient phosphorus for
tho production of good corn ylelds.
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3tolenska (29) reports the tine limit for
rovorsion of phosphorus in tho soll ag 50 to 60 days;
Ergorov (7) found it to ococur in 24 days; Shaplro (26)
elaing 1t occurred in 10 dnys; Ergorov furthor statop
that rapildity. of reversion varles in different soils.
If revorsion was o factor in causing the lnck of censi-
tivity of tho plaque test on these solls, 1t must have
ocourred mch mors rapldly than it hasg proviously beon
reportod as taking place.

Table X indicates that gone reverslon had
occurrcd ot tho ond of 24 hours in plagues containing
10 per cent caleiun carbonate, The cencentration of
4 por ccni carbonate usod in these tests had 1ittlo offect,
if any, on the avallable phosphorus of a £oil contaoining
75 pounds per acre, A small amount of reversion probably
ooours when the phosphato solution is added to the plaquos,
Table XI. EHowover, tho indications are that roversion hag
not influcncod theo results gsecured with the plaquoe test on
those poils, in that caleoium carbonato at a concontration
of 4 por oont causod no porceptablo roversion of the mative
pheaphorus of o sodl cdntnining 75 pounds of availablo
phosphorup per 0ore,.

In Amorica tho Winogradely plague tent has boon

ndoptod and used nost extensivoly, as far as the author
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has been ablo to deternine, in connoction with the mugar
boot industry. Tho Houbauer tables (6) chow that the phos=
phorus and potassiunm content of the soll, for the product-
ion of high ylelds of sugar beets, to be 10 times that -
necessary for high yields of wheat and oats; 5 timen that
nocegsary for red clover hay; and 1,25 times that necobsary
for potatoea.

The'work of Jones (12) and tostn carried out in
theoe studies show tho concentration of phosphorus neces-
gary for the production of vigorous Azotobacter growih on
tho plaquoes to be far in excoss of that required for tho
oonnon field crops. The oconccniration of phosphorus Iin
poils that will produce high yieclds of corn-as chown by
Table IX, and tho concentration nocessary for the small
groins as shpwn by the Heubauer tables, is low whon com-
pared with the oomcentration necescary for high yields of
sugar bhooets.

| The gtatenent of Dahlberg and Browm (4), olted
on page 16, is of especinl interest in this connection,
They state that.soila po doficlent in phosphorus that they
couse a nolnutritional condition, due to phosphorus
aotarvation (black heart), produco satisfactory yiclds of
tho_small graina, oltho grain gives a decided response
to phosphorus fertilization, This further suggests that
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" a poil nay be very deficiont. for the production of ougar
beets and nodorntely defioclent or not deficient for cmall
- grains and corn.,

" The date herein reported show that Azotodbacter
will not produce colonles on the distilled water plagues
of solls containing 80 to 75 pounds of available phos-
phorus per acre, This response indicntes that these golls
are very deficient. They are probably very deficient for
the production of sugar beats, dbut the corn yields for
1931 show that they prﬁduced'a satisfactory crop., The
" relationship between phosphorus fertilization and the
available phospho:us of the olls indicatos that the
phosphorus applicd in the spring of 1931 was not exhausted.
Tho presonce of these phouphate residucs wap not rofleccted
by tho plague test,

Another factor influencing the adaptablility of
the Winogradaky plaque test te Eastern coils is their
acid condition, In the application of the method, theno
golls must bo corrected with oaleiun carbenate and ine
oculated. If seeningly reliadble resulis were seccured,
they would be of questionablo value. Resulis secured on
the alkelino or very 5lightly acid plaques might not bé
adaptahle tO-the acld éoils of the fleld., Maxgon (15)
states that he doubts the value of the Winogradsky method
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for use on acid'soiié;'lsﬁith'(zﬁl, after.preliminary work
with the method, folt that 1t was of 1ittle value for uso
_onledstern oilu. o |

Plates II and III show tho vigor of Azotobactor
growth on soils fron Golorado and Virginia. The.colorado
soil, having an 1nitial pH of 8.4, produced vigordus'growth
without the additlon of caloiun carbonate and inoculun.

The goll frdm v1r51n1a,'hafihg an initial PH of 6.6, ﬁro&uced
less vigorous growth than the Golora&o soll after the'acid-
ity had been corrected and inoculum added.

It 18 the author's opinion that the Hinogrudaky
rlagque teat iso prbnarily adapted for use on goila of
alkaline resction that are 40 beo cropped %0 sugar beeta and
other plants having high ninoral nutrient requirements.

The principle may be adopted for usgo on aeld solls 1f some
ncid tolerant orgﬁnism could be subgtituted for Aﬁotobacter.
A nixzed culture of algae has boen studled. It was found
to lack in the nocessary sensitivity to nmineral mutrient

concentration for use on the plaquen.
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Summary end Conclusions

The ﬂata herein reported show that the
Winogradsky plaque test does not refleot tho‘rclative
fertility of soils that vary widely in crop productive-
ness and available phoaphorus. Soll from e plot produce
ing 17 bushblg of corn and 9611 fron alpldt producing
68 bushels of cdrn in 1931 resporded in a sinmilar way to
" the plaiuo test. Soils oontaining sufficient avallsble
phocpho#ﬁs for avefase'croppihg'needs andlsoils which do
not oontain smufficient afailgblo phosphorus for average
oropping nceds, as ghown by the iﬂﬂctte#Truoa nethod,
also rosponded similarly. Thic indicotes that the
Winogradsky plaquo test 1s of littlo value for the study
of the mineral mutrient content of scils, slightly acid,
on which eropa are to be grown that have a mineral

nutrient requirement as low as that of oorn, .
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EXPIANATION OF PILATES

Plato I. Tho correlation betwsen nicroblological
actlvitics and crop yields on a series of variously
Iertilized Plots, After Waksman and Starkey (35),

Plate II, ' Azotobacter growth on plagques of soil fron
"Golorado, o : L - ,
‘Hutrients added, left to right: 1, none. 2, KpSO4.
3, NapgHPO4. -4, KoHPOa. ' ‘

Plate III. Azotobacter growth on plaques of soil fron
Virginia, - : | I _ '
Rutrients added, left to right: 1, none, 8, KpS04.
3,:%@%??04. 4, KpllPO4» - FPlaque 1 showa slight mold
grov » . K . o ’ '

"Plate IV, Azotobactor growth on plagques of tho -
Colorado end Virginia soils, . (Upper row, Virginia
goll; lower row, Colorado soil}., -

‘Kutrients added, left to rights 1, none, 2, EoSOs,
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PLATES II AND III

III
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PLATE IV
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