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

https://doi.org/10.23637/ERADOC-1-131 pp 1

Thank  you  for  using  eradoc,  a  platform  to  publish  electronic  copies  of  the  Rothamsted
Documents. Your requested document has been scanned from original documents. If you find
this document is not readible, or you suspect there are some problems, please let us know and
we will correct that.

Report for 1974 - Part 1
Full Table of Content

Soil Microbiology Department

P. S. Nutman

P. S. Nutman (1975) Soil Microbiology Department ; Report For 1974 - Part 1, pp 245 - 256 - DOI:
https://doi.org/10.23637/ERADOC-1-131

http://www.era.rothamsted.ac.uk/eradoc/
http://www.era.rothamsted.ac.uk/eradoc/book/131
http://www.era.rothamsted.ac.uk/eradoc/book/131
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-1-131 pp 2

SOIL MICROBIOLOGY DEPARTMENT

shfi
Hcd of DeNt rsrr,. P. S. NutmaD, pr!.D., p.R,!L

Sarior P,i,'r.ipal Scktt$c Ofrccr
Es.bara Mossc, pH.D.

Pdt.ipql Sci.ntilb Ofrc.rs
MarSaEl E. Brow4 pH.D.
P. J. Dart, PH.D,
F. A. Stilr!f,, M.A., pE-D.
N. Walker, pH.D., r.R.r.c.

S.niot Scien ilc Ofw
D. S. Hryma!, pH.D.

H ig her Scient lfi c Ofrcer t
J. M, Day, Pn-D.
A. R. J. Eagl6bam, pu.D.
Christioc M. H.DDsr, M.sc.
R. M. Macdonal4 pH.D.
J, F. witty, PH.D.

Scientifu Ofrccts
Mrs. Murial ChaDdlcr
P. E. Davi+ rsc.

P. S. NUTMAN

D. K. Paget, D,rc.
Sb€ila M. Smith, c,D.H.

,ltdsra, Sctedrific Otters
JosD Crawh',
Mrs. Ar,oc M. Pv€
Adricmc IL Smith
Mrs, GwodoliDa Smith
J. R. Spok6, B.sc.
P. vsn Berkum, B.rc.

Teripo.@y Votk ts
R. IslaD, M.sc.
MIs. Rohid Kuoarasin &c. B.sc-
C, D. Morlcy. B.sc.
June E, Ncilsoa
C, U. Pow€ll. pn.D.
J. B. R-hode3
M. J. Tiiriclq pn"D.

Pqsial Sccra@y
Mrs. Deidrc E Dsegitt

Imodnctim

I:g:1 Trtuu:,on.major aspects of the nirrogen cycle in soil and nitrogen fixation
by assocrauons of bacteria and roots, on vesicular-arbuscular endotrophic-mycarrhiza.
9f crop plants with special reference to the uptake of p by me"tea pf"oi", on the micrc.
bial interactions in root disease and on anaerobic basteria and ftsticide ureakoown.
work on field inoculation of clovers with rhizobia, the eflect of orpinic matter on nodu-
lation of tropical legumes' nodule fne-structurc, the genetics of 

"r6rr-ioo""tatroo 
group

specificity of clovers and their rhizobia, the fyophiliiation of Erulogone and stud-ies on
anaerobes \ ill not be reported this year. gxced for studies on the" properties of pea.G
as carriers-for inoculants and preliminary wor[ on soil structure, no-enfirely n.r, i,o.i
was started.

Some of our work is collaborative with other departmerts at Rothamsted and with
several institutes in this country and abroad.

Srulfies on legnne nodutrdon

Roltrnstcd xlfizonrrr c-otletdou rnd shrin rDd hosa tests" The Rothamsted Rlrbobzzl
Collection now comprises 496 straim of rhizobia, thre Minbitm tacterioplages,'i6
azotobacret_staias and 26 otherq mostly nitrifiers. In the two years fro- rani*ri rszs,
695 strains have boen dispatched (536 as freeze-dried ampoures and 159 in tne form oi
agar slopes) to 128 customers, 42 overseas. Since January i974, 32 new strains have been
added. to the Collection 'losfly of the important cowpea group of rhizobia.

Besides routine nodulation tests on new strains greenhouse trials have been conducted
to compare the effectiveness of our R. legnthosarum strains on yicia faba (field bean)
a.ad Pistm satinm, (gardeap€a). (D8vi0
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Tropicrl grein legunes rd locd isolrtes of Rhiobium. Fifteen strains of rhimbia of ttre
coQea group iiolated from various soils from Nigeria, Uganda and Rhodesia were

used as inocula for pot-grown plants of five legume species of agronomic importanc€;
vri cowpea (Yigna unguiculata cv. K2809), pigeon pea (Caianus cajan c't. Trinidad dwarf
No. 5), siratro (Macroprilium qtrcpurpureum), ktdan (Pueraria phaseoloides) and Towns-
ville lucerne (Stylosar thes humilis). All strains nodulated cow?ea and siratro, but not the

other hosts; only four strains formed nodules on Sry/osazrier. Several strains gave better
cowpea yields ttran ttre recommended CBl024, CB756 and R5000; others ranged from
ineffective to poorly eflective.

Workers at IITA, Ibadan, are examining the possibilities of introducing new grain

legumes into the humid tropics; little is known of their symbiotic characteristics. The
rtiaio RSOOO effectively nodulated Desmodhnn distortum (cv. Q 8378), small winged
bean (Psophocarpus tetaSonolobus), hyacinth bean (Labhb niger cv. Tln 16)' Bambara

groundnui (Voandzeia subterrqtea cv. TYS 6). Some species, viz. jack bean (Caruvalia

insiformis), rie bear. (Vigna unbellata cv. Tvum 2), dwarf Lima bean ( Phaseolus lunatus

cv.'170-33), clirnbing Lima bear, (Phaseolus lunatus cv. TPl89-l) and Mexican yam

bean (Paciyrisus erosls) did not nodulate vith R5000 and were then treated with a mix-

ture oi 14 other strains ofthe cowpea group and became nodulated. Isolations were made

from nodules for identification and further tests. Where nodulation was obtained with
R5000 it was highly effective, plants growing as well as those provided with 2'10 ppm N
in the nutrient medium. (Eaglesham and Dart)

Fietd inocdation of nrvy be.tr (Piasso&r rrlgcfu). The effects of field inoculation with
Rhizob an phaseoli str;in 3605 was examined at Woburn and Rothamsted on yields of
navy bean-(cv. Purley King previously called Seafarer) using nitrate levels of 0, 60,

120 and 2,10'kg N/ha ipplied it sowing. At Woburn, inoculation produced early nodula-

tion at aU N l;ve although nodules wire few and smalt at 2'10 kg N/ha, while uninocula-

ted plots showed little nodulation at any stage. Plots also sownsith Purley King and

inoiulated with strain R3607 without N were slower to nodulate. Throughout the season

inoculated and uninoculated plots responded visibly to N up to 240 kg/ha' Mature
pod lelds increased almost linearly up to 240 kg of -N-with 

inoculated plaats-yielding

ionsistently higher (100/ with 0N to l0% with 2'lO N) than uninoculated plants'

The highest yield was 2'25 t/ha of beans. At Rothamsted inoculated platrts were slolv to-

noddaL and a treatments showed less vigour than at Woburn' There was no effect of
added nitrogen on vegetative gowth. At final harvest, yields of pod for some treatments

were as high as the b€st yields at Woburn, but the bean/pod ratio at Rothamsted was

much lowei. Highest yield at Rothamsted was 0'5 t/ha ofbeans and in general there was no

response to inoculation. (Eaglesham and Dart)

Selection and breeding for increased niEogen fixrtion in red clover (Titolium ptaterue\'
Two breeding programmes, each covering three generations have examined the effects

of selection for-incieased nitrogen f-xation in the absence of fertiliser dtrogen and under
axenic growth conditions in a greenlouse. The first programme (Rothmsted RePort fot
1972,Patr l, 82) used the moderately effective strain of Mizobium tnfolri 0403/RCR for
the selection and test exp€riments (which were conducted initially in test-tube cultue),
and the second programme the highly effective strain 5/RCR, using open pot culture
with bacteriological control. By breeding from highly eflective plants large increases in
nitrogen fixation were obtained. Relative to the dry matter leld of the original cultivars,
these increases ranged up to 180% (average 5l %) in the first Programme and up to 42%
(werage 221) when the highly effective strain 5/RCR was used. In both programm€s

most benefit accrued in the second generation. It was also found that the original culti-
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vars (5123, Iat+f,owering Montgomeryshire and two commercial samples of Broad Red
in the first progfirmme, and Sl23 in the second programme), yielded appreciably less

than families raised from the modal classes of the populations.
These selections were next exarrined with a range of strains of R. ,r,/o/ii of different

provenance and effectiveness. t arge strain/family interactions were recorded with the
o403/RcR-selected material but interactions were less with the s/RcR-selected plants;
the highly effective lines giving larger yields than the modal lines with ten out of 12 test
strains-

Selected lines were also grown in pots of sand/gravel to which soil inocula were added
(1, 5 or 25 g of Woburn Stackyard or Rothamsted Long Hoos V soil containing respec-
tively c. 18 and l9C0 R. trifolii cells per g dry soil). These showed smaller ditrerenc€s than
when the plants were grown under bacteriologically controlled conditions and inocu-
Iated with known strains, but differences were partly restored by inoculation withstrain 5.

Highly effective lines nodulated earlier and produced more large nodules with greater
total nitiogenase activity than modal lines or original cultivars, but nitrogenase activity
Irr unit nodule weight did not differ significantly between plant lines. In both progtammes
the highly effective lines flowered about 10 days earlier than the modal lines; these
differences were observed in first-year and in second-year plants.

These results indicate a considerable potential for increasing the yield of nodulated
red clover by inproving the symbiosis by plant breeding. (Nutman)

Effect of temp€rstue on tte symbioris ol Yiga rulata (green gnm) t Wgnt nuryo
(blecl grrm). Temperature Q3ln,27124 and 2ll18'C day/night) greatly affected the
growth of both nodulated plants, and non-nodulated plants supplied with 2,tO ppm N
as ammonium nitrate. At 21', N-fed plants grew better than nodulated plants, but the
differences were relatively smaller at the higher temperatures. At 27' Y, mmgo nodulatfd
by Rhizobium strain R5000 produced as much dry matter as plants fed combined N.
Both species nodulated most rapidly and fred most nitrogen at 33'C. Nodules formed
Iater at lower temperatures; very few formed at 2l'C and little nitrogen was fixed. Nod-
ules formed by strain R5000 at 33'fixed 59 and 551more N tian nodules formed by
strains CB756 and SU3l8 respectiyely, ar,d at27",154 and 1021f more. Neither species

flowered at 2l' (by 45 days), whilst both spocies flowered at 27'; Y. mwgo did not
flower at 33"C. (Islam and Dart)

Effect of hert stress srd waterlogging on nitrogen fixation by cowpess. A preliminxry
experiment (Rothamsted Report for 1973, Part I, 85) showed ttrat four-week old cowpea
plants cv. K 2809 subjected to high soil temperatures were adversely affected in their
ability to fix nitrogpn, suggesting that high soil temperatures may be a constraint to
yields in tropical climates. The roots ofnodulated and non-nodulated plants (grown with
2zl0 ppm N in the nutrient medium) were subjected to up to l0 consecutive daily cycles
of 5 h at 40"C at three stages of growth; viz. just after initial nodulation, at flowering
and at mid-pod fill. Nodulated plants at all stages of growth lost up to 701 of tfio-
genase activity after five cycles of high temperature, but after a further l0 days of stress-
free conditions activity was fully restored. Plants subjected to 10 days of stress showed a

full recovery of nitrogenase activity over the latter five days of the stress Period. Mature
pod yields of stressed and unstressed plants, whether or not nodulated did not differ
significantly. The adverse efect of 10 days of zlO'C heat stress on the roots of cowpea is

thus temporary and without efect on final yield.
Other experiments examined the effect of waterlogging on nitrogenase activity and

yield of the same cultivar of covpea. Nitrogenase activity was decaeased most by periods
of waterlogging prior to flowering. One day of waterlogging had little or no efrect but
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four days of waterlogging induced yellowing of leaves and reduction of growth. After
two cycles, each involving four days of waterlogging, and a recovery period, there was
little effect of a third waterlogging cycle suggesting that thc nodules and plauts had
become toleraDt of waterlogging. @aglesham and Dart, with Dr. R. J, Sumnerfield
and Dr. F. Minchin, University of Reading)

I*ghaenoglobin (Lb). Electron paramagnefic resonance (EPR) spectra of the ferric
forms (Lb3+) of the t.r o soyabean Lbs and their deriyates at pH 7'0 were recorded at
liquid helium temperatures. They show that the enviroaments of the iron atom in these
Lbs and in cowpea Lb (Rothamsted Report for 1973, Part 1, 8Q and myoglobin are very
similar. EPR sp€ctra of the nicotinic acid complexes of the three ferric Lbs at pH 5.9
were alike, resembling the Lb3+CN- spectrum. The similar spectra of the Lbc and cowpea
Lb3+ imidazole complexes at pH 7'0 resembled the LbF+N3- spectrum.

Thc large EPR sigaal reported earlier al g:2 in oxyleglaemoglobin (Lbz+Or)
fractions was similar to the signal from nitric oxide haemoglobin (Hb2+NO) prepared
from blood, and identical to that of nitric oxide leghaemoglobin (Lbcz+NO) prepared
from Lbc3+ via Lbcz+Oz. An unstable form of Lbdzp detected by Appleby (Biochimica et
Biophysica Acta (1969) lg,26H9) was shown to be Lbdz+NO. Quantative EPR sp€ctro-
scopy of a sample of crude soybean Lb showed that it contained 30 +3% Lb2+NO.
(Maskall and Dart, with Dr. J. F. Gibson, Imperial Collcge)

The effcc{ of t€operrtue otr loot h.ir fufection of dovers. Infection was studied in the
small-seeded clover species, Trifol tn glomeralum $d T. parvifiorun gro\vn at root
temperatures of 6, 12, 18,24, 30 ar.d 36'C, with the tops maintained at an ambient
temperature of 23o during the 12 h light period (l5 000 lux) and 17'C in the dark' Roots
were examined at intervals from 4 days.

Infection of both spocies was much reductd at temperatures below I 8'C or above 30"C,
T. glomeraturn showing a narrower optimum at a slightly higher temperature than
T. parviflonan.lfiection was not simply related to root lenglh or cotyledon and leaf area.

Nodule number was more affected by heat or cold than infection; nodule volume was

less at the higher and lower than at intermediatE temperatures. The development oflateral
organs (primordia, nodules and secondary roots), like infection, was much reduced by
temperature below 18 or above 30". The marked zonation of infection along the root
and the morphological features of infection thread growth were little affected by tempera-
ture. The size of the root hair nuclei (larger in infected hairs) was not affected by
temperatnie.

Over most of the temperature rangE the rate of infection was biphasic, the data fitting
a model in which infections were proposed to be oftwo kinds: primary infections (xcur-
ring at random at a low rate and secondary infections adsing near those alrcady formed
at an augmented rate. OnIy the secondary rate of infection appeared to be iocreased by
temperature (betwe€n 12 and 30"C).

The inhibitory effect of high and low temperature was further studied ia exP€riments
in which plants were transferred at 4-21 days, from tanks held at 6 and 36"C to tanks
at A"C Md Yice versa.

Transfer from 6 to 24'C at 6,9, 12 and 14 days immediately increased the rate of
infection to above that of plants kept at 24"C, and caused a larger final number of root
hairs to become infected; with transfer at 20 days the response was less striking. Transfer
from 36 to 24'C also stimulated infeciion. With tramfer before six days this occurred
immediately but with transfer at 9, 12 ot 14 days stimulation occuned after a 1-2 day
lag period. Trander from 24 to 6 or 36' at any time had litde or no affect on the subse-
quent rate of infection.
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Plants werc also transferred from 6 to 24"C at six days for periods of 6, 12 or ?l4h
and then replaced in the 6'C tants. The inqrase in the raG of infection over the follow-
ing four days was proportional to time spent at 24"C, suggesting that an ireversible change
affecting initial susceptibility had taken place. (Kumarasinghe)

Ihc formetion of cdloce tn infccted root heirs. Fresh roots of Triloltun glomerattmt,
T. lmnifiorum zr.d. T. patens were stained with 0.005% aqueous aniline blue and exam-
ined by u.v, microscopy which identifies callose by green-blue fluorescence. Small areas
of callose were abundant in root hairs of each species, especially with rhizobia, and sorre
callose was observed in the cortex; cortical and root hair callose became less pronouoced
or disappeared altogether as the individual hairs aged.

Deposits of callose were prominent in the rcgion of initiation of the infection thread,
but did not appear to extend much into the thread. Uolike those in most uninfected
hairs these deposits were p€rmanent, reflecting an irreversible change in host wall
mmposition at the time of infection. (Kumarasinghe)

NiEog€r fix.tio by freliving boc{eria
nhieoqrrere rssocirtions. The nitrogenase activity of large core samples (Rothansted
Report for 1973,Pafi l, 84), taken from three sites was monitored at regular intervals
using the acetylene reduction assay. The mean daily nitrogen gains inferred from this
assay over the period from September to November were for Broadbalk Wilderness
(ltubbed) ll0 g/Ia, for Long Hoos ('odds and ends' under ryegrass) 32 giha, and for
Clay Cloft (under ryegrass) 82 g/ha. The soil moisturc beneath ryegrass was generally
lower than that in Broadbalk. The nitrogenase activity of Broadbalk cores, containing
Slachys sylvatica, dwlined rapidly in November as the plant tops died back. The activity
beneath the ryegrass at both other sites continued well into November despite a drop in
soil temperature at a depth of l0 cm from c I 5 to 6"C. Most of this activity was intimately
associated with the grass roots (less th.n 5 % in the residual soil).

Several tropical grain and forage grasses were germinated from seed and gown in
Woburn sandy soil (ow N) and Rothamsted clay-loam soil. Japanese and Shirohills
millet were particularly etrective in stimulating nitrogenase activity whilst Green panic
grass and Molasses grass were somewhat less effective. Setaia anceps growing in iores
of its native Australian soil had substantial activity (20-f 70 nmoles CzH.r/iroot dry
wtlh); Pennisetum clandestinum in Australian soil also promoted some actitity (17-2i
nmoles CsHa/E root dry fi/h), Plants of these species established from small cuttings
in Woburn and Rothamsted soil developed a similar order of activity indicating tlat a
range of grasses may be able to stimulate the indigenous nitrogen fixing bacteria in both
lJopic2.l (Rothamsted Report for 197 I , Ptn I , 95) and temperate soils.

Isolated roots of Shirohills millet, perennial ryegrass and Permisetun clandestinum
have a marked optimum for acetylene reduction at a pO2 of 0.04 atm. The importance
of attaining this Oz tension within the rhizospherc under normal growth conditions was
shown by a lack of nitrogenase activity in exposed peripheral roots of pot-grown plants
and by the quicker response to acetylene of exposed roots of intact plants when oxygen
was excluded during the preparation of the samples

A critical appraisal of the acetylene reduction assay as applied to non-nodulated
plants is being done to clarify the reason for tle lag b€tween the addition of acetylene
and the evolution of ethylene atrd the relation between acetylene reduction and nitrogen
fixation using r5N. With entire plants in pots and large cores of field-grown plants, the
lag in ethylene evolution was attributed partly to the time taken for diffusion of gas into
the soil; a shorter lag occurs with isolated roots in ttre absence ofsoil (Roriarzsteil Repo
lor 1972, Part 1,84. (Witty, van Berkum, Dan and Eaglesham)
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A.slocirtioD t,fllf,f,,n A@tobetu poqMli d Pasltabm notarun. Nitrogen fixation in
the rhizosphere of Paspahtm ororwn has been attributed to Azotobacter Paspali in lhe
rhizosphere although recent work suggests that other rhizosphere organisms may be-

more inportant. We showed (Rothansted Report Jor 1973, Part l, 80) that cultures of
A. paspali ptoduce gibberellin-like substances, an auxin and cytokinins. Further work to
examine the possible effects of hormone production has now demonstrated that cultures
of A. paspali stimulate growth of young seedlings of Paspalarn in John Innes compost
before nitrogen fixation can be detected- With older Plants (at 18 weeks) acetylene was

reduced more rapidly (80 nmol/g dry roots/h) by uninoculated than by inoculated roots
(10 nmol/g dry roots lh); A. paspali celts were present only in the rhizospheres of inocula-
ted plantt and plant growth was better in the inoculated series than in the controls'
Similar results were obtained in experiments with Paspalum grown in Brazilian soil for
24 weeks, although at this stage no Azolobactet paspali could be recovered from the
rhizosphere.

A second experiment verifying these results included plants, the seedling roots of which
were treated ;ith a fiIter-sterilised supematant of a 14 day-old culture of A. paspali.

At four weeks all teated plants were larger than controls, but there was no nitrogen
fixation. At 14 weeks nitrogen fxation was detected in all control and csll-inoculated
rhizospheres and in one rhizosphere of a supernatant-treated plant grown in John Innes

comp6s! and in two rhizosphires of control plants grown in Brazilian sotl. A. paspali

was 
-d"tect"d 

in some rhizospheres, but not always in those showing nitrogen fixatiol'
All treated ptants in both soils were significantty larger than controls. These results

indicate thafimprovement in growth of PasPalum otalum when associated with A' pas'

pdfi is caused by hormones rat[er than by nitrogen supplied by the bacteria' In the natural
invironnent the hormones may be supplied when the bacteria start to multiply in the

rhizospherg and the Plant/bacterial asiociation becomes firmly established. Subsequent

fixatio-n probably results from ac-tivity of organisms other than A. paspali that occur
widely in different soils, and are stimulated by roots of Paspa lum notatum when the
grass produces rhizomes. (Brown)

TaLe-dI disease

Effect of host auf fmgal truhition on expression of disease. Reports on the effects of
nitrate and ammonium fertiliser on the amount of take'all disease that develops in a
cereal crop are conflicting. Our results from monthly examination of rhizosphere soil

taken from wheat plants growing in the'wheat after intensive barley experimelt'in
Little Knott field, Rothamsted, showed that during the period of actiYe crop growth

after spring application of 'Nitro-Chalk', NHa+-N was slightly in excess of NO3--N.
At this time take-all disease is rapidly spreading on the roots.

To examine this further a modil system was devised. This consisted of sterile 500 ml
flasks partly fiUed with perlite moistened with distilled water, each flask containing a

vial of plant nutrient solution. The vials were supplied with 5'5 mg N as NO3--N and

N[I4+-N ir the ratios of I : 0,4 : 1, l:l,l:4and0:lNO3--N:NH4+-N.Asepticwheat
seedlings rvere placed in the flasks with one 'feeder' root diPPing in the solution and the

others growing in the perlite. Inocula of two pathogenic strains of Gaeumatmomyces
graminis were iatroduced into the perlite, with or without 0'2 ml of a I : l0 soil suspen-

iion to provide a mixture of soil organisms. After thee weeks seedlings were assessed-

for disease, which was expressed as a percentage of seminal axes infected, and length of
lesion as a Irrcentage of total root lengttr. The fungrrs had no direct contact with the
nutrient solution and was influenced only by the root environment as modified by the

nutrients taken up through the feeder roots. Infection by strain 0288 decreased as N[L+-N
2fi
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conc€ntration increas€d, and strain L$-7 was least infective on seedlings given the I : I
mixture or l00l NIIa+-N. Added soil organisms reduced infection and altered its pattern;
strain 0288 was most infective and strain Li-7 was markedly less hfective on seedlings

given 100 f NHa+-N.
The infection pattern from inocula grown with NOs--N or NHI+-N as nitrogen souce

instead ofthe medium containing 0'4f malt, was then examined. Both strains ofinocula
behaved similarly producing most infections on seedlings grown in the solution contain-

ing equal amounts of NIIr+-N and NOa--N. Ammonium grown inocula were less

infective than NOa--Brorvn inocula, and both less so than malt-8rown inocula. When
soil organisms were added the infection pattern v/as repeated, but disease was less severe,

and Nos--grown inoculum was generally most effective. There were complicated inter-
actions between host nutrition and the form of N on which the fungus was grown and
infection.

All these results showed that the amount of infection on roots depended on both host
and fungal nutrition, and on the activity of the microbial flora of the roots. (Brown)

MYcorrhiz:l studies

Udlisation of rock phmphate by mycorrtizrl Pla s. Growttr and P uptake of mycor-
rhizal and non-mycorrhizal onions, red clover, Stylosanthes al,d Centrcsema were
studied in seven soils (pH a'i{'l) supplied with rock phosphate. In three Rothamsted
soils (pH 6'2-8'l) neither growth nor P uptake of onions or clover were increased by
rock phosphate, but both were greater in mycorrhizal plants. In ttre Brazilian cerrado
soils (pH 4.5-6.5) rock phosphate and mycorrhiza increased dry weight of Stylosanthes,
Ceniosemd and clover 7-22-fold, and P uptake by approximat€ly l5Gfold. Rock phos-
phate alone produced smaller improvements than mycorrhiza alone and their combined
effects were synergistic. AU plants were given appropriate rhizobia. Nodulation and
nitrogen fixation only occurred to any extent in mycorrhizal plants given rock phosphate.
The Brazilian soils contained less available phosphate than those from Rothamsted.
Nevertheless, in a British Honduras soil (pH 6'4) containing amounts of available P
similar to those in the Rothamsted soils, Stylosothes responded markedly to rock
phosphate, and correspondingly more to rock phosphate and mycorrhiza. In two other
British Honduras soils (pH 7'2 and 7'7) ttrere was little response to rock Phosphate but
in one soil Cenlrosema responded markedly to mycorrhiz. Plants inosulated with two
different endophl'te strains weighed respectively 50 and 100 f more than non-mycorrhizal
plants and fixed six and nine times as much nitrogen; a third strain producing some

infection did not stimulate gro*th. In two soils there were also marked responses to
mycorrhizal inoculation of natural (non-irradiated) soil grven rock phosphate. (Mosse,

Powell and Hayman)
The spocffic activity of phosphorus in onions infected with seven different hdogone

strains and grown in soil labelled with 32P was very similar, indicating that different
endophytes probably utilise the same sources of soil phosphate; differences in the ability
of srains to promote P uptake may depend on differences in spread of the soil mycelium
or in translocation rates within the hyphae. (Powell)

Effects of Eycortiz: on ph@rte cycliDg ot Meettop Wood, L.ncs. Experiments with
B horizon soil from the IBP sitE showed that seedling growth of five indigenous plant
species was greatly improved by inoculation with indigenous mycorrhizal fung (Rotham'
sied Report for 1973, Pan l, 8l). The extent of the benefit, however, depends consider-
ably on the depth of the humus layer. Two soil profi.les were reconstructed. With a 2 cm

humus layer non-mycorrhizal seedlings in iradiated soil grew tretter than mycorrhizal

251

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-1-131 pp 9

ROTHAMSTED REPORT FOR 1974, PART I

seedlings but with a profile, considerrd tpical of the site---consisting of a thin litter
layer, a humus layer of 0.6 cm (10 ppm P), an A horizon of 2.4 cm (5.2 ppm P) and a B
horizon of 8 cm (3.2 ppm P)-mycorrhi,al Brachypodiwn and Fragaria aeedlings took
up 1.5 and 15 times more P respectively than the coresponding non-mycorrhizal seed-
lings. Both types of soil profile occur at the site and estimates ol mycorrhizal involvement
in phosphate uptake should preferably be based on r,, riru exp€riments. (paget and
Mosse)

Interictiotr betrecn qrccies of Erdrgorr td Cyfin&ocupoa, Mycorhizal plants grox,n
in iradiated Meathop Wood soil weigh about twice as much and take up-two to three
times as much P as those in unsterile soil, although irradiation does not increase the
available phosphate or much affect mycorrhizal deyelopment. The possibility of com-
petition between the mycorrhizal fungi and other soil micro-organisms for soil phos-
phate was investigated using Cylindrocarpon destructans, a fungus common in this soil.
Following inoculation, Cylindrocarpon became established in the soil but was rarely
recovered from Fragaria roots. Its effects on seedling growth werc very variable, being
beneficial for some seedlings and pathogenic for others. Cylindrocarpon did not reduce
efectiveness of Endogone by competition for soil phosphate. On the contrary dual
inoculation in irradiated soil tended to increase plant weight and significantly increased
phosphate uptake compa.red to inoculation vilh Endogone alone. Cylindrocarpon by
itself did not increase NaHCOs- or CaClrsoluble P in the soil. (Paget and Moss€)

Effects oflight on YA In a P-deficient soil plant growth was often stimulated
more by adding monocalcium phosphate than by inoculating *ith Endogone in low
light (8000 lux) but not in hig! light (25 000 lux). Infection was directly correlated with
concentrations of soluble sugar which were considerably lower in roots of Pdeficient
plants than in mycorrhizal roots or plants given phosphate. (Hayman)

Obcervations on the germination and grortlr oi Eadogonc on rgar plrt€s anrl in lte soil,
Yellow vacuolate Endogone spores wi.ll not germinate on agar containing more than
1.4 ppm manganese and some samples of spores will not germinate in the presetrce of
0'7 ppm zinc, but will germinate when subsequently transferred to a medium without
Mn or Zn. Many samples of agar tested contained sufficiently high Ievels of heavy metals
to reduce growth or completely inhibit germination, and the use of tap water to prepare
media can also be inhibitory. (Hepper and G. A. Smith)

The buried slide technique was found useful to observe growth of Endogone it the
soil. The number of yellow vacuolate spores germinating on agar-coated slides buried
in two soils or in sterile sand was the same as those on agar alone and was unaffected by
the close proximity of seedling roots. In soil, hyphal growth was much more extensive
than on agar; hyphae were characteristically very long and unbranched both in the
rhizosphere and in soil free from roots. By contrast, in axenic root organ culture pre-
penetration $owth of the mycelium was stimulated and rhizoidJike branching induced.
Substances produced by roots may be either adsorbed in the soil or metabolised by other
micro-organisms. Hyphae were not usually attracted to\yards growing roots and oftEn
grew straight across them. Only occasionally a hypha would change direction when close
to a root and penetrate it at right angles or run along the surface for a short distance
before forming an appressorium, indicating that the root is not uniformly susceptible to
VAiofection. (Hepper)

Some laminate and honey-coloured spores germinated on buried slides within two
weeks, whether or not host roots were pt€sent, producing branched hyphae up to 2 cm
long with small (30 pm) sympodially born spores, as on agar plates. G€rm tub€s
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approaching host roots, branched profusely before infectiag. Sporocarps of the Es type
only produced ephemeral hyphae, Buried mycorrhizal soyabean roots produced hyphae
from intemal (Es) or external (yellow vacuolate) mycelium after a delay of five w&ks.
The hyphae grew straight toward onion roots, branched profusely in their proximity,
formed appressoria and infected the roots. @owell)

In two experiments Lupinus cosentinii grown in pots at 20'C did not become mycor-
rhizal after inoculation with VA endophytes. However, when Trifolfum ptatense was
grown with lupin in the same pot it became mycorrhizal and when this happened the
lupins also became infected. (frinick and Mosse)

Niffication end nitrifring bacterir
Nev isolates. The use of calcium carbonate-coated membrane filters has been investi-
gated for isolating both ammonia-oxidising and nitrite-oxidising autotrophs. Five new
strains of ammonia-oxidisers werc obtained in pure culture, one a .ly'firosospira sp. and
the others species of,ay'irrosocyJrr (syn. Nitrosolobus multifoTnrs). Morphology of some of
these organisms has been studied by electron microscopy and also by dark-field micro-
scopy and the latter technique was particularly suitable for recognising species of lvirra.
sospira and studying l\r'rroJocFris.

Nitrite.oxidisers examined s€em to be mostly Nitrobacter W. and the morphology of
these from different soil types is being compared by electron microscopy. Nitrobaiters
are unusual_ organisms in that they rqrroduce by budding; this process is being studied
!y- photomicroeraphy of slide cultures and by electron microscopy of whole cells.
(Macdonald and Walker)

Effects of peticides on lte soil rnicroflorr. The possible use of nitrifiers as indicators
of pesticide damage is being investigated because they are knovr'n to be sensitive to certain
9h9mic{1 including some pesticides. The dominant ammonia-oxidising nitrifier was

irylated-fr-om the. I,9ng Hoos erperiment (see below) and identified as ,ly'r'trosocysrrs sp.
None of the pesticides when applied at field rates appears to depress the growth rate of
this orgaoism in pure culture or in soil perfusion conditions. (Macdonald and Morley)

To use nitrifiers as such indicators, a basic knowledge of the population dynamics
of the organisms is necessary. Ammonia-oxidisers were counted every two dayj in July
and August in a control plot of the Long Hoos exp€riment; three mixima and miaimi
occurred. Periods of increase in the ammonia-oxidiser population appeared to be corre-
lated with rainfall. Organisms w€re counted by the most probabli number method,
Population tstim€tes by silica gel plate counts were of the same order of magnitude.
(Macdonald and Walker)

A multiple column soil perfusion apparatus was designed for use in studies of herb!
cide degradation and the effects ofpesticides on aitrification. It uses a new air-lift system
and operates ttre columns in parallel rather than in series, avoiding a pressure diferential
between columns and allowing any number of columns to be operated simultaneously.
(Macdonald)

A long term experiment in Long Hoos field has been set-up to assess the chemical
and biological effects of combinations of four pesticides. The herbicide chlortoluron
with or without other pesticides, has been found to decrease markedlv the extent of
algal crust formation on the soil (Macdonald)

Microbial metabolism end co-nctrbolisrn of herbicirtes or relot€d compomats

l-Nrph$ol. The early metabofc pathway of l-naphthol (a hydrolysis product of the
insecticide carbaryl ('Sevin') m Pseudomonas spp. was further examined. Salicylic
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acid was detccted in cultures and in oxidation experiments with washed cclls in buffer
suspensions. The detection of salicylic acid and the failure to find any dihydroxybenzoic
acids in cultures grown on l-naphthol as sole carbon source indicates the anomalous
dissimilation of l-naphthol in comparison with 2-naphthol or other monosubstituted
naphtbalenes. (Spokes and Walker)

Ptenoxyecetic acld herbicides, The possible co-metabolism of substituted phenoxy-
acetic acid herbicides by phenol- or benzoate-grown bacilli was examined but we failed
to obtain any pure cultures of phenoxyacetate-utilising organisms for this purpose;
there werc small Oz uptakes in presence of 2,+D. @unlop and Walker)

Cblortokron. Work has begun on the possible mioobial degradation of chlortoluron.
Two crude cultures growing on the related compound ptoluidine have been obtained
and the responsible organisms isolated. (Spokes and Walker)

Degrartation of rsulam and sulphanifamirfe. The widely used herbicide, asulam (a
derivative of sulphanilamide) is degraded in soil but little is yet known of the process.

Both asulam and sulphanilamide are fairly readily degraded by mixed cultures of soil
microbes in soil perfusion systems or in soil enrichment flasks. The problem of isolating
the responsible micro-organisms in pure culture remains. Degradation in mixed cultures
is inhibited by pasteurisaiion or KCN but not by penicillin or cycloheximide. Manometric
experiments with mixed cultures grown on asulam showed 02 uptake at the expense of
asulam, sulphanilamide, sulphanilic acid and aniline; terminal rates of uptake were

similar. (Macdonald)

Staff rnd visiting lorters

P. Davis was appointed as Curator of the Rhizobiun Coltection, and J. Witty and

P. van Berkumlbiaed the department under the auspices of International Biological
Programme and Ministry of Overseas Development respectiYely, to work on nitrogen
fixaiion associated with tropical plants. J. Day and D' S. Hayman are on secondment to
IPEACS, Guanabara, Brazil and the Biological and Chemical Research Institute,
Rydalmere, N.S.W., Australia, respectively. Yisiting workers included Dr. M. J. Trinick
oi Division of Land Resources Management, Wembley, Australia, and Dr. C' Ll.
Powell of Ruakuru Agricultural Research Centrc, Hamilton, New Zealand.

P. J. Dart visited CSIRO Division of Plant Industry, the Australian Inoculant Research

atrd Control Services, and other laboratories in Australia, and ICRISAT in India. He
also presented papers at the Third Cabot Symposium, Petersham, Massachusetts, USA,
and it a Confirence on the Biology of Yield in Grain l-egumes in New Delhi, India.
Barabara Mosse visited CIAT, Columbia, University of Gainsville, Florida and the
University of Perth, W. Australia, and P. S. Nutman visited lfe University and IITA,
Ibadan, Nigeria. Several members of the department gave Papers at the International
Symposium on Mycorrhiza at Leeds.

PuDllcrtioos
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