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(a) Genctics of tha clawr ptant 
40

Confirmation was obtained of the work suggesting that
resistarce to infection in clover was due to the interaction of a
recessive gene with a maternally inherited factor. The inheritance
of the effectivity response as regards nitrogen fixation app€ars to be
of two kinds (1) a polygenetic inheritance that is apparently not
specific to a given bacterial straiu and (2) a single gene efiect that
is highly specffic to the bacterial strain concerned. The behaviour
of one of these single genes has been exhaustively studied and those
of four others have been incompletely investigated. The results
suggest that the genes concerned may be allelomorphic.

(bl Physiologicol studies

These have been concemed, first, with the physiologically
homologous nature ol lateral roots and nodules and, secondly, with
the partial inhibition of nodule formation on plants growing in
association. A paper on the first of these investigations is being
prepared.

Publications (including Summaries), page 96.

Micro,organisms Capable of the Selective
Destruction of Soil Bacteria

By H. G. THoRNToN

Ixtnooucrror
The maintenance of satisfactory biochemical activity in a field

soil depends on the establishment in it of a population of those types
of micro-organisms that produce desirable chemical changes therein,
This win be brought about only if the soil environment is suitable.
An important factor in this environment is the existence and
acti\ity of other micro-organisms that limit the numbers of useful
organisms either by competing with them for nutrients, by harm-
fully changing the chemical environment (as by producing toxic
secretions), or by directly eating them. The competition between
related strains of nodule bactet'ra" (Rhizobiur) studied in this
department appears to be al example of the first type. The
production of antibiotic secretions by fungi and actinomycetes,
many of them derived from soil, has been much studied elsewhere
and has given rise to a yast literature. Their productiou by
certain of the l\Iyxobacteria, however, has received little previous
attention. Some recent investigations in this field axe summarisd
below. There is in soil a considerable and active population of
protozoa and related orga sms that feed directly on bacteria,
This group has been the subject of investigation at Rothamsted for
many years.

In the years between l9lg to 1939 the General Microbiology
Department carried out many investigations conceming the pro-
tozoan fauna of soil whose object was to elucidate the ecological
importance of protozoa in soil ard particularly their efiect on the
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bacterial oopulation. A svslematic survey of the t]Qes of protozoa

in soils riai carried out'and a method was develoPed for thc

"o".o*i-"f" 
enumeration of protozoa in soil samples (1, l3)'

Viitfr tn* help of this technique it was shown that the numbers ot

.iii""'"-".6^" and of flag'ellates in field soit underwent rapid
fluciuatio"s and that the risJ and {all in numbers of active amoebae

t""J i" a.lu samplinRs was on the whole inversely related to that
of bacterial iumbers found in plate counts (3). Experiments also

iir"*"a in., the presence of inoebae kept down the numbers of

bacteria in soil siored in the laboratory (2), so that it seemed

reasonable to suppose that they control the size of the fluctuatlnt
ir""t";"l 

"or"friion 
in the field. Laboratory experiments with

oure bactirial cultures with and without the addition o[ Protozoa
!tto*"a, tro*"uo., that the latter do not always depress. the bio-

chemical activitv of the bacteria. They may stimulate thrs

activitv bv keepine the bacteria at a lower numerical level than
th;;-lioJ'd attiin "in pure cultures. This probably results in- the

culiure remaining in a younger and more active condrtron (4, 5,

8, 9, 11).

THE DIFFERENTIAI FEEDING oF solL PRorozoA

It is an interesting question as to how far protozoa-are selective

in consuming certain species o[ bacteria and not others lhere
;; ;;" p'."oiou. wd.k suggesting selective {eeding, but the
ouestion had been littte studied.
"- t"-ir"*ii."t" this problem B. N. Singh developed an elegant

-"tir;i';-;?;h-;;bae could be given i choice oi bacterial food

.;;;Ift-*;i;;J;, each ot a diffeient bacterial species, 
. 
disposed

in'a oetri dish in star formation at lhe centre of which the 
'Inoculum;i 

""il;U; 
was apptied. Bacteria could be classified into (1)

..*J"..oalv ""t"t iz) ttto." that were slowly eaten but eventually

.I"i"tr"t.rr*.i"t"-.a'ibi tt o". that were only partty consumed and

finaliv (4ian entirelv inedible Rroup (14). No correlatron could.tre

iound 'b.t*""n edi'uility of bacteria and their $am . 
sta.mmg

.."..r" iia. la. Lut n"earlv all pigmented organisms other than
,.uo* arid orarse w".e ineaible. It is thus possible that certam
i,rft";J ,i"."its afford an advantageous proteciion agalnst

"-o"Uat 
aitict (16, l7). In other cases the edibility or otherwse

"i "-n".t"ti"* 
i""-. io be determined by a fi-oe difference. nol

i.^Jlu identified. since strains o[ Aerobacter similar in morphology

;J;i,F.i;sy ,iifi; in edibilitv (1a). This is also the case with
stra-ins of Rhizobiam 116l."---soecies 

"i soil amoe6a difier somewhat irl their p-reference as

r"n""rf,. ir.i"tiJ-r-J u"itt .-ong.t themselves a-nd Jrom the soil

flieellate Cercomonas which also feeds selectively' Amoebae grown
;;i;G;; i" ;i;,-ilised soil culture can select edible from inedib]e

il.i;;; fil ;h"; both are supptied and, in -soil thev $eatlv
i"J""" E" ""-t 

ts of eclible bacteria (14)' This discovery.suggests
il;;;;;;;ti" in field soil to alte'r t'he quality of the hlcterial

flora as ivell as limil'ing its total numbers' It seems hkely that ttrrs
is their more important function.-'s;"t"tt-th"f are inedible to amoebae iaclude certain t14>es

*h;;;;; p;;"ce whether alone or in mixture with edible forms

;.ilffii;ly'i;;i;-io th" 
"rno"b"". 

These toxic tvpes include
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pigrnented forms and there is eyidence in some cases that the
pigrnent itselj is toxic. This is so in the case of the soluble pigment
excreted by Pseudomonas fyocyanea and in lhat ol Chromobideium
viola+eum and. Serratia ,ficarcescens whose violet and red pigmeats
are relatively very insoluble h water (17). It seems posslble that
t}le further study of bacterial pigrnents toxic to protozoa may lead
to the discovery of substances of importance in the treatmint of
protozoal diseases.

THE ESTIMATIoN oF NUMBERS oF PRoToZoi IN SoIL SAMPLES

This work on the differential feeding of soil protozoa revealed a
serious defect in the previous method uied Ior eitimating protozoal
numlers in soil and made possible the development of ai improved
method giving valid estimates. The numbers bf protozoa in soil are
too smaU to enable them to be counted directlv in stained lilms
of soil nor iviu they form colonies on platin[s. The methods
used are therelore based on observing their presence or absence ia
a range of soil dilutions. In the methods previouslv used, a ranqe
of dilutions of the soil sample were made-and dupiicate plates if
trutrient agar were inoculated with I c.c. portions of each ditution,
From the presence or absence of protoioa at each dilution the
n_umbers were estimated, using the Table worked out by Fishet and
Yates (6). In this technique the mixed bacteria added with the
diluted soil suspension were relied upon to supply food to any
protozoa that might be present at that dilution. The selectivitv
of protozoal feeding habits.shows that this method may give invalii
results because an individual protozoan may come iilie on the
plate amid inedible or even toxic bacteria and thus fail to grow.
{part from this serious defect the previous method was giatly
limited in accuracy by the small replication enforced by tbiuse of
an entire petri dish for each culture. [n his study of bicterial food
supply- Sing,h found that a number of bacterial sfecies were readily
eaten by all protozoa tested. Thus by applyng the diluted soil
suspension to a pure culture oI such a bacterium placed on the
surface of agar without any added nulrieots, growlh of inedible
bacteria from the suspension was checked and a suitable food
rypPly 10 any protozoa that might be present was assured.
Replication of cultures at each dilution was obtained bv the use oI
8 gtass ceUs per petri dish in each of which a rep[cate cu]ture was
set up (19, 20). Extensive tests have shown tbe method to give
a rcliable estimate of the numbers of amoebae and 6agellates in-soil
samples a-lthough recovery tests with amoebae show that the
estimates are consistently low owing to about 20 per cent. of the
amoebae lacking viability. This method has been apptied by
Singh and Garcia to samples taken from three plots of Iiarnield.

Tne occunR.ENce AND DrsrRIBUTroN oF GIANT RHIzopoDs rN soll,s
The use of plain (non-nutrient) agar with a pure bacterial

culture as food supply has proved an excellent method for tbe
culture and isolation from soil of several groups of soil organisms
that derive their Iood from bacteria but which Lave until no'w been
considered rare in soil. Amotrgst these are the giant amoeboid
organisrrs of the genus Leptpmyxa described by Gootey (7) but Dot
since studied. By usin! his method of isola{ion e. N. SUgtr has
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found these organisms to be common and widely distributed in
soils. They have been Iound in all of 26 arable and in 12 out of lB
grassland soil samples collected from l0 counties in Great Britain.
They occur in variously manured plots from Bamfield and
Broadbalk. Approximate estimates give their numbers as of the
order of 1,000 per Bram. Since they have an individual volume
about 1,000 times that of a typical soil amoeba the numbers of
bacteria that they must consume to maintain their numbers are
likely to be considerable. They resemble amoebae in being specific
in their food requirements. Their life cycle and ecology are under
investigation.

ACR-ASIEAE

A sbcond group of microorganisms, whose presence as regular
soil inhabitants has been revealed by ttre technique of isolations
using pure bacterial cultures as food supply, is the Acrasieae.
These organisms were formerly believed to be derived from dung,
but a number of strains of the genus Dictyosteliutn developed from
dilutions of soil added to non-nutrient agar smeared with bacteria
edible to protozoa. B. N. Singh has obtained them from 33 out of
38 arable and from 3 out of 29 samples of grassland soils obtained
from localities ranging over 10 counties in Great Britain. They
occur in all of the variously manured plots of Bamfield and
Broadbalk, most of which receive no dung; they are hence true soil
inhabitants. The Acrasieae have a life cycle comprising an amo€ba-
like stage which forms a "pseudoplasmodium" developing into
mucor-like fruiting bodies inside which spores are formed. The
myxamoebae resemble true amoebae in being differential in their
Ieeding habits although in some cases different species of bacteria
are eaten by myxamoebae and true amoebae respectively. The
ty'pe of bacterial food greatly afiects the morphology and occasion-
ally the colour of the fuuiting body formed. On some species of
bacteria very abnormal fmiting bodies are formed so that the
existing classification of the Acrasieae, based on the morphology
and colour o{ the fruiting body, is only applicable where due regard
has been taken to the food supply and cultural conditions. When
added to sterilised soil supplied with a suitable bacterial culture,
Acrasieae can spread through the soil at an appro)dmate rate oI
f in. in 24 hours and will multiply therein, ultimately producing
fmiting bodies on the surface. They greatly reduce the bacterial
numbers in the soil culture. There is also eyidence that they
can multiply in fresh unsterilised soil. It thus seems [kely that
they are a factor afiecting the bacterial population in arable soils
(18,22, \.

MYxoBAcrERrA
Methods similar to those used in isolating giant Rhizopods and

Acrasieae have revealed the presence in soils of appreciable numbers
of the "higher" t5rpes oI M5rxobacteria of the geneta My*ococcus,
Chordrococcus alrd. Archangium (21). They have beeu found in all
of the 38 samples of arable and in 2l out oI 3l samples of grassland
soils collected over the counties of Great Britain. Their occurrence
in all the dassical plots o{ Barnfield and Broadbalk again shows
them to be true soil hhabitarts and not dung organisms as was
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previously supposed. Counts show that the Barnfeld farmyard
manured plot contains numbers varying from 2,000 to 76,0fi) per
gram. They are also found in large numbers in compost heaps.
The higher Myxobacteria Ieed on true bacteria by the production
of secretions that kill and lyse the latter. Dr Singh and Dr. A. E-
Oxford, working in collaboration, found that Myxococcus oiresccns,
growing on a cell-free medium, produces tvr'o substalces, an anti-
biotic agent that acts most powerfirlly against gram positive
bacteria and a bacteriolJrtic substance which is a proteolytic enz5rme
and which lyses dead bacteria. It acts most powerfully against
gram negative organisms. A further study of the production and
activity of these substances may throw much light on the mechanism
oI antibiotic activity in general.

NUMBER oF BACTERIAI SPECIES IN SoIL LIABLE To ATTACK

In assuming the ecological importance in soil of holozoic
predators and of organisms producing antibiotic secretions, it is
important to form some idea of how many of the numerous and
widely difierent species of soil bacteria are susceptible to attack by
one or more of these organisms. Dr. Singh has tested the sus-
ceptibitity of &t strains of bacteria nearly all from soil, to attack by
five holozoic organisms and to three species of Myxobacteria. The
same bacterial strains were used in each test and these compris€d
a wide range of types difrering in morpbology, growth babit, gram
staining and pigment production and included both common species
and others relatively rare in soil. He found that any one speCies of
orgalism couJd attack about half of the bacterial species tested, the
actual Perceutages being as follows:- 

r".""nt"g* of bacterial
strains attacked

Large Amoeba
Small Amoeba

54.8
@.7
11.7
57'l
61'9
69.0

LeptomJrxa
Dictyostelium giga-nteum
D. mucoroides
M1rxococcus virescens
M. fuhrrs ... ... 53.6
Chondrococcus exiguus ..- --. 47.4

But the organisms difier markedly in which particular bacterial
strains that they attack. On an average the members of any pair
of organisms difier in thei reaction to 36 per cent. of the baate-riat
strains tested. As a result of this specificty in attack all but 6 out
of the 84 bacterial strains were attacked by at least one of the I
organisms although only 6 were attacked by all ot them.

This test did not cover the fungi or the numerous actiaomycetes
in soil that produce antibiotic secretions active against 

- gram
positive bacteria. It seems likely that very few speciei of bacteria
exist in the soil that are immune to attack by some other micro-
organism.
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