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GrNgRAt
Much time bas necessarily been devoted to the improvement

and standardisation of analytical methods. (re)

The Department has talen an active part in the cooperative
investigations on soil ana\rcis by Committees of the Agricultural
Education Association(m), and of the International Society of Soil
Science (Mechanical Analysis and Soil Reaction Committees for the
Second Congress in I-eningrad in 1930, and Organic Carbon and Soil
Reaction Committees for the Third Congress in Oxford in 1935.)

Since l92l the Head of the Chemistry Department has prepared
an annual report on the progress of investigations on soils and
fertilisers for t}le Society of Chemical Industry's " Reports on the
Progress oI Applied Chemistry."

REVIEW OF WORK OF THE BACTERIOLOGY
DEPART}IENT
H. G. THoRNToN

The work that has been carried out in this deparhnent can be
divided into three sections :-

The quantitative study of the bacterial population oI the
soil: investigation of l'arious specific bacterial activities ttrat
occur in soil; investigations concerning the nodule organism
and its relatior to leguminous crop plants.

Tnr Querrrterrvr Sruoy or rHE BACTERTAL FLoBA
The study of ecology of the soil micro-population at Rothamsted

was initiated by the work of Russell and Hutchinson on partially
sterilised soil, which led to the conclusion that an antagouism existed
between certain groups oI the populatioo, particularty between soil
bacteria and protozoa. Some results obtained by Russell and
Appleyard at the same time indicated that ttre numbers of bacteria
in soil were far from constant. It was there{ore decided further to
investigate these fluctuations in numbers, particularly to discoyer
whether they were related in any way with the uumbers oI soil
protozoa. Before this could be done, however, it wil:i necessary to
imFove the existing technique qf plate counting, which \ras clearly

(19) T. EdcE-" A Nor. on rh. Colorioetric EsriE.tior ol Huhic Matt.r ia Min€rat Sotb."
JourD. ABn-:*i,,192r, \ol. XlV, pp. a69-.r?9; H.J. Pag. r.Otr rh. p.rchlorar. Mdtod ror lhc
Elri@rio! o! Por.s.siuE i! Soib, Feniri*r!, er.. ' jouh . Asri. Sci., to2{, vot. x ! v, pp. r33-l i8 ,E. M. Crcrrbtr aDd w. s. Mania-.The Votreitic oete"-iqti,ro of Tot l &rir;;,ic Acid i!
Dilot. Solurio.s oI C.lci@ Biaibotr.re." JoM. CbeD. Sd., 19r4, \'ot, CXXV, pD, t93i,1939,
E. M. Crowrhd- ' Th. Det.mi!.!i@ ot rlFroseE roD CoDeEintid.,, The cheliiaG, y.rr B@r.,
1924, Dp, 610-629 : E, y. Crorrlcr aDd I- X. Basu i NotG o! a Si@Dle leodmErtDeDt
Electrc<lialFi5 CeU for rte DGrcrEiD.tioD oi[rchalr.ibt. B:se6. TED!. i!d. Co@.Iitet. So..
Soil S!i., Budep€sr, 1929, Pt,A.,p!,. 100-102; V, Subrat@try&. .. Deremi@ti@ of Sulublr(arbobydral6, t:.lic Acid.!d Volatil. Fetry A.idsio Soils.!it Bioloric.l Medi..', Ioum. Asri.
Sci,, 1929, \'ol. XIX, Pr. IV, pp.619-666i V. Subreho.DyaD- -AD-I@prokd M.ihod tor -Lbc

D.t.mimtio! 9! Dslr.d otrs.b iD warcr." Jouh. 
^gh. 

Sci-, rst?, Iot. XVII. Pr. tv, pp.
463.{76iR.C.\4ar.DaldA,J.Ftsh--rbeCotoriDplricltre.eriniDatiobofp[GoLoricAcidia
HydrehloricAcidaDdCitricAcidLrrractsoisoils."louE.Aari.&i..t9tO.\'ot.XX.DD.itr.5{O.
J. K. B.su-" studiG oa Soil Rerion vII. A! Lteitodirreais ADDjEiE rot rh. D;;snin.tiorol R.pla@blc Ba36iD soil6, Jour!. Ast!, sci., ts3l. vol. xxI, rjD.,r8,H9r: E. T@u-,.T!.U* ol Sodie HrDobmDir. foi ![e Otja.UoD ot Oreeic tu.r!e;i' rh. .cieiet Anar*is ot
Soils."Joua,A€ii,fti.,1931,\'ol.XXI,pp.1;6-r83;-E.y.(roMh.raEdK,TrcU--Ori&lioE
ol OE.oic M.tter i! lb. h.rrqrEat or a; s lor M.ah&ic.r Ar.lyEir" Pr@. ,tr<I. (19:rc) lar.h.
CoEgt. Soil Scj,. Co!u. I, rglr, pp. a8-61, pp. 263-155, A. Wa[l.y isd I. ArE trcls.Blact-- A!
EBEr-rdo! o, !h. Derti.mfl'M.thod l;,i D.r@ioi4 Soil dReic Marld...--d r eoE.d
xodi.ricadoE of the cLb-siic Acjd Tirr.tioo Mer[o<l" s; sci., l-eri, voL X)IXVII, pp. ,r.38.

(r0l E. lL CEwtbei lritlr R. St.-an)-" Rlbrt ol rhe AlalrRis of Soil, SuMobeiri* or
tb. AattdtuEl Edqd(a Asi.tio!.,' istic. Fros., l9!., Vot. kl, pp.l OGrl..
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sub ject to large errors, for t}re estimation of which no adequate
statistical method existed.
l. Im$rotemmt and Testing oJ the Plale Techniquz.

The earlier plate coults of soil bacteria had been made either
upon ttre gelatine medium which gave inaccurate results owing to
liquefaction, or else on agar media containing a high proportion of
organic matter. On such agar media great difficulty was experienced
owing to the development of spreading colonies on the plates. The
investigation of such spreading colonies showed that the spreading
was due to active notility of certain bacteria o!'er the surface of the
agar plate and ttrat it could largely be checked by employing a
slmthetic medium oI such a composition that grorth of these organ-
isms was delay'ed during the early stages ol incubation. (r)

A satisfactory slmthetic medium havilg been developed, a series
of tests were made with it to determine the degree of accuracy
obtainable and to find out at which stages in tle plating technique
errors occurred.

It was alwa),E recognised that the plate method can give results
of only comparative value and that counts on a single plating medium
cannot tive any idea of the total content of bacteria, since these
belong to diverse physiological groups. For such comparative
purposes it was shown that, with a carefully standardised technique,
the errors due to shaking, diluting the soil and pouring the plates
were negligible when compared $rith those shown between parallel
plates oI ttre final dilutions. Such errors are due to two causes:
(a) the random distribution of bacteria in the suspension, equal
volumes of which are added to each plate, and (b) irregularity in
development oI colonies in the plate. It was found that in the great
majority of courts the whole detectable error was due to random
distribution but tlat in a few cases the irregular development of
colonies increased the error. Fortunately it was found possible to
detect such departures from random sampling by testing the variance
between parallel plates. A simple statistical test was developed for
this purpose by the Statistical Departnent working in collaboration
wi$ this department. (r) Thus when parallel plates a6ree satisfac-
torily, the error depends directly on the number of colonies counted
and any greater variance, causing the results to be questionable, is
readily detected by a simple test. The plating technique was thus
placed on a sound statistical basis before further quantitative work
was attempted.
2. Sho -period. Fhtctualions in Bacterial Nutnbers as loundby [htittg.

The problem was then taken up by workers in the Microbiology
Department whose work is elsewhere described. Using the plate
method, they found t}rat bacterial numbers in a field soil showed
striking fluctuations from day to day. Fluctuations in protozoal
numbers were also found: those o{ active amoebae showing an
inverse relationship to the bacteria in about 80 per cent. of cases.

The problem was then taken up in the Bacteriology Department

(l) Il. C. ThoEt@-" OE tlc DlvelopDert ol . Stodadis.d Aga! Mediud for couting
Soil Bsteri., Firh rspc.ial ftgard io tbc R.pr6srd oI Spreadirg Col@i6," Annals ADPI, BioL
9, tgrr, r1t.

(3) R. A. rishci, B. G.lAomt@, aDd W. A.lLct uiF ' Tnc Accur.cy ol th. Plario! u.thod
ot Esti@tiDg tb. Dosity ot Bad.nal S6p.ui@i." AlD.ls A!,pl. Biol., 9. lott, 3r5.
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where it was shown that large fluctuations in bacterial numbers
occurred between samples taken at two-hou_rlv interv-als durine the
day and night. These lluctuations usually bore no relation to e'itler
moisture or temperature of the soil. (8) -

3. Derelapme ol Microscope Couttt Melhod, for Couding Bacterial
Leus an 50 ,.

The work described above was carried out bv means oI the olate
method, but it was recognised t"hat this method inabled onlv a jmall
fraction of the bacterial Ilora to be measured and did not eriable one
to determine whether fluctuations affected the whole bacterial flora
or were confined to a fraction comprisinA organisms adaoted to eror,v
on the medium used for plating. The oir.lv-means ot m'easurini tne
total bacterial flora is ttrat of direct microscopic examination oi soilI-4n". + suitable staining technique for enabting bacteria to be
distin-guished in such films-was devdtoped by H. J. 

"Conn in America
and further improved by S. Winogradskv in France and bv the
Bacteriology Department at Rot}amsted.- Two very serious- difr-
culties had, however, prcventcd this staining technioue lrom beins
{gvelo.ped into an exact quantitative methoA. The+ rvere (a) thE
difficulty of estimating with anv accuracy the minute mass oi soil
eramined in a thin {ilm with an-oil immersion obiective and (bt the
fact that the bacteria ivere not distributed at random over th;t'Iiktr
from which microscope fields had to be taken as samples.

These difficulties were eventuallv overcome bv means of a ratio
method, the principle of which is is follows.(.)- A suspension of
indigo particles averaging one micron in diameteris made rip. and the
number oI particles per cubic millilitre is determined by m'eans of a
haemocJrtometer count. A known mass of soil is shiken up in a
known volume of this counted suspension. Films of the reiultinE
mixture are prepared and stained. ihe bacteria and indieo particle:
are counted in a suitable number of random microscooc fie"lds and the
ratio of bacteria to indigo is determined. Since t}Ie;bsolute number
oI indigo particles addcd per gram of soil is known, the numbers of
bacterial cells is calculabic fr-om ttre ratio. The calculation is, of
course, independent oI the quantity of soil in the fitm and sirce the
indigo and bacteria are similarlv disturbed bv the surlace tension
forccs during drying, it is found'that the ratioi of bacteria to ind-iso
show a random distribution over the film-

The method was subjected to the following tests. (a) Bacterial
numbers found in four portions oI a single so-il sample a.qreed with
a standard error oI 3.3 per cent. (b) The results of differei.rt workers
counting and preparing the films agreed as random samples,
(c) Counted suspensions of pure cultures of bacteria added to
sterilised soil were estimated with a standard error o{ B.d per cent.

The numbers of bacteria found in soil bv this method are of the
order of one hundredfold those found by plaie counts, and range from
1,000 to 4,000 million per gram. An exploration of some of th-e plots
on Hoos lield indicated a connection between the numbers found bv
the mrcroscope method and the leld of the plots.(.)

- (3, rL C. Tlotulon .nd P. H. H. chv r. Tb. Fluct@rioE ot B.ct€ri.l NuEb.B ead N r.Gcotrr.ut oI Fi.ld Srrs.'' Proc, Roy. Sc. t Ddoo, Srt. B, !06, le!o. t09.
(a) H. G. ThomloD and P. H. H. Crae-" Tr!. Numb.rs o( B.ctdi.l C.U. rr Field soit'- {6tib.t d be Lh. Rrrio M.rf,od " ^nDnii, 

hd R, A- Fbher. proc. Roy. Se. k;do!;S"i B ,I15, 193,r,6rr.
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4. Fl,trcrualiotx itt thc Numbers ol Baelarial Cells in Sail.
The above.described method was then applied to the study of the

fluctuations in bacterial numbers in soil. It has been found that the
total numbers of bacterial cells showed marked fluctuations between
samples talren at <laily arld also at two-hourly interv'als (4'6). These
fluctuations did not as a mle agree with those found by Plate courts
from the same samples.

There was us:ally no correlation between the fluctuations and
either temperature oi moisture. Significant fluctuations have been
found in sbil stored in an incubator at constant temperature and
moisture. Soil sterilised and supplied wittr a mixed culture of soil
bacteria also showed signilicanf iluctuations in bacterial numbers.
Tbis proves that protoioa are not the only cause of Iluctuations
although in a sinile experiment in which two-hourly counts of
amoebie and bacteria w6re made, an inverse relationship betweeo
them was Iound.

It seems likely that a somewhat delicate equilibrium exists in tie
soil both betweei dilferent groups of bacteria and between bacteria
and other forrns, and that-il a disturbing factor uPsets this equi-
librium, a series of fluctuations is set up.(5)

(5) C. B. T.ylor-Uupqblbled Th6is. UoiY. Irnilon' 1916.

16l P H H. Grav snd C, H. Chd@tF" on tbe Sttoul.tiDg Action of Cenai! Org'Dic Co6'
@uit& oo C.U'rlos. b.@6o6jlim bv d.rB ol . N.t A.robic Mict@r8e&@ thtt 

'tr'cf! 
Dot!

t lld@ end Asd." A!o. APPI. Biol.,ll, 1014, ta{.
'' tzt t. x.t'ing-_ A.rcbic Soil Bicteri. th.t d@o9o6. C.Uulo6. " Actt Univ' hM'ci5,
L..L-r-. F.tult., s.r. I. ll, 1931, ,r1.

a8l H. L- I.n*n-" The Micrcbiotocv of F.rE rrd M.!ff! D@EPoEitid ia Soll' U' D@E_
p6iti;! o, C.ilul@." Joum. Asric. S.i.;21, le3r' 81.

rNvEsrrGATroNS CoIicERNING Sprctru Gnoups or BecreRra

l. Cc.lhtlosc-Decomfosing Organisms.
The study of cellulose-decomposing bacteria be-gan with

Hutchioson aird Clayton's discovery oI tbe remarkable Spirgllyeta
cltobl&sa. Since thin a consideraLle number of aerobic cellulose-
dec6mfirine bacteria have been isolated and described by workers
in the'Depirtment. They include one of the few lntown agar-
liquefvins bacteria , Mioosiira agar-liqwfadens (61and some interest-
in! Ui.tEa" producing riduciig sugais from cetlulose 

- 
(?). An

investigation rvas made to discover what t!?es o[ organlsms were

active in decomposing cellulose in natural soil and it was concluded
that t}re natue af t}te cellulose decomposing flora was determined by
the soil's reaction. In acid soils the cellulose was attacked by fmgi,
in very slightly acid soils principally by Slircchnzb cylophaga ar.d
in neuirat "andakaline soii by j vaiiety o[ non-sporing bacteria. (8)

Related to this study was'an investigation of the bacteriology ol
farmlard manure decomposition in soil.-This showed that the early
stages of decomposition ire a.ccomPanied by a rise in bacterial-num-
bei and bv a 

-delav in the production of nitrate or even by an
assimilation of soil nitrate. Th-is period probably represents the de-
comoosition oI carbon compounds bv bacteria which are assimilating
nitr&en compounds. There is tnen a fa in bacterial numbers and
a lar[e increise in nitrate which is probably derived lrom the decom-
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position of bacterial cells. (e) It *as found that bacterial protoolasrn
is, in fact, readily nitrifiable in soil. (to)
2. Badaial Decontpositiol oJ Arcmutic. Anfisebt;cs.

This work arose Irom a difficutty experie-nced bv growers of
glass-house crops who used such corirpouiras a 

"re"ili"" 
a"iJ -dnaptrtbalene to destroy soil pests, but iound that theie.or"pou"a"

rapidly disappeared Irom soil. The problem uas taken up'in the
Bacteriology Department where a large number of bacteiia wei"
isolated which could decompose phenoll rz-cresol, p<.esol, ,_cresol,
totl'ene, and naphthalene, and could utilise these coinpounds as dreir
o3ly source of energl'. (1r)

3. Bo,ckl;al Prcdfftitm ol ltdisotir.
In the course oI the work vlth aromatic compounds. trvo orean-

isms were isolated which could oxidise indol to i;d.ieotin. (rr) iB;
are of some interest to soil bacteriologists as they'explain'the faie
of indol, of which appreciable amountsire added t6 soil'in *""".". 

'-

IN-lESTrcATroNs CoNcrmtNc rHE NrrRocEN-Frxlxc Becrerue
FROM THE NOOUTES Or Lncr.utxous preNrs

. . A large part of the work of ttre Department has been devoted to
this subject. It began with a study, in soil, oI the lUe cvcf" oiltre
nodule organism which had been investigated in artificial"cufture by
Bewley and Hutchiason.
l. Lije Cyclc ol !ry No4d4 bacterit itt Sqil qrrd thc D@etopment ol

Ltrcerne seed inoculatiott.
. The nodule organism from luceme (Medieaxo solioa\ when grown
in sterilised soil was shown to pass throireh the-same lifdcvcle al"readv
found to exist in artiJicial media. This cycle contains a itage durini
which the organisms develop flagellae anh are acti"etv moti"te. iiwal
tound that during this motile stage the organisms were capable of
mrgrating.throu-th Rothamsted soil at a rate of one inch in * hours.
lne addrtroD ol mrnute amounts of calcium di_hvdrosen DhosDhate
to the soil along with the bacteria stimulated th6 prrifuctlon 5t the
motile stage and hasteued the miSration throueh soll-(rsl
- This resu.lt was s€en to have- a bearing oi curreirt'methods of
legume seed inoculation. These in general-consisted in ;;i;;"-th;
seed before sowi,ng with a suspeniion of the apgroDriat" n8aui"
bactena in some liquid. W}leD inoculated seed isibwri the bacteria
tru€rate from the seed into the soil and reach the roots, which ttrev
infect to Iorm nodules. It xemed clear that the aa&tion ot- tnl
acid calcium phosphate, by causing an increased motiliw oi the
bacteria in t}te soil, should increase the chances of root iirfection.
-Experiment confirmed this expectation.

(10), H. L..JcEo-' The !,ticrcbioto8y ot tatuyard Muure Drcoomtiotr in Soil- III- D.-@op6i6d of rbe c.us ot Mic,rcrsris-63-, Jod. 
^s;;lG.,a; 

lsir,-i:-- - *- -..--

^ 
(u) -P. H.-H. GEy aDd H. c. Thomroo- .. Soit Blcreri. thar d.@@rBe c.rrai. Ae@ricco@pouila" c.trribt. r.B.f,t. II,73. 1918, ?a.

,..G.ili&fl *,:firadrhesFo@tioE or Indisotia rrom tldor bv so B.ct€ri.." Proq Ror.

-(lt)-H. G. Ttomroo.Ed N. c.lFde -..The Lif. Cycl. ot the NoduL OrEoiso. Asilr.,'#.:ft Tia.ri: #:-",ts R.r.!ioo"ro t!. ror;d@ 
"r 

r[" n.it pr_i.; -E-.cl i"ii]. #. rfi6i
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In pot experiments with luceme tie addition of calcium di-
hydrogen phosphate to the inoculating fluid approximaiely doubled
the number of nodules that were produced. (rt)

The new method of seed inoculation thus developed was applied
on a field scale to the inoculation of luceme. Previous attempts at
inoculating the luceme crop in this country had met with indifferent
success, although there was rea-son to suspect a deliciency oI luceme
nodule bacteria in the soil over the greater parts of the country.
Field experiments, financed by the Royal Agricultural Society and
carried out by numerous experi[tenters, showed a large benelit Irom
the new metiod of inoculation at most centres outside the South
Eastern Counties and proved that good crops could be obtained in
most parts of England from inoculated seed. (r.) The inoculation oI
luceme has now been placed on a commercial basis and some 4,000
acres of inoculated lucerne are sown annually.

2. Clowr Inoculdion and the Prcbl4m of Sbain Com[etitiol.
Recently the more difrcult problem of clover inoculation has

been studied. This problem was set to us by the Welsh Plant Breeding
Station in connection with their attempt to improve the feeding
value of upland pastures. On these pastures clover usually does
badly.

Examination oi the soil from such localities revealed the existence
of a strain oI nodule bacteria which, though forming large numbers
oI small nodules, produce little or no benefit to the plant. Similar
straurs had already been described in America. The presence of these
strains in the soils gives rise to a peculiar difficulty affecting seed
inoculation with benelicial strains. They tend to prevent the
entry of beneficial strains into the plant. This uafortunate
characteristic was shown to be possessed by the Welsh inefficient
strain.

The problem, therefore, is to find an efficient strain of clover
nodule bacteria of suftcient infective virulence to compete against
the presence of the inefficient strain. A good strain has been
forurd which is only slightly affected by the presence of the Welsh
stra.in.

The competition effect of the inefficient Welsh strain and the
action oI this virulent good strain (here called strain A) was illustrated
bv a sand cr:Iture experiment with Alsike Clover in which alt the pots
were supplied with a mixed flora of local Rothamsted races of clover
nodule bacteria while hall of them received in addition a suspension
of ttre Welsh ineficient strain.

Where the local nodule bacteria were alone Present the nitrogen
fixed by the clover averaged 275 milligrams Per Pot. Where thes€
had to compete against the Welsh strain, nitrogen fixed by the clover
added to tf,e sand was reduced to 34 milligrams. Where seed was
" inoculated " with Stnin A, howeYer, the harmful effect of the
Welsh strain was partly overcone and the nitrogen fixed amounted
to ll2 milligrams. Benelicial results have been obtained in field
trials in W;les with Strain A. These results are shown in the
Iollowiag table :

(ra) H. G. TboEto!-" Tta ' Ioocd.tioo' ot Lu@. lu.n*ago 54tao. L in AEt Brit i&"
Jootu. Aaric. ScL 19, 19t9. aa.
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Efiect oI Welsh stiaia atd oI Skain A on milligraEs ot nitro8ln fird by
Akike Clov€c growa in sadd.

Seed Bot
IDoculated

Seed
Inoculated
Strritr A

Sand with ooly local
Nodule Bacteria 215.2 318.0

Sand with local
Nodule Bactelia
plus Welsh Straia lll.6

(f 5) H. G. ThoEtoE-" Th. Rol. ot th. You* L@E PLlt in D.t dioi@ r.he hl.tiG oftt. R@t by i.hc No<lul.lo@ilA B.cte!ie." P!oc. Roy. Sd. LoiiloD. Sir. B, t6a, 1919, a8l.
(16) E, F. Mccoy-" Ioicctioo by Bdd. radici.& in Re!.tioD to rlE Mic!@L.misrrvot trl.

HGfs C.l! Walb, Pr@. noy. Sd.lrndoD- S.r. B. llo. l93r.5li.

?. The l*fectittt of lhc Legtmc Root.
Nodules are rarely Iormd on seedlings of lucerne and clover in

the cotyledon stage but their appearance is closely associated with
the development o{ the true leaves- Evidence was found that at this
staSe the roots of the plant secrete some substance stimulatory to the
growth of t}le bacteria. Nodules can indeed be induced to iorm on
seedlings in the cotyledon stage if these are watered with the solution
from around the roots of older plants. (r5)

The actual mechanism of infection has been investisated-
Infection takes place through the root-ba.irs and is precededby a
characteristic deformation of these hairs. Numerous observati,ons
have shown that this preliminary deformation of the root-hairs is
necessary to enable infection to take place. It was shown that the
deformation was caused by a bacterial secretion and that it could be
produced by a cell-free filtrate of the bacterial secretions. ft is an
interesting fact that the action of the sccretions from a given strain
of nodule bacteria is not specific to tlre particular legume species
wh!c! lhat strain is capable oI infecting. Thus although luceme
nodule bacteria cannot infect clover roots, the secretions of lucerne
bacteria can deform clover root-hairs.(16) The nature of the active
substance is being investigated. It is therrnostable and from the
secretions a gum can be precipitated with acetone. In its crude form
this gum is also active, but it seems likely that the active substance
is some other compound associated v'ith the gum.
4. The Actiott oJ Nitrales on Nodule Formation.

The study of the root-hair curling has provided an expranatron of
a phenomenoa which bad for a long time remained a problem. If
inoculated legumes are grown in media rich in nitrates or ammonium
salts, nodule formation is harmfully af{ected and may be stopped
entirely.

An experiment in which inoculated luceme was grown in sand
supplied with a range of doses of sodium nitrate, showed that both
the number and the size of the nodules were orosressivelv reduced
with increasing dosage ofnitrate. The nitrate tt'us [roduced'a twofold
effect ; firstly upon the infection by ttre bacteria and, secondly, upon
the groMh of such nodules as are formed. These two effec-ts rriere
separately investigated.
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(al Ellccl of Nitr& on Roothab ltJcrtiott.
When lucerne was grown in agar containing 0.1 per cent. NaNOr,

not only was nodule formation stopped but no infection of t'he root-
hairs took place. This was accounted for by the fact ttrat the nitrate
inbibited the delormatiou of the root-hairs by the bacteria, which is
a necessary prehde to hfection.

Sodiu:n nitrate at that concentration did not harm the bacteria
or prevent tbem from producing tleir root-hair curling secretions.
On the ottrer hand the bacterial secretions separated from the
bacteria by filtration were largely prevented from deformirg the
root-hairs when these were grown in the presence of sodium nitrate
of ttre above concentration. The results are showl in the following
table :

Iafluetrce of sodium lilrate upoo the deJormatioa oI lucertre toot hais
by trodule bacteria atrd by their s€cletions.

Percetrtage oI
Deformed Root

Hairs.

A. PlaDts growa in Agar without
Nitnte.

l. Plus Nodule Ilacteria ., ..
2. Plus Bacterial SecreuoEs

80.3
71.8

B. Plants growa io Agar with
Nitrate.

1. Plus Nodule Bacteria .. .,
2. Plus Bactedal Secretiotrs

l4.t
12.8

(b\ EtJeA oJ Nihde u{ott Nodule Gtouth.
When lucerne plants bearing youag nodules were transplanted

into a medium contaiaing 0.1 per cent. NaNO, the growth of the
nodules was slowed down or entirely checked. Microtome sections
of such nodules showed that the growing cap at the end of the nodule
was often walled oIf by the formation of a layer of cells with thickened
walls.
5. EfJect oJ Nitrute on a Mixed Crcp.

There are so many occasions when legumes and non-legumes are
grown in association that the influence of nitrate manuring on such a
mixture is of $eat agricultual importance. A sand culture experi-
ment was made in which tlree doses of sodium nitrate were applied
to (a) luceme grown a.lone and (b) luceme growing with ltalian Rye
grass.

It was lound that the leld and litrogen content of the lucerne
when grown alone were unaffected by tie nitrate dose, but where
luceme and grass were grown together, the yield aDd nitrogen
content oI the lucerne and even of Jhe combined crop were inversely
related to the dosage of nihate applied because the $o*th of the
lucerne was adversely affected by competition with the more rapidly
growhg grass.(1?)

0. Urtihz of Nitrogctt by Grass Associalzd aith Lueenu.
In the above experiment and in a conlirmatory trial, grass growing

(r7) H. G. Tlordor ed H[sb Ni@l-' fie EtrEt oI Sodiuo Nitrat or th. Grorr[ .!d
NitllsE C.!t nt ol a L@m. .l Crs MLtr." JouE. Asric. Sci, 2t, 1934, ,6e.
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with luceme was Iound to contain much more nitrosen than was
applied as nitrate. This nitrogen must have been deriied from that
Iixed by the I'rleme. ,The uptake of t}lis ,. fixed ,, nitrogen by the
grass could be detecte{i withi! t}ree mont"hs of sowine. Tlirs suseests
actual secretion of nitrogen compounds by the lucerie rools.(iiJ8)
7. Thc Equilibrium behtccn Symbiosis and parasitisrr, ttithil the

NoduJe.
When a healtlily growing plant bears nodules produced bv an

eficient stra.in of t}re nodule organism, the relationship between'host
and bacterium is normally one of qnnbiosis. A delicjte equilibrium
exists, however, which can readily be unbalanced in the di'rection of
parasltlsm.

Such induced para-sitism was first observed in the broad bean
(Vkia laba\ on planls grown in boron-deficient 

""ttuiu 
.ol"ii""_

Such plants bore minute nodules which fixed no nitrosen. while
healthy controls bore large and active nodules.

It was found that deficiency of boron

nitrogen, while

boron had so affected the

destroyed t}re contents of the cells in which t"hev [;_irr) - - - ---
It was supposed that in this case the chane6 to'oirisiti.m *..

caused by the bacteria being cut off from ttriir subolv of carbo_
hydrates, normally brought to them along the vasculii sirands_ and
to their being reduced to obtaining theii energy material fro; the
host protoplasm.

To test this hypothesis, inoculated luceme plants were placed in
tlle dark so that a deficiency of carbohydrate mieht be Jrodu""d-
in this case by the stopping of photosyn'thesis. No'du.les fiom these
plants showed parasitic attack on the part of the bacteria ouite
similar to that shown in boron-deficient nodules.(E)
. -The- change to parasitism which, in these Liperiments, was
induced in young nodules, is a normal phenomenon^ il old lucerne
and clover nodules towards the end of 

-the 
summer. In such old

nodules, parasitism was observed to commence at ttre base of the
uodule and graduaily to extend tluoughout the central tissue uatiltle middle of the nodule was compleiely decayed.(D) parasitism
is thys.an annual phenomenon, tending to 

""ilngiisL 
the nor rra

syrnbiotic gowth.
THE \4TORK OF THE

GENERAI MICROBIOLOGY DEPARTMENT
D. W. Crrrr:n

The kilds of micro-organisms, both arnong the bacteria anil the
protozoa, ttat occur in the soil, and thet activities, are d.etermined
by the soil structure; broadly speaking, the suitabilitv oI land to
agricultural purposes is correlated wit}l the size of its population. Ior
a soil ir good tilth, with a.mple spaces both witbin arid between the

structure of the nodules that t}e vascular strands which normallv
connect t}te nodu.le tissue v.ith the stele, were absent or vestieiai_
In the centre of the nodule the bacteria had become parasitic ;di;dIn the centre of the nodule the bacteria had become para_sitic and

-."1'"' 
)*t 

!;*i3l' j;li i:-,1,)5il;;,:t;i1.#'*,tff aL11lljiT.&g{r;1%*trNirroa.o of crcp phDL', ,ith speci.l RdeF;e rd A.sodet6d-a;d!"" si.i tr;.;'c-,-ie!{' tii.Nnros.o of crcp pr&G, 
'ith sFci.r R.h*i!@ t;A;od.ideriiiti" si"l: i-;;'c-lieii #i.
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