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SOIL MICROBIOLOGY
DEPARTMENT

By H. G. Tnonxroll

Wom ox rEE SorL MIcRoPoPULATIoN

Relation of microscofe b plale counls of t ticroorgarisms in soil
The d6velopment of a;tatisticalty satisfactory method Ior count-

ine bacterial cills in soil bv microsiope counts has ra.ised an issue
of" fundamental importanie to soil 

-microbiology, owing to the
finding that microsc-ope counts give estimat-ed numbers many times
hieher'than plate counts, which suggests the possibility that only
a imall fract'ion of the soil's bacterial flora [as been studied by
Dlatinss and by isolations from plate colonies. The application of

riicroscopi method to the istimation of fungal mycelium in-

soil provides ihe only edsting method of assessing the quantity of
fung'al material present in soit as mycelium, so that here also a comP
arison of such estimates with plate counts becomes irDPortant.

With regard to bacteria it seemed desi.rable in the first instance
to obtain dita as to the ratios of microscope to Plate counts from a
wide range of soils and also from samples taken -at intervals {rom
differentf manured Plots. The help-of the- National Agricultural
Advisorv'Service bacteriologists has been obtained in this survey
from difterent soil types and the results which they are obtaining
are being received and collated.

Couttls of mictoorganisms from Broadbalh phk
As mentioned in the previous report, counts of various groups of

microorganisms were made from samples taken -Irom some of the
Broadbalk plots during 1948' The obiects of this survey were Dot
onlv to conipare microicope and plate counts but also to assess by
preient day-methods the affects of organic and arti.ficial manuring
on the soil micropopulation.

The microscope counts of bacterial cells and actinomlcete-sPores
were significantly correlated r /ith soil moisture and with numbers of

, actinoriycete coionies appearing on Plates, blt not with bacterial
colonies. On Plot 2 (F.V.M.) the toial len6h of fungal mycelium
lound by microscopic examination was significantly correlated with
numbers of fungal colonies on plots'

Microscope counb o{ bacterial cells and actinomycete spores,
and plate co-unts oI bacterial and actinom-ycete -colonies-both-gay9
high6r numbers on Plot 2 (F.Y.M.) than thos€ obtained fron Plot 3
(uimanured) or Plot 7 (comPlete nrinerals and ammonium su^plhate)

which were about equal. Manurial treatment did not significantly
afiect the total lengths of mycelium found by microscopic- examina-
tion, but both Plot: 2 atrd 7 gave higher plate coutrts oI fungi than
did the unmanured PIot 3. The numbers of amoeb:e fourd in Plots 2
and 7 were not signficautly difierent but both were higher than those
found in Plot 3.

This suwey of Broadbalk Plots w-as carried out-by- a team of
workers (Dr- janet Mollison, Dr. B. N. Singh, Mr. P. C. T. Jones
and Mr. F. A. Skinner).
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Partial sterilization
A fie1d -experiment on the efiect of partiat sterilization in a

"11r*ry 
beg for Sitka Spruce was carried out at Ampthill, Bedford-

shire, by_the Chemistry Department during 1949. ihe Soil Micro-
biology De_partment made a study of the-micropopulation of soil
samples taken from certain oI these plots at interats throughout
the season. The results are not yet complete but indicate sGking
and persistent changes following [he partiil sterilization. (Dr. Janei
Uollison, Miss Letti& Crump, G. B. i{. Sinsh and Mr. p. C. T. jones
have been engaged on this iurvey).
Antibiotic

The possibi.lity of using microorgauisms that produce antibiotic
secretrons to controt root disease fungi is being studied by Mr. F. A.
Skinaer_ir the special case of actinoinycetes-antibiotic igainst the
fitngus Fusarium. W}ten such actiaoitycetes are srown-with the
fungus on plates of washed agar and ririneral salG alone grorth .+.
occurs but there is usually little or no evidence of antibiotic iction,
such action is however induced by the addition of glucose even in
quite low concentrations. Antibi6tic activity in ag;r is markedly
reduged _by the. addition of charcoal or ben6nite fo the agar bui
not by the addition of Kaolin.
- Some actinomycetes that are antagonistic to Fusaium on a4ar
have not been- fouad to- produce antibiotic secretions in liqiid
culture e\Ien when aerated.

In this work it has become important to be able to measure
growth oI_both the,fungus and the actinomycete mycelium in liquid
culture. This can be done in the case of the fungris by microscbpe
counts and measurements of fragmented mycelum,- but such- a
method is unsuited to the firer ac[inomvcete Lwha. Similarlv we
need a method for the comparative 

-estimaid of actinomrlcete
mycelium and spores in soil. The efiect of shaking suspeosions of
mycelium with sand showed a relationship betweenlime of shaking
and numbers of colonies fou.nd on subsequint pt"iingi, *n"*". *itf,
a suspension of spores tirne of shaking did 

-not atect the count.
Resin attacbing organisms

In his work on the biological decomposition of resins tested for
the. makilg of temporary roads Mr. P. C. T. Jones isolated a numb€r
of bacteria and fungi that could attack rejbs. The characters of
these organisms and their action on resins has been further studied
with a view to publisbing descriptions of them.
Nitrif.calim

- 
-The importance of nitrificatioD in soil makes it important to

find out wbat organisms are important in carrvine out tLis orocess
in soil. ln view of recent work-on the bioche;isdiv of nitri_fication
in soil it is important to make fresh studv of the phvsiolosv of
Nitrosomonas and Nitrobacter to see wtrettrei tneir betiariou, #"""
with that postulated for the niirifuing flora of soil. Bv a mo&fied
process, Dr. Jane Meiklejohn obtain;d and has described a pure
culture of Nitrosomonas and found that this oxidized aumonii as
rapidly as did a crude culture cotrtaining the commonlv occurring
contamioants. This makes it unlikely tf,at the latter ict srrnbid
ticatly with Nitrosomonas as has beeir suggested.
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Soil arncla
Eratslalion of arnoeb@. Itiss Lettice Cmmp has studied the

conditi-ons sovemir,g the hatching of amoeba from cysts and has
Iound that -morphotogicauy similar species di-ffer markedly in that
one species will ixcysi or i in the presence of bacteria- oI a suitable
tvDe ;h e with the bther, 6xcvstatibn is independent ol the bacterial
e-nvironment. This difierence i.n behaviour provides a further
specific factor likely to affect the relative numbers of difierent
amoebe in soil.

Nuclcat division ol cl.assifcaliott oJ amocbe. It is importatrt to
the studv of the soil micrirpopulati-on that difierent species oI
amoeba ihould be capable of identifcation. The classGcation and
identification of amoebze is largely based on the tyPe of nuclear
division, and there is great confusion at Present largely owirg to.the
processes of rnitosis b6ing wrongly described, often from insufficient
material. Dr. B. N. Sin-gh has-diveloped a method for cultivating

\- -, small amoeba on glass slides coated with a8ar, thai enables large
' numbers of amoebi, in all stages of nuclear division, to be obtained

readily and in a form lacilitating the ma-king of -stained 
preparations.

Twelve strains of amoeba have been exa.rrined by tbis mettrod and
the typ€s of division found are much less diverse than was formerly
supposed, falling into two ma.in categories. This discov-ery together
witi tle f,rrtnei use of the new tecbnique should result in a great
simplification in classfication and ease in species identfication-
Mgconhiza- In her earlier work Dr. Janet Mollison studied the distribution
of the nrycorrhizal tangtJs Rhizo\hagtut in clover and wheat and
Iound it io be abundant in the roots of both crops. Attempts to
isolate the fungus and to grow it in a variety of artificial media have
so far been unsuccessful,

Wlen a series of dilutions of a soil suspension were applied to
sterilized sand in which clover was grown the fungus was found to be
present at a l/10 dilution but not at a l/1000 dilution- With a
suitable dilution it may thus be possible to obtain otherwise comp
arable cultures with and without the fungus by which its efiect on
the plant can be assessed.

STUDTEs oN Nonwe BecrBRra (REIzoBruM) exo Lrcuur Cnops

Gcografhical distribution of strains of cloan Rhizobium
"h'continuation of th6 suwey 6f the distribution of strains ol

clover Rhizobium, efiective and inefiective in fixing nitrogen, a
considerable amount of strains isolated from clover samples collected
from the North and from the South West oI England were tested
for efiectivity by Dr. Janina Kleczkowska.

A seriological study made by Dr. Margaret Read of 100 isolates
from each of lT localities has shown that strains oI clover Rhizobium
tend to be higbly localized in their distribution, so that no rapid
spread of a nCw strain trhether or natural origin or introduced, is
likely to occur under field conditions.
Establishment of duter Rhizobiun in an " ittoaiated. " uo!

The abundance in some localities of inefiective straius of clover
Rhizobium, suggests the use of seed inoculation to rePlace these
inefiective strains by an efiective strain in the soil. Any attempt to
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introduce Rhizobium ir,to tn" ,llf by rnoculation wilt meet witb
competition for nodule formatior frJm the native populatiou of
clover Rhizobium already present. Hence the first pro'blem to be
solved was how far a culture i[troduced by seed inoc^ulation can be
established in the nodules of the crop i! fice of this competition.

To find this out it was necessary to develop a method for recoE-
nizing a strain introduced by seed inoculatiou iato field soil alr.r,l"*,
containing many other stra.hs of Rhizobium ,and thus for distinsuisli-
ing nodules produced by the inoculum from those due to iative
strains. In earlier work (Kleczkowski and Thomton) it had been
found that stra.ins of clovir Rhizobium fall into grouis identifabte
by antigen tests and that strains containing ceirtafui antkens are
uncommon in British soils. If seed is inddated with i strain
containing an uncoutmon antigen and sown in the feld, cultures
isolated from the nodules later developed can be tested $,ith suitable
antisera and in this way it is possible to determine whether thev are
of the same strain used to inoculate the seed. By testitrE suffilient
nodule isolates the percentage of nodules produced by th; inoculum ---- --
can be estimated. An extensive series ofexperimen-ts were carried
out in 1948 and 1949 by Dr. Margaret Read- witb the co-operation
of the National Agricultural Advisory Service. These wire con-
ducted at 13 centres at four of which tLe trial was carried on {or two
seasons. Each experiment consisted of 16 plots, four replicatioas
sown with uninoculated seed and four with sead treated wiah each of
three strains of nodule bacteria selected for ease of seoloeical
identification. Cultures were isolated from 2G25 nodules from Each
plot and tested \irith suitable antisera. From those tests the percent-
age of nodr.rles due to the inocula were estimated. Great a.isistance
was provided by bacteriologists of the National Asriculturat
Advisory Service not only in the field trials themselves 5ut also in
certain experiments in isolating cultures from the nodules. Without
their _generous help so extensive a series of trials involving the
isolation and serological testing of 6,000 cultures could not havibeen
carried out. The results of these trials shorred that it is possible
to establish a culture of Rhizobium in the crop, in competiti,on with
the native bacteria, but that difierent straini of Rhiiobium difier
greatty in their ability to become established in the field. The
experiments thus point to a new principle applicable to seed inocu-
lation practice, namely that, in the s€lection of a strain forseed inocu-
lation, not only efiectivity in fixing nitrogen, but also abilitv to
compete with native strains in tbe soi.l has to be considered. 

-

Legurne inoculatiort
A number oI inoculation trials with clover and beans have been

and- are being carried out in various districts by the National
Agricultural Advisory Service using cultures supplied by us.
Locol ada?ldtion between cloler and Rhizobium

Experiments have been made by Dr. P. S. Nutman and Dr.
Margaret Read to see whether, on Iarms where tocal strains of red
clover, have been developed, the clover and the iadigenous nodule
bacteria have become mutually adapted to give enhanced nitrogen
fixatiou. Material was obtained from seven farms ia Sweden anil in
experiments carried out in 194t1 and 1949, bacteria obtained
from each farm were tested Ior efiectivitv on the local clover strain
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{rom the same farm and {rom each of the other six farms. In both
experiments a small but signi0cant efiect was found, bacterial
strains tending to be more efiective on their own local clover strain
than on the others.

Alrearunee of incfeclhe mulnnls of clater Rhizobum in soil
It was found by Dr. P. S. Nutman in previous work that if a

pure culture oI the highly efiective strain " A " was kept in sterilized
sandy soil from Wobum for six months, a considerable percentage of
inefiective mutants appeared. This raised the practically i.mPortant
question whether this phenomenon was of widd occurrence in difier-
ent soils or with many efiective straias of Rhizobium.

To test the flrst point, Strain " A " was stored in steriliz,ed
sarrples of a range of difierent soils for half a year, after which the
soil cultures were plated, random colonies " picked" and the resulting
cultures tested for efiectivity on clover.

We have again receiued much help from bacteriologists of the
Natonal Agricultural Advisory Service ia setting up soil cultures
and in the subsequeot plating and isolations from colonies. The work
showed that ineffective mutants tended to appear in acid soils and
that their ap1rearance could usually be preyented by the addition oI
CaCO3. But in some cases mutants did appear in neutral and limed
soils, so that other Iactors must also contribute to the efiect. To
test the stability of different strains of Rhizobium on soil storage,
ten efiective stratrs were stored in Wobum soil for 2 years- At the
end of this time only one of these was found to have produced
ineffective mutants, but this strain produced a high percentage.
Dr. Janina Kleczkowska has been in charge of this work.
The frodu.ction oJ rnutonts resislant ta bacleriolhage

It seems possible that the effect of bacteriophage in causiag the
appearance of a variety oI mutant forms of Rhizobium might be a
factor inducing a change to ineffectivity in field soils. Dr. Janina
Kleczkowska has studied'phage resistant mutants developed in
cultures exposed to 'phage action. A number of these regained
susceptibility to 'phage quite soon but were more iiable to develop
resistant mutants on further treatment with 'phage, than was the
untreated parent strain. Amongst resistant mutants new colony
characters were frequent. These were usually stable in artificial
culture but readily lost on plant passage. Some resistant mutants
also differed from the parent strain in their efiectivity in the host
plant. Many of these produced from an originally efiective strain
were ineffective, but the reverse change was much more rare.
Mutants showing a change in effectivity varied very much in stability
a number were stable during laboratory culture and after Plant
passage, but one strain was so highly unstable that it proved
impossible to separate the effective and ineffective forms both of
which were Iound in every colony after replating and plant passage.

The mechanism of aaach by bactariophage
Rhizobium bacteriophage is exceptionally good material for

studyhg the process oI attack on the bacterium and this problem has
a special interest from its analogy to the infection process in plant
viruses. Drs. A. and Janina Kleczkowski have examined the question
how many 'phage particles are needed to start an infection. The
work is still in progress but resl ts so far are consistent with the
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view that a single 'phage particle will sufice to produce infection
of a liquid culture or to initiate a plaque.
The inhibilory efecl of ttodul.e and lalerul root ucristem o?t fudher
nodule dnelolmcat

Dr. P. S. Nutnam has continued his earlier work on the efrect
on nodulation of excising nodules and lateral roots oI clover. The
excision of efiective nodules increases the number of nodules sub-
sequently formed but that of inefiective nodules does not do so. The
excision of the meristem tips of efiective nodules or of lateral roots
also increases subsequent nodule numbers, These reults suggest that
a substance inhibitory to nodule formation is produced in meristems.
In ineffective nodules the meristem tip is ephemeral and persists for
too short a time to produce ar efiect.
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