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HISTORICAL 



msTOIUCAL 

1'!10 do.Dlotion 01' tho 1mtivo 1'ort1llty 01' 

ooilo l~o c:i.do tho n.1;>:pliontion o:t oo::riorclo.l 1'ortillzoro 
nn 1::i;port:mt ,PrO:roquioi to to ouoceos1'1ll. crop :[ll'oduation 

on c.:my ooilo. Roco::.::ienc!Atior.n 1'or 1'ort1lizins pro..oticoi:i 

lmvo boon baood lo.r~ on :tiold teoto nnil. tho rooponco 01' 

plo.nta to tho oorieo o:r v,u-iou."Jly. troo.tcc. l)lota io taken 

o.o o.n indioo.tion o:r tho nutrient 11oods o:r tho 0011. Thc::::o 
tcoto o.ro both tit:o OO!".su::.i.r,e and o:tJ:)Cnoi,o. 'J1hey. o.ro 

directly np:pllcablo only to tho ooil on which tho test 1::i 

ca.do end u:ndor tho r..a.rticu.l-a,r olil:r..'\tio oond1t1o:::n provuilinc 

durinc tho time tho tent uaa beine oo.rried on. 

It in ccmr::uly oocoptod th:l.t tho :field torit in 

not o. oatis:to.otory be.sic :ror rcco::ocndo.tiono !or :rortillz-

inc pra.otiooo to :ffl.nloro who h:1.:ve ooilo o:r widely varying 

phyoic!l.l. and cll.Cl:liocu. eharo.ctcriatioo. In nn nttcmpt to 
i'ind n oo.tio:fa.otory mothod by v:hich 1nd1vitl1:!l.l. ooilo onn 

bo mpitll.y typed no to relo.tivo :fertility, :nuncroun tests 

lmvo boon vrol)oooa.. 

111th tho rtoo in 0011 ba.otorioloey c.nd mothodo 
i'or the ctudy of tho .coll olcro:t'lor.:. 1 uormro • hn.vo tried 

to find o.n indox o:r :rertillty in tho grouth o.nd o.ottv1ty 

o:C' thc:30 ore::inis::to. A otud;r of tho. rooponco 01' tho coil 



2 

microorga.nioce to a troatcent suggostod.for uso under 

field conditions provides a clue to the probable response 

of the higher plants in a. relatively ohort period of 

tico. 
'.rho nucbero of cicrooren,nioco present in a. 

soil has boon otudied as a. possible index of fertility, 

Wa.kacan a.nd Starkey (35) report do.ta. aha.ring a. no.rked 

va.ria.tion between tho number of cicroorcro.nicr:10 in plots 

that had received various fert111zer.'.trea.tmento, In a. 

gonora.l \10.y 1 t con be no.id that tho number of c1cro-

organ1oco present 1n the 0011 varies with fertility, in 

that 0011 oond1t1ono deterc1no tho nucbor of orgo.n1ocs 

present. '.rho oo 11 reaction, tho presence of oren,n1o 

co.ttor, a.nd c1noro.lo a.11 in£luenoo the nUJ:1bor of bacteria. 

prooont, . 

Tho ability to convert a.ccon1a. into nitra.tos 

is core or loss co=on to a.11 00110, Several cothodo 

ha.vo boon developed to coo.sure tho n1 tr1f1ca.t1on power 

of tho 0011 (35), p, 715, A definite correlation ha.o 

boon found between th1a ability a.nd orop productivity 

(9), (13) 1 and (34) •. Lipcan a.nd Burgess (14) and 

Fro.po (B) have used the n1trif1a.bil1ty of'n1troeonouo 

fort1lizoro.on va.riouo ooilo a.a o.n index of tho a.va.11-

a.bility of those ca.tor1a.ls, 
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Il'J.Osell (20) observed tho.t the oxygen 

absorbed by n noil varied uith fertility. Van Suchtelcn 

(33) otudied the carbon dim::ido evolution ot soils and 

concluded that it uas a core aecu:ra.to index ot bacterial 
, 

activity in the soil tho.n the.bacterial count. As nil 

living bodies give ott carbon dioxid.e, its evolution is .,, 

an expression of all biological activity within the soil. 

UakSllo.n and Starkey (37) report that carbon dioxide 

evolution can be used 1n i:;rading ooils on the baois of 

their fertility. 

Chriotcnscn (1) ~igcestcd that the cellulose 

decompooing power of the soil i:w.y oervc. ao :m index to 

fertility. Muttcrle1n (16) placed pieces of filter 

paper weighine 10 craoo o.t.vnrious dop'tha in the noil 

a~d neighed the residue. no took tho loss in weight of 

the tilter paper as the cellulose deco~pos1ng power of 

the soil. 

Nll::le\1ski (19) added cellulooe to the soil 

and measured tho carbon dioxide evolution. He found 

that tho presence ot available nitrogen controlled 

cellulose dccooposition. 

The ability. of a soil to liberate oxygen 

trom hydrogen· :peroxide ho.a • often been found. to vary 

uith fertility. Wak!lman and Dubos (36) found catalaise 
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activity of soils to vo.ry with the number of oioro-

oreanisno present, certain organic n.nd 1norga.nlc con-

stituents, and other factors. They concluded that the 

phenol:lOnon was cooplex and could not be used as a oethod 

of detominlne soil productivity, .. unless the various 

factors wore determined individual.l.y. 

As tho bacterial oount, carbon dioxide evolution, 

and nitrification are definite functions of the activity 

• of tho soil microflora, studies have boon no.de to doter.:iine 

tho rel.a.tionship bowocn crop productivity, fertilization, 

a.nd these factors. Russell and Appleyard (21) found these 

factors to be intcrrol.a.tod. ··A rise 1n bacterial lIU.Illbers 

was acccnpa.niod by a rise in carbon dioxide in the soil 

air, and.soI:J.ewhat later by a rise 1n the nitra.te content, 

l'lato I shows a graphical representation of tho cor-

relation between crop yields and 11icrobiological activities 

on a series of variousl.y fertilized plots. 

The "A" plota wore unlloed and tho "D" plots 

.wero llood once every 5 years with 5 tons of ground lice-

stone per aero; p~ot 5 received manure and oineralo 

(640 lbo. OUP0I'I>hoophate.and 320 lbs. or potaosiun 

chloride); plot 7, no fertilizer; plot 9, aodiUI:J. nitra.te 

(320 lbo. o.nnuall.y) and 111norals as in plot 5; plot 11, 

n=oni= sulfate. equivalent to tho sodiUI:1 nitrate applied 
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to plot 9 and the sru:ie cinerals. 

Thio graph clearly oho.vo tho.t cfcrob1oloe1cnl 
-· 

activity- ls associated with 1"ert111z1ng praoticeo and 

cz:op productivity.· The ~luence of' 11ce ·10 ohomi .in 

plots 7 ond 11. In tho limed oection of' plot 111 f'our 

tices as tr~ch n1tr1f'1cat1on occurred as 1n the unlimcd 

section. The manure plots arc outst:uiding because.they 

sho11 that high crop yields are def'1n1 toly asoociatcd rri th 

an active c1crob1olog1cnl f'lora. 

The precP,ding J1souss1on has been concerned 

Tri th tho action of' the cocplete soil nicroi'loro. or \71 th 

a' la.rec group 01' these organisms in relation to aoil 

•• f'ert111ty. A number 01' cethods have been developed that 
• use one a:pec1f'1c ge?IUJJ or species of' c1croorgo.n1scs to 

study the nutrient content of' the soil. 

Certain fungi have been uned to • supply in- -

f'ormation as to the phosphorus and potassium content of' 

soils~ This test is referred to in the literature as tho 

Niklas llethod.(18). Phoaphorus or potassium f'roe nutrient 

oolutionn arc :prep:u-ed1 a certain ncount of' soil is added 

to each f'lank and inoculated with a :fungus such as 

Asporgillus niger. Af'ter a suitable incubation period 

the f'ungus gr~ath is removed 1 rrashed 1 dried and weighed. 

Tho growth is proportional to the n::iount of' available 
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phosphorus or poto.ssiuo present in the soil. 

Smith, et o.l, (27) report o. fair correlation 

betleen tho Iliklo.s (18) o.nd tho Truog methods (32). 

•. They used media containing one per cont citric acid; 

therefore the results actuo.lly sho'J' the one 1Jer cent 

citric acid soluble phoapliorus. The Truog method uses 

0.002 N.H2so4 bu£fered to a llH of 3.06. Tho citric acid 

media used by Si::i th, o t al, had a pH of 4. 05. As tho 

H-ion concentrations were so nearly the sru:ie, a fo.ir 

'agreement uould bo oXIJectod. 

Truffant and Bezssonoff' (31) report a 

bacterio.logical nethod • for tho doter.:iination of tho 

availnblo phosphorus in phosphntic fertilizers. They 

employed the principle used 1n the Riklaa cethod. Tho 

phosphatio CJAterial to be tested was added to phosphorus-

free nutrient medium. The B1lil of tho nitrogen fixed by 

three organisms, o.n aerobe. a facultativo aerobo, arid 

o.n anaerobe,. is tlll::en as nn index of the availability 

to tho caterial taoted. 

Christensen (2) was probably the first 

investigator to employ the sti=lation· of the Azotobaetor 
' genun in soil fort ill ty studies. Ile used it to deter.:iine 

the limo requirement. The test included trro phases. 

Ono for tho presence of Azotobactor and another for the 
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vigor of crovtth no 1:100.ourod by :film foroo.tion in mrnni te 
oolution. Tho for1:1or dof1n1toly typed tho ooil no to 
dogroe of a.c1d1 ty a.nd tho lo. tter wa.o a.n ex:preooion of the 
a.lka.lln1 ty nnd bu:Cfer oo.:pa.ci ty, Chri otensen ( 3) found 
00110 in tthioh :phoo:phoruo wno the 11o1 ting fo.ctor for 
Azotobo.cter erowth a.nd entertained tho ho:pe tho.t tho 
rol.ii.tionshi:po between the Azotoba.cter grou:p. 111:10. o.nd 
:phoo:phoruo content of ooilo could be wied to su:p:ply 
in:roma.tion no to their :productivencos. 

Who.t wao :probnbly n 1:1od1f1ca.t1on of 
Christensen's :procedure has boon uoed rather extensively 
to study tho relative :phoo:phoruo content of coils. If 
the no.tive acidity of tho coil, a.nd the ncids :produced 
by Azotobacter during grovtth a.re neutro.lized• growth io 
then :pro:portional to tho a.oount of avnila.blo :phos:phoruo 
:prooent in the coil. if the other nutrients are au:p:plied 

in libera.l qua.nt1t1eo. 
A certain ncount of soil is added ton :phoo-

:phorus froo cannitol nutrient solution containing l to 

2 :por cent ca.lciun ca.rbona.tc. 
The oaterio.lo are then oter111zed a.nd in-

oculated with a. freoh culture of Azotobacter. After 
1noubo.t1on. tho a.tmoflllherio nitrogen fixed can be de-
teroinod o.o nn index of tho :phoa:phoruo content of tho 
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coil or the relative phosphorus content can bo esticatod, 

using tho file fomation on the nutrient oolution ao an 

index, 

In 1926, 7/inogradoky (39) described the direct 

or spontaneous culturo·cothod for tho study o:f' tho nitrogen 

fixing orgo.niscs of the soil, Ha addod carbohydrate 
., 

ca ta rial and wetted tho soil vii th wator to a. :putty-11\:o. 

consistency, After incubation, largo opalescent colonies 

of Azotoba.cter had appeared on aoma of the soils. 

Winogradakynnd Zieciecka (40) report that in soils that 

do not produce spontaneous coloniea of Azotobactor, tho 

addition of phosphataa, lico or the. ~ao 1n oo~bination 

uaually nllowod.thoso.coloniea to dovolop, They oonoluded 

that tho direct culture cethod could be used to atudy 

phosphorus, lico, and possibly other.soil do:f'ioiencios. 

To thia conclusion, the Winogradsky or Azotobnctor plqquo • 

test owos its·incoption. 

In principle tho plaque toot is sicilnr to the 

field plot test, Various nutrients aro nddod ton series 

of four plaquoa nnd_Azotobacter colonies a.re produced in 

72 hours. Tho nucber and vigor o:f' the colonies on:;the 

:f'artilizod plaque, when cocpared tti th those of tho un-

fertilized plaque, givo inform.ntion as to the nutrient 

content of tho soil being tested, The cinorol nutrient 
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requirec.onts of Azotobo.otor .. and far:n oro:po are nimila.r. 

Advantage io to.ken of thio faot in eoticating what eight 

bo normally expected if a cro:p is grovm on tho soil 

tested, o.nd tertillzod in o. • vra.y onalo.gous to that of ono 

of tho :plaques • 

. ~he advantages of thio cethod are the short 

title roquirod and tho oinplioi ty of teohn.1.c. A crop of 
. 

Azotobo.otor colonies can be grown in 2 to 3 daya that l:13.ke 

oortain nutrient deficiencies easily visible to.the nakod 

. , eye •. li'horons the lTeubnuor cethod (6) requires a much 

longor period and intrioa.to ohecical 11.no.lyses •. With the 

field plot teat, at least one. grow:tng seaoon is nooea:mry 

· and a oo.roful ll.lllllysis of tho data must then bo :ttado 

boforo conclusions can be drawn. 

The Azotobaotor or \iinogradsky plo.quo test 

• ho.a boon used by Ziomieoka (40), (41) to study Polish 
' . - ' ' 

soils. liikla.s (17) uaed .it to study Poliah soils and 

Guittonneau (11) to otudy soilt::·fro:n the plum orchards 

of Fro.nae.· Tb.oso invostigatora found the cothod to be a 
' 

aa.tisfuotory indioation of phoaphorus and lino defioienoiea, 

In tho United states, Sackett (22) 1 (23) 1 (24) reports the 

use of·the nothod on Colorado soils. The beet sugar 

oocpanioa of the woot booaco intoreated in it.·and The 

Great Western S'lJ8ur Coapa.ny alone is now tostiTIG 5000 
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soils annually by the plo.que method, (4}. 

Workers in,the laboratories of The Greo.t 

Western suear Coopo.ny havo divided soils into five 

classes on tho basis of their colony i'ornation (15), 

(24). Tho classes correspond in a gc11eral wa.y to those 

of tho Neubauer nothod. 

The no.."les of tho classes o.nd the colony 

foI'I:lation for each a.re as follo~s:-

Class 1. not deficient. lioubauor classes 1 - 3, 

inclunivo. 

Colonies on both fertilized and unferti-

lized plaques approximately equal 1n mmber and 

dovelopl!lent. 
Class 2. Slightly deficient.· Neubauer classoa 

4 and 5. 

Uni'ei-tilized plaque.-- Colonies aa 

nunerous as fertilized plaque, but soallcr and lesa 

vigorous. 

Ferttlized plo.quo ~- Colonies few to 

nunoreu.a, distinct and vieorous. 

Class 3. lloderately deficient. Neubauer classes 

6 - 8, inclusive. 

Unfertilized plague Colonies few to 

o.s cany o.s fertilized plaque, but ouch s=ller and 
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woakor 1n dovelo~monti none approaching sizo of 
oolonios on tho.fortilizod plo.quo, pi6J:!ent often 
less to none; 

Fortilizod plaquo ·-- Colonies fow to 
nUI:1erous, distinct n.nd vigoroua. 
Olano 4~ ·very deficient. neubo.uer ol.a.sseo 

9 n.nd above, 
Unfertilized plaque -- Colonies none or 

, fo,1 to ma.ny 1 oxtremoly S::1all o.nd feeble. 
Fertilized plaque -- Colonies few to nunerouB, 

mediUI:1 to large, distinct.and vigorous. 
Clo.BB 5. Doubttu.l. 

Soils on which colonies fail to develop. 

·The only literature avo.ilo.blo on tho use of tho 
plaque test outside of tho beet :producine a.rec.a of the 
v1eat, is a. study of i to o.do.pto.bill ty to Ontario soils 
(12). Jones tooted throe eroupo of ooilo. Group I 
included,12 aaoplos from check plots from fertilizer 
teoto in tho Province, and on which the response of crops 
to phosphorus fertilization tmo known. According to the 
toot, thio eroup of soils wore all deficient in 

o.vailo.ble phoophorus. As o.11 of them had reopondod to 
phosphate fertilization, Jones concluded that there was 
a correlation between tho plaque toot o.nd crop response. 
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Group 2 inc1udod 7 sacp1es froc n fort111zer 

exporinent in \7ellnnd County •. Those soi1s had received 

app11cations of suporphosphate .or trica1ci'W:l phosphate 

in combination nith lice, suliur, or a comp1eto ferti-

1izor. Tho response of this·eroup of soi1s to the p1aque 

test indicated that they wore all deficient in l)hosphorus. 

ilith the exception of tho wo chock p1_ots, a11 of tho 

p1ots had received libcra1 applications of phosphorus. 

Jones cxp1n1ncd this appare~t dicc=epancy by ass'UI:ling 
I 

that the precedint; crop had .removed cost of tho avai1ab1o 

phosl)horus froc these so11s. Tl'.e avail.o.b1o phosphorus 

as-shor.n by the Truce method, with the exception of tho 

p1ots recoivins trica1ciw:i phosphate, was as 1ow as, if 

not 1cwer, than tho check p1ots., Jar.cs conc1udod that 

tho p1aque test indicated that more phosphorus was • . ' 
necessary to eivo good returns for the next crop, and 

that there was a fair a.t:1ount -of corrc1ation _between the 

rosu1ts of the plaque toot and crop returns. 

The third t;roup inc1uded 2 oru:ip1es of cuck-

mrrunp 0011. Ono srunp1e was taken fro.:,. nn area on which 

potatoes, onions, nnd 1ettuce had been grovrn for four 

years. It had been hcav11y ferti11zed with phosphorus, 

The avai1ab1e phosphorus by the ~ruoe cethod was 

413 p.p.c. It prod:nced vie;orous co1onies on the check 
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plnqua thWJ 1nd1cut1?16 that the 0011 traa not dof1o1cnt 
i 

in phoophoru.s. Tho other oa.i:u>lo wno to.ken .f'ro::i a. newly 

rool.::l.iuod urea c.djoinins tho first, nnd \Vno being oul.ti-

vnted for tho fir:Jt til::.o. The o.vallablo phoophol"U!l wna 

not dotorm1ned on thio soil. Tho plaque toot showed it 

to bo deficient in phoophor~a •. 

Joneo' paper nay bo conoidorod to boa. 

compn.ritlon 0£ tho Truce oothod for doter::iini?"-C a.-vnila.blo 

phoophorun and tho plaque test. Elqlorienco tri th thio 

• cothod ha.a shown that for tho 0011.o of ~he northern part 

of tho United Sta.too, loaoo a.nd cl.a.yo. nhottld contain at 

lcn.ot 150 p.p.c. a.nd oando should conto.in 100 p.p.c. of 

available J;lhoo:phoruo for eoncral 1'o.rm1ne purpooeo. Uoinl; 

thoco vo.luco as a. basio for tho cl.::l.oo1f1cat1on of tho 

0011.o ro]?ortcd by Jonoo, the Truce ccthod ohor;o 1'o= of. 

tho ooilo teated to oonta.in ouff1c1ent pho:;phoruo to 

o.llcm thee to bo pl.aced 1n tho 1'o.rt1lo eroup. Tho 

pla.quo toot cho\10 only ono of tho ooilo to bo non-

dof1o1ont. 

• Tho a.voI'nt,o J:)hoophoruo content of tho 0011.o 

olanoed no 1'ort1lo by tho Truog mothod. cxcludin& tho 

cuck-m1ru:ip 0011 found to bo _ non-doficiont by tho plo.quo 

toot. is 100 p.p.n.- Tho cuck-s-;vru:ip 0011 found to bo 

non-deficient by tho plaque toot oontninod 413 p.p.c. 
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nvnilable phoophoru.s. ~ia.di:t'~orenoe of avnilnblo 
phoaphoru.n content au.ggoota thnt tho plnquo teat ia not 
an oensitivo to tho available phosphol'U3 of tho soil ao 
tho fru.og cothod, 

Jonoo pro:pa.rod a oerioa o:t :t'our plnqueo 
contnininc 5 ml,, 2.5 nl,, 1 1:11., o.nd 0.1 1:11. o:t' a 

3 per cent solution of K~4 , corroaponding to an 
application o:r 15281 lbo., 76~0 lbo,, 3093 lbs. 1 and 
309 lbo, 1 roapectivoly, o:t' superphosplmto per aero. Ire 

found the Azotobaotor colony dovelopcont to bo oxoellont 1 

fair, poor, and very poor, roopoetivoly, Jones ooneludod 
that tho optiOUJ:1 phosphoru.s content o:r tho_ soil !or 
vigorous coloey;for::mt1on waa fa.r in oxcoas of thnt 
required for r.:i.xitrtu:1 crop returns, 

l>/lhlberc and :Brow (4) report a ooc_po.riaon of 
the ?roubauer, ilinogred:ll;y (A.Zotobo.otor) 1 nnd a. cho1:1icnl 
nothod tor tho dotorn1ll!l.tion of avnilnblo phoophorua, 
_developed in the l.c.bomtoriea of iho Great Western S'IJ.8o.l' 
Cocpa.ny, One hundred o.nd. one ooila were tested, They 
varied in pH :t'roi::i 7,l. to 9.l and came froi::i tho ata.too o:t 
Ool.orndo, \'lyoming• :Uontnna, and ?/ebra.olm, ~o following 
tnbulo.tion showa tho agreement of.tho t:.othodo :for a.ll 

soila tested a.l'ld tho acroomcnt :for ooils :f9l.11:ng into tho 
three ncubo.uor cla.ooeo: 



• Agrecnent of llethods for Detomining Avo.ilable 
Phos:phorus on 101 Soils 
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Dahlberg o.nd Drown also report that tho lack 

of agroenent bet.1een the Winogradslcy and cheIJical tests 
was due. to the tendency of the foroer to give low :results 

on ooils of hieh P2o5 content, and the tendency of tho 

checico.l teat to· give high rei::ulta for aoila of lovr 
P2o6 content, in soIJe oases. They conoludo that if tho 
Neubauer• toot be considered standard,· the ilinogradolcy 

method is a highly oatisfaotory substitute on deficient 
soils as·thoy agree 1n 78 out of 80 oases. 

Field testa on the very defioient soils show 
,, , ·, 

t~t 50 oent aro so dofioient in phosphorus that they 
cause "black heart" of sugar boots, a co.lnutritional 
condition caused by phosphorus starvation. The other 

50 per cont respond n::i.rkedly to phosphoruo fertilization 
end produce one to t',10 .tons oore beets per acre v11th an 

' 
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application of 125 pounda or treble ouperphosphate per 

a.ore. 
It is of interest to note that Dahlberg and . 

Brown cake this statement,"•••••••••• tho sane field 
which develops thio disea.ae (black heart) in suga.rbeots 
will crow very so.tisfaotory grain orops, although grain 
gives a dooidod rooponso to phoaphoruo applioa.tions," 
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ll.li.Tfu'UALS AirD lIETRODS 

Tho Soil S:unploo 

171 th tho c."tOoption o:r t110 crw:r,loc, all of tho 
soilo uced in tho inveoticntion wore takon 1'roo Sorioo A 
oi''tho noto.tion Mel Fortilizor E:tporitlent of tho Virginie. 
Acric\!l:tural ExJ;,orir:lont Station. Thie 0ZJ?Crinont ia looa.t-

od on Ho.6orstol1ll oilt loo.o of codornto fertility. Tabla I 
··cho~o tho fertilizer trco.toent 01' theco J.)loto fr0t2 1901 to 

1931. Applioo.tiona of 1'ort111zill.!; oo.torilll.o ha.vo boon 

tmdo mmually unlooo othor.-rioo noted. With tho oxoo1>tion 
of tho continuouo oorn plots, U.1 nnd lA2, nil 01' thooo 
ploto ha.Vo boon orop:pcd in o. i'our yoar roto.tion ot corn, 
uhont nnd hay for trio yoo.ro (llo.tll:loth olovor1 rod to:v nnd 
tiootey). Thooo J.)lota ttoro ow:iplod in 0otobor, 19311 Ju:Jt 
llftor tho oorn tra.a ha.rV'ootod. Tho co.oploo vrero nir dried, 

oiovod thru o. 20-ooah oiovo, o.nd otorcd 1n cln.oo Jo.ro 1'or 

. tuturo uno. 
A orun;plo 01' coil i'ra:1 tho llorlicul~.iral propa-

a:i.tion 111U'dono on Stroubleo Crool: ha.a boon uocd in ono ot 
tho cX]?oriI:onto. It 1o o. hco.V"'J ooil 01' h1eh fertility. 
A caoplo uo.o Ill.co obta.inod in Juno 1~32* froo noa.r Fowler, 
Colora.do. It io o. loo.roy 0011 01' al.kalino ro:i.otion. 

-------------------- - --------
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Tablo r,: ·• Fertilizer Treatcont of Plots in Sorioa A 
0£ the Rotation I::q,eriment,. • 
Plot: -u, 

2A., ,._ 

4AJ 

12Ap 

Fertilizer Treatment• 
. 1909-1931, no troatnent, Check, 
l909-H)14• ,lio trcE.l.tmont 

. 1914-19311 16 tono mnnuro nnd 219 pounds 
rook phoophato 

l909-l93l, 438 poundo of auporohosphato 
1909-1931, 308 poundo tl.rieub cod, 438 pound.o 

suporphoophato 1 nnd 200 pounds 
muriato of potash 

1909-19311 Ho troatcent, Chock, 
1909-1917, no treatment 
1917-19311 200 poundo ac::ioniuc oulrato and 

219 poundo roclc ;phostiho.to 
1909-19311 348 poundo of suporp oapfui.to 1 200 poundo ouriato of potash . 
1909-19311 200 pounds of muriato of potaoh 
1909-1931, 308 IJOunda dried bloode and 

200 pounds ouriato o!"potaah 
1909-19311 308 l)Ounda dried blood.; and 

438 pounds supe~hoo$hnto 
l<J09-l93l, Zoo pounds of dre 
1909-1931, 16 tona c:muro onco in 4 years 

boforo·oorn 
l909-l93l, Uo treatment, Chock. 
l909-l917, Iio treatment 
1917-1931, 16 tons manure onoo in 4 years 

before-corn, and 219 poundo rook 
phosphate 

1909-19311 4 tons of manure annually . 
1909-1931, l6 tono o:u:mro once in 4 years 

before corn, and 438 l)ounds 
sunerphosphnto s.nnunlly 

•Durine the first 9 years, tho fertilizer appllcationa 
were one-hnlf of thc.t givon 1n thio table, vri th tho 
exception of mo.nure, 
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Available Phosphorus lloton:u.wtions 

The available J?hoaphorus of both the aoils and 
the plaquea was detemined by the Lal:lotte-Truog method. 
The standard equipment nnd reagents supplied in the kit 

were used. Tho cothod employs a dilute acid extraction 
medi'tll:I and the J?hosvhomolybdie acid colorimetric reaction 
of Deniges (5). Phosphorus io reported as pounds per acre. 

ll-ion Dotorminationa 

In the J?ll detcroi?lll.tiono. a Youden potentiometer 
Tras used. It et1ployo a 1/20 aola.r ao1ution of pota.ssiu:t1 
acid phthalatc as a bu:.t'fcr solution 1n the refcrenoe 
electrode vessel, and uses tho quinhydrone electrode. 
Si::nl1 test tubes were uaed as electrode vessels in mkine; 
the deten:u.nations. Appra:xUl3.tely 1 g::,.. of the sail to be 
tested and 5 ml. of mi.tar were placed in a test tube. The 
cixture was aha.ken thoroly and allowed to stand for 10 to 
20 n1nutes before the quinhydrono wao added and the 
reading taken. Experience has sllg;rn that this period of 
time of atandinc is necessary for the water and soil to 
oono to= equilibrium, thereby givinc a consta.nt reading. 

All determinations \1ere no.de in duplicate. A 
variation of 10 n.v. has been allowed between duplicate 
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dotornino.tions • .tJl avero.ge of tho two readings rms 
tllkon as the voltage for the sample. If tho duplicate 
determimtions varied core than 10 c.v., a third deter-

nina.tion.:mi.s c11do. !rho average. of tho two rea.d1ngn fall-
ing within tho variation allowed was taken as voltage for 
the sru:i.ple. 

Source and Culture of Azotobaoter ChrooooooUI:1 

!rho strain of Azotobaoter ohroooooC11:;1 used 1n 
thone studies nan obtained fron Dr. l11lkscan. The culture 
has been kept 1n a vigorou:, condition by repented trans-
fers on nitrogen free media. .All inooulo.tions of plaques 
have been ttado :f'ro::::i young and vigorous cultures. 

Saokett•s Tecbnio for l!aking the Plo.ques • 
!rho :t'oll0".1ing procedure is reported by Sackett 

for i:iaking the :plo.quc o ( 24) • p. 12. 
Ueigh out four 50 gron portions of tho soil to 

bo.tosted, ~hich hll3 proviouoly been air dried nnd sieved 
thru a 20-o.osh sieve. Plo.oe co.ch :portion in a atlall olo.as 
culture dish. and to each add 2.5 gl'lll:lO o:f oornstnroh. If. 
tho 0011 is nore acid than a. pli o:t' G.8, add 5 grams of 
caloiun oa.rbona.te to each portion. llix thoroly uhilo dr,y. 
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If calci'Ul:1 carbonate wao added; add 1 ml. of a suspen-

sion of Azotobacter chroococcUl:1*~ To portion 1 add dis-

tilled vm.ter as described below,: to portion 2 0 add 5 cl. 

of a 3 per cent solution of K2so4 ; to portion 3; 5 ml. 

of a 6 per cent solution of na2RPo4 ; and to portion 4, 

5 cl. of a 3 por cent oolution of K2E:Po4 • To portion 1 

add enoneh distilled water, stirring continually, to bring 

the soil to a consistency of putty or modeling clay, not-

ing the amount of water required. JUx thoroly, and smooth 

the top with a moist glass slide. Place in a moist 

chaz:lber, containing a layer of wet filter paper in the 

bottom. To portions 2, 3, ';1-11d 4, add enough distilled 

11ater to bring the total ru:iount of liquids used up to that 

of portion 1 and prepare for incubation in a sicilar way. 

Incubate at 30° c. for 72 hours. At the end of this period, 

if the correct liciting factors have been supplied, large 

opalescent colonies of Azotobaoter will have appeared. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
*Preparo the cuspension by washing the growth from a 

24 to ~8 hour culture ,11th sterile physiological salt 
solution, and dilute to 100 ml. with the salt solution. 



Proocduro Uaod in thia Invoatigation 
for lrakine tho Pla.quoa 
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Weigh out four 50 erw:i J.)Ortions of tho aoil 
to be teated, which ha.a proviouoly boon air-dried and 
finely oioved thru a. 20-coch oiove, and place each portion 
in o. gla..ac tuoblor. It tho soil io core o.oid tho.n o. pH 
of 6.0, add 2 grams of Caco3 and inoculate by adding 1 ru. 
of o. finoly divided auapenoion of Azotobaotor ohrooooocuc 
to co.oh portion•. Add 1 cl, of a 1-1 solution of oucrooo 
o.nd wator, o.o onorgy tiaterio.l, To portion 1 o.dd distilled 
water ao doocribed below; to portion 2, add 5 cl. of a 
3 per cent solution of x2so4 ; to :portion 31 5 cl, of a. 

6 :per cent solution of no.2EP04; and to portion 4 1 • 5 cl, of 
ti. 3 per cent solution of K2EPo4 , To portion 1 add enough 
diatillod wo.tor to bring tho aoil to a. conoiatenoy of 
putty or codcling clay, Ilix thoroly, trnnofor to a. :potri 
dioh half, ocooth tho top with o. coiot opo.tulo. and plaoo 
for incubation in a. r:ioiat culture ohw:iber containinc o. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - -
•Propo.ro tho ou.openaion by \'ta.chine the growth from a. young 

and vigorouo near slant culture with otorilo distilled 
wo.tor into a :f'lo.ok of aterilo water containing 1 to 2 
grams o:f' qunrtz sand, Shake thoroly, Dilute to a. olic;ht 
turbidity, Tho sand o.ido in dioporoing tho organio:10. 
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cool! ll.lllount of wator and. a falco bottom to cupport tho 
pla.quea, To :portiono 2, 3, o.nd 4 add enoueh distilled 
.\·m~or to .brine tho tota.l amount of liquids up to thnt 
uacd 1n ;portion 11 cdx thoroly o.nd pro:paro for inouba.tion 
in a. oicila.r way, Incubato at room temperature (25° to 
30° c.) for 72 hours •. At the end of thio :period, if tho 
correct liL'litinc factoro.hnvo been supplied, very 
ohnraotoriotio Azotobactor ooloniea will have appeared 
on ooao of tho plaquoo. 

As moat Eaotorn ooils a.re 1:1oro acid than a. pll 
of G,8, the addition of ca.loiun carbonate o.nd inoculation 
are im:porto.nt :phases of tho tochn1c, Sackott 1s tcchnio 
hno been codified :l.n the substitution of ouoroco for 
oto.roh and distilled wa.tor for pbyoiologica.l so.l.t 
oolution, 
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E.XPERillENTAL 

The ori&ino.l plo.n of this reseo.roh was to 
study the o.daptabili ty 01' the Winogradsky plaque method, 
a.a reported by So.okett, to Virginia soils, If the method 
wao found to be so.tiofo.otory, the mineral nutrient content 

of soils from Grayson, Ro.noemond and Rockbridge Countieo 
were to have boon otud1ed. Soil oo.mpleo oolleoted during 
the reoent soil ourvey were to have been used, However, 
a.a the method was not found to.be adaptable, the seoond 

po.rt of tho problem was o.bo.ndonod, 
The reoearoheo herein reported deal \rl.th a' 

atudy of tho Uinogra.daky method as used by So.okott and 
attempts to modify his tochnio for uoe on Vir&inio. soilo, 



Preliminary Experiments .!!:: the 

Plague Teohnio 



Prelininary Ex:perincnts _£!!~ 

Plaque Technic 
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In a. prelininary trial o:r the 1:1ethod as 

reported by Sackett, eight so.m:plos of soil :t'ron tho 

series of plots described under =torials c.:nd methods 

were plaqued for deficiency studies, nnd incubated at 

rooc tenperature. After 72 holl.I'3 incubation, no colonies 

had developed on the plaques •. As the tochnic had been 

carefully follo~cd in every detail except. that of in-

cubation, plaques of four sous:ucre placed in a 30° c. 
incubator nnd plaques of tho four rcnaining soils left 

in tho roOJ:1 tcnporaturo incubator •. The tcnperature in 

tho latter i!L..."Ubator 7a.riod fron 25° to 30° C • 

.A1'tor n turther incubation period of two days, 
no colonies had developed on the :plaques in either 

incubator. It mis concluded that te1:1peraturo o:f 

incubation :!md not been on inportant factor in preventing 

Azotobacter grouth. Realizing that Sa.ckettrs technic had 

boon dovelopcd for uso on alkaline soils and that his 

procedure probably needed 1:1odifica.tion for use on acid 

soils, the following CX];)Oric_cnts vzcre outlined n.nd carried 
out. 



26 

Aerio.tion o.nd Source of Ellerey Study 

Sackett experienced difficulty 1n socurlnc 

.A.zotobaotor grov,th on certain soils 1n Colorado. Those 

soils either lacked 1n tho necessary flora to hydrolizo 

starch to sugar, thus 1:1akine tho starch 'Dllavailablo to 

A.zotobacter, or they ca.de such ooopact plaques that 

Azotobaoter failed to grow because of laok of proper 

aer~ation. To such soils he added 1 cl. of a 1-1 

solution of sucrose or 10 gracs of quartz sand to each 

50 grac plaque. 

'To test tho_se recommondation:J on a Virginio. 

soil four serie:J of plaques of four each uero set up. 

a7hen starch, sucrose, or sand wore iised, they were added 

in tho following amounts per plaque: sto.roh, 2.5 grru:is; 

::rucroso, 1 cl. of a. l~l solution; o.nd sa.nd, 10 graco. 

Calcill!l oarbono.te and IIUtrients were added as described 

under uate=ials and llethods. Table II shows the treat-

cent of plaques and the ros~onse of Azotobacter. Thia 

test showed starch o.nd sucrose to be of about equo.l v::Ll.uo 

as energy catorial for Azotobaoter. Sto.roh seeced to 

encourage mold grorzth on tho plaques trhile oucroso dis-

couraged it. Sand decreased the vigor of Azotobacter 

growth t7i th both starch anc sucrose. 



Ta.blo II. Tho Effect of Sta.roh, sucrose and Sand on 
lzotoba.cter Gro.rth. 

•• :Pl.aqua . Azotobacter growth u1th various • • • : :Seriea:treat- . nutrients added • •• :cent : Il one :K2Si.'l4: fia.2Il'P04 . '.f2fill1'4 .. • •• • • • • • • • •• A. :Sto.rch :*---: --- :A few well :A :f'eu well •• •• . • . :dovelo:pod :developed • • • • • • • • • • :colonies. :colon1oo. • • • • • • • . • : . •• . • • • • : . . • w:::e as • • . • • • • -13 :So.croso: ---: --- :Ilo cold :no nold • • 
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• • • • 
: : . .. • •• . . . . 
• • • • . . • • • • • • 
t: 
•• •• •• •• .. :Sand • • :Less vigoroua:Loss vicoroua . . . . • • • • :than (A) :than (A) •• •• •• • • •• • • •• .. 

•• •• 

C • and • ---: ---• • :starch : • :lTo nold :no nold • :sand • • . • . . • • . 
D • and • ---: --- :Poor growth :Poor grO'nth • • :oucrooc: • :Bo r,,old :no mold • 

•:rro grorrth. 

Tho E:r.t'ect of sucrose, Dipota.osiw Phosphate and 

V!ll7inc AI:iounto of Co.lciw Ca.rbonate on 

tho :pR of the Plaques 

•• • • •• •• . . . . 
• • • • •• •• 

Tho work of Gainey (10) dcfin1 tcly shons that 

the re:i.i:ltion of tho culture cediuo detcr::iinca to a t1arkod 
" 

degree tho grC"nth and longevity o:f' Azotoba.cter. Tho soils 

used 1n this Dtu(ly a.re slightly acid. It waa felt that a 

thoro stucy of the effect of tho oa.tcrial::; used 1n =kine 

tho :plaques u:pon their pll should be cado, 

!lino plaques of a. soil ha.vil'l8 rm initial :plI 

of 6.2 \'lore set up in the regular way except tor tho treat-

cents oho.min Table III, 
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To.blc UL. The Effect of' the Uaterio.ls used in Ha.ld:ng 
tno Plaques on their pil. 

: :Flo.quo: • pll at different . . • . . 
•• no~ :Plaque treatment . dote=ino.tions • • • • • • • . . : :2~ lira. :48 lirs.:'12 lira.:: • • •• . . . . .. .. • • • .. 

. . . . . 
• • . . 
• • . . 
• • . . 

: .. . . 
• • • • .. . . . . 
• • • • • • 
• • : K2IlP0,1. • • 5.9 .. 5.6 • 6.4 •• .. • • • .. . . 5· :Treatment (46 and • • • • • • • • • 6~5 

• . . 
. . . 6.6 : • 7.2 . . 
• • :0,25 gm. CaC 3 • : • . . 

. . . . 6 :'i'reatment (4) and • . • . . . . . • • • • • 

. ' .. :0,50 gm. Ca.C03 • 6,6 • 6~6 • 7.3 . . 
• • ! • • •• 

' ... 7 : 1.i!reatment (4) anq. . . . . . 
• • • • . . . 

. . . :1 £71• Co.C03 • 6.7 : 6~4 • 7.2 .. .. . • . . 

. . . 8 • • :'.i!reatiient (4) and . . . • • . . . • • • • 
•• :2 gc,_ .CaC03 • 6.7 • 6,5 . 7,0 •• •• • • . • • 
•• 9 : Treafa:mnt (4) and • . . . . .. • • . •• 
• • :5 60• Ca.CO~ • 6.7 • 6.5 . 6,9 .. 
•• • • . . . 

Determinations were =do when the plaquoo 

vrere 24 0 48, and 72 hours old. Thio table ah.0110 that 

tho pil of' the plaques has a tendency to docrcaoe on the 

second day and increase on the third day of incubation, 

Tho addition of sucrose to tho plaques lms a. tendency to 

decrease the lfil, v1hile dipotaosium phosphate tends to 

increase it. Calci'llil carbonate, 1n·a conoentro.tion as 

low as 0,5 per cent brought this soil to appro:rli:mto 

neutrality at tho end of throe days. 
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Effoct of Vo.ry1118 .Amountn of Ca.loi'Ul:l Co.rbona.te 

on Azotobo.oter Growth 

Sa.okott rooo=ended tho addition of 5 grams , __ __ 

of Co.C03 to ea.ch ·50 grru:i portion of tho soil when it had 
a.n initial pII o:t leso 'tha.n G.8. Thia reco=ondo.tion vra.o 

ba.sod on rosulto cocurod by Ga.iney (10), who found this 
quantity of_ co.lo1Ull ca.rbono.to nooeosa.ry to correct tho 
o.o1d1ty of o. 0011 hnV1118 a.n·1n1t1o.l pII of 4.0. Ao tho 

ooilo used 1n thin toot wero not tho.t o.oid, o. toot \ras 
designed to s~dy tho effect of varying ru:iounto of 

ca.loi'Ul:l co.rbona.te , on Azqtobo.cter t;ro11th. • To.blo IV chows 

the a.mount 'of oo.rbono.to added o.nd the Azotobaotor grorrth. 

To.hlo IV, ·Tho Effect of CalciUI:1 Carbon.a.to on 
Azotoba.otor Growth. 

I Gem. Co.C03 • Azotoba.cter {!rowth o.t the :: • 
I added • end of 72 hrri. 1ncubo.t1on:: • 
I • : I • • o.o • Ilona •• • • • • : 2.0 • Vciry vigorouo • • • • • 5.0 I Vigorouo • • •• 
I • • • • 

This test cleo.rly ohcrao_tho necessity of tho 

addition of co.loium co.rbono.to to the plo.queo for Azoto-

bo.ctor growth on this 0011, _ T\10 grnmo l;avc slightly 
ooro vigorouo grovtth tha.n 5 gramn. 



SodiUD Co.rbonato as o. Su.botituto for 

Co.lei= Co.rbomto -
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It io generally accepted that tho o.vo.ilablc 

phosphates in o. soil arc rovcrtcd to the tricalcillll fom 

in the presence of large ai:,.ounto of co.lei= cnrbomtc. 

• This reversion could occur in tho :plaques, o.nd thereby 

change tho phosphorus of o. soil too. fom that nould be 

'llll!l.vnilo.blo to Azotobacter. It some other material could 

be substituted for calciUll co.rbomto in =kine tho 

plaques, this possible oource of error mif;ht be ellmnatcd. 

SodiUI:1 carbonate vo.o found by Gainey (10) to bo 

o. so.tioto.ctory soil o.nendment for Azotobactcr growth. 

This material uo.o o.ddcd to tho plaques in varying amounts 

o.nd tho effect on Azotobo.cter growth noted. Soil ll1 uo.o 

_used. To 50 ern,o plo.quao of soil 0.25, 0.5, 0.6, o.7, 
o.a, 0.9, and 1.0 grams of sodiu:::i carbonate ncro o.dded. 

A plo.quo containing· 2 gra.t10 of calci'lll:1 co.rbonato uao uaed 

o.o tho control. Ilono of tho sodiUI:l carbono.to plaques 

produced colcnieo, whilo tho calcium co.rbono.to plaque 

produced vor:, good grorrth~ It 1ms concluded that calciUil 

oo.rbonate uno probably the cost satisfactory amendment 

for use in the plaques. 
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A Comparison of Physiological Salt Solution, Distilled 

Water and Tap Water o.o Liquids for 

Azotobo.ctor S'~spenaiona 

Tho growth fro~ three vigorous cultures of 

Azetobactor was rmohcd from the. olnnto with literile phyoio-

logical salt solution (.85 per cont) 1 distilled water, and 

tap WD.ter. The suspensions were shaken to separate the 

orennism.."l and were diluted to produce o.pproxil:llltoly the 

sw:ie turbidity. Theoo· ouoponsions wore streaked on plates 

of Lip:n:lJl's raannitol nitroc:on-free a.gar. All throe sus-
' 

pensions. produced growth of o.pproxioately equal. Tiger at 

the end of the 72 hour incubation period. 

A Test of Strains and Species of Azotebaoter for 

Vigor of Growth on the Plo.quoo 

To secure orgo.nimns for this study, requests 

wore oent to four Experiment Station laboratories for trnno-

:rers of the. cultures in stock •. Eight cultures rrere received, 

including 3 species. Tho followins tabulation shows the 

strnin or species, investigator. and the laboratory from 

which they C0.l:lo. 
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• E:q,eriment Station 
Spocioo· . Investigator La.born.tocy 

· Azotobactor chroococcllll • ,; Sack;tt • 
< st. 73) 

Azotobactor chroococcnm Sackett 
• (St. 62) 

.Azotobactcr chroococcu::i. ·• Sackett 
. (st. 58) 

Azotoba.ctcr chroococcllll 
Azotobactor chroococcu::i 
Azotobacter chroococc= . 
Azotobactor Da1Jcr1nck1i 
Azotobactcr vinelandii 

• Lip::mn 

Wa.ll:er 
Wilnon 
Wu.koma.n 
Uu.ksman 

Wo.kmnan 

' 

• .Coloradp 

Colorado 

Coloro.do . 
• Ior.a 

Il'e\T York 
Ilou- Jersey 
ll'ow Jersey 

Now Jeroey 

A culture of' Azotobactor isolated f'rom soil 

to.ken from the edge of' n cocpoot ]?ile behind the Plant 

l'atheloe-y ereen house was also included 1n the otucly. 

Large ]?lo.ques vroro IJade in soup ]?lo.too. using 

200 era.c,g of' 0011. r.utriento wore added 1n tho regular 

way and in corresponding aoounto. •• SWJpcnsions of' tho 

organim:ui wore made in physiologicnl onlt solution 

(,85 ]?Or cent) and diluted to approximately tho same 

turbidity. Tho CWJ]?ensiono wore stroo.kod alone pnrallo1 

lineo on the ]?laquco with sterile cotton mvabo, 

Only the na2BPo4 •• and tho K2IlP04 p1aqueo develop-

ed colo~ gro·:rth, All of' tho culturoo gave very good 

eronth on thooo plaques. Hoitevor, strain 73, Sackett, 

was leos vieorous than the other cultureo of' A. chroocoocum. 
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!• Beijerinckii and v1nel.nnd11 Li:pnnn :produced alightly 

less vieorou:J cro11th than tho atro.ino o:r A. chroococcm1. 
' '. -

Tho organism from the local soil ,1a3 leso vigorous than· 

tho·. atrains o:r !• chroococcUr.1.' It :produced crowth of tho 

sone vigor ao Beijer1nck11 or v1ncl.nnd11 Lip:rna.n. 

A Comps.rioon o:r tho Strea.kine ruid ll1xing Methods 

o:r Inocul.a ting tho l'lu.quos 

Saekott reeo1JJ:1cnded that 1 Ill. o:r a suspension 

of Azotoba.cter be c.ixed with tho aoil a.J.ong ,11th the 

nutrient solutions, trhon·inoculn.tion r1as necessary. 1:r tho 

soil and inocul= were not thoroly c.ixed. all of tho 

organim:is oight be covered uith the aoil and be unable to 

dcvolo:p colonies because of luck o:r aeriation. 

l3y streaking the oreani= on a localized area o:r 

the surface o:r the :pla.ques with a sterile cotton a~ab this 

poso1b111 ty vrould be eli1:11:r::i.tcd. Table V. shor1S a co::ipa.ri-

aon of the two oethoda o:r inoculation on duplicate :plaques 

o:r 5 soila. This ex:peril:lent indicated that tho stroa.king 

or r.u:tlng method were equally reliable for inocula. ting 

tho pla.quos. 
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To.blo·V. A Conpa.rison of tho Stroo.ldng and tho lli::d.:ng 
llothodo of Inooulation. 

I I II Tu rrents a on 
: :Soil n nono . •• 
I : I : ! I . . : : 

I I 
II 
I : 

I I : : Str, :Hix. I :Str, :ll1X, : :Str, 11Jix. I I 
I: Str. :llix. 11 

I I 111• • l I • 112* . I I • • • I I 1 :i ---: •• ----: --- II X I X I I • • 
i: 2 : : ---: --- • • ---: --- : I ---1 --- I I • • 
:I 3 I I ---: --· I I ---: --- I l ---: --- II 
:I 4 I I ---: --- I I ---: --- •• X I :x: I I •• 
I I 5 z : , ---: --- I I ---: --- I I ---: --- • • • • 
I . t i t t • ; I • I . I • I I 
•Irotoo1 l* no growth; 2* Growth.· 

Tho Efteot ot tho nutrient Solutiono 

on tho pH of tho Pla.queo 

X X 
X X 
X X 
X X 
X X 

Table VI shows the e1'feot 01' the nutrient 

solutiono uoed in mald.nc the pla.ques upon tho H-ion 
' oonoontration o.t tho end ot 72 hours inoubo.tion. Tho 

pla.quos wero propa.rod in tho uoual way. Tl'lo gr=o 01' 

oa.loium oa.rbonn.to and l ml. 01' 1nooulum wore o.dded to 

soil 13A2J noi thor ,1oro o.ddod to tho Colora.do soil, 
' . 

To.blo VI, Tho . E:tteot of Plaque Conditions nnd tho 
llutrlent Solutions on tho pll 01' tho Plo.ques. 

11 Soil : Origina.l _. pH : pH ot nutrient ~lo.t:uoo 
II • : I'l'ono :1::ZlSO~: 1;a~I1.l'-11-2E'.Frli 
I I : • I I . • • : :Colorado: 8,4 • 6,9: 7.0 I 7,5 • 7,0 : . • 1113A2 I 6,G I 7,8: 6,9 I 7.5 • 7,1 • 
I • • 

I I 
• • • • • • • • 
I I 
I : 
• I 

I : 
I I 
• • • • • • • • II 
I I 
LI 
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Tho decreaso in :IlII of'. the no nutrient :plaque 

of' tho.Colorado soil over tho original :pH is very marked. 

Ail· of' the plaqueo to which the nutrient ·solu+.ions wero 

added, , excopt the K2so4 plaque. of lloil l.3A2 • . gavo . si(Pti- · 

ticll:lt increases in :pH •. • The· IIa2HP04 :plaquoo were carkoclly. 
hlgher in pH.·. 

Ef'i'oct of' Varyillg Qu.anti tieo o:r K2Hl'04 

on Azotobacter Grorrth 

To otudy tho ef'f'ect of' varyiIIB quantitioo of' 

:phosphate on the erowth of' Azotobactcr. eight plaques of' 

soil l.A1 wore :prepared in the uau.al way. - Tho 3 per cent 

solution of' K2HPo4 wao added in varying =ounts. - Table 
' VII showo the 1U:1ounts of' :phosphate solution added a.nd 

tho response of' Azotobactcr on tho :plaques. 

' Table VII. The Ef'f'ect of' Varying Amounts 
J.>hospfui.te on Azotobacter Growth. 

of' Dipotasahm 

: : id. !(per cent : Growth 
:: K2HP04 : 48 hrs. 
• • . . . • • 

• • . • 
• • 

Growtn 
72 hrs. 

• • ' . . . • • 
• • • • 
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On this rio11, which is low in o.vo.110.blo phos-

phorus 10 to 25 pounds: ix,r aero: (Lo.llotto-Truoe)~ tho 
Azotobaotor erowth is directly proportiono.l to tho w:iount 
of d1potass1um phosphate added. Five ml. of tho phosphate 
solution produced very eood er011th ,1h1le.10 ml, doproaaod 
growth, 

Azotobnotor Growth on Plaques of 

Varyine Uoiature Content 

DJ.ring these studiea, it wo.o observed that 
plaques in which tha 001st soil or cud ,tao soft, did not 

produce vigorous Azotobo.ctor growth. To test this 

observation, 5 plo.quea were propo.red, usinc o. soil that 
previoUDly eave good growth w1 th 18 Ill. of liquids added 

per plaque. Thia included tho nutrient solution, su~roao, 

1nooulun and-distilled WD.tar. 

Table VIII chows the total 11quida added to 
·each plo.quei the olmracter of tho coiot aoil or r:ru.d, o.nd 
the Azotobo.oter r;rowth at the end of 72 hours incubation, 

Tho plaques that: v1ere stiff, · or had the plo.st1o1 ty of 
putty or codoline clay, go.vo tho coat vigorous growth, 

' The dotricental effect of roldng tho pla.quaa too coist 

is clearly llh0TIIl, 



37 

To.blo VIII~ · ?ho E:f1'oot of' Va.eying tho lloioturo Con.tont 
of -;ho Plnquoa on .A.zotob:J.otor 0r0t1th. . 
:iL!. 0~ llquida: Cha.IUoter or the : Z'.zotobnoter :: 
: : ndded : co1ot soil : growth 
• • • • . • 

... • • • • • • 
1_: ___ l_G _____ :_v~orr;r.....,~a~t~i~1'_1'_·.,....--•"•.G_o_o_d_-____ :: 
: : : l'laaticity of : : : 
:: 17 : putty- or nodoling: Good :: 
: : : clay • : : : :: ________ :....;;?~l:i~o~L~~r~o-I~t~y-0~£--....:.=-------=: 
: : 18 : J?Utty or JJodollllG : Good : : 
:: :cln : :: 
:: : : :: 
: : l.9 : Soft : Poor : : 
:; : : :: 
I I 20 : Very i::o:tt : Vorz poor 

Tho. E:f!oot of' Cnlciu:::i·nitrato on 

Azotobiwtor Growth 

• • • • 

lt · ia t;;cncrally n.oceptod that m:mll n::tac:nta a1' • 
nitra.toa n.ro utilized by Azotobooter. In n.n n.ttoo.pt to 
oupply tho nitrogcn noooooi:i.ry :torAzotobnctor grouth, 

oo.loim nitrntc tro.o n.ddod to 5 plo.quoo of coil in qo.:mtitioo 

to proi!l100 n. conoontrn.tion of 10, 20, 40• nnd 100 p.p.:c. 

~o Azotobnotor g,.-mrth ,ro.a dooroa.a1ngly vieoroua no tho 
concontra.tion of nitrn.too ineroa::iad. ~a check pla.quo, 

containing no nitrates, produced var:, 500d c;rowth while tho 
pla.quo aontf11TI1'l6 100 p.:p.o. produced :f'ooblo g,.-orrth a.t tho 
end o:f' 72 hours inoubo.tion. Thero mi.a a. tondonoy for tho 
pl.nciuoa oonta.in1ne tho hieher aonoontro.tiono to oto.rt crowth 

n.bout 24 houro la.tor thlm tho chock. 
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-su::.~ary of Prellmina..-y Exporblents 

Observations during these stwlies have oon-

:firmed So.ckett's aue.;-cstio= concernine' the aoistur-e 

relationships o:f the ntmocphore o:f the incuba.tion cha.mber 

end of the :ooist soil or mud. A 10,1 rioiature content of' 

the soil and a high :ooisture content of the air in the 

culture chru:iber a.re essential to good Azotobucter growth. 

So.nd tends to decrea.so tho vigor o:f growth, when used 1n 

20 per cont·conoentration, with starch or sucrose as nn 

encrc;y t:lll.terial. These two carbohydrates are of about 

eqlllll value as sources of energy for use in the plaques. 

Sucroso ho.o been used 1n these studies because o:f its 

oonvenlencc. 

Sackett (24), P,• 11, states that Azotobaotcr 

has boon &roun in the presence o:f 33 per cent co.lciUJJ. 

carbonate without any deleterious ef'f'ects. These studies 

have shmm that on these soils a concentration of 4 per' 

cent allows slightly ooro vigorous growth than a concen-

tration o:r 10 per cent •. SodiUll carbonate was not found 

to be a satiofnctory substitute for calci= carbonate. 

Several :factoi-a seen to be constantly active in 

influencing pH in the plaquoa. SU.croae tends to clccrcacc 

it.· Dipotassiim phosphate tends to lnerease it. When 
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.. • both catorio.ls are :present, each seems to have a 

counteracting intluenoo upon the other • .!n n.cidity 

cycle oeccs to occur in the ].)lnquoa. During tho 1'irst 
' 

n.nd second dayo 01' incmbation,'the pll io docren.sinc or 

recains constant. At tho end of the third w:.y, it hn.s 

r1oon n.nd usually appron.chos neutru.li ty, when calcimi 
' ' 

carbonate has been used in tho :plaques. 

This acid1 ty cycle is probably associated 111 th 

the hydrolysis 01' tho oucroso nnd its conversion into 

orcan1c acids. The n.cids acom:m.late in the plaque. l'lhen 

it boconos sufficiently acid, tho cnlciut1 cn.rbonn.to goon 

into oolution. neutralizes tho acids, o.nd. tho :pH o.pproaches 

ncu,t:r3.ll ty. 

It has. boon observed tb::l.t Azotobo.ctcr grows :cost 

ra.pid.ly 'l'lhen the :pln.quoo are 48 to 72 hours old. Ga.a "pui'fs" 

on the pln.quos occur very 1'requently during thio period. 

:Poooibly the carbon in the aucroso cannot be utilized by 
,,· ' 

tho soil organises until it hn.s been converted into a 

calcium oater of· a.n ore:inic acid. 

Phyoiologicnl on.lt solution, distilled water 

P.nd tap miter h::l.ve. been found to be· 01' equal vn.lue as 

llquida for suspensions of Azotobactor. Sackett {24) 

used phyoiological salt; Jones {12) used distilled water. 
I 

Oboervn.tion has shorm thn.t n. faintly turbid sUBponoion 
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produces diatinet oolonlos; while a. ounper.::iion, of mmh 

turbidity tho.t it io not· trnnop::i.ront, produaoo n eolo.tin-

ou.o :f'ilt:1 ovor tho nur.tn.oe of the pla.quco. Azotobaotor 

ohrooooooun, !• lloijorinokii, or !• v1nolnnd11 Li:ptl!ln 

otin· bo u:::ed oo.t1~notor1~ :tor 1nooulnt1:n.! tho pl.o.q"..100. 

Stroo.1'".J.nc tho inocul'll.tl on tho ou.r:f'n.ce tho J?la.quon o.r 

l:l1x1IlC 1t uith tho 0011 a.re o~ ::rol1ablo ns nothodo 

o:r 1nooulnt1on. 
D1sod1uo phosphnto h:.l.o a.·tondcnoy to incron.oo 

. . 
tho l)R of' tho plaqueo ovor that of oithor tho potairniura 

m.il1'nto o.r dipota.ssi'llll phoo,Pho.to plo.qu.o. 

1'.b.o oonaontr.:i.tion o:f' phoaphoruo nocoaoary for 
vicorouo colo:ny :f'or::mtion. on tho ::ru.r:t'noe of tho plo.quoo, 

1o moh hlghor than that nocoo::io.ry i'o.r tho gro,1th of mi 

n.voroeo :f'1old orop. Thio concontmtion 10 nocoosn.:ry be-

enu:::o very 11kol.y the nomo.l. node o:r ooaurronoo of 

Azotobo.ctor 1n tho soil io a oi:celo coll or in omo.l.l groups 

of cello olinginc to tho oollo1dnl covering o:f' the soil 

p:u-tioloo. If l.!lreo oolo.nieo o.ro to bo prod.ucod on tho 

ou.r!'o.oo o:r tho plaquoD·in 72 houro, n roudil.y a.vn.ilo.blo 

supply o:r phonphorun Inl.llt bo :prc:::ont, o.s thin olooont io 

ono of' tho :tirot litliting fo.otors 1n .t..zotobo.oto.r C,t'CTath. 
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Collpo.rioo:q'~ Yieldo Available 
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r 

Ao o. trial of the Y/inoera.doky llothod 'on fiold • 

coila 16 sanples troll plota 'Of eerie a A of the Rotation 

a.nd Fortilizer :Experiment of the Virginia Agrioulturo.l 

E:q>orillent Station, Blaokobuxg, v1oro used, Tho fortilizer 

treatoent a.nd cropping syateo ellployed on these plota ia 

given in Table I, page 18, 

Tho fertilizer treatoent hao varied troll that· 

of the unfertilized ohooka to that of a plot receiving 

liberal applioo.tions of nitrogen. phosphorus o.nd poto.caiu::i, 

The.corn yield in 1931 varied froo 10 to 68 buahela per 

acre, The o.vo.ilable phosphorus varied from 10 to 75 pounds 

per aero in the canples U!3ed in this study, Tho wide 

variation in the fertilizer treatoent, corn yield, o.nd 

available phosphorus of these plots mn.ko them o.dapto.blo 
' for o. study of tho Vlinogro.dsl'".y oethod 1n accordo.nco with 

tho proceduxo given on page 22, 

Tho response of those soils to the i/inogradoky 

1:1ethod ia sho;m in Table IX, llone of the soils producod 

colonies on the ~ortilized plaque or on tho plaque to 

r1hich poto.ssillll sulfa ta ho.d boon o.dded, GroV1th developed 
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on oeven of tho plaqueo to whioh dioodium phosphate had 

been o.dded and all si::::toon produced gro,vth when dipoto.oaiun 

phoaphato wo.s added. Uoing the syotcn of claos1f1oat1on of 

dof1c1enc1eo ouggasted by Maxson, pQf;e 10, all of those 

soilo were very deficient, acoording to thoir reo:ponoo to 

tho \'/inol)radslcy :plaque toot. 

The oorn yieldo and available phoophorus of 

thooo plots do not nareo with the resulto oecured with 

the 171nogra.da..1cy nethod. Plot ll1 received no fertilizer 

from 1909 to 1931 and yielded at tho rato of 17 buohelo 

of corn in 1931. Ovor the oano period, plot 3A2 reoeived 

liberal qll!l.ntitieo of fertilizer for good corn production 

no indicated by its yield of 68 'buchels. Both ploto 

reopondod in a oio.ilc.r way· to the :plaque test. 

All of tho soils that :produood oolonioo on tho 

dioodi'll.ll phcopha.to plaque yielded at the rato of 50 buohols 

or nore :per acre 1n -1-931. Thia 1nd1oateo that this group 

of soils arc relatively fertile, but tha :phoophorus or 

poto.ooiun fertilization lo not oonsiotently asooointed with 
thio reoponse to tho :plaque tost. 

Five of these coils contained 75 poundo of 

:phoophoruo per a.ore. This quantity is considered ouffioient 

for average oroppill5 noedo on clayo and loruno. none of 

the five produced oolonieo on tho unfertilized plaque. 
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To.blo IX. A Comparison of Fortilizor Treo.tnent. 
PEospnoI'lls• Corn Yioldo and tho Plo.quo Test. 

Ava.ilablo 

• . I :Lbs.:Corn : • • • ll'a.trients added • :Soil:pn • Fortilizor 1Phos 1:,vield • • • • • 
I • treatwent :per :bu.por:none 1K~S04:Na EPO 1K EPO: • 

I • A, :A. 131: 1 " : 2 4: 2 4: • 
, I I • ll* I • I 2• I • • ll1:5,6:Chook 25 • 17,00: ---: --- • --- : ll . • • • • I • I I • • • • • • U 2:6.41 117-'31, I 75 I 43,151 ---: • I ll • • • : 1:UO.nuro I • • • I • • • • :Rook phospha.to: • • • • • • • • • • • • • • • • I • . • • • • • 3*x • • 2A2:5,7:SUpori;,hospho.to: 50 • 50,04: ---: • • ll I • • • • • : I I • • • • • • • • • • 

I 3A2:5,5:Driod blood : 50 I 68.861 ---: • ll • • • 
I :, : SU:perphospha. to 1 I • • • • • • 
I :llur, of poto.oh: I I : • I • • 
I I I I I • I I • • • 4A116,21Chook I 10 • 49,86: ---: --- --- I XI • 

I • I I • • 4A2:5,41.AI::c:loniUJ:1 • 75 • 58.00: --1 --- I XI • • 
I I oul:fo. te. I • • 

I • :Rock phocphato: I I • 
I I I I • I I I • 
I 5A2 i5,8:SUperi;,hoopho.te: 50 • 61,71: ---: --- X • ll • • 
I ? :Uur, of poto.oh1 • • • • • • • • • I I I . • • • • 4*x • • 
I 6A2: 7, 0 :L."U.r, of potash: 10 I 51,43• ---: • :xx • • • • • I I • • • • • • • • • 7A216,4:Dried blood : 10 54,00 ---: --- --- :xx I • 
I • :uur. of potash: • • • • • • • 

I I • • • : I • • • 4*x OA216,31Driod blood I 75 • 55,29 ---: • I xx • • 
I : :Suporphospha.te: : • I • 

I • I I • • • 
I 9A216,l1Dried blood • 10 • 31,14 ---: --- I :xx • • • • 
• I I I I • I I • • • • 
110A216,71Uanuro (Roto.t.) 50 I 65,71: ---: --- I X I :xx 
• • • • • I • • • • • • • 
:lll1 :6,l:Cheok • 10 34,86: ---: --- • --- IX • • 

• • I I : : : • • 
:lll2:6.8: 1l7-31, :un.nuro: 75 • 64,86: --: --- --- IX • 
: : : Rock phosphate: • I • • • 
I • 1 I I • • • • • 
1l2A2:6,9:Uo.nure (IUlll,) • 25 I 63,73: ---: --- X IX • 
I • • I • • • • 
113A.216,61l!anuro 1 75 :-67 ,131 ---: X xx 
: : :SU'Q.Q._;:J1hOspqa.to I I I • • • I • • • 
"'!iotos: l* ITO gr0\1th; 2• Vigorous; 3* Poor grouth; 

4• Very poor grottth, 



44 

It io evident that the Y(inogra.daky and tho 

Lal.Iotto-Truog cethods do not ngroo on the phosphoruo 

content of theoo ooila. Tho Lnl!otte-Truog cothod io 
generally considered to boa ontisfnctory indicator of 

the phoophoruo content of soils. This indicates that 
tho Y/inogradoky cethod is not sensitive enoueh to reflect 

the presence of su1'ficient nutrients for tho production 
of a good corn crop, 
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lUaoella.nooua Studios 2.!! Plague 



A Comparioon of Azotobaoter Growth on Plaques 

of a Colorado and a Virginia Soil 

46 

Oboorvation of Azotobactor growth on plaques of 

tho Virginia. coilo had ohown that 1 t wo.o probably not o.o 

vigorow, as that ohown and doooribed by Sackett (24) for 

Colorado 00110. To toot this oboervat1on 1 plaques were 

sot up in tho regular ,1ay uoing soil 13A2 and the Colorado 

0011. 

Tho Virginia coil vrno 6.6 in pH and contained 

75 pounda of available phosphorus. The Colorado 0011 was 

8,2 in pll and contained 50 poundo of availo.blo phosphorus 

per a.ere. Co.lciUI:1 oarbono. to and inooulum were added to 

tho for.nor coil; neither wore added to the latter, Platea 

II and III ohow the Azotoba.ctor gro~th on theco soils. Tho 

Colorado 0011 produced largo opalescent oolonies that ro-

oecblod those doscribod by Sackett; soil l3A~ produced sco.11 1 ., 
feeble colonies, 

The vieorous gro\·rth on tho Colorado 0011 could 

have been due to tho presence of a. po.rticulo.rly vigorouc 

strain or species of Azotobaoter. To toot this poso1-

b111 ty, two plo.quoo of 0011 13A2 were inoculo. tod with o. 

cusponoion of Azotobo.otor ta.ken directly froc the plaques 

of Colorado coil, Thia vro.s oot up in ctorilo vosselc, 
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so as to avoid 1ntroduo1ng othor Azotobaoter., .A plaque 
of the on.me soil 1nooulated with the steak culture of 
Azotobaotor chroocoocuo was used as the control, At the 
end of 72 hours 1noubat1on, all plaques had produced 

colonies of about equal vigor. The orennima taken direct-
.ly from a plaque of Colorado 0011 produced slightly more 
pigoent than the stock culture, 

Tho Effeot of Varying .Aoounto of Calc11ll:l Carbonate 
on the Ava1lnb111ty of tho Ilative Phosphorus 

of a Soil 

Cnloium carbonate wno used in the plaque teats 
previously reported on the plot soilo at a conoentra.tion of 
4 per oent, It is generally aooepted that a reveroion of 
available phosphates ooours in the prooenoe of large 

amounts of Caco3 , A reversion of the phosphates present 
in those soils ooUld hnve oocurred, thereby making tho 

available phosphorus contont of all soils low, as tho 
reoul ts seourod ,11th the Winogradsky method 61.lggest. 

To find tho amount of Caco3 necessary to revert 
the nvailnblo phosphorus of a relatively fertile soil, the 

following test was outlined nnd carried out. Soil fron 
the llortioulturo.l propagation garden ,10.s uood, It hnd a 

pH of 7.4 and contained 75 pounds of available phosphorus 
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per a.ere, Five 50 i;r= plaquoo were made, The CaC03 

was varied from 0,0 to 5,0 gra.z:rn per plaque, Suorooe wno 
added to each plaque, 

Deteminationo of available phosphoruo were 

oode with tho standard reagents and equipment of the 

Lallotte-Truog kit, Care \T~s ta.ken to pack the soil into 

tho meaauring ladle to about tho same firmneso for each 

determination. The available phoophorus is reported in 

numbers correoponding to the firot three shades of blue 

on tho o olorimetrio chart 'sµpplied with the kit. Tho low-

eat amount of :phosphorus observed io indicated b,: the fi61U'e 

"l"; the intermediate amount observed is represented by tho 

figure "2"l the hi,r;hest by the figure n3n, 

Table X ahows the relative amounts of available 

phori];ihorus on the vnriouaJ.y treated plaques o.t different 

intervo.ls over o. period of 8 days, 

Table X, Tho Effect of Calcium Carbono.to on tho Avail-
aoIIfcy of tho native Phosphorus of a Soil, 

I 1Gms, . lieLi.tlvo amounts.of available phosphorus at •• • • • 
I 1CaC03 1 different ages of tho ~la~oo I I 
: z : 24 hrs,: 4S lira, :'1'2 lira, : I-11 -s. I<'.m lira. : : 
: I I I • I I • 
I I o,o I 1 I 1·. 2 • 3 .· 3 • • • 
I I 0,1 I 3 • 2 2 • 3 3 • • • • • • 0,6 2 1 • 2 I 3 3 • • • • • 
: I 1,0 2 1 I 2 • 2 3 • 
: I 2.0 I 2 • 1 I 2 • 2 3 • • 
: I 5,0 I 1 1 I 1 I l 1 • • 
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This table showo that a. 5 gram application ot 

caco3 ohangeo tho availnblo phosphorUB preoent in this 

0011 to a fem that io insoluble in the oxtraoting 

oolution used in the Lo.Uotte-Truog oothod, Smaller 

appi1oat1ono did not influonoo tho solubility of the 

phosphorus of thio 0011 in the reagents used, Thia 
ouggeots that little, if any, reversion ocourrod in the 

plaques of the plot soils, Table IX, a.a 2 gr~s have been 
used thruout tho work, 

Tho Effoot of Varying Amounts of Phoophato on the 

Available Phosphoruo of tho Plaques 

To determine tho effect of the 2 erruno of 

CaC03 uoed in oakine the plaques on tho phoophato added, 

the follouing teat wao carried out, Varying amounts of 

a 3 per oent K2HP04 solution ,1oro added to plaquoo ot 

0011 lA1, • This soil contains 10 to 25 l)Oundo ot a.va.ila.blo 

phoo:phoruo per a.ere, Sucrooo c.nd Co.C03 11orc added to tho 

pl.nqueo 1n the regular amounts, Detcrm1nat1ons of the 

a.vailablo :phoophorus were cad.e no previously doooribod, 

Table XI shows the rolo.tivo a.counta of o.vai.l-

a.blc :phoophorus in the plaqueo at intonalo over a period 

of three days, 
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To.blo XIi' Tho Effect of Tvro Gruca of Co.lciuc Co.rbono.te 
on tho Available Phosphorus of Plaques Containing Varying 
Acounts of Phosphate. 

: :JJi. of 3 : : 
: ::per cent:• 
l :K2HF04 I 

Relative acounta of available ::Azotobo.ctor:: 
:Phosphorus at different ages : : Growth : : 
of the ila.ques • : : : : 

: : : 2 hrs,: 2 hrs,: 48 hrs.:72 hrs,:: 72 hrs. 1: 
:: • • • • • • • • 
: : __ -i<Or•~O:---::-:---;:l;..__·-::--;:1;..__-::--;:l;..__-:-:--;:;2--:-:-:-1-.:;ll-=on~e ___ : : : : 0. 5 1 : 1 1 : 2 : : Hone : : 

I I 

: :::::~~::g==~:~;===:t:::~::::f::::~::·::f:::::~::::f::::~:::::~:~~:~:r:~t===:: 
1 :_-i3.;;•,;;;o,....-c:-=-1--;,7 _ _;,:_-;.;4 __ ~1--,,.5--.;;.: __ 4-r---=-= -=-=-,..f"ccacci'3"r ___ : : • : 4, O : : 'I : 6 : 5 4 : : Good • • 
i :::::5~.:o~:~1~:::::1:::~:::::'l::::~1::::5::::~::::5:::~:~::::o~o~o~d:::::; ; 
1: lo.o : : 7 : 7 6 : 6 : : Poor : 1 

• • • 

This test Dhows that a small :p:i.rt of tho 

phosphate added too. soil gradually chnneod too. forc that 

was insoluble in the extracting solution used by tho 

La.Motte-TI11og method. Tho inaolublo portion could havo 

boon o.ssir:ru.lo.ted by Azotobo.oter or rovorted. These do.to. 

suggest that reversion ooourred, in that the plaque to which 

0,5 cl, of the phosphate solution we.a added contained 

approxitla tely the aa.r.:ie amount of ava.ilo.bls phosphorus o.:i 

the cheek plaque and did not produce colony growth, 
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Tho Azotoba.cter group of organisms a.re not 

chlorophyll bearing and do not synthesize enorgy mo.torials, 

As a reoult, ca.rbohydrato muot be o.ddod to allow tho organ-

ism to dovolop on tho pla.quos, In tho hydrolysis and 

oubsequent utilization of the carbohydrate by Azotobo.oter,. 

organic' acids a.ro produced that tend to increo.so the acid-

ity of the soil, This condition plays a pa.rt in making tho 

addition of CaC03 nooosso.ry to koop the reaction within o.n 

optimu::i range for Azotoba.otor growth, The combined action 

of tho organic acids and tho Ca.C03 ,1111 probably ohnnge 
the nomal biological, chemical and phyaica.l equilibria. of 

the 0011, thereby producing a condition entire'.cy different 

from those existing undor fiold.oonditions, 

Tho growth of algo.o on tho plaques .a.s a r.mbsti-

tuto for Azotoba.oter ,·1ould olimina te the • a.ddi tion of both 

oo.rbohydro.to and ca.co3, since tho forcer syntheoizos its 

energy mo.toria.l by photosynthoois, 
A teat was devised to determine tho beat method 

of treatment of tho plaques to 'a.110,1 the best visibility 

of tho a.lga.o croi·1th, Four plaques vrere mo.de in petri. 
dish ho.lvoo using 50 gro.ms of so11 1 5 ml. of a. 3 por cent 
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solution of K2HP04 and enough 0.1 por oont Ca(no3)2 
oolution to bring thom too. putty-like oonsistonoy. Thoy 
,vero divided into 4 grou;po of 2 oaoh1 troo.tod o.D indioo.tod 
in To.blo XII, and inoculated by dropping o. mioponsion of 
a cixed oulturo of algae over the top of the finiohod 
plaquoo. Tho diohes were oovored with roeular petri dioh 
lido a.nd inoubo.tod in a northern window, where they could 
receive licht. Table XII ahovrn plaque treatment nnd a.J.gao 
re llJ? onco , 

Table XII, Tho Ei'feot of SUrfaee Treatment on tho 
Growth and Visibility of Alen.a on tho Plaques. 
Plaque Troo. tmont 
Filter paper prossod fiml.y ovor 

tho soil 
Dusted ,11th kaolin, nnd loft rough 

Duatod with kaolin, a.nd m:i.oothod 
with o. uoiat llJ?O.tula 

Left ba.ro 

Algae Growth 

l'oor grmvth 
Excellent growth, 
o.nd viai bill ty 

Fair growth 
l'oor growth 
Poor visibility 

This atudy chows that du.ntinG the ourfo.oo of 
tho plaquoo o.nd leaving it rough for the a.l.ga to gro\1 on, 
gives tho nest vigorouo gro\1th and boot vioibility of tho 

growth. 
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In order to toot tho o.dn.pto.b111ty of o.lgo.e 
to tho plaque test, 2 duplicate oerioo of 4 plo.quea co.oh 
of 0011 u 1 wore oot up, The plaques were mnde in tho 
rogu.lar 11o.y, o:x:cept that tho oucrooo and Caco3 \tore omit-
ted, and a. 0,1 per cent solution of calcium. nitroto wo.o 
substituted for the distilled water. They wore duotcd with 
kaolin nnd inoculated, and incubated o.o previously described, 
To.blo XIII oha;1s the treatment and rooponso of tho o.lgo.e, 

Table XIII. ~e Uoe of Algae on tho 1'lo.queo ao a. 
suboti.ute tor M.otobacter, 
nutrients Added Alga.a Gr0\Tth o.t tho 

end of 7 days 

none Vigorous Growth 

K2S04 Vigorouo Growth 

na21IPO4 Vigorous Growth 

K~04 Vigorous Growth 

Atter 7 do.ya 1nouba.t1on1 a.11 of the plo.quos 
ohowed growth of a.bout equal vigor, It is evident that 
algae is not a. ouito.blo org:miot1 to gror1 on tho plaques 
a.a a. substitute for Azotoba.otor since it gro,; equally o.s 
well on tho plaques to which no o.dditional nutrients had 
boon o.ppliod o.s 1 t did on the plo.quo rcoeiving poto.saium, 
phosphorus, or the two in oombino.tion. 
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Dioousoion 

Tho first :part of this investigation vino oon-

oernod with a study of tho plaque teohnio in which tho 

mo.terialo used 1n co.kine tho pla.quoo were va.ried in an 

a.ttec:pt to find o:ptir:ru.c oonditiono for Azotoba.cter gro\1th. 

These ox:poricents \1ere disounoed and oum::tarized on :paeeo 

38 to 40. After the coc:pletion of the ex:pericents therein 

doooribed1 it was felt that the technic had been codifiod 

for UBe on Virginia ooilo and that tho a.uthor wao suffi-

ciently fw:i.iliar v1ith it for a. tost of tho o.dn.ptabili ty 

of tho Winogradok:y test to bo ca.do. 

The corn yields and a.vailablo phosphoruo of 

the ooilo froc tho 16 ploto of the eX]?ericont used in thio 

study ohow that their fertility va.rios to a carkod degree. 

Tho reoponoo of these coils to tho Winogradsky plaque test 

does not reflect this vo.riation. Tl-10 poooiblo causoo for 

thio lack of oenoitivity ouggooted thocsolvos. Tho ava.il-

a.blo phoophoru.s could have been reverted in the plaques, 

as calciUI:1 carbonate had boon used a.ta concentration of 

4 por cont: or Azotobaoter could be una.blo to produce 

colonioo on a soil containing sufficient phosphorus for 

tho production of good corn yioldn. 
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Stolonoka (29) roporto tho tirlo lirlit f'or 
rovoroion of' phooI?horun in tho 0011 no 50 to 60 dnyo; 
Ercorov (7) f'ound it to ooour in 24 do.yo; Shapiro (26) 
ola.irlo it oocurrod in 10 do.yo, Er.-:;orov rurthor eta.toe 
th..'it rapidity, of' rov.ornion va.rioo 1n d1Uorent so11o, 
If revoroion wa.c a. fo.ctor 1n oo.uoing tho lo.ck of cone1• 
t1v1ty of tho plnquo teat on those soilo, it must ha.Vo 
ooourrod tIUCh ooro rapidly tha.n it ho.o proviouoly boon 

roportod no tukinc plnoo. 
To.blo X 1nd1ca.too that 0000 rovorsion h:ld 

ooourrod o.t tho ond Of' 24 hour::i 1n plaques oonta.1ning 
10 per cont ca.loiu::i co.rbonato, Tho concontrotion of' 
4 por cont co.rbona.te uood in thooo teoto ha.d llttlo offoot, 
if a.:ny, on tho a.vo.~la.blo phoophoruo of' n coil oonto.1n1Il8 
7.5 poundo por a.era• A m:in,11 a.count of roveroion probo.b~ 
ooour::i uhcn tho phosphate oolut1on 1o added to tho pla.quoo, 
Tablo xz; Ho,1ovor, tho 1nd1cat1ona nro tha.t rovoroion ha.o 
not 1nfluonood tho romilto oocurod n1 th the pla.quo toot on 
those co1lo, 1n tha.t co.l.oim:i oo.rbonato at n conoontrotion 
of 4 por cont ca.uood no porooptablo rovoroion of tho n::i.tivo 
:phoophorus of a. coil contoJ.ning 75 l)oundo of nva.ila.blo 

phoophora.c por a.ore, 
In .A.corlon the \"finogrodo!cy- plaque toot ho.a boon 

a.doptod and used most cxtonoivoly, a.o far a.a tho author 
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h11O boon able to dotor.:iino, in connection with tho ow:;11r 

boot induotry. Tho rroub::i.uor to.bloo (6) ohor, that tho phoo-

:phoruo nnd IJOtaooiuo content of tho ooil, for tho l)roduot-

ion of hii;h yieldo of ouen,r bcoto, to bo 10 tiooo tho.t 

ncoooon.rJ for hieh yioldo of. wheat and O11to; 5 ticoo tho.t 

noooosary for red clover hay;· 11r.cl. 1.25 ticoo thn.t nocooa:u-y 

for l)otntooo. 
Tho uork of Janco (12) and tooto carried out in 

thooo otudioo sho-~ tho oonccntro.tion of phoophoru.a neceo-

oary for the production of vigorouo Azotobactor growth on 

tho plnquoo to be far in cxcoos of thnt required for tho 

OOCt1on field cropo. !rho ooncontro.tion of :phoophoru.o 1n 

ooila thn.t will produce hich yioldo of coxn;.as· oho,m by 

Table IX, nnd tho oonccntration noceooary for tho o=ll 

graino no chotm by tho llcubauor tabloo, io low whon coc-

p:i.rod with tho concentration noco:mary for hich yioldo ot 
DU61lr booto. 

rho sta.tcoont ot Dahl.bore 1121d Bro\m (4), cited 

on :pneo lG, io of oopccinl intoroot in thio connoction. 

They otn.to that ooilo oo deficient in phoophoru.s that they 

cauoo a oalnutritioru:u condition, duo to phOOllhoru.a 

otarrntion (black honrt), produce Glltiof'actory yioldo of 

tho o::lllll gmino, altho ernin eivoo n dooidcd rooponoo 

to l)hoo:phoru.o fertilization. lllio further cueeooto thnt 



57 

a. ooil mo.y bo very deficient. for tho production of ougo.r 

boeto and modoro.toly deficient or not deficient for c::ia.11 

graino and corn. 
'.L'ho do.ta heroin reported oh0\'1 tha.t Azotobactor 

will not produce colonies on the diotillod rm.tor plaquoo 

of ooilo containiDC 50 to 75 poundo of a.vo.ila.ble phoo-
phoruo per acre. '.L'hio response indicates tha.t theoo soilo 
a.re very deficient. '.L'hey arc probo.bly very deficient for 

the production of ougar beats, but tho corn yioldo for 
1931 ohow tha.t they produced n oo.tisfo.otory crop. '.L'ho 

rolo.tionohip between phosphorus fertilization and tho 

o.vo.ilablo phosphorus of tho soils indico.too tho.t tho 
:phosphorus a.p:pliod in tho s:pring of 1931 was not oxhauotod, 

Tho presence of thooo phoophate residues woo not roflectcd 

v,r. tho plo.quo test. 
Another factor in1'luenoing the o.dapto.bility of 

the Winogradol:y plaque toot to Eastern ooilo is their 
o.oid condition, In the appllco.tion of tho method, thooo 

soils muot bo corrected with 00.lciUI:1 co.rbona.te and in-
ooulo.tcd, If acct1i?1B1Y relio.blo roaul.ta t1oro secured, 
they would be of quootiono.blo value, Rosul ts scoured on 
tho o.lkalino or very olightly o.oid :pla.quoo eight not ba 

I 

o.do.pta.ble to the acid ooilo of tho field, Ua.xoon (15) 

atatos tho.t ho doubts tho value of tho lUnogro.daky method 
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for uoe on aoid soilo, S::lith (28), after prolicina.ry work 
with tho cothod, felt that it wa.a of little valuo for uoo 
on eastern soilo, 

Plates II and III show tho vigor of Azotobaotor 
growth on soils froo Colorado and Virginia.. Tho Colorado 
0011, having an initial pH of 8,4, produced vigorous Growth 
without tho addition of caloiUD co.rbonato and inoculun. 
The soil from Virginia, having an initial pH of 6,6 1 produoed 

' leoo vigorouo gro\'Tth than tho Colorado soil after tho aoid-
1 ty had boon oorroctod and inoculUI:1 added. 

It ia the author1o opinion that tho Winogrndoky 
plaquo toot io prti::arily adapted for uso on ooils of 
alkaline ro1J.Otion thn.t are to bo cropped to susa.r boots o.nd 

other plo.nto having hieh cinornl nutrient roquiromcnto. 
Tho principle co;y- bo adoptod for uso on acid soils if soco 

a.aid toloront organism could bo aubotitutod for Azotobacter, 

A oixod culture of algae has boon studied, It was found 
to lack in tho'nooossary oenoitivity to cineral nutrient 
concentration for uso on tho plaqueo. 
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SUr.rnry Conolus1ono 

The data herein reported ohow that tho 

W1nogro.d:Jlcy plaque teat doeo not rorleot tho rol.o.t1ve 

fertility of 00110 that vo.ry widoly in crop product1vo-

noss o.nd available phosphorus, Soil from a plot produc-

ing 17 bushels of corn and 0011 from o. plot producing 

68 buohels of corn in 1931 ro opondod in a similar way to 

tho pl.o.quo teat. Soils containing sufficient ava.1l.!l.ble 

phoophoruo for o.vorago cropping neodo and oo1ls uh1ch do 

not contain auff1cient a.vo.ilo.blo phoophorus for o.verneo 

oropp1%16 needs, o.s shorm by tho Lollotto-Truog oethod, 

also responded oimil.!l.rly. This 1ndico.tes tlmt the 

rtinogradsky plaque test 1o of 11 ttlo value for tho study 

~f tho mineral nu.trient content of soils, olightly acid, 

on which crops are to be crmm that ho.ve o. mnorn.l 

nutrient requiro::ient o.s low ao tho.t of oorn. 
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EXPLAlTATIOII OF PLA.TES 

Plo.to I. Tho corrclo.tion bctvrnen miorobiologioo.l 
o.otivitioo o.nd crop-yicldo on o. series o:r variously 
f'erlilizod plots. After Wo.kOl:lan o.nd Starkey (35), 

Plato II, Azotobo.oter erowth on plo.quos o:f soil from 
·coloro.do. 
'llutriento o.dd.ed, ieft to right1 1 1 none, 2 1 K2S04, 
3, ,JI0.2EP04~ -4, K:fHl.'04, 

65 

Plo.te III, _ Azotobo.oter growth· on plo.CJ.UOD of soil from 
Virginio., . 
Nutrients added, loft to right: 1 1 none, 2, K2S04, 
3, llo.2EP04, 4 1 K2IIP04, Pla.quo l aho,1s. alight mold 
gro\'fth •. 

• Plato IV. Azotobo.otor erowth on plo.quco of tho 
Coloro.do nnd Virginia. soils, (Upper row I Virginia. 
soil; lower row, Colorado soil), • 
Nutriento·o.dded1 left to right: l, none, 2, K2S04, 
3, No.2H?04, 4, KzIIl:'04, 
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