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SOIL MICROBIOLOGY
DEPARTMENT

P. S. Nuruax
R. Cooper went in June to spend a year at the Timiryazev

Academy, Moscow. Miss G. Lim arrived on I September from the
University oI Malaya, Singapore, to study the influence of soil
micro-organisms on the infection of legumes by nodule bacteria.
R. M. Jackson has been awarded the Ph.D. degree of London
L'niversity.

Dr. R. J. Swaby of the Division of Soils, Commonwealth Scienti-
fic and Industrial Research Organization, Adelaide, Australia, spent
two months in the department working on the red pigment formed
in the leaves of certain inefiectively nodulated plants o{ subteranean
clover. The pigment was shown to occur in small quantity in
effectively aodulated plants. Chemically it difiers from that of the
seed testa and from a wide range of naturalJy occurring anthocya-
nins and anthocyanidins; it most closely resembles pelargonin.
Mr. H. Fritsche of the Berlin Technical University, W. Berlin.
helped N. Walker in the sy'nthesis of halogenated aromatic com-
pounds used in his work. The following visitors came for shorter
periods: Mr. A. R. Azmi o{ the Atomic Energy Commission, Karachi,
Pal<istan; Mr. H. H. Louw of the University of Stellenbosch,
South Africa-

Work on the biochemistry of the decomposition of the halo-
genated phenyoxyacetic acid herbicides, on the survival of bacterio-
phage ol Rbizobiutn in artificial soil mixtures and on certain aslrccts
of rhizosphere microbiology was ended. New lines of work started
were on the microbial decompmition of pentachlorophenol, the
detergent " Teepol", sj.nthetic oestrogens added to soil, on the
changes taking place in the microflora of the gut of three species of
earthworm, on the influence of very small additions of niirates to
the earliest stages of nodule formation in clover and on genetic re-
combination in Rlr izobiwm trifolii.

The anaerobic fermcntation oJ cel.l,uhse

An anaerobic cellulose-digesting bacterium has now been isolated
from soil in pure culture. Its ceUs are slender, Gram negative rods,
O.H.7 p wide and 2-8 p long, with terminal spherical spores about
1 pr in diarneter. The orgarfsm is motile at some stages of growth,
arrd produces acid and gas Irom several sugars, of which cellobiose
is most readily used. Two tSpes of colonies form on solid media;
some small and compact, others difuse and spreading. In deep
culture ia agar media, the spreading type of growth is the more
active, especially in gas production. Sprearling growth is suppressed
by a low concentration of lithium chloride. Colony type changes
readily and reversibly; it has not been possible to separate the two
{orms.
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Studies on the decomposition of cellulose have been made in a
mineral salt solution bufiered at pH 7'0 in sealed nitrogen-flushed
bottles containing finely divided cellulose, yeast extract and a
reducing agent such as cysteine or sodium thioglycollate. At 35"
C. bacterial attack on the cellu.lose particles becomes apparent
about a week after inoculation, when coarse aggregates form from
the ccllulose flocculi which cohere to give a viscid rnass. The bac-
teria are closely a-ssociated with the cellulose, so that the supernatant
fluid at first remains clear, but becomes turbid when later the cells
become motile. Digestion takes several weeks to complete, dwing
which the pH falls from 7'0 to about 5'0, because formic, acetic and
malic acids are formed. Hydrogen and carbon dioxide are also
produced, but not methane.- 

Ot the reducing sugar present in old cultures, glucose is probably
the maior constituent, but concentrates of culture filtrates have not
yet been sufficiently purified to establish this beyond doubt; only
irace quantities of cellobiose are present. Chstidi*m cclhbiopar*m
Hungite, a rumen organism, differs in this respect in producing
cello6iose but no glucose in cellulose fermentation. However, as
the Rothamsted isolate is very similar in other ways to C. cdlobio'
baruttu, it is regarded provisionatty as a strair of this sPecies.
(Skimer.)

The decomlosition oJ anionic surface aetioe agenls by sail bacteria

A bacterium capable of using both primary and secondary alkyl
sulohates as carbon sources has been isolated from local soil. The
ordarlis- i. a species of Pseudouonas as yet unidentified. In
miaeral salt solution containing 0'l ml./I. oI " Teepol 530 " (a secon-
da.rv alkvl sulDhate) srowth is rapid and the surface tension of the
*"diu- h.". irom ib,-out 36 to 6b dynes,'cm. in '18 hours. Ability
of the liquid to foam on shaking is lost during this period. The
organism- also grows well in similar mineral mediurn containing
2.0 d.n. " Teepol " (corresponding to c. 600 P.p.m. of the active
constituent). Primary alkyt sulphates with dkyl radicals con-
taining Irom ten to eighteen carbon atoms are also utilized. A
number oI detergents of the alkylotamide type also serve as carbon
sources for this bacterium, but not tetraproPylene benzene sul-
phonate, an active constituent of some commercial detergent po\a'
ders. lndeed, though many soil micro-organisms tolerated this
persistent compound, none was found that could use it. (Skinner.)

The mictobial decort|osilion of lenbcNotolhenal an4 di-ethyl'
stilboestrol

Pentaclrlorophenol, which is used to proof fabrics against rots.
is very resistant to attack by soil micro-organisms; no appreciable
toss }ias so far occurred in enrichment culture maintained for 12
months. Pentachlorophenoxyacetic acid has been prepared, and
its stabiliw in soil is also being examined. Di-ethyl-stilbo€strol, a

svnthetic 6estrog"n administered to cattle and Poultry to promote
tive-weight increase, disappears rather slowly in incubated suspen-
sion of ioil, presumably by microbial activity, though no isolates
have so far been obtained *hich can use these substances in pure
culture. (Walker.)
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The irfluenee of 2 : LD ott lhc ba.cl,eial flora of RothanLsted atlatmc
soil

The efiect of various treatments with 2 : 4dichloroohenoxvacetic
acid on numbers and kinds of organisms occurring li., notni-sta
allotment soil has been followed using the viabli plate count to
{o_lloy general changes occurring in thC bacterial population and a
dilution counting technique to fotlow chanees in thd rnicro-orsanisms
able to break down 2 : 4D. In the dilution count 2 : 4.D ii added
to each dilution in small amounts, and after incubation the cress
seedling test is used to determine the end point of the disaooearance
ol 2 : 4-D. A small dose of 2: +D (b0 p.o.m.) onlv sliehii; affe.ts
the total count and the number o{ orea;ismi abie to" deiomoose
2 : rLD, but larger doses (500 p.p.m.) con-iderably increase the latter.
Earl.ier work with bacteria isolated from soil showed that the break-
down of 2 : 4-D is due to adaptive enzl'rne formation (Ref, Rothamst.
exp. Sla- lor 1955, ffi), and aga.in the adaptation of orsanisms in soil
to breakdoun of 2 : 4D was induced bv doses of 2 :4-b (0.2 o.o_m_)
far too small to cause detectable popuiation chanees.

Several new organisms able tb decompose 2 :?D were isotated
and classified into tfuee main species: 

'Bactei*m, 
A chromobatlar

and Pscndottpnas. (Steenson.) -

Thz efecl of eanhworms on soil micro-organisms
Counting methods have been developed lor yeasts, Iungi, actino-

mycetes and various groups of bacterii occurring in the lntestines
of three species of earthworms: Lumbricus t$rc;t/is. Alhl4bobhala
longa, A. caligirusa. Results show that the numbers of bai:teria
and actinomycetes in tbe gut reach densities about I .OOO I sreater
than in the surrounding soil, with maximum numbers occuriine in
the hind gut. The numbers of yeasts and funsi do not incrJase
significantly. Preliminary invesiigations on tfie breakdown oi
cellulose and chitin in the intetGe of L. tetestris indicate that
enz5.'rnes. produced by the worm rather than bacteria play a major
role in these processes.

Counts of yeasts, fungi, actinomycetes and bacteria have been
made on casts freshly produced by A.l+nga. Changes in the num-
ber and respiratory activity of rnicro-oiganisms f,ave also been
followed using casts aged under field conditions. plate counts
show-that the numters of yeasts and fungi in the casts increase
rapidly in the first few days, and then remain fairlv constant for a
considerable time. Numbers of actinomycetes and bacteria do not
change significantly. The rate of oxygen uptake bv cast material
is initially high and declines very stirwlv: 

-it 
is still considerablv

higher than that of soil alter 50 days. Total nitrosen in fresh castl
is high, usually ffi mg./g. dry waight of cast. Ii freshlv voided
casts ammonia forms gO-98 per cent of the mineral nitr6gen and
4-.6 per cent of the total nitrogen. The rate of nitrificatioi of this
ammonia is being followed. (Parle.)

Nibif,cation
Further improvements have been made in the method of erowins

Nilrosomotas, notably by omitting minor eiements in tt e ilAn"rfi
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(Cu is found to be markedly inhibitory at 0 2 p.p.m.), and by deter-
ririning the temperature and pH range for growth. Cell densities
oI about 2 x lOit/ml. have now been achieved ir 5-day cultures and
sufficient cell material obtained for a preliminary spectroscopic
examination. This has revealed high levels of substances with
c.ttochrome absorption spectra. A continuous culture apparatus
is now being instaled foi this work. Fresh strairs of both Nrizo-
somnnas and. Nitrobacter are being isolated. (Walker and Meikle-
joh")

Nilrogen fixation by Azotobacter and Closl.ridhtm

Counts of Azofubacler on selected plots on Broadbalk were con-
tirued. Unless the fu.[[ examination of the data shows any points
on which further information is needed, it is not proposed to con-
tirue this study. The results obtained agree in the main_with-tho-se
of Iormer yeari (Re?. Rolhanst. exf. Sla. Jor 1956,73 and 1957,76).

A metf,od foi cdunting nitrogei-fixing anaerobes in soil, adapted
from that used by Hart, seems to give valid results, but it is very
laborious. The fiw counts made ionfirmed earlier results, which
showed that nitrogen-fixing anaerobes are more numerous than
Azotobacter in the Broadbalk soils. (Meikleiohr.)

Nilrogetu f.ralion by otker Jree-kaing soil bactetda

Nitrogen-fixing bacteria other thar. Azotobuctar artd' Clostridiun
are frequently found in appreciable numbers on plates of nitrogen-
poor midia ind may play-a signifcant part in the nitrogen cycle
irf the soit. Some siriini were isolated which showed appreciable
nitrogen fixation and a bacterium, probably Aerobadel sP., was
select-ed for study. Nitroten fixation by this strain is unaffected
bv ammonium sfuts and -nitrates, but infriUitea Uv amino acids.
Stren soit, but no other combined nitrogen source is added to the
mineral medium, nitrogen fixation is unimpaired, provided a sub-
strate such as glucose is present; with no carbon supply no growth
or fixation occurs. A start was also made on investigating the
nitrogen-fixing power of these bacteria and ol Azotobacter it mixed
cultuie, and in-the presence of the plant root. So far the results
have shown that fiiation in mixed culture is sometimes better.
Most of the bacterial strains examined can fix as much nitrogen
under conditions of reduced oxygen tension as with full aeration.
(M. E. Brown.)

Soil fungistasis
Attempts were made to obtain fungistatic extracts from- soil

with dilute acids and bases, with solutions of salts such as sodium
and potassium pl, ophosphate, with sodium acetate, citrate and
oxalate, and witii organiC solvents. Inhibitory activity was found
with several extraciants, but sterilization by passage through
Ford Sterimats, sintered glass fi1ters or by exposure to ultra-violet
alwavs removed the activity. The inhibition belore sterilization
is cairsed bv bacteria which are active during the subsequent ger-
mination t;ts and can be eliminated by adding aureomycin to the
assaY agar.

Bicaibonate is being considered as a possible source of soil
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fungista-sis, and a study is being made of tbe efiect of bicarbonate
on t}e germination of the conidia ol Penicillium citrinrm. Cor-
centrations as low as 0.0O5 per cent of potassium bicarbonate deoress
germination, but complete inhibition is not obtaj-oed urtif th"
concentration is increased to 0.5 per cent. Suitable methods for
dglg"tTg aad estim_atin_g bicarbonate diffusing into agar in contact
with soil are being developed.

An exa"mination of the redox potentials on the surface oI agar
discs ircubated over soil revealed no significant d-ifferences from [he
potentials occurring on control agar discs which suooort eermina-tion. Over the range normally favouring qermination. tem"perature
does n-ot influence soil Iungistasis significintly.

Following tbe observation that leedling'roots mav stimulate
germinatioD of inhibited lungal spores in s6il, exudatds from ser_
mitrating seeds and seedling roots have been exarnined for t[eir
effect on soil fungistasis and for the presence o[ substances likelv to
be responsible Ior stimulation. Exudates from peas 24 anii 4g
hours-after germination stimulate germinatton of Glio cJa.diwn ro s eunt
conidia in,the presence of soil and contain glucose, fructose and
sucrose, Concentrated root exudates from-older pea seedlinss
growing either in nutrietrt salt solutions or distilled'water neithEr
counteract soil fungistasis nor contain detectable quantities of
sugarc. Preliminary work on the factors influencing chiamvdosoore
forrnation in a stra"in oI Fusatium solani, ut unide;tilied i'rrrriir-
and Trichoderma liride showed that they are formed bv Fusaium
solani much more olten in dark than in iiehr, but \yith rlie order two
light has little effect. (Jackson.)

Phage-induced changes in Rhizobiuru

_ lhe-partially effective stra"in obta.ined by bacteriophage, from
the rneltective strain Corym, when tested on seeds oi laG Mont-
gomennhire red clover gives rise to mixed responses wit h the tested
plants, as previously reported. Numerous further isolations were
made from single nodules on either effectivelv or ineflectivelv
responding planrs. These again failed to eive a uniform resoons;
in s),rnbiosis so that the source of this variaiion is beins souehi else_
where. A tesr was 6rst made of the effectiveness of iConir ohaee
mutant upon fifreen selected families of red clover of veri, dirreie
origin obtained from P. S. Nutman. With five of thes; famiti;s
a_,mixed response was obtained, as with commerciat red clover,
With seven familis5_ th response was wholly inefiective, -J*iitt-bree it r,yas uniforrnly effective, showing thai the source of variation
lay 

-ia _the.host, Plant material for th; fuU genetic analvsis of td
variation is beiag prepared. Work on formil bacterid lenetics in
Khtzobturn tn|ottt has been started using standard methods. lni_tially this will concem the most convenient properties ol the bac-
terium-phage resistance and antigenic conititirtion. At ; 6;.
stage it is hoped to.include bacteriat characten of syrnbiotic iig_niicance. (J. Kleczkowska.)

The physiology o[ inilial nadulatiort

_ Previous work (Re1. Rothanst. erl. Sta. Jor 19i2, 62) showed
that clover plants gro\yn on agar slopes are stimulated to nodulate
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aarlier by preplanting the agar slopes with another clover plant that
is removed before the test seedling is sown, and the effect was
attributed to some substance secreted by the donor seedling.
Further investigation has showa this explanation to be incorrect; the
sttnulation occus because the preplant removes Irom the medium
traces of nitrogen present as an impurity in the n ater supply. With
completely nitrogen-free medium, no stimulation by preplarting can
be detected in red clover, although small effects are sometimes found
yrith other sp€cies; these are being further investigated.

As little as 2.5 p.p.m. of nitrate nitrogen (equivalent to 25 pg.
N/seedling) delays nodulation of white clover by 2 days. This
efiect is also given by nitrite, but not by ammonium salts, asparagine
or urea, all of which are assimilated by the host plant at about the
same rate. Experiments in which nitrate was added to the medium
at intervals showed that inhibition is closely related to uptake of
nitrate by the root.

Nitrate has long been knorvn to depress nodulation when used at
concentrations normally employed in nutritional work, but at these
levels it also occurs with ammonium salts.

The need for controlled environmental conditions has become in-
creasingly urgent as the work on the physiology of nodulation has
progressed. The above experiments lrere done in a small cabinet
maintained in a cold room at fixed day and night temperatures and
artificially lit with fluorescent and incandescent lamps givhg about
1,000 f.c. at the leaf sur{ace. These conditions were wholly satis-
Iactory for red, white and subterranean clover and Medicago tribu-
loid.es b.ut not lor lucerne. Under these conditions of growth much
better difierentiation was obtained in bacterial strain effectiveness
than in the glasshouse. (Gibson.)

Rool-hair infectio* oJ cloter by nodule bactzria

A detailed survey of root-hair infection in twelve small-seeded
legumes has been completed. In all species except those very
sparsely infected, infection takes place in two distinct stages, as
previously reported tot T. rePens atd T, fragiferum (Rep. Rothamst.
exi. Sla. Jor 1957,77). In both phases infection proceeds at an
exponential rate, the initial rate being higher. The change in rate
occurs at about the time the first nodules or lateral roots are formed.
Very considerable variation has been noted irr the site of origin of
infection threads ir tbe hair (apical or lateral), their mode of develop-
ment and morphology; some of these difierences are characteristic
of host species.

Bacterial strains differ independently of host in the numbers of
infection they induce upon the host. Inlection threads are o{ten
arrested in their development in the root hair. In young seedlings
the proportion of arrested infection threads is related to the inteusity
of infeition. This proportion is high on very sparsely infected
plants and decrease as the number oI infections increases, to a
minimum on seedlings infected at about twenty sites; thereafter
the proportion of arrested threads increases progressively. The
proportibn of infection threads arising on lateral outgror*ths of root
hairs increases as the seedling ages, but is not otherwise related
to infection density.
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No inlections have been observed in the root hairs oI nodulated
plants of Lotus hisfida, L. argustissimus and Anthyllis ouburaria.
(Nutman.)

The host genetics of syrnbiosis

Selected material of red and subterranean clover was tested
extensively, further selections made and a comprehensive breeding
programme completed. In red clover the work is directed towards
the separation and genetic analysis of plant material which responds
inefrectively with certain normally efiective straim of bacteria. In
subterranean clover the density of nodule {ormation on the root
is the character under investigation- The results of this study
will be reported after the next generation has been examined.
(Nutman.)
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