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SOIL MICROBIOLOGY DEPARTMENT P. S. NUTMAN

soil microbes forrn a major proportion of the terrestrial biomass and a reserve of all the

materials and activities needed-to sustain life. Populations of soil organisms are well

U,rfereO against enviroDmental change because of their gre3t aggegate mass ard their-

comptexiti ana adaptability. Nevertheless, the rapid extension and intensification of
agridulturi and the pervasive effects of industrialisation impose strains that can lead to

iieparable damage, so that developments in agriculture need to-be-judged against long-

term effects on thi soil and its inh;bitants, about which all too little is still kuown'
fttir A"p".t .nt studies a few aspects only of soil microbiology: thrc microbial

cyctn! of iitrogen- and phosphorus-containing compounds- in soil; the chemistry and

.i".o[iotory of-the brealidown of a small number of agdcultural chemicals and relatcd

compound{ certain anaerobic processes and plant-microbe interactions. The latter

inciu?is the, vesic"tar-arbuscular (VA) nycorrhiza, the eflects of rhizosphere organism-s

on olant crowth and health and associations of N-fixing bacleria and plants, espocially

it o.. of noOulut"a legumes. The importance of biologicat nitrogen fixation is becomi"g

i""*""i.gly recognis€: as the world-wide shortage of Protein b€comes more acute and

i'rr" 
""ooi'rilo 

oiusing fossil energy for increasing agncultural production comes under

scrutiny. Onty a smalfpercentage ofa legume's photosynthatr is consumed in nitrogen

trutiori; uuout the same as n;ded to reduce and assimilate an equivalent amount of
nitrate nitrogen provided in fertiliser.

Work is iontinuing on the physiology ofinfection of clover by nodule bacteria' on the

senetics of increasingiymbiotic effectiveness, on soil anaerobs, on nitrification, and the

lfecii of fglt on mlconhizal infection, but these studies will not be reported upon this
year.

Rhi"rcpt€re studies

T*erll dcctine. The take-all disease of wheat caused by Gaeuaandomyces gru inb

usually declines after the third year of monoculture to a level that allows an economically

accepLtfe ViefO of cereal. Thii intercsting example o-f a natural change in the ecological

r"futioo.t ii betwe€n a pathogen and hoit, if more fully understood, might be used for
the better control of the disease.

supsested explanations of decline are nutrient comp€tition, specific microbial antago-

nir.? tot. oi fungal virulence by a physiological change or virus infection' Results

."""n"a t^t year i;dicated a relaiionship b€tween the decline of the disease and the

niirogao outtifo" of the fungus in the soil, associated with the ratio of ammonium and

,ii."i" i"r. in the wheat rhiiospherc soil sampled in spring (but not in tle bulk soil).

i-t i. co.respooaea with changeiin the numbers of ammonifying and dtrifying bacteria.

A more de;ibd study with much more frequent sampling in 1973 showed, however' no

"o*tution 
between disease incidence and ihese rhizosphere crit,ria which in all plots

were related only to time of sampling.
The effect of sterile soil extraits taken from different cereal sequences on the develop

ment of the disease was examined in experiments with an ad ded iolocttlum of Gaeunmuo'

myces graminis. Seedlings were most lnfected when grown on extract from the third

iJ".r"iuioo uoa less with extracts from subsequent years; 
-infection 

thus corresponded

io the iecline pattem. Non-sterile extracts obtained by filtration ttrrough a 3'0 pm
79
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millipore membrane gave a similar pattern of incidence of disease but with much less
infection. These experiments were then repeated with or without nitrogen added as
pgtassium nitrate or ammonium su$hate which have been shown to affect i-he expression
of the disease. Potassilrm nitrate alone did not alter the pattern of disease but iulphate
of ammonia alone or with potassi',m nitrate significantly 

-deprcss€d 
infection of seeilings

grown on sterile extracts made from the third and sixth year sequen@s or with non-
sterile extracts from the third year sequence only.

Further collaborative work on the rapid induction of take-all disease in short-term
qreenloury exlxriments and the possible effects of antagonistic microorganisms are
described in the report of the Plant pathology Departmen; (Bro*al)

Azutobact.r pasptali: iE cstsblishn€ in fte rtizosphee, ploiluction of plant grorth
regulators ad^ effects on phnt gmrat. Azotobactei paspall occurs abun&ntly In the
rhizosphels 6f 66ture plants of Paspalum notatum ani p'aspalum plicarzrr where it fixes
appreciable amounts of nitrogen (Rothamsted Report Ior ig7l, iart l, 95). A. paspali
may_also influencr the plant by producing plant growth regulators ofthi type, pr6ao""a
by A. chroococcum. viz. gibberellins, indolylacetii acid (AA) and cytokinios. '

The supematant fluid of l.lday-ord cultures of Azotobicter paspari were extract€d
for gibberellins and IAA. Extracts were separated by paper chromatography and eluates
of each-.Rp.value_ testcd for grofih regulators by'siandard bio-assiys. At least three
gibberellin-like substances were present in culture iupematants, one oi which resembled
GA3 and all of which behaved in bio-assays like those found in 

'oft,rcs 
of Azotobacrer

chroococcunt and were produced in simirar quantities. IAA was present in cultures, and
bio-assays based on chlorophyll retention in oat leaves and on radish cotyledon expansion
indicated that a cytokinin was also formed. (Brown and Barea)

Roots of the different seedlings were inoculated with known numbers of crlls of
A. pdspali beforc transplanting into potting compost or soil from Brazil. Counts of
A. paspali at l4-day intervals on N-deficient media showed that the inoculum declined
rapidly eve-n in the rhizosphere of paspalum notatum Lrrd by eight weeks few cells were
recoyered. from.any sample. T\e Azotobacter declined less rapidly in compost than in
ttre Brazilian soil, possibly because the richer compost supported beiter plant growth than
the Brazilian soil. Failure to establish may also be relatid to the paucity of-cysts in the
inoculum which consisted mainly of filimentous vegetative cells. yegetative cells of
Azotobacter chroococcurn do not istablish we[ nor suiivelonjioln" ,t iro.pt 

".".To examine the efects on plant gowth of inoculation iith Azotobacier paspali,
seedling roots of centrosema pubescens, I-olium perenne, tomato, lettuce and wheat iveri
dipped in_cultures of A. paspali before translanting into a tatoiol from Brazit, or into
standard John Innes compost number 3 and grown on for eight weeks. The development
of all plant species grown in compost was aficted by inocul-ation, but not that of;lants
grown in Brazilian soil. Tomatoes were most afected; stem length increased W145%and leaf length (measgred when plants had four true leaves) by?g l. nfects were stili
seen in plants with l2 leaves but were no longer significant. Inocuiation shortened the
development time of first and second trusses by seven and four days respectively. Dry
weights of all plants werc increased significantly by inoculation. (Iirownj

Mycorrtizal sludies

rle- vesicsler-rrbos",li. mycorrtiza of legumes aDd Eopical grasses. Inoculation with
Endogone 

-prodtced, 
large increases (from Z-lO times) in thie gowth of the tropjcal

lggumls Centrosema pubescens arrd Stylosanthes guya ensis in piosphate-deficient ioils
from Brazil (c:rrado soil) and from British Ho;d;ras. The tropical gasses Digitaria
80
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Drocffibens and Brochearia spp. also benefited from inoculation with selected strains of
'iiiiii, 

"""" 
when the iiachearia was already heavity _infected with indigenous

-"L".niL. f, *o"riments witi the above legumes and with the temperate \ifgliwn
il"i'..-_""i t ri'pedunruhtus mycorrhiza stimulated phosphate uPtake and hence

;JJJ"ti." oiito!,i, n utloo and growth in P-deficient soils' Sometimes no nodules

a"r"fop"A orf"o tl" plants were myJorrhizal. The tropical legumes were more dependent

thatr the temperate oo", oo *y-.thirrl-stimulated phosphate uptake, possibly because

;h"y;;r"t-.'f"*"i root hairs. when white clover and ryegtass were grown together

;;";hir. ,timoht"d the growth of the legume more than the grass' (Mosse and

Crush)

The efiects of mycorhiza on nuhient uptake' Our study of VA mycorrhiza at the IBP^

rit" 
"t 

ftl""tt.p wood was completed. Ao uu"*ge of two out-of three fine roots of
il".U"*."t 

-.-p"ii". 
were infected, usually for about one-thir- d of their length' At least

nai 
"i 

in" ro'ots of the woody hosts had ectotrophic mycorrhizal sheaths' In glasshouse

ioi oo".i-""t. with soil from the wood very lirge increases in growth and phosphate

I;;i;;i'l;-di*";oo. ptuott (Brachvpoilium, Yiola' Fragaria, Fraxinus, Rubus and

rlirf"f *"t" 
".ia.ced 

bv inoculatior with mycorrhizal fungi or the addition of mono-

l"f.iri, pl.rpt"t.. In sziJabelled soil, P-uptake of non-my€orrhizal plants was variabie

;;;r";i);-l"tt than one-tenth of that oi mycorrhizal plants' Brachypodium wzs the

oio-ri 
"m"i.,it 

uUrorber of soil phosphate in tll absence of mycorrhiza. Several experi-

;;;il;irg ;'P-irbelled soil showed that all plants, vr'hether or not mycorrhizal ard of
;h;i;; s"r;t, used similar sources of soil phosphorus' The greater P-uPtake by

-rlorrni-i ptuots can be attributed partly to the larg€r root systems of the better grown

-'""".nii"i 
'rf"rts and partly to the exiensive mycelial penetration of the soil. Serial

nJ*.ii. .rggi.t a thut ."i.dling. ut" -ore dependent than older plants on mycorrhiza for
phosphate uPtake.'- lii, r,.p"a t" etucidate further the influence of mycorrhiza in natural conditions by

"rl"g 
io"gio"i*nts or systemic fuogicides to-suppress P-uptake through the fungus' In

;;;-ff;t),- "G;ments 
benomvl, benzimidazole. and thiophanate methvl reduced

infection in onions. (Mosse, Hayman and Amold)--- 
iu"to.r affecting the occurrence and type of Endogone in- agricultural soils continue

to[,irOi"a. Nerievidence was obtained ihat swede, which is non-mycorrhizal, reduces

mycorrhiza formation in nearby onion seedlings' (Hayman)

Theamountofvesicular-arbuscularinfectionincloverandonionrootshasbeen

".tilut"a 
ty 

"oor"tting 
the fungal chitin to glucosamin: w-hirct is,then determined by a

*f *.]*"t'i"" * ,sediy Ryde 
-and 

D rysd i (Physiotogical Plant Pathology (1972\' 2' 7)'

(Hepper)

MycoEhiza in root organ mlt[re. Yesicular-arbuscular infections were for the first time

."["rrf"ffy 
"tt"tUshJ<l 

in root organ culturles of 
-Trjfo-lium -prdtense' 

Pieces of root taken

from liouii stock cultures were griwn on a modified White's agar medium and inoculated

"'.Gi.nJ 
p.oo".td extens'ive exiemal mycelium-bearing v-egetative spores and arbus-

*f"-fit" t.i""t"t. Often the fust infections formed some distance from the inoculum'

;;iil ; voung secondary roots. Entry points, arbuscules and vesicles \'/ithin the

;;;;;; ;;t#icatlv simitar to those in the roots of entire plants' The pH of the

-Ji.rr,-**"n initially rises and then drops as the culture ages' appears to be an im-

portant iactor irfluencing infection. (Mosse and Hepper)
8l
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Lyoptilised mycorrtiza ,s seed irocdrtrt. The mycorrhiza in soyabean roots retained
so_me viability after freezing at -30"C and then vacuum drying ior lg hours, with or
wrrDour srofage tor up to two months. The dried mycorrhizal roots were mixed with limeto form a pellet around the seed. Only a small proportion of seldlings later de;;lofr
mycorrhiza, whereas nearly all plants grown fro seid pelleted with frJsh spores or ffohroots became mycorrhizal; vacuum-d4ring alone without p.io. iilrirg u't _:O.C rra"
unsuccessfur. Grinding the fieeze-dried myionhiza into a powder armosl destroyed theircapacity to produce infection on test planis. Although tyoptr isatron is possrute witr tnismrte"ral, recovery is as yet insufrcient for this metho-<I tJ d u."J io. .ouiin" pr"servation.(Crush and Pattison)

Studies on legme nodulation
RWobium in qltue. A selective medium for.rhizobia (yeast mannitol agar containingbrilliant geen, sodium azide and pentachloronitrobenze ie, ioin"itea Aiport for 1 9Z iPart l, 83) was further examined. The plate counts on this ielective'medium uni on y*i
mannitol agar -(YMA) vrithout inhibitors were the same for lg out of 2l strains of
rhizobia..The_three_ remaining strains, one each of R. phaseoli, i. tupni arra A. meliliii
were inhibited by the selective medi,,T, the latter strongly so.'Micro_organisms in four
Rothamsted soils were counted using the selective medi,lm or yrvre. cou-nts on serective
media_were about lOf of those on yMA for Broadbalk soils and from ii_lii" t ,Park Grass samples.

The value of the selective medium for isolati ng Rhizobium from heaviry contaminated
sources.was also.examined by estimating the ricovery of R. trifolii when mixed with
suspensions of soil. From spread plates of the two media, Mizoiium-like colonies were

lloc}:t:q ol. ro steri,tised seedtings of red ctover. Abort i0% ;iiil; totat colony couDtson the selective medium noduraied crover compared with onry 3l of isorates fromYMA. The selective medium wourd be of littre use in isolating ;hizobia direct from
soil but is clearly of value in allowing rbizobia to gro* p..f.."ntiully in the presence oi
contaminating organisms and is now being used roitinery for work with the li.othamsted
collection of Rhizobium. The absence of surface .pr"ud of bacteria on prates of the
selective Tedium is of great advantage. (Skinner aid pattison)

_.Reduction of the dye Nile Blue-to the colo,urless state by Agrobacterium but not by
Y::"b:y species was used -by Hamdi (Fotia Microbioligi; e969), 14, g2_%) t;
olsrrDgursn tbese genera. Agobacteria- typically develop a greenish-yellow pellicle and agreenish tinge to the liquid medium in one to two days, 

-whereas 'cultures 
of rhizobia

remain blue in colour- Using eight strains of rhizobia and five of agrobacteria we were
unaDre tro dlsttngulsh betweeo these genera at the recommended concentration of dye in
the medium. However, when Nile Blue was used at halfthe recommended concentration
(lamely a.t 25 ppm) the rhizobia cultures remained blue and formed a deposit of dark
blue particles, but agrobacteria cultures became colourress or greenish with a narrow
zone of oxidised dye at the surface and with a greenish yelloli deposit. At still lower
Tlfltratiqn^s_so*e of.the dye was also decolourisea by inizoUia. iJsing I 13 strains of
rnrzoDla and 25 ot agrobacteria the Nile Blue test (at 25 ppm) was compired with other
tests usedfor distinguishing agrobacteria from rhizobia,'viz. the ability of agrobacteriabut not rhizobia to form 3-ketolactose from lactose, to fo.- t yarig"o irtpnia" in
lj:qrt :rlth,:*edium aud- t9 grow welt on glucose peptooe 

"g"i. 
orry one o[the 36

strarns ol R. trilolii reduced Nile Blue and none reduced 3_ketolactose. Similarly good
agreement between responses to the tests were found for 2g strains ofn. bgtnAisirum
exc€pt that l0 non-nodulating strains gave rypicar Agrobacterranr reactio-ns and arso
grew. well on nutrient agar and on glucose peptone a-gar, often producing an alkalini
reaction. These results throw seriouJ doubt oo tt 

" 
pr""."-ptr"e ion-nodulating strains

82
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and thev have now b€en removed from our collection. Exoept for a few strains of

i. rzilait i[" i".".injrhizobia were negative in both tests' All strairrs of Agrobacterium

)iiiiiiTi.lirt;iens reduced Niti Blue but four faited to form 3-ketolactose.

rn" 
"'illiiv "r 

rn"i"'riiuio, to reduce Nile Blue was conelared with H2S production and

formation of alkali on glucose peptone agar' (Skinner) 
.--lituJi". 

o" the efieciof yeasi exftact ind caiein hydrolysate (at from 0'1-1'0'/) on

*ff..iiiir"Ui" *"re extended to include five commercially important strains for clover,

ii*-", r"pi", ."v"u."n and cowPea (Roth!!l!t:d catalogue 
" I TF* t 2T ' ml\ 32ll '

i;,i;;illr;p*"velv). Witf,0:t or 0'3s% veast extract viable counts of the order

;il'd;ir.l ;ilritut" 
-.r"." 

achieved, satisiatorilv for thc -production 
of inoculants'

C""O 
"-i"iOtl*" 

also obtained *itn to-" strains 13'10?' 2011 and 3211) at the higher

;;;"i;;;";; ;;"" "it ".tlrt tn" viabilitv of itrains 3824-a^nd 221 was depressed'

Casein nydrotyrati also supporteJ large viable populations-^of four of the straios but

i.-."*i it 
"'ri"Uiliry 

of silain 3,447;t l% aod oi rtrui, 221 (TAl) at all except the

i.'#lii """.iiriiir.r.'Al 
;iit""ri". acidiio far tested caused cell distortion of strain

iii. 
-..ta 

"o-" srouDs of acids iuch as a mixture of valine' isoleucine' methionine'

i.it"" 
"iri^ 

r.ii.J-trJr*J tn" formation of many large spherical granular bodies

,."5-7 p- in d-iameter. (Skinner and Roughley)

IBP Worlrt Catalogu e oI Rhizobiam. A prelimi-nary version of the.'Wodd Catalogue of*nnir"iii 
coirofioor, was published i, Augurt by the- International Biological Pro-

r"#--". inl" ii.tt about 3006 strains of rhizo6ia abli to form root nodules on some 430

"-#ffif ilffi.t"- rn".. ,t "i* -e held in 5g collections housed in 2g countries. At

if,iripipr iiiJt re Nittog", Fixation and the Biosphere'-held at Edinburgh in septem-

;;, #;rg";;;"""t" ."u0. for us to undertake periodic revision of this catalogue'

(Skinner)

Tte foe sfiuctue of herertilarily ineffective rcd clover rodules. The simply inherited

;;t";;;;;. it n and d sepaiately determine ineffectiveness h Trifoliwn pratense it
I#il":ri, 

-i;rii'n'] iriin "rii" uot'. The fearures of re and ir nodules as seen by light
"Ji;;;;; G;L;J, Bersersen and Nutman \Hereditv (1e57)' u' t7''
*f""il---f.lJJof 

i*f'""tive nodule has i central zone containing infected ctlls enclosed in

an endodermis and an outer cortex containing vascular traces; starch is abundant and

leghaemoglobin is not seeu.'-i;il;-cii"" 
nodules of plaots homozygous for the gene ie at-frrst develop normally.; an

^"iJi'-U.tnl is differentiated and-the young nodule cells become penetrated by

ijf##;';;;..'-Af";uU-oui tnr., days large Jesictes form o_n the inlection threads.

iiliiiiif 
- 
*Ji}"*"tioo ir stimulatei, espicially near the h)?ertrophied- infection

iii*a. -Jr*i"f"., f"t meristematic development continues so that nodules become as

large as, but no more numerous than effectiie nodules formed on heterozygotes' Some

,oi"to'"ootuio much zooglaeal-like material and detach from .the thrcads becoming

i; il ilttda"p..itioo 6f fibto* wall-like material which stains for lignin' both ex-

i*"*rri, 
"rJ 

*itliri the vesicle. This is accompanied by much membrane formation in the

tJJilii."rr".i. s;." tnitoui" "r*p" 
from ihe vesiCles and mav retain some zooglaeal

i"tAi-":"Ja.. Urme ercloJ iri fibrous material' In some cells ttre bacteria multiply

iliil;; til" a bacteroid-like form within membrane envelopes which also enclose

;;;-#ii ";;;.-rt.." i-p.tr""t uacteroids are sparse and lie.among untransformed

;::] ## J;;"." J"v. in" .ni'obia and host cvtoplasm rap-idlv degeneratE leavins

il;';;ii;J;;ogaeal material and membrane fragments $-thin the cells and in the

;;;*iff;;;5uttia, i, iJot"a o1s are largeind ovoid and contain starch and

much phytoferritin in crystalline arrayt' 
,,

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-130 pp 7

ROTHAMSTED REPORT FOR 1973, PART 1

Ineffective nodules of i homozygotes are much smaller and more numerous thatr
nodules on effective plants. Initial divelopment is normal but as in tne ie_type nodules
many infection tbread vesicles are formed. Rhizobia are released into the cyioplasm in
gr,oups but then remain enclosed by a common membrane envelope so thai la;ge paru
of the cytoplasm become filled by a bacteriat zoogtaea. tni balteril oiviae [ttle and most
raprory ryse; rn some nodules a very small proportion enlarge to form bacteroids. The
host cytoplasm is rich in membranes, either as iesicles o. .yifin_tit" *t orls. Degen;tion of the nodule is usually complete within 12 days.

The z homozygotes also form small ineflective noiules. Inlection threads are infrequent
and invaded cells few, but these may contain large amouots of rooetu"ut -atrix. There isa little sporadic bacteroid formation. The breikdown of the zo'oglaeal matrix variesfrom cell to cell. Th€ degeneration of rods and UacterolOs occu.s ra-pldly and is alreadywell advanced_ in eight-day-old nodules. plant cytoplasm and organelles appear otherwis-e
litt_le affected by the invasion. starch accumulatesln cetts wni.i uacteroids had formed.

Ineffective nodules of d homozygotes are also fewer and smaller than those of eflectiveplants but rhizobia and residuai infection threads are 
"".y.ui"iy 

found. The wholi
central zone of the nodule is formed of large, roughly isodi;e*ic ahin_walled cells withy€ry little cytoplasm. Development of vascular tra'cei is restricted. Any bacteria releasJ
had completely degenerated by four days. (Chandler, Dart and Nutmany

Itl-itrogen_-fixation in Bmadbal\ in &e Brofltbalk anrl Gsescmft Wiklernesses anrt invraror wood. An rn Ji/r assay of nitrogenase activity was impracticable at Rothamsted
because ot tbe slow rate of diffusion of acetylene through the clay soil. An altemative
method was devised in which li-cm tong c-ores, tt cm'in diamlter enclosed in steel
tubes were taken from the field and incubated in large confectionary jars closed with
Suba Seals. Acetylene (500 ml) was added and the initiai gas sa-pte taken after l6 hours.
Acf,tylene. reductlon was highly correlated with soil moisture af all sites. As previously
reported,.(Rothamsted 

.Repon for. 1972, part l, g7) high rates of Nrase activity on thi
Irerd prots were sometimes associated witb crusts of brue-greeo argae. The activiiy of the
17-cm deep cores with surface soil removed was small 1[esi than 55 g N/ha/d"y). O"ly ;;plot 5 (added minerals and no nitrogen) \lere cores with pranis mlre actiye than cores
wit_hout plants. AII cores from the iralle field were -uir a.i".-tnu, those from the
Wildemess site.

Activity at the Manor Wood site to a depth of 17 cm in the soil was very variable
11d_:,1:rCIy 

il|*:-d by soit moisture. Uiing tonger cores appreciabte u"iiuity *ui
tound to a depth ol- 50 cm aDd at this level soil moisture varied iiitle.

Acetylene reduction was measured on the part of the Broadbalk wilderness site leftuncultivated since 1882 and now a mixed woodland and on the ungmzed .stubbed,
sections where trees are removed annually and which is now amiii*" of 

"oa.r" 
gru.r",

and-herbaceous dicotyledons. These two sites have accumulated nearly 2 t N/hi' sincelg8), representing some 49 and 39 kg N/ha/annum respectivet f;; bi;logical'nitrl!;n
fixation. Estimates of N-fixation in tbi 'siubbed' sectioi wri *!ni"in" ,u.ri"" top tz"cmof soil but decreased rapidly with depth. The .ut" of uotyi*SieJo"tion io the wooded
section of Broadbalk Wildemess wai low during 1973 (wlich was a dry year). The pH
ofthis soil is about 7 and of the Geescroft Wildeiness aUort +, Uui,ut", of fixation wereof the same order at both sites. (Day, Dart and Van nerkumi 

-- -

P=!^fI *Try".don:.root leTpemlg: rnd dEogenom fertiliser on grain legnne sym-Dros*. l he enects ofinocuration of phaseorus wrgan3 with strain 3610 and w]th nitrate
of 0. 3o and 90 kgN/ha appried at sowing was exaiined in isz3'Lrin" uari"ties seafarer(baKed bean type) and processor (dry bean type) grown at Woburn in soil already
84
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containing X. pftaJeoli. Seafarer nodulated more rapidly than Processor' Up to the ear-ly

poJnu.tig" ioo"otated plants grew best; added nitrogen decreased nodulation and did
iot increasi growth; yieids were low. Except with 90 kg N/ha treatment uninoculated
plants podde-<l ear[isi, they also yielded more grain tha! uninoculated plants; yields

io"r"^"0 with added nitrogen. Seifarer and Higuerello (dry bean type) inoculated witl
strain 3610 were grown in a glasshouse with lsN-labelled nitrate added at sowing at

iates equivalent tJ6, 30 and 60 kg N/ha. The added njtrogen inhibited nodule formation

and Nz-ase activity but did not affect yield. (Eaglesham, Day and Dart)
Nitr-ogenase of Cicet arictinum nodules formed at 23'C was actiYe when assayed at

in*Uuillon temperatures from G40'C. Activity was maximal .b€tween 2G-33' and

declined rapidly to be almost non-existent eI4o'c. cicer plants inoculated and grown

cootinuo,rsiy ut 23.C t"".e transferred either to continuous or to intermittent root

iemperatu.es of::. and 36.C for periods up to seven days. Nitrogenase activity declined

rapidly under continuous exposure to high temperatures becoming zero after 48 hours at

36"C, and orlry l7l of controls after 72 hours at 33"C. When the higher temperature

ir"ui."nt ,our-gir"n for 17 hours during the day Nz-ase activity also declined rapidly.

Ho*"u"., planis nodulated with strain Ca-2 but not with strain Ca-l recovered slightly

irom ttr"'thirA day of daily cycles at 33'C but not when subjected to cycles at 36'C'
plants transferred b ack to i3'C after 5-10 cycles at higher temperatures regained from

A-W% of their normal activity. This was associated with the formation of new red

bacte.oii tissue in the nodules. Plants grown with p€riods at higher temperatures pro-

OuoO t"rr aty.utter and fixed less nitrogen than those keptatZ3"C' (Islam and Dart)

Nodulated plants of cowpea (Vigna uiguicutata) grown in a glasshouse were similarly

transferred at four weeks to waierbaths in which the temperature was raised to 36' and

+ot fo, periods of 5 h each day. The 36.C treatment did_ nit aflect N2-ase activity

but three daily cycles at ,10'C decieased activity by 20"1atd five cycles ty 90%' Altet
a further eighi days at normal temp€ratures activity was fully restored. A few plants were

ieis affectei Uy tne 40'C stress, loiing only 25\ acttvrty after five cycles, suggesting the

possibility of breeding for resistance to temperature stress. - - . -' plants of cowpea wire fertilised with nitrogen at mid pod-fill either by spraying leaves

with urea or by adding urea, ammonium sulphite or potassium nitrate directly to the

.oot . Nit.og"rut" actiiity assayed five days later was little affected by the 0'5 /. urea

spray brrt ll3% triea decieased activity by morc lhan,g\-% -and 
the leaves were badly

rior"t"a. Adding 25 kg N/ha to the root medium similarly decreased activity'
The symbiotic' efficiincy of three soyabean varieties, Chippew-a, Grant and Kent'

inoculated with strains CCr05, CB I 809 and Sm I b was examined in day/night temperature

'"gi-".of33i30"and27124.C.Ar21|24"Ctherewerenoeflects.ofstrainoncultivarLu? ui::l:o'c vl"lds of each cultivar with CC705 were less than half ol those with the

other strains.-'io 
or, *o.k with tropical legumes in controlled environment cabinets the type of

illu.ination was found tb affeciyields. After six week's gowth, dry weights of peanut'

;G;;" and soyabean Yar. Lent were more rbar\ l0% larger under Warm White

hriorescent tubes than under Daylight tubes, while pigeon pea arld Phaseolus vulgatis,

"o["u nu.. K2809 and soyabean vir. Grant yielded 10"1 more-under Daylight tubes'

it i"olrt vulgaris .var. Higuerello and Vigna mungo and V' rqdiata grew equally well

"oJ". 
totf, finds of tubeJ though soyab&n and Phaseolus vulgaris grew taller under

Warm White tubes. (Eaglesham, Day and Dart)

The effect of the composition of the root mediun on tle growth of Yig"4 spp' As reported

earlier (Rothansted Repoft for l972,Pan l, 86) plants of Yigna radiata and y' mungo

failed to grow or were dwarfed and abnormal in a quartz-sand and gdt mixture to
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which milerals, Wat, etc., had been added. plants grBw well in Rothamsted silty loam,
Kettering clay loam, a neutral fell peat soil and a ien silty-loam soil. plants that grew
poorly in some wobum sandy soils grew abnormalty in those with more organic ma-tter.
The plants in Kettering loam were not nodulated presumabry because muih inorganic
combined nitrogen was present.

--9I9*h and nodulation was good in a sand and grit mixture amended with l0 or30f by volume of Kettering loam1'10,% addition pioduc.ed b€tter plants than those
grown in Kettering loam along probably because the l() I mixture allowed better nodula-
tion. Both specie,s of Vigna failel to grow in lO.l Keienng loam soil that was first
igdted at 450"C for 4 hours to remove combined nit og", uri organic matter.

-ry" !0% Kettering loam mixture supplied the equivaient of 30_15 kg N/ha. The etrect
of further addition of combined nitrog€n was eiamined using ammonium nitrate at
rates rp to 100 kg N/ha, or continuously supplied at 20 ppm in culture solufion to
inoculated and uninoculated ltigna radiata a.,d t. **rgo. Tf,dinoculated plants without
addition of nitrate grew better than the uninoculated ones given nitrogen.-In glasshouse
conditions additions of zlo-60 kg N/ha delayed nodulation. The two ipecies iesponded
differently to nitrogen application. y. radiata yielded most and had most noduie mass
when giv-en 2o ppm nitrogen in the culture solution but most nitrogen was acrumurated
when <l0 kg N/ha was applied. For I/. mungo the colitrary results weri obtained. However,
in the better growing conditions in growth cabinets nodulation was only slightry oerayea,
even when 100 kg N was applied, but number aod weight of prirnary root nodules wai
decreased by added combined nitrogen; there was virtualy nL fixati,on above g0 kg/ha
over. a six-week growing period. Nodule efrciency (N2-asi activity/g nodule) was It a
maximum early in nodule development and then declined. Nitrogen fxation was stimu-
latelin Y. radiataby additions of up to 30 kg N and for y. mungiby adding l0 kg N/ha.
(Islam, Dart and Day)

{rglaemgelgbin. An improved method for puriging leghaemoglobin (Lb) was
dereloped, involving gel flltration and two cbrbmaiogr-aphii separations on DEAE
cellulose columns; contaminating peroxidase enzymes wirqreduced to a very low level.
EPR of purified feric cowpea Lb and its derivatives measured atpHT at liquid helium
temperatures gave 'clean' spectra with the following g values:

Lb(Feg.HrO 5.99 2.N
I-b(Fg. F 6.05 2.00 (43 gauss splitting)Lb(Fetr)rNs 2.79,2.20,1.72

Purified soyabean Lbs and their derivatives have similar EpR spectra. The purifed
acid-metlbs of both soyabean and cowpea have a very small signal at g : 2 ; fiquid
nitrogen temperature, whereas the crude (i.e. ammonium sulpf,ate fritionated) ibs
have a la-rge signal. This signal was not associated with contaminating pero*idas"
enzymes, but 

_was 
present in oryleghaemoglobin (Lb.O2) fractions purifiei by column

chromatogaphy. The signal was gradually lost during iutoxidation of cmde Lb, and
llis-was T.sociated with a corresponding increase in thi g : 6 sigral, suggesting that an
Fe.ligand is involved in the large g.:2 signal. The g J2 signai was noi genJrated by
ydugtiol_ of crude or purified ferric Lb by dithionirc. SupJroxide ion (dz-) may be
involved in producing this g : 2 species and superoxide dismutase was found in the
soluble (cltoplasmic) fraction of nodule homogenates. This enzyme converts Oz- to
orygen and peroxide.

Partially purifed Lb .o2 from cicer arietirunn !Lt. Kaburi had an absorption spectrum
closely resembling that of soyabean Lb.O2 (contrary to other reports). 

'(Masiall 
and

Dart, with Dr. J. F. Gibson-Imperial College)
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MicroHtl tt€gndatioo of herDicirtcs ad rtlated compomds

Inyestigations were directed to studying co-mctabolism. of mono-chlorophenols and

;;;;h;;;L;r"ates by various ph"rdl-,tiliting organisms bul 
-esp€ciallv 

by tPo.re-

f...i";;"-rl^ d. s"i"."t .uct bacilli were isolated atrd tested for their co-oxidising

;;iE. or; b"-outogrorrn Bacillus sp. was found to co-metabolise lchlorobenzoate

;?;:;i;;;;y, i"-*ni"-t liur-.salicvlic acid aD.d. t-cqP.ro-?'ldihvdroxvbenzoic

"6iJ 
,r"r" irit"r."alates. The metabolism of benzoic acid itself by tbis bacillus has been

Jrai"JL"""r" it reemed to have a new metabolic pathway.. Previously, only Azotobacter

iit"riii ii t*""wn to form salicylic acid as an lntermediate between benzoic acid and

""totrot. 
Uut salicvlic acid o'"a A"tot"a in b€nzoate cultures of this Eacillrzs sp' In

tfiiii'z.iirirJi"ryu"*.i. acid but not catcchol was found to be a metabolite of

benzoate-*#;;k 
;. the microbial degradation of l-naphthol, a plgduct of hydrolysis of the

inr""ii"ia.-"".uu.yf, was corrtlnued. Traces of salicyclic aiid were detected in pseudo-

iirl"iJ",irti*, down on l-naphthol and the identity of other intermediates is being

studied.---wo.tn*amugunonthepossiblemicrobialdecompositionoftheherbicideAsulam

"J;;'i;"td;;o[ "ort 
." tohoiquo based either on Asulam or the closely related

sulphanilamide have b€en s€t up. (Spokes and Walker)

Staff and vidting workers

A- Easlesham and R. MacDonald joined the department to work on grain legumes and

;,t"iil;;kd"; respectivety. VLiting workers included Dr. J- R Crush of Grasslands

r#;;,;si[, cn irt"'nur"t , ive* z"at*d, and Miss Irene 
-Miehlmann 

of the Institute

i'"; ili;bi;i&; cottiogsn unl""*ity under the auspices of the International Associa-

tion for Exchaige of Students for Technical Experience'- 
--- 

i 6.u ,lsited-Brazil and Centro Intemacionai de Agricultura Tropical Colomb-ia and

p."j.-pi.t'iiii-neollAEA Di"i.io, vienna for consultations and discussion of inter-

.",i.r-J*"".t p.lrgrammes. D. S. Hayman worked for one month at the Estaci6n

Experimental del Zaidin in Granada'- -i.o".. 
*"." read by Margaret Brown on phytohormone production by soil micro'

".""*.*. ui nore in tt'tarctr, by F. A' Skinner on microbial adaptation to extreme

;ffiil; ;Nij;;g"r, uonana, in June, bv Barbara M-osse-on vA mvcorrhiza at

;h;':cilb"l I;p""ti oinppueo Miirobiology- iongress_ in-S o Paulo, Brazil, in July,

iiv l. rj"if. i.'p"", P. S. Nutman and F. A'-Skinnei at the IBP meeting at Edinbuleh in
il;";;; on 'Nitrosen firation and the biosphere', and by P' J' Dart at the 'Grain

ffi;rJ;;;;h;'; riia, li"a-' Nigeria, in November' P' S' Nutman lectured at

uiiversities in South Africa in October'
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