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Inhoduction
The Department's work concentrates on only a few of the microbial processes in soil of
special importance in agriculture: on the breakdown of natural cellulosic materials and
man-made organic agrochemicals and related compounds; on those events in the zone
of the soil nearest the root (the rhizosphere) that can affect root health and activity; on
the processes of nitrification, denitrification and fixation ofatmospheric nitrogen; on the
functioning of the symbiotic associations of microbes and roots that can benefit crops
either by fixing nitrogen (legume root nodules) or by helping the plant to take up phos-
phate (VA mycorrhiza).

Some of our work, especially in the two last-mentioned fields, is done in collaboration
with research institutes and university departments, here and overseas, as indicated in the
separate sections of this report. Our contribution to tle Rothamsted inter-departmental
study on the causes of poor yield of field beans is reported by the Field Experiments
Section G. 150).

Continuing programmes ol Rhizobium morphology in culture, nodule fine structure,
anomalous nodulation of clover by pea bacteria, efect of diumal temperature fluctuations
on nodulation and on aerobic free-living nitrogen fixers in soil will not be reported this
year.

Stability of soil sggregrtes

The incubation studies reported last year were continued on a pair of lighter soils, Flint
and Salop, selected by the Rothamsted Soil Structure Working Group. As before,
stability to wet sieving of 2-3 mm diameter aggregates increased after aerobic incubation
with water or nutrients. For Rint soil the greatest stability (791of aggregates larger than
I mm, compared with a non-incubated control of 44\) oc*urred after incubation with
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glucose and peptoae. Salop, with initially poorer structure, likewise became more stable
(AO7; ttran Flint when incubated with nutrients. Flint soil developed some anaerobic
stability irrespective of treatments, but there was almost no increase in stability of SaloP

soil under auaerobic conditions.
When air-dry soil was incubated with lf,ater even for as little as t h there was a

marked inoease in water stability. The rapidity of this change suggests physical rather
than microbiological causes. To investigate this, four air'dry soils (from Denchworth,
Hanslope and two samples from Evesham), were eitler left untreated, or sterilised by
autoclaving at l2l"C for 15 min or by y-irradiation. Stability to wet sieving was tested

after aerobic incubation at 25'C with water for I h, and for 3, 6, l0 and 13 days. Stability
increased up to the 3rd or lfth day for both untreated and irradiated soil, indicating
that micro-organisms were not primarily responsible for this change. Autoclaved soils
(exc€pt Hanslope) decreased markedly in stability after the 3rd day, possibly because

this treatment may have destroyed substances that cause cohesion between soil particles.

Aggegate stability also increased when untreat€d soils were incubated anaerobically with
water though usually less so than with aerobic incubation. (Skinner)

NiEoges'fixhg uaerobes

Further work on this topic has bcen to develop a nitrogen-free medium suitable for
counting nitrogen-fixing anaerobic bacteria in soils and to investigate anomalous results

in Mosi Probible Number estimations of their numbers in soil. Growlh of nitrogen-
fixing obligate anaerobes (clostridia) in sealed bottles containing a nitrogen-deficient
medium with nitrogen gas phase, is indicated by the onset of vigorous gaseous fer-
mentation of sucroie. Such fermentation correlates well with the ability of cultures to
reduce acetylene to ethylene. The pH value of the medium falls so quickly to below 6'0
that glowth is inhibited, but the addition of chalk prevents this acid formation.

Anomalous fermentations occur when small inocula are used, one of the commonest

being characterised by good gowth and bigh nitrogenase activity but little gas formation.
ThiJefea is attribuied to Srowth of Bacillus polymyxa, a facultative anaerobe which
grows well aerobically but fixes nitrogeu only when oxygen tension falls. (Skinner)

Microbial ilegpadation of asulam snd s phmilamide

The aerobic bacterium capable of metabolising sulphanilamide and its carbamic ester,

the herbicide asulam, reported last year, has now been identified as a Flavobac,erium

species. The organism differs in several proPerties from any known species described in
tie 8th edition of Bergey's Manual of Determinative Bacteriology but cannot be estab-

lished as a new species without further comparison with known species. (Walker)

Nitrificerion

Anmonie-oxilising nitr5rfying becteria of ttiffe@ provenance. Five more strains have been

obtained in pure culture, two of them from the collection of cultures left by Professor S.

Soriano in 1970, the others from soil enrichments. One of the Soriano strains shows

Nitrosomonas tyry morphology, grows well, forming rather large brownish colonies, and
atso cyst-like aggegates as attributed by Winogradsky to Nitrosoclstis coccoides. An
isolate from soil collected on Tryfan near Snowdon proved to be a new genus, y'yirro-

sovrDria and closely resembled that recently described by Hamburg workers. (Walker)
Several tea plantation soils with pH values ranging from 5-6 from Bangladesh and

Sri Lanka were examined for autotrophic nitrifying organisms. From all the soils nitrifiers
were isolated in pure culture (usually using the CaCOpoated silica gel plate technique)
and identified by light and electron microscopy. From two other characteristic Bangladesh
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soils, Nitrosolobus spp. were isolated whereas Nitrosomonas was isolated from a farm soil
that had received cow manure- The Sri Lanla tea soils yielded either Nitrosomoaas or
Nittosolobus spp. but from all of six Bangladesh tea soils examined a somewhat unusual
tyry of Nitrosospira was isolated. These cultures showed small 'figure 3' and ring-like or
crescent forms (resembling Winogradsky's 'pseudococci') in addition to typical spiral
cells. They seemed distinct from the Spitzbergen strains and may well be a new species.
Nitrite-oxidising bacteria werc also detected in several of these tea soils. (Bhuiya and
Walker)

Rothmsted collection of niEifying becterie. Altogsther 17 more nitriflng strains re-
presenting four distinct genera of ammonia-oxidising autotrophs have been added to the
Rothamsted collection.

Attempts to preserve cultures of nitrifying bacteria in sealed ampoules of medium
contaidng suspended chalk have shown that viability is retained for several months.
The collection of pure and enrichment cultures has now been preserved in this way.
Comparison of morphologSr by electron microscopical examination has been extended to
the majority of pure cultures in the collection. (Walker and Macdonald)

Efrect of inhibitors on nihifierc. A series of simple halogeno-, cyano-, amino- and alkyl-
substituted pyrimidine and pyridine compounds together with nitrapyrin ('N-serve') and
CSz were examined for their inhibiting action against pure cultures of several strains of
the genera, Nitrosomonas, Nitrosolobus, Nitrosospira and, Nitrosovibrio. The most active
compounds were CSz, nitrapyrin and pyroxychlor. An interesting finding was that
Nitrosolobus spp. were generally about ten times more sensitive than .lfitrosomonas spp.
to CSz and nitrapyrin. The former species are the commonly€ncountered nitrifiers in
Rothamsted soils. (Bhuiya, Briggs and Walker)

Methods for detemining tbe enzynic activity of
soil micro{rgrnisns

Enzymic cytochemical methods have been modified to enable soil micro-organisms to be
differentiated on the basis of metabolic activity, and the techniques used to study popu-
lation dynamics in relation to pesticide effects. The method was successfully applied to
free living bacteria, rhizoplane bact€ria, fungi, algae and protozoa extract€d from soil
or present in clay films floated from the surface of soil crumbs. Micro-organisms floated
from soil in this way retained the colonial conformation of the micro habitat. (Mac-
donald)

Rhizosphere studies

Efrect of virr inc on infection by Gacwnuomyces gaminis. Work continues on the
cffects of thiamin, biotin and B1z on the infection of wheat roots by Gaeuma nomlces
graminis var tritici. When vitamins were added, two separate isolates difered in the
amount of disease they produced. For example, thiamin incrcased significantly
(P: 0.05) infection by one isolate, whilst biotin and Brs had no effect and all
three vitamins added together decreased infection. With the other isolate thiamin,
biotin and B12 when added separately all decreased infection, but when added together
increased infection. Bacteria, isolated from the wheat rhizosphere and producing all three
vitamins, when inoculated on to wheat seedlings together with mycelium of the two
Gaatmannomyces isolates also affected disease in a way similar to the three authentic
vitamins.
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Populations of vitamin-producing bacteria in field soils arc being studied in relation to
their possible infuence on take-all disease.

Effects of &crlru.r sdril& and Steptomycet grirerJ on plr growth. Strains of Bacil/,,s
subtilis and Streptomyces griseus were found to increase plant gowth and have been used
extensively in field trials in victoria, Austra[a (Merriman, Price, Kollmorgen, Piggot &
Rlidge, Australian Journal of Agricultural Research (1974) 25,219-226).lsolates B. sublilis
A I 3 and .!. grisezs 2-424 have been supplied by Dr. Merriman for study of plant Fowth
regulator production.

Cultures were grown in nutrient broth for 14 days, and extracts were examined by paper
partition chromatography for gibberellins, cytokinins and indolyl-3-acetic acid (IAA).
Eluates corresponding to l0 R, values were tested for gibberellins using pea and lettuce
bioassays, for cytokinins using tobacco and soya bean callus assays and colorimetrically
for IAA. Unextracted cultures and eluates were also tested for their effect on growth of
tomato and radish.

Gibberellin-like substances were detected in both cultures, eluates gave responses
equivalent to 0'5 pg n -1 culture in the pea test. IAA could not be detected. Responses in
the callus assays indicated activity in both cultures equivalent to 0'02 pg ml-1 kinetin;
these results require confirmation using different extraction methods. Sterile nutrient
broth was also checked for regulating substances and one eluate gave a significant
cytokinin reaction.

Significant increase (P : 0'05) in height and leaf growth of young tomato followed
treatment with cultures of S. grri,sens, but not of B. sublilisi flowering was advanced by
seven days, the average number of fruits p€r plant was unaffected but the weight of green

fruit on the second truss was increased by 1017. (P: 0'l). Cultures of -B' rrbfiTtr had no
effect on tomato. Significant increase (P:0'05) in the growth ofradish followed treatment
with cultures ofB. sabrflr.r, but not ofs.8'.rJerr, lzl-day cultures applied to seeds or roots
were more effective than two-day cultures. Treatment of tomato and radish with eluates

from different Rr values also affected growth, eluates from both cultures containing
gibberellin-like substances increasing height and leaf size of both plants but having no
effect on flowering oftomato. However an eluate ofa slow-running substance did advance

flowering. This also increased the number of gretn fruits set and weight of ripe fruit by
2O\ (not significant at P:0'05). This substanc€ was also found in sterile nutrient
broth and increased weight of ripe fruit of the second truss by 100% (P : 0'1). Thus it
was probably a constituent of the medium rather than a metabolite from the organism
which was affecting fruit growth. This same constituent decreased radish growth
significantly (P : 0'05). (Brown)

Mycorhizrl studies

Mersrem€nt of fungal tis$e in pLtrt roots. The amount of fungal tissue present was

estimated from the glucosamine (derived from hyphal wall chitin and chitosan) present

in the infected material. Because the yietd of glucosamine from the fungus grown alone
can vary under different cultural conditions the estimate of fungal tissue in an infected
root is subject to error. Despite tlis limitation the method was used to give rough esti-
mates of the extent of vA mycorrhizal infection in four plant genera with four fungal
endopbltes (using the external mycelium to obtain a conversion factor); infection was
also estimated itr wheat roots inoculated with Gaeunannomyces graminis. The concentra-
tion of glucosamine was proportional to the amount of infected tissue in each sample;
uninfected roots yielded very small amounts. The most heavily infected sample of VA
mycorrhizal roots contained 171firl.gal tissue (based on dry weight). (Hepper)
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Spore germination rnd grortt studies. Banett(Recent Advances in Botany (1961) 2, 1725)
reported that the mycorrhizal endophyte could be induced to colonise and grow out from
henp seed. We have been unable to confirm this observation with pieces of hemp,
ground-nut, vetch or lima bean seed placed close to mycelium growing from root orgin
culturts infected with the yellow vacuolate endophyte. No sign of colonisation or sapro-
phytic growth was detected. Callus tissue derived from the roots of soyabean, lima bean
and carrot similarly failed to stimulate germ tube gror*th. Only an exudate from excised
root cultures stimulated growth from pregerminated spores but to a very limited extent.

Surface sterilised honey-coloured spores newly formed or from stored sources were
placed close to growing roots or on media which incorporated thiamine, biotin, nicotinic
acid, pyridoxine, yeast extract or ammonium acetate. Spores were also subjected to
alternate wetting and drying cycles, elevated temperatures or surfactants (all ofwhich are
thought to alter membrane permeability) and grown in gas mixtures containing increasing
concentrations of carbon dioxide or ethylene. None of these treatments stimulated
germination. A low yield of germinated spores was obtained on the surface ofa soil agar
medium but no germination was observed when spores were buried in the same soil either
on agar-coated slides or sandwiched between layers of filtration membrane (pore size
o'22 y.).

The germination of laminate and yellow vacuolate spores was inhibited similarly by
additions of manganese to the medium but the former was slightly less sensitive to zinC.
Germination was reduced from 8Ol to zero by the addition of either 7 ppm zinc or
0.14 ppm manganese. (Hepper)

Enzfane c,'tochenisEy of Glotruts mosseac. Acid phosphatase, glutamate dehydrogenase,
succinale_ dehydrogenase, glyceraldehyde-3-phosphate dehydrogenase, glucose-6-phos-
phate dehydrogenase and NADH and NADPH diaphorases wire demonstrated iyto-
chemically in Glomus mosseae ('yellow vacuolate' spore type). phosphatases hydrolyiing
glycerophosphate or Gbenzoyl-2-naphthyl phosphate were absent frorn hlphae derived
from germinated yellow vacuolate spores. GBromo-2-hydroxy-3-naphthoyl-o-anisidine
phosphatase was found in germ tubes and all three substraies were utilised by acid
phosphatases in vesicles, arbuscules and hyphae of rnycorrhizas of Allium, Nardus,
Trifolium and Stylosanthes. From this it was inferred that the fungus probably possesses
an EmMen-Meyerhof-Pamas system, a tricarboxylic acid cycle and a hexose mono-
phosphate shunt. The presence of glutamate dehydrogenase implied that amino acid
respiration by the fungus may be possible. Infection by Glomus mosseae resulted in
increased concentrations of succinate dehydrogenase in the roots, (Macdonald and
Lewis).

Irfluence of VA mycorrhiza on ph grorth. Eight crops were tested for their responses to
inoculation with the vesicular-arbuscular endophyte E3 in pot experiments with thrce
agricultural soils. Mycorrhizal infection became well establishid in all crops except lupins.
Inoculation was most efective in a soil from Delharding field, Rothamsted (containing
8 ppm NaHCOs-soluble P) where mycorrhizal plants of lucerne, red clover and field
beans were 30, 12 and 2 times heavier respectively, than the non-mycorrhizal controls.
French beans, maize, peas and barley grown in this soil, however, responded only
slightly to inoculation. In a soil from Ashridge, Hertfordshire (26 ppm NaHCOs-
soluble P) and Woburn (40 ppm NaHcq-soluble P) soils, both mycorrhizal and non-
mycorrbizal plants generally grew much better than in Delharding soil, but responded
irregularly to mycorrhizal inoculation. Inoculation did not greatly afect plant dry
matter production in Ashridge soil, but it doubled the %P h luceme and french beans.
In Woburn soil five crops grew slightly worse and two slightly better with mycorrhiza.
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Whether this was influenced by nutrient deficiencies other than phosphate is under
investigation. In all three soils luceme nodulated better when mycorrhizal. (Hayman)

In tLree experiments the temperature adaptation of mycorrhizal endophytes from
Floida, (Gigaspora calospora and Glomus mauocarpus) and from Rothamsted (G/aizrs
spp.: E3 and laminate spore tlpes) was compared on Slylosanthes guyqrtensisgrown in a
growth cabinet at 30/23'C and in the glasshouse (approximately 29i l7'C) and on onions
grown in the gtasshous€ (approximate$ zalfi'C). G- macrocarpus was a poor endophyte
ior St/losanthes and in the gowth cabinet decreased plant growth considerably com-
pared both to the uninfected controls and to plants infected with the other three endo-
phytes. Nevertheless, microscopic examination revealed no tissue damage in the roots'
With onion, G. macrocarpus was as good an etrdophyte as the Rothamsted isolates.

(Schroder, Hayman and Mosse)

Inocutation mettods. Mycorhizal plants can be obtained by raising seedlings in sterilised

soil amended with inoculum. For crops not normally transplanted, however, seed or soil
would need to be inoculated. This was attemPted by pelleting seeds of Centrosema, soya

bean, Stylosanthes, onion, red clover and maize with yellow vacuolate (G/ornus mosseae)

inoculum suspended in 5l methyl cellulose, and either sowing immediately or drying
overnight. Niarly all the iesulting seedlings became mycorrhizal, although infection
developed faster in plants given unpelleted inoculum. (Hayman and Mosse)

Work continues on efficts of inoculation with selected mycorrhizal endophytes in
natural soils, and on methods of distinguishing native from introduced endophyes in
order to asseis establishment of the latter. Some new endophltes from tropical soils have

been established in pot culture.
Lupinus cosentinii appears to be highly resistant to infection by YA endophytes (Xo'-

hamited Reporr for tgii,part l, 253). This may be caused by the production of antifungal

substances. Thi presence of the whole plant and to a lesser extetrt its excised seed coat

aflected ttre anatomy of the mycelium infecting the roots of white clover grown in the same

pot. It has a very elicient mechanism for uptake of soil phosphatewhich is neither mycor-

ihi-l no. dependent on an extensive root system' In a P-deficient soil from Western

Australia Z. cisenrlnr'i was shown to take up even more P than was estimated chemically

to be available (NaHCO3-soluble P). (Mosse)

Effects of systemic fugicirles. studies continued on those fungicides found to affect the

establishmint and activity ofVA mycorrhiza (Rothamsted Report for 1975, Part l, 280)'

Benomyl and thiophanat; methyl applied as soil drenches preYented the establishment of
new infections aoi hult.d ttre spre"d of infections already established. Applied directly

they were fungitoxic to the inoculum but clover plants grown in benomyl'treated soil
biame infectJd after transplanting into inoculated benomyl-free soil. Both fungcides
decreased the phosphorus uptake oi mycorrhizal onion and strawberry plants grown for
several weeks in irradiated soil, but not itr unsterile soil. (Boatman, Mosse and Hayman)

I*gume mdulation

Rottamsted X/UzoDfurr Coltection. The Rothamsted Xlr izobium Collectot now comprises

524 strains of rhizobia rrnd two Rhizobiam bacteriophages. In the two years from January
1975,976 cultures have been dispatched (725 as freeze'dried ampoules and 251 in the
form of agar slopes) in response io 206 requests, 58 from overseas' In addition, 26 bags

of peat inoculum have been s€nt out for use in field trials.
Since January 1975, the collection has been split into two parts and 28 new strains

added. The 'A' group comprises 145 strains, chosen because of their well'characterised
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symtiotic activity. Work has started on plant testing all these strains using .controlle.d
environmeot' facilities. Strains in the 'B; group w i still te -uint"nea a-nd availauli
upotr request, but no details conceming them will be publ.ished in the next edition ofthe
T:.|"flj. Strains of other organisms-, notably Azoiobacter uoa 

"it.in".r, 
hare Ueen

deleted lrom tbe colleclion. (Dye)

I):_ ryTbJ" tu"don of delollmerases h hfection of myabean. Soyabean (Ottawa
Mandann) werc grown with aod without Rhizobium japonicum, strain 

-CB 
lg$j, under

rigorously sterile conditions in a sand/vermiculite mixtJre thut.uppo.t"A gooa grolth andnodulation. Homogenates of five- a-nd eiCht-day_old seedling roois'and oflhe sirrounding
medium were assayed for a range of depolymerises by mear-uring tt 

" 
u.ourts ofreclucin!

sugars produced from appropriate substrates. Theie methodi are not as sensitiye as

I:41"-llg :-|","g"s in viscosity of the polysaccharide solutions bui are less likely to be
rntertered wlth by coDtamination during the much shorter period of the assay.

Homogenates of roots showed strong activities of a ioluble iylanase and solubleparticulate p-1,3-glucanase. These enzymes were equally active fiom inoculated anduninoculated roots. The finding of glucanase is of speciai lnt...rt io view of the recent
demonstration of the occurrence oflcallose, also a p-1,3 gfucar, uiln" points of iniiiaiinfection in clover (Kumarasin ghe,..Rothamsted A"prt jri iiii, part l, 282). These
enzymes were not detected in the medium. No activitiis rveie found ior polygalacturonase,
galactanase, arabanase, mannanase or cellulase. (Bamett) 

- ---- ---

Efrects of root tempersture on infection, nortolation and dtrogen fixation in Lotas a'rlStylosarrthes, Infection tkeads were observed uUroauotty ii-it" .oot hairs of Iorar
corn.iculatu-s. L. and very rurely io L-^hispidus Desf. in respon'sct infectioo Uy Rhizobiumstrains 3001 and 3002. Numbers of iniections aiferea tei*ee" sficies and strains and
were affected by temperature. ln L. corniculatus all the noJules oii'ginated from infectionthreads bxt in L. hispidus mosr nodules appeared to ..igl""i" Li'ai*.t Uu"teriui p"i_etration through tbe epidermis; infected ro;; hairs w.r. u"".y ,ffi *n.

Both species of Lotus were toleraDt to cold temperatures: the'minimum temperaturefor nodulatioo was l0'C. The optimum temperature for nodulation ofl,. cor, ic latus $as20'C with 300t and between i7 and 30.C with 3002, "-i.* ,oJrrc, were, however,formed at 35'C. I. iriprdas formed more nodules per plant than i.- iirnicularus, although
the former nodules were ineflective and had abuniani rJ u"irro"-y"nin_tit" pigment. Tieoptima for nodulation for both rhizobial strains was bet*""o iiinJ zz"c.
-- _No infection threads were seen in the root hairs of Styiritiu guyanesis (Attbl)
S.W. 11q^S: humlli1 L. Optimum temperature for nodulaiion in the two species wasarould 27"C; nodulation was completeiy inhibited at f S"C anJ ,ery few nodules formed
at 35'C.

.,l:111"]-,g:f ?tus arLd Sttlosafihes was delayed in plants transfered from subop_

:111, -,-o-.1p."optimal 
and oprimal temperatures. Excision of root tips caused morenoqutes to lorm.

Both plant age and temperature influenced nitrogenase activiay of Intus and, Stylo_
santlres nodules. Activity declined with time and at l6w temperatuies. Transfer of plints
from 15,20,25 and 30 to 4"C immediately stopped tt" u"tiiiiy, 

-Uuiint 
*u. *_ffeiAy

restored within an hour after return to originaf iemperatures. ' '
Nitrogenase activity of detached nodules on nitrogen-free agar medium depends on

1Tl?L.:lT,lt,"tion (2-8%) aa each temlrrature. -Decline ii nitrogenase aitivity in
detached nodules was due partly to exposurc to air during excision a;d transfer tothemedium. (Ranga Rao)
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Yiettt r t sttrptrbitity of ttry beatrs, In l9?5 the Centro Intemational de Agricultura Tro
pical (CIAT) iroposed a series of international nurseries to evaluate yield aud adaptation

if promising va.ieties of Phasiolus vulgarrs as a dry bean crop. Farfield II (Wobum) was

oni ofthe li0 sites throughout the worid where this experiment was performed. The basic

design was a lattice witi four replicates of 25 varieties; ten black seeded, teo of other

colo-urs common to all sites and hve selected by the local sponsor' The plot size, row

widttrs and planting density were suggested by CIAT, but other agronomic practices were-

chosen by ih" tpo-otot to suit local conditions. All plots received a basal dressing of
N, P and K (504 kg ha-r of2G-ltl-t4).'Cultivars 

variedln their time to floweriog and maturity. The earliest variety, Horehead

was harvested on 27 August. Six tropical cultivars failed to mature by I November

when the experiment wa; terminated because of frost. Varieties diflered in their sus-

ceptibility to.6.an common mosaic virus and bean yellow mosaicvirus. (See Cockbain and

Bowen, Plant Pathology Department Report, p. 269).
yields of dry seeds iaried'between Sggind 2100 kg ha-t. Several vhite seeded varieties

yielded better ihan Purley King, the Yariety most widd $ow.n- in Britain as a dry bean'

in the abnormally dry summei yields of Phaseolus y!/go,i without irrigation comlared
favourably with othei non-irrigaied grain legumes on Farfi eld; Lupin-us albusvar. Kievsky

yielded l85O tg ha-t and Vici; faba about 1000 kg ha-r. (Day and Witty)

Fielil inoc,ulation of sweet t[pitrs. Lupinus albus cYs. ButtercuP and Kievsky and Z'
igustifotUs cv. Unicrop wire inoculated separately with 12 strains of Rhizobium

lsjectiO after preliminary screening in the greenhouse) and grown at Rothamsted

(garden plots) and Woburn (Farfield II.)
'- All varieties were severely damaged by pigeons at Rothamsted and yields were further

decreased by the exceptionally diy su'mmir. Unicrop was. damaged by unidentified

pathogens wiich renderid analysis of rhe data for this variety impossible'- 
Miobium lupini were scarc€ at Rothamsted and uninoculated plants bore 

-only
occasional nodules on the secondary roots. Inoculation with RCR 3201,32M,3206'
3210 and 32ll substantially increased dry weight and N content of the plant toP at

flowering and doubled the leld of seed and pods of both Buttercup and Kievsky' Strain

3rl l, o; of the b€st testei in the field, performed poorly at low-light intensities in the

pi"ti-iou.y gr""olouse screening. Sraina 3208 and 3212 produced ineffective nodules'
' At Wob;; indigenous rhizobia were abundant and all plants, including uninoculated

controls and thoselnoculated with ineffective strains, bore eflective primary root nodules.

Inoculation had no effect on either acetylene reduction or yield' (Witty and Day)

Nifogen trercfer in cloYcr{rass mixtu*. Trifolium pratense cv' Sl23 and Lolium perenne

cv. Si3 were grown sepaiately and together in six-inch pots.containing a mixllle- of
sand, grit and iVobum ioil llow in t'I) io which a small quantity of rsN-labelled NOg-

*u. udd"d. The plants were cut two or four times and the clippings analysed for total

N and rsN.

In regularly clipped pots the N content, but not the dry matter production, was in-

creasediy ttre piesence of clover. Total N removed in four clippings increased -from
76 + 5'0 mg (grass alone) to 89 + 5'l mg (grass from mixed pots) Per pot' Much less

sigaificant increases occurred when the pots were clipped only twice
-Clover 

alone yielded slightly more th;n the mixture and in all comparisons the,cumu-

lative dry mattei and N p-roduction was increased by clipping. Beireen zl0 ar,d 601 of
the avai[ble N in the poi (c. too mgl was recovered. (Witty and Day)

Effects of high soil temperstu€s on tbe eady growth of Eopical legum-es' Exposure for 5 h

daily to a .-o*imr- toil te-perature of 4O"C delayed nodulation of seedlings of cowpea
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(l/igna unguiculata) inoculated witb Rhizobium strain 5000 (gorianr ted Report for 1975,Part l, 282).

^9*ryt (:". K2809) seeds were sovm in pots of sand and grit and inoculated with oneof six Rhizobium strains isolated from Afri&n soils (5000, SfrB, iOrS, 5028, 502r- 5Or0),or with cB756 the Austrarian recommended strain. iots were ilaced in waier baihs an'd
the terrlperatures raised from ambient to 36,38, $,42 or 44"Cfor a period of 5 h daily;control pots reached a maximum of 30.C. plants were harvested 34'days f;; ;;i;i:
Nodulation was compretely inhibited by the 42 and 44"c treatments. Ai 40.c there wis
no nodulation with CB756 or with 50tg; the remaining five strains formed nodules ani
those inocurated with,50_29 grew best. At 3g"c 502g wis again the best strain and soig
the poorest while at 36"C 5009 w-as best and at ambient temperatures 5OZ9 produced the
most vigorous plants with C8756 performing only moderately well. Clea.ly some fllAr_
bium strais are better adapted to nodulate-under condition! .rnign t".p.r"tu[-fi",
others.

^.!owpea,(cv, TYu 1035) inoculated with 5000 and soyabeans (cv. TGm 628 and
chippewa 64) inoculated with smrb (Brazilian collection) were also grown as described
apove 11{_hary9gd at 34 days. Cowpeas were not nodulated aUoue iO.C o.,oyut"uos
above 38'C. With both soyabean varieties vigour was greatly gO ){) reOueO li:Ot
compared to controls.

Jhe_ ysponse to applied N in cox/pe-a (cy, K280g) under temperature stress (210, 42
and 44'c treatments) was examined. After 22 days piants were not nodulated and with
120 ppm N continuously supplied growth was no 

-better 
than with 60 ppm N; O.y -"ti"iaccurnulation at aU temperatures was 2.5-3 times- that of plants withoui iertilis. *u"ge".

At ,lO'C 25 ppm N doubled the dry matter leld but this did nor increase growth at 4i"C.
Thus in the tropics at soil temperatures liable to inhibit nodulation -the t""th ;i
cowpeas may be increased by nitrogenous fertiliser.

The same cultivar inoculated with 5000 was subjected b q, 42 or 44"C treatments
fo-r 3 91 ! days, variously distributed over the first 15 days from sowing, anO trarveiieJ
after 45 days. Temperature stress over the first three days seve.ety rediced crown and
secondary nodulation. Between days 7-9, & and 42" dd Ittle .irt"t Uut 44t gr"utly
decreased secondary nodulaton. periods of 6 days of continuous stress had leate'radverse efects on vigour during the first ten days, wlile six days of stress distribute-d overthe 15 day period had much less effect at 4b and 42. thin at +n.C. femferatures
experienced in the fleld by inoculated cowpea seeds over the first days from pf"'rU.g 

"i"critical to early seedting establishment. ffiite and Eaglesham)

Tmpical grein legumes ad rocat isotrtes of Rhiobium. studies were made on the Rhizo-
bium-sirain specificities of elite cultivars of cowpea (yigna unguiculata, Vita l, Vi; 3
and Vita 25) and pigeon Wa (Cajanus cajan, Cita t, Cita Z anO Cita i) ,"f."t"a U/ tf,"
breeders at the Intemational Institute for Tropical Agriculture @TA), 6aaan, Nigeria,
for-their high. yield capacities and disease resiitance. llants were pot.grown, inocu]ated
with one of six strains of African rhizobia or with C8756 and harvesld afier 60 Oays.
Except for 5009 which produced no nodures on cita l, all combinations of erite curtivars
aad Rhizobium strains were effective. In the future these elite cultivars will be used in
breeding programmes in different parts of the world and this trial indicates they wiii
nodulate effectively with a range of tropical rhizobia.

Work was_ continued on the symbiotic characteristics of new grain legumes under
stndy at IITA. Up to ten strains of rhizobia were tested against hlacinth 6eao, (Labti
niger cv. TLn 27),.lima tf;an (Phayglus lunatus crt. Tpl lglA), winged bean (psopio_
carpus tetrugonolobg y. TPt 2), Mexican yam bean (pachyrisus eiosrs Tpe'l),'and
African yam &n (Sphenostylis stenocarpa cv. TSs zl4). Germinatiol *u. poo. pa.ti"o_
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larlv with the vam beans, and the material was insufficient for complete harvest after

il'!""i. er*tl"" ,oaruiioo of lima bean occurred with four strains, of winged bean

*i n-'.""*-iii"iri and hyacinth bean nodulated effectively wirh au eight srains

rc.Ga. em-*. i"- bean noiulated effectively with three outoffour strains and Mexican

u"- U.uo with one out of four. These data gve some indicalion of the likelihood of

i.Orf"tl., .*r.ttg by indigenous rhizobia where these new species are itrtroduced for

tie first time. (White and Eaglesham)

NiEogen nutrition of Pluseohts tulgatis. Tbe relztionship between applied N' seasonal

patteis ofNz fixation and N move"ment within the plaot, and secd yield were investigated

ili;;;; b.;;;iiiuars orr. wlsaris'viz- Purlev King and- Higuerillo' in a glasshouse

p"i 
"ip"rir"rr 

p"ts contained a r"ooting medium ofsand-a-nd grit with 4f by volume of
'r*6iirg l"l. 

"aded 
to give a starter 

-<lose of available N equivalent to approximately

i0 k; #-i. tttit ut. r.ttitii.. (containing t'N at 2% atom exce^ss) was applied at rates

.qrii"f.r, io O, :O o. 60 kg N tra-r oi a surface area basis' Seeds were inoculated at

pi"rii.g *i,ft sirain 3610 an'<l pots watered to weight with a nutrient solution complete

i-[pi-?". r'.i. pr"ro were saipled on four occasions during the growing season and

;;;;,"d;;. 80;uy. i.o- toirirg. In earlv growth Higuerillo.responded to added N'
uut uv so*..ine, oryweiSht and N-accumulition were the same itr all treatments: Purley

il;;i;;;ff;hit *iti u to*.. growth rate showed no rr'egerative response to added

ir;;'";;;;;. iertitiser appticatio-n h"d no effect on seed yield of either cultivar; this

*". 
"qrlr"'i".ii 

. iaoo tg ila-r ror Higuerillo and lrl00 kg ha-r for Purley King at l5-l
-"irto-[ -ri..t. The iriputs of N b-y nodule fixation were calculated from the 15N

e*i"h-ent raloe, in plani components. There was an inverse relationship between the

"."rJ.iN 
p*..nt in the pot and the amount of Nz fixed by the nodules' showing the

;;il;;i;i i ;;; to iatlsfv most of the.nitrogen required bv high and medium
'r;"tairn cuttivan. t'lodule Nz-fixition continued in both cultivars until maturity although

ih;:;;:;;'p;i;i oim.i.a u*o.oirs to N treatment: applied. N inhibited nodulation

durins earlv srowth. Both of these detirminate cultivars showed a maximum N content

ilil;ir;;;;ii"; p;rts at floweriog. uhich fell during poddiog to.5o% of the maximum'

'ifr"." *ut oo similar decrease in iegetative dry matter, prcsumably nitrogen rich com-

pouoit *.t ..pfuced by carbohydra-tes. Although lhe l5N was all.taken up by the lime

iino'r".irg. luig. p.opo.tiort *ere eventually tianslocated to-pods (501 io Higcurillo'

ii 7;i, Pr.i.;y d.g]. The question is .aised whither efrciency of mobilisation of nitrogen-

"r("".-p""la, 
rio- ,.gitati"" to fruiting parts can be increased to augment seed

yields. (Eaglesham, Dart and DaY)
''-puri.v'riig pr"nti in pots fed ,iitn zs pp. N solution and itroculared with 3610 had

visitie ioOuteis 
.a1 

1l days and were acriv;li 6xing Nz ai 15 days from sowing. Nodrlar

6ratio, contirr.d actively to maturity. In contiast with strain 36'14 a sharp peak of

"Jritv 
*". ,.""ft.d at flowering and this then fell within a week to l0l of tl9 maximlm

i"G. ii.""r*, i, pot trials, yijds of Purley King are consistently better with 3644 than

;itil 3al0;;,i t;ih" ore.uliinput of N bi 36'14-is gleltt-t tryl bv 3610' The svmbiotic

p..fotuoo o1 tttu ins of Rhizobium piaseol; should be judged- therefore in terms of total

ii i;;;, ito. fixation rather than bv the longevitv bf nodule activity measured by

acetylene reduction.
l; il USA .; yields of high yielding lines of soyabeans 

-which 
show little nodule

activity auring poa_fill have been"in&eased'up to 50/. by foliar ferrilisation with N, P and

f 
"fi"'. 

n.*.iig tRamoa Garcia & H ur*ty 11976'1 Ag'o'omv Journal 6' 653-654' Pot

ilAt *itf, fr.f"ifing, inoculated with 3644, using foliir sprays containing combinations

of N, P, K and 3, siliiar to the American method have resulted in decreased yields' but

further trials are required. (White and Eaglesham)
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Brecding for increesed nihogen fxation in red cloyer. Families of nodulated rcd clover
bred for high leld (Rothamsted Report for 1974, Part l, 2,16) also yielded more than the
original cultivar (S123) when given combined nitrogen, either as a starter dose or through-
out growth at normal rates or continuously fed 250 ppm NO3-N. The latter treatments
stopped nodule formation. Differenc€s between the bred lines and Sl23 given combined
nitrogen were relatively less than when nodulated. These results indicate that selection
was not only for b€tter symbiosis but also for general growth attributes.

Further tests have confirmed the early-flowering habit of highly effective plants and
shown that such plants also flower early when unnodulated and given fertiliser nitrogen.
Their flowering, however, was completely inhibited in short days without this treatment
affecting the different yield responses of the bred lines, showing that early flowering was
not a consequence of any activity of the nodules.

The effect of selection was influenced by temp€rature. Using a day/night temperature
stress regime of l6/ll'C the higlly effective lines yielded l4l more than 5123. This
increased to 53f at 22ll1"C and 481at27l2Z'C. (Nutman and Poonam Rao)

Stsff ard visiring workers

A. R. J. Eaglesham left the department in October to take up an appointment at the
Boyce Thompson Plant Research Institute in America and N. Walker joined the Chemical
Liaison Unit here in September. R. J. Roughley from Australia has been appointed PSO
h lhe Rhizobium $olup.

Barbara Mosse visited Hawaii and Australia during a three-month study leave. Dr.
Nutman acted as external examiner at the Ile-Ife University and lectured at Ahmadu
Bello University in Nigeria. He also contributed to a symposium on Nz-fixation in
Salamanca, Spain and to a UNESCO regional course at the Agricultural Research
Centre, Giza, and lectured at Alexandria University, Egypt. J. M. Day visited Centro
Internacional de Agricultura Tropical (CIAT) and the University of the West Indies-
N. Walker attended the American Society of Microbiology's CoDference at the University
of Georgia in September and A. R. J. Eaglesham attended a me€ting at the International
Atomic Energy Agency in Vienna, Austria.

During the year the following visiting workers spent some time in the department:
Professor N. M. Bamett from the University of Maryland, USA, Miss Regine Bache
from the University of Gtittingen, West Germany, Miss Rachel Ron from the Volcani
Center, Israel. Dr. Ranga Rao and Mrs. Poonam Rao left to work at the Charles F.
Kettering Research Laboratory in America.
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