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55  SCM sympos ium vo l .64  rev iew 86 IDF repor t

72 Barbecue roulette
Martin Adams & Simon Park
Summer  ba rbecues  a re  fun ,  bu t  subsequen t  food  po ison ing  can
somet imes spoi l  the party.

76 Bugs wi th in bugs.  symbiot ic
bacteria in garden insects
Angela Douglas
Many insects are garden pests.  Surpr is ingly microbes are of ten
unseen helpers in their  unwanted act iv i t ies.

Home compost ing
and i ts role in waste
management
Stephen Smith &
Olympia Mitaftsi
R u b b i s h  d i s o o s a l  i s  a  w o r l d w i d e  e n v i r o n m e n t a l

p r o b l e m .  H o m e  c o m p o s t i n g  c a n  m a k e  a  b i g

c o n t r i b u t i o n  t o  r e d u c i n g t h e  a m o u n t  o f  l a n d f i l l .

symbiot ic  fungi  in the garden
Alastair Fitter
Not  a l l  fung i  cause d isease.  P lan ts  re ly  on  an  assoc ia t ion  w i th

cer ta in  types  to  supp ly  nu t r ien ts  essent ia l  fo r the i rg rowth .

Bacterial and fungal
d iseases of garden plants
Roland Fox
Harmfu l  fung i  and bac ter ia  a re  a lways  lu rk ing  in

the  garden,  ready to  a t tack the  p lan ts  a t  a l l  s tages

o f  d e v e l o o m e n t .

64 Soi l  microbes and the war on
garden weeds
Robert J. Kremer
Microbes  na tura l l y  occur r ing  in  the  so i l  can  prov ide  an

a l te rna t ive  to  chemica ls  to  cont ro l  garden weeds.

'Bro l<en' tu l ipsand

Tulip breaking virus
Alan Brunt & John Walsh
Tul ips wi th str iped petals due to a v i rus
infect ion were al l  the rase in the 17th
ce ntu ry.
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Microbiology Todaytn bloom
Without  micro-organisms i t  is  un l ike ly thatgardens as we

knowthem would ex is t .  A l though ornamenta l  p lants  and f ru i t

and vegetables are subjectto assaultfrom a range of bacterial,

fungal  and v i ra l  d iseases,  they s t i l l  depend on microbes to

break down organic matter in the soi l  to provide vital nutr ients

and to form essential symbioses such as those of mycorrhiza

fungi with their root systems. Other more esoteric

re la t ionsh ips ex is t ,  some of  which are exp lored in  th is  issue of

the magazine wi th  i ts  focus on 'microbes in  the garden ' .

The theme was plan ned before we heard the good news

that the Soc ie ty 's  appl icat ion forastand in  the l i fe long

learn i  ng exh i  bit ion at the Royal H ort icu l tu ral Society's

Chelsea F lower  Show had been successfu l .  The d isp lay wi l l

feature mycorrhizas, showing the wide variety of plants

that rely on fungi for essential nutr ients in exchange for a

su pply of sugars. Alastair Fit ter 's art icle on p- 55 covers th is

t op i c  i n  some  de ta i l .

The Chelsea F lowerShow runsf rom 23to28 Mayand sowe

are taking the opportunity to hand out copies of Microbiology

Today to the visi tors. We hope thatthese enthusiasts wil l

en joy learn ing about the large ly  unseen ro le  o f  d i f ferent

micro-organisms in  the i rgardens.  A warm welcome is

extended to these new readers of the magazine' We also

hope to  see some SCM members on the s tandl

60 years on: SCM 1945-2005
The Society for Ceneral

Microbiology celebrated i ts

d iamond jub i lee recent lY.

The inaugura l  meet ing o f

Or ig ina l  Mem bers ,  a t  which

the Society was formallY

lau nched,  took o lace on 16

F ebr uary 1 9 45, alth o ugh

discuss ions lead i  ng to  the

decision to form the SocietY

had started in 1943, and

cont inued throughout

1 9 44.The govern i  ng bodY

was elected atthis gathering,

the ru les approved and the

annual  subscr i  p t ion set  a t

l  gu inea .  Due towar t ime

paper shortages it was not

yet  poss ib le  to  publ ish a

journa l .  Or ig ina l  Mem bers

numbered 24 l  andSCM

h e ld i ts f i  rst scie nt i f ic

meeti ng later that year i  n

Cambr idge in  Ju ly .

By  co inc idence  t he  322nd

meet ing of  SCM Counci l

took p lace on 18 FebruarY

th is  year ,  present ing an

ideal opporlunity to

celebrate the Society's

bi rthday. Cu rrent President,

Hugh  Penn ing ton ,  cu ta

cake decorated with a

portrait  of the scM's f irst

Pres ident ,  S i  r  A lexander

F leming,  which was en joyed

by staff and Counci l

members.  The Soc ie ty 's

health was also toasted in

champagne,  wi th  awish for

many more successfu I years

in  the fu ture.

ln format ion on SCM's

history is avai lable on the

website (www.sgm.ac.

uk / ab o ut/ hi sto ry. cf m ) .

L lan Atherton, SCM

1 FayeJones,SCM

B ug's l i fe at
Royal Society
Sheff ield U n iversity 's

project to teach students at

i  n  ner-c i ty  Chaucer  School

about  microb io logy has

been chosen for  d isp lay in

the prestigious Royal

Soc ie t y  Summer  Exh ib i t i on .

Funded  j o i n t l y  by the  SCM,

a Royal Society PartnershiP

award and the University,

ProfessorJeff Green and his

col leagues gave more than

1 00 year '10 and 1 1  s tudents

the oppor tun i ty  to  do some

practical work and learn

about  microb ia l  growth,  as

wel las  the impor tant  ro le  o f

micro-organisms in  our  da i lY

l ives.  The exh ib i t ion wi l l  be

open to  the publ ic  f rom 4 to

8 July 2005. See www.roYal

soc.ac.uk for  deta i ls .

Fred B rown
Memorial
Meeting
Dave Rowlands (Leeds),

wou ld  l i ke  t o  t hank  SCM

fo rm al ly fo r s u ppo rt ing th e

t r ibute to  Fred Brown he ld

at the Royal Society in

November .  A round  150

people a t tended,  inc lud ing

fam i ly, you nger scientists

and an amazingnumber of

Fred 's  o lder  f r iends and

col leagues. The scienti f ic

programme was wide

ranging but ref lected F red 's

oersonal i  nterests. The

event  f in ished wi th  a  t r ibute

by h is  e ldest  son Roger  and

was fo l lowed by a  d inner

attended by many who had

been associated with Fred

over the vears.

m ic rob io l ogy  t oday  rnay  *$



Microbiology Today h its the
headl ines

magazine provoked agood this interruption, the story

dealo f  in terest  in  the media.  wastaken up bythe pr in ted

SCM Counci l
February meet i  ng h igh l ights
I  ndustr ia l  L ia ison Of f icer
The search for an SCM Ind ustr ial Liaison Off icer is ongoing.
In  order to  s t rengthen l inks wi th  the commerc ia l  sector ,  i t  i s
hoped to  recru i t  microb io log is ts  work ing in  indust ry  as
members o f  the commit tees of  re levant  SCM Specia l  In terest

Croups.  Counc i l  heard thatasecond indust r ia l  members '
forum was to be held at the Society's meeting at Heriot-Watt

Univers i ty  in  Apr i lwhere th is  par t icu lar  issue wi l l  be
d iscussed.

FIS Annual  Conference
Counci l  agreed that  SCM, togetherwi th  the Hospi ta l
Infect ion Society, the Brit ish Infection Society and the Brit ish
Soci ety fo r Anti  m icro b ial Ch em otherapy, wo u I d co ntr i  bute
to the support and organization of the Annual Conference of
the Federat ion o f  In fect ion Soc ie t ies .

SCM f inances
The f inances of the SCM activi t ies in 2OO4 have been auditeo
and Counci l  was p leased to  learn that  a l l  was in  order  and in
compl iance wi th  U l (  Char i ty  Regula t ions.

5CM strategy
The Pres ident ,  Professor  Hugh Pennington,  announced
that the next strategy meeting would take place in March
to enable  agroup of  Counc i l  members and SCM staf f  to
discuss Society activi t ies and ways to develop them. The
recommendat ions of  th is  group wi l l  be debated in  fu l l

Cou  nc i  l .

Fighting infect ion
SCM continues with i ts endeavours to raise the awareness
of  microb io logy and in fect ion in  the publ ic  eye.  Counc i l
was informed of the arrangements for a presentation and
d iscussion meeti ng on F i  ghti  n g i  nfect i  o n at the H ouse of Lords
on 1 March 2005.  A large numberof  par l iamentar iansand

members o f  the Upper  House had accepted the inv i ta t ion
to attend. (See p. 96f or a detai led report.)

U I ri ch D essel be rge r, 6e n e ral S ecretary

An n ual Ceneral Meetin 92005
The Annual  Cenera lMeet ing o f  the Soc ie tywi l l  be he ld  on
Tuesday, 13 September 2005 at the Society Meeting at l(eele
University. Agenda papers, including reports from Off icers
and Croup Conveners ,  and the Accounts  o f  the Soc ie ty  for
2004 wil l  be circulated with the August issue of Aul icrobiology
Todav.

l i esa t t he  roo to f  t he  p rob lem.  wasab le to  h i gh l i gh t t he

Al though th is  is  an impor tant  lack o f  government funding

factor  in  reso lv ingtheMRSA in to  bas icMRSA research.

cr is is ,  the issue is  far  more John Reid,  the U l (  Heal th

The Comment  ar t ic le  on

MRSA in  the February

Mark Enr ight 's piece put
paid to the idea, cu rrent
in the popular press,  that
poor hospi ta l  hygiene

complex than genera l ly

oerceived. Jou rnal ists

the emergence of two

part icu larly transm issi ble

genotypes in the U l(

co inc ided wi th  increases

in  hospi ta l -acq u i red MRSA

bacteraem ia, along with

the more alarming fact that

o ther  s t ra ins were beginn ing

to affect healthy people in

the communi ty .

As a resu l t  the issue

was aired on the Today

programme on BBC Radio 4

and other  news bu l le t ins

before be ing ec l ipsed by the

announcement  that  day of

the engagement  o f  Pr ince

Char les and Cami l la

Parker- Bowles ! Despite

media overthe nextfew days,

wi th  some very  respons ib le

repor t ing.  Mark Enr ight

gave several interviews and

Secretary, and other
govern ment officials were

Cratifyingly, MTwas

ident i f ied as the source of

the story in both printed

and broadcast  media.

honed in  on the news that  provoked in to  responding.

l (eeping up the good work
SCM works on many fronts to raise important

m ic rob io log ica l  issues to  po l  icymakers  and op i  n  ion- formers.

The MT Comment  on MRSA achieved th is  ob ject ive as

described above. However, to make good progress we

depend on members who are wi l l ing to  a ler t  us  to  potent ia l

topics, write on controversialsubiects and feel comfortable

ta lk ingto  the press.

The Public Affairs Off ice keeps a database of experts on al l

aspects of microbiology who have agreed to respond to

enqui r ies .  More people  are a lways needed to  he lp  wi th  our

efforts to promote microbiology responsibly. Please contact

Faye J on es (e f.j o nes6lsgm.ac. u k) if yo u are i nterested.

microb io lo  gy today r "nmv f f$ 5 1



C rants
Overseas schemes
I  nternational Research C rants

The grants al low scientists to travel to or from the U l( and

Republ ic  o f  l re land in  order to  car ry  outa def ined p iece of

research in  anyf ie ld  o f  microb io logy.  Appl icants  must  be of

postd octo ral leve I or above. Appl icat io n s f  or 2OO5 are i  nvited.

I  n ternat ional  Development  Fu nd

The fund ex is ts  to  prov ide t ra in ing courses,  publ icat ions and

other  ass is tance to  microb io log is ts  in  develop ing count r ies .

Appl icat io n s for 2OO5 are i  nvited.

The Watanabe Book Fund

Members who are permanent ly  res ident  in  a  develop ing

cou ntry m ay app ly fo r fu n d i ng to acq u i re m i cro b i o logy boo l<s

for the i r  l ib rar ies .  These annualawards are ava i lab le  as a  resu l t

of agenerous donation from ProfessorT. Watanabe of )apan.

The c los ing date for  appl icat ions to  a l l  these schemes is

14 October2OO5.

Student  scheme dead I  i  nes
Postgrad uate Stu d e nt Meeti ng C rants

Crants  cover t rave l  and accommodat ion expenses for

attendance at one SCM meeting each year. Applications for a

grant to  a t tend the l (ee le  meet ing (12-14 September)  must

be su bm it ted by 9 Septem ber 2005. Applications for a grant

to attend the joint SCM/Norwegian Societ ies meetin g(27-30

September)  must  be rece ived by23 September2OO5.For

al lowances for travel and accom modation,tontact the

Crants Off ice or see the website.

President 's  Fund research v is i ts

O pen to Society mem bers wish ing to mal<e a short research

v is i twho are res identand reg is tered fora PhD in  an EU count ry

or in theirf i rst postdoctoral posit ion in an EU company. The

second round of  app l icat ions c loses on 14 October  2005.

Elective grants

These enable  U l ( / l  re land med ica l ,  denta l  or  veter i  nary

sc ience undergraduates to  work  on microb io log ica l  research

pro jects  in  the i r  e lec t ive per iods.  The second round of

appl icat ions c loses on 28 October  2005.

5 2 microb io lo  gy today n l ; :y  i lS

News of Members
Observer accolade
SCM President Professor

Hugh Pennington has been

voted into the Observer Food

Magazine 's  'Ha l I  o f  Fame'

2005. He received the

Judge 's  Award,  resu l t ing in

th  ree pages of  d  iscuss ion on

a wide variety of food safety-

re la ted top ics  in  the Sunday

paper, accompanied by a

gory  p ic ture o f  Hugh in  a

s laughter  house.

2005 Feldburg
Foundat ion Pr ize
Congratu lat ions to

Professor Geoffrey L.

Sm i th  FRS o f  lmpe r i a l

Col lege London and Edi tor -

in-Chief of Journal of Ceneral

Virology, who has been

awarded the 2005 Feldburg

Founda t i on  P r i ze in

recognit ion of his research

in to  ooxv i ruses.  The Pr ize is

awarded each yearto one

Br i t ish  and one Cerman

scientist,  to promote

Anglo-Cerman f r iendsh ip  in

med i ca land  b io l og i ca l

sc ience.  Professor  Sm i th

wi  I  I  de l  iver  a  pr ize lec tu  re

at Wurzburg and three

add i t i ona l l ec tu res  i n

Cermany.

Scott ish honours
Congratulat ions also to the

fo l lowing members who

have been e lected Ord inary

Fel lows of  the RoyalSoc ie ty

o f  Ed inbu rgh :

Al  is ta i  r  Brown (Aberdeen) ,

An ne Clover  (Aberdeen) ,

Anthony Nash (Edinburgh)

James Prosser  (Aberdeen)

Deaths
The Society notes with

regret the deaths of

Professo r W. G. Armstron g
( m e m b e r  s i n c e 1 9 5 4 ) ,

D rJ .  Cohen  (member

since 1 990), Professor C. E.

Hormaeche (member

s ince 1981 and Counci l

member 1995-1999),

Professor R. F. Middleton
(member  s i nce  1985 ) ,

Professor D.A.A. Mossel
(members ince  1950 )  and

DrW. Stannard (member

s ince  2002 ) .

Staff N ews
Lesley Hoy les,  SeniorStaf f  Ed i tor  on |JSEM, le f t  in  March to

take up a research post at the U niversity of Reading. We are

very gratefu I to Lesley for h er contr i  bution to the success of

the SCM jou rnals over the past 4 years, part icu larly the work

she  pu t  i n  on  JCV i n2OO4 du r i ng  a  d i f f i cu l t  pe r i od .  We  w ish

Les ley every  success in  her  career  back in  the lab.  Melan ie

f;;urt ieta 

wi |  |  be taki ng over the IJS EM Sen ior Staff Ed i to r

A warm welcome to new Staff Editor Karen Rowlett,  who

star ted work in  Apr i l .  l (aren comesto SCMwith  aweal th  o f

sc ient i f ic  ed i t ing exper ience,  both as a f ree lance and through

her  work  a t  CAB I  Publ ish ing.
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SCM Prize Lectures and Awards
A range of  prest ig ious awards is  made by the Soc ie ty  in

l . . .ogn i t i  o  n  o f  d  is t i  ngu ished co nt r i  but ions to  m ic ro  b  io logy '

t he  award  pane lw i l l  cons ide r the  submiss ions  i n  t he  au tumn

and  the i r  r ecommenda t i ons  w i l l  be  t a l<en  t o  November

Counc i l  f o r  app rova l .  The  ou t come  w i l l  be  announced  i n

the Februa ry 2OO5 issue of Mi crobiology Today '

The ru les for  each pr ize lec ture and a nominat ion form are on

th e S C M we bs i te :  www'sgm'ac' u k/abo ut/ prize _lectu res' cfm

Flem ing Award
The F leming Lecture is  awarded annual ly  for  outs tanding

resea rch  i n  any  b ranch  o f  m ic rob io l ogy  byayoung

microb io log is t  in  the ear ly  s tages of  h is /her  career '  The

award is  f  1 ,OOO. The rec lp ientg ives a  lec ture based on h is

o r  he rwo r l< to  a  mee t i ng  o f t he  Soc ie t y  and  t he  t ex tw i l l  be

pub l i shed  i n  wh i cheve r  o f  t he  Soc ie t y ' s  j ou rna l s  i s  t he

most  su i tab le .

Marjory StePhenson Pr ize Lecture
This  is  the Soc ie ty 's  pr inc ipa l  pr ize,  awarded b iennia l ly  for  an

ou ts tand ing  con t r i bu t i on  o f  cu r ren t  impo r tance  t n

microb io logy.  The winner  rece ives f  1 ,OOO and g ives a  lec ture

on h is /her  wor l<  a t  a  Soc ie ty  meet i  ng '  The text  is  usual  ly

pub l i shed  i n  a  Soc le tY  j ou rna l '

Peter  Wi ldy P r izefor  Microbi  o logy
Ed ucat ion
Th is i sawardedannua | | y fo ranou ts tand ingcon t r i bu t i on to

any areaof  microb io logy educat ion inc |ud ing un ivers i t ies ,  the

gene ra l  pub l i c ,  schoo l  pup i l s  o r  p ro fess iona lg roups '  The

w inne r  rece i ves  f  1 ,OOO and  g i ves  a  l ec tu re  on  a top i c  o f  h i s  o r

her  cho ice a t  a  Soc ie tY meet ing '

Nominat tons are now sought for the 2006 pr ize lec tures '

P lease complete  the form and send i t ,  together  wi th  the

suppor t ing documents ,  to  Dr  Ul r ich Desselberger '  c /o  SCM

H Q . D r D e s s e I b e r g e r w i l l b e p I e a s e d t o d i s c u s s t h e c r i t e r i a f o r

nom ina t i ons ,  shou ld  any  que r i es  a r i se  (e  u l r i ch '

d  esse l  berg er  @ cb241x. fsn e t '  co u  l<) '

The c los ing date for  a l l  nominat ions is  30 September  2005 '

U nd ergraduate Microbiology Prizes

The pr izes a im to  encourage The pr izes are awarded

exce l l ence  i n  t he  s tudy  o f  annua l l y  t o  t he

microb io logy by undergraduate s tudent  in

undergraduate s tudent5 e  ach qual i fy ing ins t i tu t ion

and to  promote scnolarsh ip  who per forms best  in  '

in .  and awareness of ,  microb io logy In  the i r

microb io logy in  unrvers i t ies '  penul t imate year  o f  s tudy

for  a  Bachelor 's  degree '

Each  w in  n  i ng  s tu  d  e  n t  w i l l

be awarded { .100,  a

cert i f icate and afree Year's
u ndergrad uate membersh i  P

o f  t he  SCM.

One pr ize is  ava i lab le  to

each u n  ivers i tY in  the U l (

a n d  R e p u b l i c o f  l r e l a n d

of fer ing a  degree course

wi th  a  s ign i f icant  content  o f

microb io logY.  The u n  ivers i tY

chooses the assessed

microb io log ica l  wor l<  for

which the Pr ize is  awarded '

The  submiss ion  shou ld  be

su ppor ted bY formal  mar l<s,

not  an in formal  assessment '

W inn i  ng  s tuden ts  shou  l d

have attained at least 2(l)

overa l l  in  the i r  degree

examinations atthe stage at

which the award is  made.

Univers i t ies  are now inv i ted

to  nom i  nate  a  s tudent  for  a

2OO5 SCM Undergraduate

M ic rob io l ogY  P r i ze .

Submiss ions  can  on lY  be

accepted on the form which

has  been  sen t t o  a l l

i ns t i t u t i ons .  The  f u l l  r u l es

and fur ther  coPies o f  the

form may be downloaded

f rom the SCM websi te  or

obta ined f rom the Crants

Off ice at Marlborough

H o u s e .

The c los ing date for

nom ina t i ons  i s  31  Augus t

2005.

(  P r o f e s s o r  A n d r e w

W e i g h t m a n ,  C a r d i f f  S c h o o l

o f  B i o s c i e n c e s ,  P r e s e n t s
L a u r a  T h o m a s  w i t h  h e r  S C M

U  n d e r g r a d  u a t e  M i c r o b i o l o g Y

Pr ize  in  2OO4'  Dr  S tuar t  Dav ies
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Scott ish Parl  iament Science I  nformation Scheme
(s PS ls)
This scheme was set up in2OO2to provide MSPs with access to impart ial advice and

information on scienti f ic topics. With a base at the Royal Society of Edin burgh, co-sponsors of

the scheme with the Royal Society of Chemistry, the U niversity of Edin burgh and the Scott ish

Parl iament Information Centre, 52TopicCo-ordinators were found who were wil l ingto swift ly

ident i fy  exper ts  in  the i r f ie ld  to  ass is twi th  enqui r ies .  SCM was inv i ted to  be an assoc ia te  o f

SPSIS to act as a cond uit  to expert ise in m icrobiology. Our exist ing experts in Scotland agreed

to be invo lved.  Fo l lowing a rev iew af ter  i ts  f i rs tyear  o f  operat ion,  the scheme wi l l  cont inue and

SCM has been asked to  par t ic ipate  again .  SPSIS wi l l  be re- launched in  the ear ly  summer and

wi l l  be heav i ly  promoted to  MSPs.

B BS RC reviews the m icrobial  science i t  fu nds
The Bio technology and Bio log ica l  Sc iences Research

Counci lw i l l  shor t ly  be rev iewing i ts  cons iderab le  research

por t fo l io  in  the Microb ia lsc iences,  and is  inv i t ingv iews

f rom the research communi ty  and others .

The review wil l  cover research on viruses, bacteria,

archaea, fungi and protists. l t  is part of a series of reviews and

consul ta t ions prov id ing in format ion that  he lps BBSRC to  set

i ts  research pr ior i t ies  and p lan i ts  act iv i t ies  in  the l ight  o f

stakeholders' views. Recent reviews have covered research

in Sustainable Agilculture (2002), Crop Science (2004) and

Farm An i m al Cenom ics (ongoi ng).

The Microbial Sciences review will:

g r  rev iew current  research sponsored by BBSRCthrough

responsive mode, core strategic grantS to inst i tutes and

other  fu  nd ing re levant  to  microb ia l  sc ience.

{+l ' '  analyse research strengths and weaknesses in the context

of a medium- to longer-term (i .e. 5-10years) strategyfor

microb ia l research.

$p cons ider  how BBSRC's research pr ior i t ies  in  th is  area

re la te  to  those of  o ther  Research Counci ls  and Covernment

Depar tments ,  in  par t icu lar to  MRC, and those of  indust ry

and others takeholders ,  in  an in ternat iona l  context .

b i o t e c h n o l o g y  a n d  b i o l o g i c a l  s c i e n c e s

research  counc i l

nls. advise BBSRC on priori t ies forfuture research in

microb ia l  sc ience and how the h igh pr ior i ty  areas shou ld

be developed and to  recommend opt ions that

(a) promote col laborations as appropriate
( i )  w i th in  and between BBSRC inst i tu tes
( i i )  between BBSRC inst i tu tes and the un ivers i t ies

( i i i )  between BBSRC and other funders  nat iona l ly

and in ternat iona l ly ;

(b)  incorporate  the most  appropr ia te  fund ing and

trai n i  ng arrangements/mechan isms to su pport

microb ia l  sc ience research in  ins t i tu tes and

u n ivers i t ies ;

(c) optimize the transfer of the outputs of basic research

( inc lud ing that  o f  model  systems and spec ies)  in to

appl icat ion.

The rev iewwi l lbe conducted bya panelo f  exper ts  drawn

from the main s takeholdergroups,  which,  fo l lowingthe

formal ,  open consu l ta t ion,  w i l  I  su bm i t  a  repor l  and i ts

recommendat ions to  BBSRC's St ra tegy Board.  A repor twi l l

be cons idered bythe BBSRC Counci l  la ter  in  2005.

The consu l tat ion docu ment wi |  |  appear short ly on B 85 RC's

website atwww.bbsrc.ac.uk. Al l  interested part ies and

individuals are strongly encouraged to part icipate and submit

the i r  v iews.

Professor Nigel Brown, Director of Science and Technology

at  BBSRC (and long- t ime memberof  the SCM) sa id 'Wewould

particularly value the views of practising microbiologists. The

5CM membership includes avariety of experts, workingwithin

and outside the BBSRC's scientific remit. lt is importantthat

we obtain as wide a series of views as possible.'

The ReviewSecretary, DrJef Grainger, is happyto answer

any quest ions about  the rev iew process (e  je f .gra inger@bbsrc .

ac.uk) .
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This is an impressive symposium
volume. Besides being'bang up-to-
date'the contributions provide a
compendium of well written and
interesting chapters in keepingwith the
excellent reputation of this series.

This field is mor,'rng so fast that very
few scientists can hope to keep in tune
with all the complexities of the molecular
pathways being revealed - this volume
is therefore verywell timed and should
be a valuable asset for both virologists
and molecular patholo gists.

One's immediate reaction on reading it
is to admire the ingenuity of viruses in
combating the host defence mechanisms.
The strategies adopted are varied and are
critical to an understandinq of the
disease outcome.

There are16 chapters, some of which
provide a comprehensive review (e.g. an
excellent dissertation on HIV immunity)
and others which examine more general
concepts (e.g. adaptive immunity, gene
silencing initiatedby iRNAs and cellular
restriction factors). A striking feature
of many of the contributions is the
multiplicity of appropriate recent
references. Indeed, in the chapter on
influenza pathogenicity where the

tJr-nffiffi
possibility of an avian influenza
pandemic is real, this is particularly
peftinent. The chapter on haemorrhagic
diseases caused by dengue virus
infection illustrates the direct
importance of the T cell responses
and antibody enhancement in disease
aetiology. In many of the chapters the key
roies of virus gene products in regulating
apoptosis and the interferon response are
discussed in considerable detail. Thus
in many persistent RNA virus infections
the virus is able to thwart apoptopic
pathways successfully In the case of
hepatitis C infections there are around
10 million cases in the USA and with
no viable vaccination strategies and no
adequate therapies;the case for
unravelling the molecular pathways is
compelling. The chapter describing
progress on this problem illustrates
the complexities of the interacting
pathways of interferon signalling and
T cell responses. With the more recent
emergence of SARS infection the short
chapter on feline coronaviruses provides
anupdate on a modelwhichismore
amenable to i n v iv o i nvesLigation.

Papillomavirus infections are quite
widespread and have (because of lack of
good in fitro systems) only been studied
in any depth relatively recently The
presentation describing the basic events
leading to the variety of disease outcomes
characteristic of this family makes
fascinating reading and illustrates the
ability of a smailvirus genome to employ
many different strategies to disrupt cell

cycle controls. In another chapter,
infection by Ebola and Marburgviruses
where the disease usually overwhelms
the host via efficient suppression of the
host defences is described in some detail.

The characteristics of the responses
to infectionbymembers of the herpes
family are described in two chapters.
One of these is targeted very specifically
on the role of CD8 T cells in the
regulation of HSV-i latency and the other
provides a broader perspective of gamma
herpesvirus pathogenesis based on
murid herpes virus 4.

The larger viruses are covered by
chapters on pox viruses and African
swine fever viruses and show that in
addition to the strategies employed by
their smaller cousins, these viruses can
even produce gene products which can
act as decoys to subvert the defences
of the host.

It is interesting that the Editors
have decided to include a contribution
on prion diseases. The agents
responsible are apparently not viruses
and our knowledge of the molecular
pathways leading to the spongiform
encephalopathies, in stark contrast to the
descriptions in other chapters, is almost
minimal. Nevertheless, its inclusion is
a sharp reminder that nature can quite
often even subvert the intrusions of
the molecular biologistl

P rofessor Wi I I ie Russel I
University of St Andrews

An orderJormfor SyrnposiumVolume 64 (andearlieryolumes) is ayailable on application

JromtheSGMMemberslttpOff ice(members@sgm.ac.uh)
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Most people thinl< of fungi and plants in

terms of disease, but as AH;,ttu.xm*r: ' ' 'raK'z.*r'

explains, certain fungi areessential to plant

growth. They form mycorrh izas- m utually

beneficial associat ions with plant roots.

Without this sym biosis o ur gardens wou ld

not be so green.
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I it'""'!:r:'t:t":i' veryone knows that a plant
I has leaves and flowers, and

below ground i ts roots

11 ranch and explore the soil.
Yet that picture misses an

:..;,.;a1,:.,.:.1'::::*),r! essential COmponent aS

virtually all plants live with a fungus in

a symbiosis called a mycorrhiza (from

the Greek, meaning'fungus root') that
is essential to both paftners. The plants

get phosphate and some other nutrients

from the fungus, and the fungus gets all
its sugars from the plant. Plants gain

other benefits too from the symbiosis

and sustainable farmlng, forestry and
gardening will all increasingly rely on
understandine how it behaves.

; : ; ' : , : ; ; ; : , ,  ;  t : ; ; ;  ; : ; 1 ' ; I ,  i ' r i  .

To explain why they are mycorrhtzal,

we need to go back to when plants first

colonized the land more than 400
million years ago, in the Ordovician
and Devonian periods. The first land
plants  had no roots ;  the i r  coarse,

Lranching rhizomes lay on or near the

surface of the ground. The obvious
problem for these plants was getting

water ,  but  in  pract ice they probably

grew in wet places where water may

not have been the challenge. A greater
l ; f f ; ^ , , ' l r , '  ^ o 1 i n o  n h n q n h a t eL f I f t I L | . , l l l - y  W a 5  $ L t u r r r p i  y r r v J y r r d L L .

The aquatic ancestors absorbed it from

the water .  where i t  was present ,

a l though very  d i lu te .  On land,  a  new

problem emerged. phosphate ions form

extremely insoluble compounds with

elements such as iron, aluminium

and caicium (think of bone), all of

which are abundant in rocks and soil;
hence phosphate ions diffuse extremely
slowly into soils, taking days to move

a few millimetres. Phosphate would
not therefore move to the plants, and

with no roots, the plants could not

forage for phosphate in the soii. instead

they formed a symbiosis with fungi,

whose growing network of threads (the

mycel ium) a l lowed them to  exp lore
the soil and forage for phosphate. In
return the plant provided the fungus

with organic compounds.
Three lines of evidence support this

story: first, molecular evidence shows
that this group of fungi originated at or
before that distant time: second. we
find plants that form this type of mycor-

rhtza tnall branches of the evolutionary

tree of land plants, showing that they
must all have shared a common mycor-
rhizal ancestor; and most convincingly,
there are fossils from Devonian rocks
nearly 400 million years old that
contain the fungal structures (Fig. 1a)

and older Ordovician spores that are
unequivocally from the group This

ancestral type is known as an arbus-
cular myco rrhrza. after the t iny struct -

ures called arbuscules that develop
inside the cells of the root and branch
like trees (Fig. lb). The arbuscule is
where the plant obtains phosphate from
the fungus. Surprisingly, we still do not
know where the fungus gets sugars
from the plant. but i t  may be in the
intercellular spaces where the fungal
hyphae proliferate inside the root. The
plant  is  the on ly  source of  organic
carbon for the fungus, which appar-
enlly cannot grow solo; no-one has yet

cultured these fungiwithout a plant.

t i : . t . : ;1 , "..'. 
;.-:.i

r  11 ' t '1  ,

The reasons for the origin of this
symbiosis do not, however, explain
why about two-thirds of modern plant
species fo.rm arbuscular myco rrhtzas.
Most modern plants have well develop-
ed root systems and can obtain phos-

phate themselves: they can grow in pots

of sterilized soi1. However. the root

, r :  H y p h a e  ( w h i t e )  o f  a  f u n g u s  ( p h y l u m

Bas id iomycetes)  g rowing  on  the  roo ts
(brown)  o f  the  s t rawb er ry  t ree  (Arbutus

unedo). Dr leremy Burgess / Science Photo

Li brary

, 4  i  : . ,  ' ,  ' : .  A r b u s c u l e  i n  a f o s s i l  r h i z o m e  o f

Ag laophyton  major .The ar row po in ts  to  the

d i c h o t o m o u s l y  b r a n c h i n g  h y p h a  t h a t  g i v e s

r i s e  t o  t h e  a r b u s c u l e ,  a s  a l s o  s e e n  i n  t h e

modern root. Reprinted with permission

from Taylor et al.  (1 995) Mycologia 87, 557

t : ;  ; : " : ; : , .  A r b u s c u l e s  o f  a n  a r b u s c u l a r

m y c o r r h i z a l  f u n g u s  ( C l o m e r o m y c o t a )  i n  a

modern  roo l  o f  H  yac i  n tho  i  d  es  n  o  n  -sc r i  p ta .

J. Merryweather

microb io logy today r i ra '+  i i5



Plantago majorO r n ith ogal I u m u m be I I atu m

H o r .  :  c m H o r .  I  c
t
I
!

A J

l
j

i s
t . . . . . .

I

A i

i

1
i 4 0

A/(B)  i

;
r /R \  .

Mercurialis annua Aphanes arvensis

Sagina procumbens

Lolium multif lorum

systems of plants display enormous variation in form: grasses

have densely branched root systems with very fine roots (Fig.

2, bottom row), whereas plants with bulbs and corms (snow-

drops, crocuses, onions) have coarse, unbranched root sys-

tems (Fig. 2,toprow). Plants with dense, fine roots rely on the

fungus for phosphate only in very infertile soils, whereas the

trulbs and other thick-rooted species maybe wholly depend-

ent on the s;rmbiosis excepl in the most heavily fertiiized soils.

In modern agriculture, biological solutions to problems that

could be solved technologically have been unfashionable,

and little at[ention has been paid to the potential benefits of

this symbiosis. However, phosphate fertilizers ate all mined

unsustainably, and farmers and gardeners may therefore need

to rely more on their fungal partners in future.

Modern plants with fine root system's stiil form mycor-

rhtzas, even though they can often acquire phosphate

themselves, because the fungi do more than forage for phos-

phate: they can acquire other nutrients from soil, especially

the less soluble and hence less mobile ones such as zinc; they

can protect roots from other fungi that may be parasitic or

pathogenic; and they can bind roots to soil so improving their

drought resistance. There are other functions, too, for which

the experimental evidence is less strong, but even this

list shows that mycorrhizal fungi are powerful partners.

Consequently, they have profound impacts on plant com-

munities, and can determine the competitive hierarchies

amongst plant species.

/:,,i't\ ;,.1:l ; i" i'*i N tJ i:'i i:,i
The fungi themselves are remarkable. Their separate phylum,

Glomeromycota, has only about 150 described species.

However, since the laxonomy is entirely based on spore

features, this paucity almost certainly hides greater diversity:

again,molecular evidence points to that. They are apparently

asexual, but their unique spores contain thousands of nuclei

that appear to be genetically diverse, so that a single fungal

mycelium may be the genetic equivalent of a population of

individuais (or even possibly a community of species!). We

are only just beginning to understand the basic biology of

these organisms, even though they are among the most

abundant creatures on earth.

{: r".!r* m'g t". {: i i' h i ;;i#s

There is no way to tell whether a plant is symbiotic with an

arbuscular mycorrhizal fungus just by looking at it. You need

to stain the roots to reveal the fungal structures, though under

a microscope you can also see hyphae around the root.

However, this is not the only form of mycorrhiza. Later rn

evolution, a new mycorrhizal symbiosis emerged: this one is

visible to the naked eye, because lhe fungus changes the way

the roots develop, and the resulting stubby, often branched

root tips, coated with fungai hyphae, are very distinctive,

hence the name ectomycorrhiza (Fig. 3). The ectomycorrhtzal

symbiosis seems to have evolved at least lwice, in each case

with woody plants - first with pines and their relatives, and

later with woody flowering plants, such as oaks, beeches

and birches (Fagales). The same fungi are involved in each

case, and they are very different from those that form arbus-

cular mycorrhizas. Ectomycorrhizal fungi are almost all

Basidiomycota or Ascomycota, often forming well known

and distinctive fruiting bodies: fly agaric (Amanitamuscana) rs

an ectomycorrhizal assoclate of birch and pine.

Ectomycorrhtzas function similariy lo arbuscular mycor-

\ro'irf::ts*.t' f ;y m"l I y;f ;t*{s t'fv* wrsfir **

f u t; g* s t * # s.Freru#r'*:;is **"t' i*# x

#3y{#rr?ti:rm. {f;;}""{ rs #ss#r? timf

* * # r:tf: Lt p ;s rt ;,ry*:v"S
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' r , i  :  , r  Var iat ion of  rootsystem archi tecture displayed by root t racings
of a range of species. Reproduced with permission f rom L. Kutschera
(1 9 50) W u rze I atl as m i tte I e u ro p di sch e r Acke ru n k rd.u te r u n d
Ku ltu r pfl anze n (F ran kfu rt: D LC)

i ,  An ectomycorrhizal  root  of  p ine,  colonized by Lactar ius sp.
The roots are stunted and branch dichotomously;  the sheath of  fungal
hyphae  su r round ing the  roo t  i s  c lea r l y  v i s ib le .  F .  Mar t i n

, , , '  :  : , ,  ' , .  The achlorophyl lous orchid Epipogium aphyl lum growingat
one  o f  i t s  l as t  B r i t i sh  s i tes  i n  1966 ; i t  i s  now apparen t l y  ex t i nc t  i n
Br i ta in .  The  p lan t  has  no  leaves  and  v i r tua l l y  no  roo ts  e i the r ,  and  i s
who I ly rel iant o n a mycorrh izal f ungal partn er for al I its n utrit i onal
req u i rements.  A.  Fi t ter

rhtzas. the fungus explores soil and

obtains nutrients that it exchanges for

sugars with the plant. However, ecto-

rrrycorrhiz^l fungi can be grown in pure

culture, without a plant, because they

can decompose and obtain nutrients -

especialiy nitrogen - directly from

organic matedals. Without this direct

access to nutrients, plan6 rely on other
fungi and bacteria to break down

the materials and release them, for

which they must compete with other

microbes. The ectomycorrhizal sym-

biosis seems to have evolved as an

adaptation to growing in ecosystems

where plant litter accumulates because

decomposition (and hence the nitrogen

cycle) is slow, leading to nitrogen

deficiency. As far as we know, arbu-

scular mycorrhizal fungi cannot direct-
ly breakdown organic matter, and are
not heavily involved in increasing the

uptake of nitrogen, of which the ionic

forms, nitrate and ammonium, are

generally quite soluble in soils. Nowa-

days, ectomy corrhLzal plants dominate
forests in the temperate and boreal
zorres,whereas trees with an arbuscular

mycorrhizal symbiosis are found in

most tropical forests, where decom-

position and nitrogen cycling are rapid

and litter does not accumulate.

i .  . . i ' , ' i ' - ; , , : i  : :rr .r i  l  l  l i } i i . : : :r : : : , :r ; .

These two types of mycorrhiza arc

the commonest and most imporlant.

microb io logy today m; :y  i l lS

whether in natural communities or
in managed systems, such as farms,

forestry and gardens. However, there

are r'rra:ny other root-fungus symbioses,
generally confined to pafiicular groups

of plants, which suggests that theyhave

evolved recently. One is with heathers

and their allies (Ericales). This sym-

biosis is with a group of fungi that
are especially effective at breaking
down organic materials for nitrogen.
Heathers grow typically in soils where
peat forms, which shows that decom-
position has almost ceased and that
the nitro$en cycle has also ground to a
halt. Again, the symbiosis works as an

exchange: the heather gets nitrogen

and the fungus gets sugars.
Orchids too form their own mycor-

rhrza, but a very odd one. the orchid is

parasitic on the fungus, shown most

clearly in orchids that form no chloro-
phyl1(Fig. 4). Once described as sapro-
phytes, suggesting that they live off

dead organic matter, these plants obtain

all theirnutrition (mineral and organic)
from their fungal paftner. Nobody has

yet found anything that the fungus gets
from the orchid. How orchids trick
their fungal partners (some of which are
parasites on other plants) into entering

this one-sided relationship is a mystery

'i r" r r.t : rt (.. .l \-j ni t:t t"t

Mycorrhizas are ubiquitous: most

olants exist in svmbiosis. There are

several distinct types with unique

ecological properties. In natural eco-

systems mycorrhizal fungi appear to

control the diversity of the plant

community andthe speed of the carbon
cycle; in managed systems, except in

some types of forestry, their potential

has yet to be expioited and will not be

until we understand better the biology
and ecology of the organisms involved.

r Alastair Fitter

l  Departmentof Biology (Area2),

I  Univers i tyofYork ,  YO105YW, Ul<

i ( i  01 904328549,, '  O19O4328564,

I t: ahflpyork.ac.ul<)
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acter ia ,  and more espec ia l ly
fungi .  damage most  garden
plants. They tend to attack at
the most r,'ulnerable stages of
plant development. germin-
ation, the rooting of cuttings,

rapid foliar growth, flowering and fruit-
ing. Many pathogens only attack one of
these susceptible phases.

Seeds  and  seed l ings
Germinating seeds and seedlings are at
lhe preatesr  r isk  Themain reasonis that
s e e d l i n o q  2 r p  f l e q h r z  e n d  i r r i r - r r  * r h e r e r c' ' - " , , )
seeds contain reserves of carbohydrates
and other stored food reserves used in
germination. Many seedlings are eiiher
k i l l e d  n r  i n c r  n a c i t n r e c l  h v  e  n r i v e dq  I  L r r / \ !  u

group of micro-organisms which cause
damping-of f  and loot  ro ts .  The proto-
7 0 2 n  o o m \ / c e l e  

' n s e r d n f r r n o i '  
i n  t h e

senus  Pv th ium.  a re  o l t en  rhe  ch ie f
. ) ! : . . * "

r - r r l n r i  t q  r - 2 r r s i n o  d q m n i n o  n f f  T h p-  . ^ ' r " ' " .  ^ b  " - '

disease is worse in damp or wet soils.
The c lose ly  re la ted oomycete Phytoph-
thora spp.  behave s imi lar ly .  but  a lso
attack the fleshy newly emerged roots
and stem collars on much more mature
n l a n t s  r n c l r r d i n p  a  n u m b e r  o f  t r e e s .r '- ,- '" .
Oomycetes need water for their zoo-
spores to peneirate and spread through
the soil and so can be limlted if soils are
made more free draining by the incorp-
oration of gravel or compost. The true
fungi Rhizo ctonia solani and,\Iternaria
qnn  and  snec ies  o I  Pseudomonas" r r ' '
bacteria, attack both seedlings and also
more mature roots. Whiie the soil-
borne lung i  spread by a  ne iwork  o f
s t rands known as the mycel ium,  the
bacteria have to rely on films of water to
move to new hosts. Rhizoctonia solani
causes 'wirestem' as it attacks and
emaciates the collar region of seedlings
o f  t h e  c n h h z s e  l a - n i  l v  h v  n r e a n c  o fu )  l l t L q r r J  v l

] . r , ^ ] " . o  " ' h i ^ h  ^ f ' e n  e m a n a t e  f f O mr r ) i  y r r q L  v v  r r t L r t  v t  (

t  i s h t f  r r  n n c k c , l  h r r n d l e <  n f  t - - r - r " o l i r ' ' . ' t'  b " " ' /  r * - " -

cal led pseudoscle rot ia.

{  H a w t h o r n  f i r e  b l i g h t  ( s i n g i e  f l o w e r  t r u s s
i n f e c t i o n  w i t h  s p r e a d  i n t o  p e d i c e l s )  c a u s e d
by Erwinia amylovora. DEFRA

l'  White root rot (Rosell inia necatr ix) on a
N a r c i s s u s  b u l b .  D E F R A
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Booterlol
ond fungo
dlseoses of
gorder)

lonts
Path oge n ic fu ngi an d bacte ria are always i n

the environ ment, ready to attacl< garden plants

when the opportu n i ty arises. Roland Fox

describes some of the diseases that can affect

plants at various stages of development.

Roots
Even after plants become established

they can be attacked by root rots (Pyth-

ium spp ., Phy tophthor a spp ., Rhizo ctonia

s olani, Thielatiop sis b asicola, Fusarium

spp., Nectria radicicola syn. Cylindro-

carpon destructans and Phoma chry-

santhemicola). Even trees and shrubs

are killed by honey lungus root rot
(Armillaria mellea) and white root

rot (Ro s ellinia necatnx). Both also attack

some herbaceous plants and the latter

destroys bulbs. Foliage on trees infect-

ed by Armillaria mellea usually turns

yellow, then brown, branches die back

microb io logy today f f iay  t l i i

and growth is reduced. The roots of
infected conifers often become heavily

caked with resin, soil and mycelium.

Deciduous trees occasionally develop
sunken cankers beneath ioose bark
often permeated with gum and other

exudates.

Armillaria
Armillana melleais considered the most

damaging fungai rool rot as its hosts

include the coarse roots and lower

stems of trees, shrubs, vines, and some
herbaceous plants. In addition to
Armillaria mellea which is largely a

temperate species of root pathogen,
there are many other closely related
Armillana species worldwide, but mosl
live as saprophytes on dead woody
material. In Britain, Armillana mellea ts
often known as the bootlace fungus
because of the hard compacted threads
known as rhizomorphs which allow it
to reach new hosts. Between the wood
and the bark over infected areas are
white fan-like mats of mycelium and
fl attened, reddish black-brown rhtzo -

morphs. The latter resemble the thin
string-like rhlzomorphs it produces in
soil. For a few weeks in autumn clumns



of the honey-coloured mushrooms often appear around the

bases of heavily infected trees and stumps. Arntillariamellea

causes a white rot of infected wood. Initialiy this is light

brown and water-soaked. then white. often with black lines.
Mycelium can survj.ve for decades in this food source before

spreadrng through the soil inside rhizomorphs to colonize
hving hosts, leaves or dead wood. The rhizomorphs continue

to grow until they at first conlact, then entwine round and
penetrate healthy roots. lnfection of umnfected roots may also
resu l r  i i  t hey  t ouch  o r  g ra f t  on to  i n fec ted  roo t s .  Con t ro l  i s

difficult, but all dead stumps and roots should be removed

from heavily infected areas.

Stems
The stems of mature plants such as roses, bulbs, corms,
carnations, l ihes and tomatoes are affected by a variety

of stem rots (Botryt is cinerea, Sclerot inLa sclerot iorum,
Rhizoctonia solani and Altern rria spp.). Inside the stems of

tomatoes, carnations and other plants there may be Fusarium

wilt/corm rot (Fusarium oxysporum) or Verticillium wilt
(Verticillium albo-atrum). These enter via the roots and form
long -1 i ved  res t i ng  p ropagu les  as  does  bu lb  ro t  (Sc l c ro t i um

tuliparunt). Sclerotiumtuliparum,like the causai agent of white
rot of onions, Sclerot ium cepivorum, is long-l ived in soi l

as sclerotia; these are highly compacted balls of mycelium

with an rmpermeable rind not unlike that covering the
st rands ins ide rh izomorphs.  They have the same protect ive

function against other fungi and exposure to adverse

environments.
The bacterium responsible for crown gaII (Agrobacterium

tumeJaciens) also spreads in the soil like Pseudomonas spp., the

6 2

cause of bacterial basal crack, black blotch or wrlt. Affected
plants affected by develop a large gall at ground level. Crown
gal l  is  par t icu lar ly  preva lent  on roses.  but  can occur  on p lants
as diverse as gladiolus and oak.

Leaves
The leaves o[ many garden plants are pocked b; '  spots caused
hv  t he  [ ' t  t np i  As rn rh r  t n  A l t e rna r i  :  l ea f  sno t  s  tA l t e ru , t r i a\ /  r r L r  l r L U

alternata and other species), andPhyllosticta antirrhini, Phlox
leaf  spot  (Septor ia  d t  untn tor td i i ) .  l r is  leaf  spot  tD idynrc l l ina
macr lspot 'd)  and bacter ia  l ike  those respons ib le  ior  Ant i r -
rhinum leaf spots (Pseudomonas syringae pv. antirrhinunt).
Ring spot (Mycosphcterella dianthi) results in a somewhat
more complex spot. The downy mildews (e.g. Peronospora
parasitica) and the cause of ray blight (Didymella chrysanth-
e tn i )  hv  con t ras t  n rod  r r ce  h l i ph t  svm n r  omq  whe re  t  hc- t  " ' Y ' " '

pathogen en joys unrest r ic ted growth compared to  the leaf
spots whose colonial tendencies are promptly inhibited by the
host's defence mechanisms. Other common leaf pathogens
include the powdery mildews (like Erysrphe polygoni, r.arious
Oidiunt and Sphaerotheca spp.) which grow superficially
( ) ve r  l he  l eaves  h r r t  f eed  unde tec ted  bv  t he  hos t  r  r a  sncc ia l -

ized hyphal structures cal led haustoria sunk into their
ep ide rma l  ce l l s .  O f ten  powdery  m i l dews  de re lop  when
host plants are shaded. The rusts (Puccinialrcriana and other
spp.,Uromyces spp.) have adopted an extensive rntercellular
mode of colonization. The distorted growth caused by
Corynebacterium Jascians depends on environmental and
chemical factors. In violet smut (Urocy stis violae) the petiole
of the leaf is also swollen and distorted bv the oroduction of
spores.

microbiolo gy today f*n, ' f  i : !a: l



{  1 .  D e l p h i n i u m  b l a c l <  b l o t c h  c a u s e d  b y

Pseu d omo n as sy r i  ngae pv. d el ph i  n i  i .

2 .  Fuchs ia  rus t (Pucc in ias t rum ep i lob i i )  on

the  upper  sur face  o f  a  de tached lea f .

3 .  C lad io lus  c rown ga l l  (Agrobac ter ium

tu nefaciens).

4 .  Bay  laure l  lea f  spo t  (Phy l  I  os t i  c ta  I  au  r  i ) .

5 .  A  severe ly  a f fec ted  s tem base o fa

pe la rgon ium wi th  lea fy  ga l l  caused by

Co ry n e b acte r i  u m (Rh od ococcu s)

fascians.

5 .  A  c y c l a m e n  p l a n t  w i t h  c y c l a m e n  g r e y

mould  (Bot ry t i s  c inerea)  and c rown ro t .

7 .  A  s i n g l e  b l o o m  o f  a  c h y s a n t h e m u m  w i t h

grey  mou ld  (Bot ry t i s  c inerea) .

8 .  F r u i t i n g  b o d i e s  o f t h e  h o n e y  f u n g u s ,

Armil lar ia mellea.

DEFRA (1 7); Roland Fox (8)

Fire bl ight of apples, pears, Cotone -

aster, S orh us, Py r dcantha, hawthorn and

related trees is caused by Erwinia amyll-

vora, rmported to southern England

from the Amertcas in the 1950s. This

destructive disease has now spread to

most of Europe, the Near East and New

Zealand. Other bacterial foliar diseases

in the garden are the bacterial leaf spots

caused by Pseudomonas and Xantho-

monas spp. In partlcular, if unchecked,

the bacterial leaf spots on cherry leaves

caused by Pseudomonas syringae usually

develop into the symptom known as

shotholes. If this is not treated it can

spread from the leaves to the twigs and

from there into the branches and the

t runk where i t  causes gummosis  and

ultimately premature death. A number

of. Xanthomonas campestris pathovars

occur in the garden. Xanthomonas

cdmpestris pv. campestris causes a black

rot of cabbage and related plants.

Flowers
During flowering plants can exhibit a

range of diseases. Probably the most

serious is damping and spotting caused

by Botrytis cinerea. Sclerotinia rot
(Sclerotinia sclerotiorum) and Aiternaria

flower spot (Alternaria spp.) are also

frequent. On chrysanthemum, petal

blight or flower scorch (Itersonilia

perplexans) and ray blight (Didymella

chry s anth emi / My c o s ph a e r ell a Ii guli c ol a)

are damaging along with stunt (Chry-

santhemum Stunt Viroid) and flower

distortion/aspermy (Tomato Aspermy

Virus). After flowers have been harvesl-

ed and put in a vase, lhe water may

become contaminated by cut flower rot

bacteria (P s eudomonds spp. )

Disease versus decay
Plants are at risk from infection by

vanous pathogens at different slages ol

their lives. lt is common knowledge

that micro-organisms can sporl harvest-

ed fruits and vegetables. Some of these

pathogens produce powerful toxins

and so it is wise lo eat only sound

produce. Interestingly it has been

suggested that these poisons evolved

to discourage ourselves and other

4nimals from devouring the food that

moulds need. However, when we eat

edible pathogenic fungi like Armillaria

and even truffles (not virulent patho-

gens but they do stunt trees) we can

make some amendsl Even after the

death of plants, many soil-borne facul-

ta t ive pathogens and saprophytes

compe[e for their remains in the soil. If

they did not our world would soon

resemble a gigantic compost heapl

Finally, it is also worth considering the

incredible adaptations pathogens have

evolved on several occasions in order

to survive and thrive at our expense.

Roland Fox
School  of  Plant Sciences,
University of Reading ,2Earley Cate,
Whitel<nights,  Readlng RC5 5AU,
U l (  ( t 0 1  1 8 3 7 8  B 0 7 B ;  f  O 1 1 8 3 7 B
7 464; e r.t.v.fox@ read i ng. ac. u k;
w www. p I antsc i. rd g. sc .ul</ slaff /
stafflD-68)
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eeds have been
associated with
human activity
from the very
beginnings of
society,whenman

evoived from a hunter-gatherer mind-
set and began to domesticate plants and
animals and cultivate the land onwhich
he settled. Why have weeds continued
to persist as problems in our gardens,
lawns, fields, meadows, and roadsides

to this day? What is the nature of weeds
that causes them to be opportunistic
in almost any environmental situation
and pose problems ranging from com-
petition with man's desirable plants, to
production of allergens, production of
complex chemicals often toxic to man
and animal, contamination of foods,
feed and fibre, and harbouring other
pests? In today's society it seems to be
easier to find a'quick fix'for problems
ralher than try to understand why the
problem exists and derive a m nage-
ment planbased on knowledge.

Because estimated costs of losses due

Soil r-nicrobes ond the
Weeds are a big problem to al lgardeners

and growers, especial ly i f  they do not want

to use chemical herbicides. f l?CIbertJ. t{rerf i#r

explains how microbes can provide an

effective , alte rn ative m ean s of co ntro I .

to weeds are likely to exceed $ 10 billion
annually, the simplest way to get rid of
them is treat with herbicides and the
problem disappears - for this year -

onlyto return again the followingspring.
The majority of farmers, gardeners and
others involved in land management
only see the growing plant that needs
control; they do notreahze the dyna-
mics of the entire life cycle of a weed.
The larger and fundamental part of the
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woron gorden weeds
weed problem lies in the soil as resident and viable seeds or
othervegetative propagules (e.g. bulbs, rhizomes, etc.). In fact
a total weed management approach is based on preventing
seed production to relieve pressure on stopping weed
emergence and control of the growingweed (Fig. 1). If weeds
can be controlled at the seed stage, we can avoid totalteliance
on herbicides for controlling them when actively growing.

Weed seeds in soi ls
Most weeds produce great quantities of seeds that are
dispersed to the ground where they eventually find their way

into the upper few centimetres of the soil. These seeds have
physiological traits that allow them to persist in a viable state
(dormancy) in the soil for 50 years or more. Not all of them
germinate every year, so weed problems can continue even if
one manages to control seed production of weeds for several
yearsl Why do weed seeds persist in soil without being
attacked and decayed by the millions of micro-organisms
typically inhabiting the soil? Based on many trials involving
tedious retrieval of weed seeds from soil and culturing the
associated micro-organisms, we found that many weed seeds
possess elaborate mechanisms for avoiding microbial attack.

Co ntro l
growing
weeoS

Prevent  weed emergence

Prevent  p roduc t ion  o f  weed seeds  and

vegeta t ive  propagu les

{  Oppos i te  page.  Fumi to ry  (Fumar ia  sp . ) ,  a  beaut i fu l  f lower ,  bu t  an
annoy ing  weed fo r  many garden ers .  lan  Ather ton ,  SCM

^ r [  R e m a i n s  o f  t h e  f l o w e r  h e a d s  o f  a  s p e c i e s  o f  t h i s t l e ,  a  c o m m o n  f i e l d
weed. lan  Ather ton ,  SCM

{ F ig"  1 .  The th ree-par t  to ta l  weed management  p rogramme fo r  c rop
o r g a r d e n  p r o d u c t i o n  s y s t e m s ,  b a s e d  o n  c r i t i c a l  p h a s e s  d u r i n g t h e
l i fe historyof aweed. Reproducedwith permissionfrom R.J. Aldrich &
R.J. l(remer (1 997) Principles in Weed Management (Ames, lA: lowa
State U n ive rsitv P ress)
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A F ig .  ? .  lnh ib i t ion  o f  ve lve t lea f  (Abut i lon  theophras t i )

seed I  i  ng  growth  by  i  nocu la t ion  w i th  de le te r ious

rh izobac ter ia  ( le f t ) .  Note  the  much more  ex tens ive ly

b r a n c h e d  r o o t  s y s t e m  o f t h e  n o n - i n o c u l a t e d  p l a n t

( r i g h t ) .  T h e  i n o c u l a t e d  p l a n t  a l s o  s h o w s  e v i d e n c e  o f

ch lo ros is  in  the  newest  leaves .  R.J .  l ( remer

. l  F ig .  3 "  Root  sur face  o f  a  2 -wee l<  o ld  ve lve t lea f  roo t

colonized by Pseudomonasfluorescens strain 239 cel ls

(a r row)  a l igned in  the  in te rce l lu la r  spaces  o f  roo t

e p i d e r m a l  c e l l s .  B a r ,  1 0  p m .  R . J .  K r e m e r

F F ig .  4 .  Suppress ion  o f  weeds in  sweetcorn  p lo ts  a f te r  2

y e a r s  o f  c o m p o s t  a m e n d m e n t s  a d d e d  t o  s o i l  c o m p a r e d

to  no  t rea tment  ( inse t ) .  Weed dens i ty  and b iomass o f  the

composted  p lo t  was  reduced by  >50 o /o .

R.J. Kremer

ts  O ppos i te  page.  Rosebay w i  I  lowherb  (Ch am ae n  e  r i  o  n

angust fo l ium)  growing  in  a fa rmer 's  f ie ld . lan  Ather ton ,

S6M

Seeds with hard and dark-coloured

coats (such as mallow), pose not only a

physical barrier to attack by micro-

organisms, bu[ can also release toxic

chemicals from their coats in soils at

an optimum water contenl that repel

or even kiil soil micro-organisms. We

have also found that some weed seeds

harbour bacteria on or in the seed coat

that are antagonistic to soil microbes.

Selection of 'seed-attacking' micro-

organisms, therefore, would be a diffi-

cult task considering the nature of weed

seed structure and chemistry. Some

scientists have suggested that other

organisms such as surface-dwelling
insects might pierce seeds during feed-

ing and allow entry of micro-organr.sms

for attack. This strate gy may work for

only a few weed species and it is

Soi /s rn an aged i n a susfal n ab le rn an n e r

h ave rno rc pote nti al ly weed -su p pressive

bacteriathan so ils managed under

conventional sysfe rns that rely an high

in puts of rhem icals
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difficult to maintain adequate numbers of such beneficial

insects in the field or garden to have a significant effect on

deplet ing the seed populat ion in soi l .

Weed seedl ings ars vrJ l r re l "able
The germinating seed is a considerably more favourabie target

for microbial attack than the actual seed. we have selected

numerous bacterial cultures from roots of weed seedlings that

show excellent growth inhibition under favourable condi-

tions (Fig. 2). ir is cntical that the bacteria recognize the weed

seedling root via chemical signalling and establish high popu-

lations on the root surface through aggressive colontzation

(Fig. 3). Drawbacks to thi.s approach have been that appli-

cation of selecred bactenal cultures in practical fields and

gardens is hampered by adverse environmental conditions

(moisture and. temperature stress) and that while bactena are

ad.apting to the soil environmenl, the weed seedling simply

ourgrows any inhibitory effecr. Also, it is nearly impossible to

deuelop an inoculant able to attack the broad spectrum of

weed species that often infesl our fields and gardens'

Consenvet iol . r  h iological  contrnl  approach
Because it has proved difficult to select micro-organisms for

release into fields and gardens to successfully attack weed

seeds and seedlings, perhaps the resident microflora can be

induced lo suppress weed seedling growth? We know from

previous reports that the application of aged composts or

manures to soils often suppresses soil-borne diseases of our

desirable plants. using this strategy, we have found that sojls

that have been managed in a sustarnable manner, such as in

organic gardening, have more potentialiy weed-suppressive

baiterLa than soils managed under conventional sy,stems that

rely on high inputs of chemicals. we tested this observation

by applpng different composts and manures ( 1 2- 1 5 Mg ha-' )

and mulches of cover crops such as hairy vetch and oats, and

assessed microbial activiry and weed density We found that

after Zyears, soil organic matter levels increased as well as

several soil microbial enzyme levels, which were directly

related to reduced weed density (Fig. a). The important

finding is rhar a farmer or gardener able to recognize th^t

weed seed.s reside in soii can control future infestations by

using some simple practices that stimulate populalions of

weed-seed- and seedling-attacking micro-organisms' No

added exotic microfl ora, no expens iv e, hazar dous chemicals

are required -.1usr patience in conserving and nurturing the

narurally occurring weed biologicai control agents that reside

directiy in their own soi1.

RobertJ. l ( remer
USDA ARS, 302 AB N R B u i ld i ng, U n iversity of Missou ri'

Columbia,  MO 55211, USA. ( t"+1 5738826408;

f  +1 57 3 BB4 507 O;e l ( remerR@ m issou r i 'ed u)

Further readlng
Aldrich, RJ. & Ktemer, RJ. (f 997). PnnciplesinWeed

Management Ames, IA: lowa State UniversityPress'

Kremer, RJ. (f 993). Management of weedseedbankswith

micro-organisms. EcoI Applic 3, 42-52.

Kremer, RJ. 6c Li,J. (2003). Deveiopingweed-suppressive soils

through improved soil quality management. Soil TilIResT2,

193-202.

Magdoff, F. & WeiI, R.R. (2004) . Soil Organic Matter Ln Sustainable

Agiculture . Boca Raton, FL: CRC Press.
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\Brokent tullps ond
Tullp breokl ngvlrus

ue to their beauty, range
of colours and early
flowering, tulips have
remained popular as
garden plants and cut
blooms since they were

A  l l l u s t r a t i o n  o f  ' T u l i p  c v .  S e m p e r A u g u s t u s '

ta l<en f rom The Tu l ip  Book (c i rca l630-

1 639). N eth erl an d s Econ o m i c H i story

Archive

)  ' B r o l < e n ' t u l i p s ,  y e l l o w  a n d  p i n l <  r o s e s  i n  a

g l a s s  v a s e  o n  a  s t o n e  l e d g e ,  w i t h  a  b o t t l e  o f

i n  l <  a n  d  a  p i e c e  o f  p a p e  r  i d e n t i f y i n g  t h e

t u l i p s ,  b y J a n  P h i l l i p  v a n  T h i e l e n
(1545-1650). Reproduced with the

permission of Richard 6reen 6al leries

6 B mic rob io logy  today  n raT  i l l r

' first imported into Europe from Asia
Minor and Persia more than four and a
half centuries ago. Their introduction is
usually attributed to Ogier de Bus-
becque who, in 1554, f i rst sent tul ip
bulbs and seeds to Vienna. This, of
course, was only a few years after the
deaths of great historical figures such
as Henry VIII, Martin Luther, Pope
Clement VII and Francis I of France,
and when Tsar Ivan IV (Ivan the
Terrible) was at hns most powerful. lr
is interesting that Busbecque, Ambas-
sador of Ferdinand I, the Holy Roman
Emperor, to the great Sultan Souleiman,
the Ottoman Emperor (known to
Europeans as the Magnificent and
to his subjects as the Lawgiver),
considered in such turbulent times the
collection of plants new to the western
world an important duty. After their
introduction, tulips were immediately

popular in Europe and, soon after,
bulbs were distributed from Vienna to
Augsberg, Antwerp and Amsterdam,
and subsequently to other European
cities.

Tulip breaking virus
Of the viruses now known to infect
tulips and cause 'breaking', the best
known is Tulip brea"hing virus (TBV)

which induces leaf chlorosis and, in
coloured cult ivars, 'broken' f lowers.
Breaking, or rectification as it was also
earlier known, describes the appear-
ance of the flowers in which the petals,
instead of being uniformly coloured,
are variegated due to the irregular
drsrflburion of anthocyanin. Such
'broken' flowers are known to have
occurred in tulips in Europe within a
decade or so of their introduction and
have since featured commonly in art
and history. As early as l5B5 Carolus
Clusius, Professor of Botany in Leiden,
described how some red-, yellow- and
purple-flowered tulips in subsequent
years produced flowers that became
variegated (or, as later described,

I



l t 's h ard to bel ieve that in th e 17th centu ry people yearned

to possess a diseased f lowering bulb. Yet as Alan Brunt and

John Walsh describe, tu l ips with variegated petals d ue a virus

infection once com manded h igher prices than works of arI.
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A  I  l l u s t r a t i o n s  o f  ' T u l i p  c v .  d e  g e e l e  A d m i r a l

d e  M a n ' ( t o p )  a n d  ' T u l i p  c v .  C a n d i d a '
(bottom) tal<en from The Tulip Book
(cir ca 1 630-1 539). N eth e r I  an d s E co n o m i c

H istory Archive

)  E lec t ron  mic rograph o f  po tyv i rus  par t i c les .

Colin Clay, Warwick HRI

'broken'). The cause of breaking was
then unknown and, not surprisingly
in the absence of knowledge, was
attributed to various causes, including

an unsuimble planting depth forbulbs,

applications of manure that were

too high or too low, a soil that was
too poor or too rich, or an inclement

climate. Broken flowers produced by
tulips in the year or two after becoming
infected are undoubtedly beautiful,

but thereafter the vigour and flower
quality of infected plants decline
markedly. Clusius first observed in
l5B5 that such plants siowly degener-
ated and this is well expressed, if rather
grandiloquently, in his words '...any

tulip thus changingits original colour is
usually ruined afterwards and so wanted

only to delight its master's eyes with this
variety oJ colours beJore dying, as if to

bid him a last Jarewell'. However, in

the 20th century TBV was described
occasionally as 'the benevolent virus',
probably due to an inadequate litera-

ture search by the authorsl

Tul ip  specu la t ion in  Hol land
Although infected bulbs gradually

degenerated, those producing broken
flowers were very desirable and often
soid for high prices, especially during
the early tTth century. Financial

speculation in such bulbs was then

common; for example, some bulbs of

cv. Semper Augustus, the most beauti-
ful of broken red-flowered tulips,
were each sold in Holland for 1,000
florins in 1623 when the average
annual income was 150 florins. Two
years iater, each good SemperAugustus
bulb soid for 2,400 florins, and in

1633 each bulb was valued at 5,500
florins. Speculation in tulips reached
its peak from 1634 to 1637, and the

mania is reported as affecting not only
the wealthy, but also other citizens,
lncluding bricklayers, plumbers,

swineherds, clergymen and teachers.
The history of this period has been
told repeatedly, but is worth restating
briefly. In 1637 , the year of so-called
'tulipomania', it is recorded that a bulb
of Semper Augustus sold for 10,000
florins, this amount was then the price
of a house, gardens and coach house
in a very desirable location near the
canal in central Amsterdam. However,
this was also the year in which there
were more sellers than buyers and
eventually the market in tulips
collapsed.

There are numerous contemporary
satirical poems, essays, cartoons and
paintings on the follies of the tulip
speculators. As early as 1614 fun was
made of those spending large sums on
tulips; 'aJool andhismoney is soonparted'
appears on an engraving of two tulips
by ClaesJansz, and in a paintingby Jan
Breughel the Younger, monkeys in

contemporary clothing are depicted
dealing in tulips. In a classic cartoon,
tulip speculators are seen within an inn
(which is in the shape of a fool's cap)
named 'At the Sign of the Fool's Bulbs'
and, as a symbol of stupidity, has
outside Flora sitting on a donkey. The

cartoon has the caption 'Apicture of the
wonderful year 7637 when one fool
hatched another and the idle nchlost their
wealth and the wise lost their senses' . A
pamphleteer also satirically valued a
tulip bulb as being equivalent to:

12Jatsheep
R fnt nio<

4Jatoxen
B tons oJ rye

1 silver goblet
1 { .  ,11 )  -^- -  - .  , ;  +
r  J  L L | L  U t  C J J  J U L L

lbed(withl inen)
2hogsheads oJwine

4 tons of wheat 4barrels oJbeer
1,000\b of cheese 2barrels ofbutter
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ln 1 537, the year of
'tulipomania', it is
that a bulb

in central Amsterdam
It is also recounted that the Professor of Botany at Leiden
(a successor to Clusius) developed such an intense hatred
of tulips that he demolished any he saw with his walking cane.

Tul ips in st i l l  l i fe paint ings
Due to the very high value of bulbs in the early l7thcenrury
it cost less for some citizens to commission Dutch and
Fiemish artists to paint still life pictures which mainly
featured broken tulips rather than buy bulbs. paintings by
Maria van Ooterwyck, Simon Verelst, Ambrosius Bosschaert,

Jan Brueghel, Brussel, Hans Bollongier and many other artists
are now exhibited in art galleries and museums worldwide.
Pictures of 'broken' 

tulips were also commonly printed in
herbals such as Hortus Flondas,engraved by C. van de passe in
1614, which contains one of the earliest known illustrations
of these flowers.

TBV was long thought from pictorial records to be the
earliest recorded plant virus. However, it is now generally
thought that the earliest reference to a virus-indriced leaf
chlorosis is described in a poem by the Japanese Empress
Koken in AD 7 52:' F or, the plant I saw in the field of summer the
colour of the leayes were yellowing' . It is speculated that rhe
described disease was possibly caused by Tobacco leaf curl
viru,s, which is known to occur and cause similar symtltoms
in infected plants inJapan.

Recent history
Although'broken'tulips have occurred in Europe for over
four centuries, [he cause of breaking was not established
unequivocally until almost 50 years ago. Immediately after
the end of World War I, breaking was thought to be virus-

induced by analogy with other plant diseases; some evidence
for this was produced during the following decade when in
1927 tt was shown to be sap-rransmissible (although in the
early 1600s it was shown that breaking could be transmitted
mechanically by 'grafting' 

half a healthy bulb to half a broken
tulip bulb) and in 1928 to be transmitred by aphids. It was
not until the 1960s that TBV was shown to have flexuous
filamentous particles mostly measuring about 12 x 750 nm
and thus to be a virus. The genetic code of TBV has now been
partiaily sequenced and the virus is recognized as a member
of the genus Potyvirus (family Potyvindae). Like other mem-
bers of the genus ir is now readily detected and identified by
serological and molecular techniques. Today broken tulips
can be purchased that are the result of plant breeding, not
virus infection. As TBV-infected bulbs gradually degenerare,
this can be minimizedby removing and destroying.broken,
bulbs quickly before aphids spread rhe virus to other bulbs
and other hosts such as lilies.

Alan Brunt
Associate Professorof Warwick University, Warwick HRl,
Wellesbourne, Warwick CV35 9EF, Ut( (t01 9O3785684.,
f 01 9O3 7 85684, e alan. b ru nt2 @ bti nte rn et. co m)

John Walsh
Research leaderatWarwick H Rl and Head ofVirus-
Vegetable lnteractions Croup, Warwicl< HRl,
Wel lesbourne, Warwick CV35 9EF, U l<(tO24765
7 5028', f O24 7 65 7 4500 ; e j o h n . wa I s h 6 warw i c k. ac. u k)

Further reading
Blunt, W. (f 950). Tuhpomania.London: penguin.

Pavord, A. (2000). The Tuhp.London: Bloomsbury

Usefulcontact
The Wakefield and North of England Tulip Society is
dedicated to keeping older cukivars golng, and breeding and
showrng new varieties. For further rnformation contact MrJ.L.
Akers, 70 Wrenthorpe Lane, Wrenthorpe, WakefieldWFZ 0pT,
tJK(t0\924 37 5843) .
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Atthef irstslgn nf si l i l ,

pe*ple dust dcwn the

hanbeculs, h ead c ut r nt* th e

gand e il an d stert coc l<i ng.

As Martin Adams and

Simon Parl< C ese r ibe, &ft

e n; cyab I e *n eal c#"n eas i ly

be fcllnwed by a nasty

doss cf fnnd paisnn ing.

V The lmase Bank

h e  i n c r e a s i n g  u s e  o f  b a r b e c u e s  i s  a  f r e c r r r e n r  o m i s s i o n  f r o m  t h e. 1 * . , , .

catalogue of problems which forecasters predict will arise in the wake

of  g lobai  warming.  Each year  we see that  as the hours  o f  day l ight

lengthen and the temperature rises, some atavistic urge causes normally

sane and sensible people to rush outside to cook. But away from the

relatively well controlled environment of the domestic kitchen there

lurk increased nsks from new and familiarhazards.

It is well known that the incidence of many types of bacterial food poisoning

increases in the summer months. A recent study of Campylobacter r.nfection in

England and Wales between 1990 and 1999 found that rncreased rates of infectron

correlated with temperature. This may, of course, be the result of several different

facrors, but the increased prediiection for barbecues rs probably one of them. One

cerrainly doesn't have to be a very diligent searche r of the literature to turn up

numerous reDorts of outbreaks associated with barbecued foods. There have been

j

7 2 m i c r o b i o l o g y  t o d a y  i i r . j !  i " i - i



outbreaks ol Salmonella, Campylobacte r and Srcrp/rylococctts
r  '  I  ̂  ' '  ' r i np  caused  hv  ha rhec r red  f ood  reno r t  edL , { t l l ( t l )  I U U U  P U I > ( , 1 1 . " . a r ,  - /  . . . J L L u ! u  r v v u  r L p u l r \

r p { ' e n t l v  [ - r n m  A r r q . t r r ] l i r  ( l e n l , r n v  t h p  I \ l p t  h p r l r n d c  N T n r r r r ,' . /  " ' '  ' ' - " ' J y .
the United States and the UK.

These outbreaks can anse from a variety of causes. as we wrll
outline below, but a risk factor unique to the barbecue is that
the t 'ook is  f requent ly  not  the usual  household  food handler .
r he  ne rson  wh , r  h i  r eaqon  o fexne r i en , ' e  i s  l i ke l r  l o  be  t hc  mos t, ' " " ) ' . , , . , ' y . ' - , , , . . , , I

o r p a n i z e d  a n d  t h e  m ( ) s 1  k n ( ) w l e d p e a b l e  i n  m a t t e r s  o i  f o o d" ^ t ] * ^ . . . '

h v o i e n c  \ \ ' h i l e ' r m a j e t r r  n r p h t q  c a n  h e  c o m m e n d a b l e  e x c r -r r j / 5 r \  r r \ .  r r  r r r r \  q r r r q L \  u r  ' r r 5 ' r r J  l q r r  u r

cises tc'l discover new [alent in many areas, when it comes to
ha rbec r r i np  i i  mavhe  a t  some  cos t .* . . . b . . - - ' ^ ) . '

/^^ -r'r- ^ -. '+^i'^ will rncrease the chances of contamtnation\-uub.r.rrB u u L>rLrc

from sources such as bi rds (a known resen'o i r  of  Cumpylo-

m i c r o b i o l o g y  t o d a y  , , , : , ' ,  ,  ,

bacter) and flies, but the pnncipal problems are likely to come
f rom the  i nc reascd  r i s k  t r l  i am i l i a r  hyg iene  f a j l u res  such  as
undercooking, inappropnate storage and cross contamination.

Straight fr*nr th* e*w {*r rhick*n}
\  r - ^ " r  '  L ^  - - "  r  '  r d s  u s e d  i n  b a r b c c t r e q  n ; r r r  i r - u l r r l r  m e a ll v r d r l l  ( r r  r i l (  r d w  l L l U L l >  U > r L l  i l l  U d t U L L L I L ) .  l / d l ( l L u r c l t l )  i l l L

and poultry, may be contaminated with bactenal pathogens.
The incidence of Salmonella on chilled and frozen chrckens
^ . ^ , 1  , , - ^ , 1  ; -  r L ^  I  K  h a s  b e e n  m o n i t o r e d  n e r i , r d i r ^ a l l v  l , . r r  2H r u u u L l u  

l r r  L r r L  u l \  r r 4 J  u \ \  t t  t l l u l l l t u l L u  p t  I  l \ / u t L d l t l r '  t \ , 1

number of years and a steady decl ine has bee n noted from
79  9o  i n  f r t r zen  pou l t r ;  i n  l qB4 .  t o  4 l  9o  i r r  l aa4 .  t o  a  f i gu re  o f
6% quoted by the Food Standards Agency in 2001. The
incidence of Campylobacter has also declined from around
Q0 oro in  the la te  t990s.  but  remains \  ery  h igh wi th  a  r 'u r ren l l )
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cited figure of 50 o/o. Occasional studies report much higher

levels, especially in imported chickens. Cattle and sheep are

natural reservoirs of veroloxin-producrng Escherichia coli

(VTEC) and meat derived from these animals can become

contaminated during the slaughtering operation. Its inci-

dence on raw meat is much lower than that of Salmonella ot

Campylobacter on poultry - surveys usually report figures

between 0 and 3ok -but the severity of the illness it causes in

r,.ulnerable groups such as the young and the elderly makes it

a very impo rLarrLhazard to consider.

Ti;rning up the heat
With a high likelihood that raw meats will contain bacterial

pathogens, control measures available during the final

preparation are critically important lo assure safety Salmon-

el la,YTEC or Campylobacter do not have any marked heat

resistance, so adequate cooking should ensure their elimina-

tion. With intact cuts of meal, such as steak, undercooking is

less of a concern stnce the inlerior of muscle from a heaithy

animal is like1y to be sterile and the surface conlaminalion

should be eli.minated quite qulckly by the heat on a hot

barbecue. However, with irregular shaped products such as

chicken pieces or products formed from comminuted meats

such as burgers or sausages, ihorough cooking throughout

may be more diffi.cult to achieve. This is particularly so when

faced wlth the uncontrollable searing heat of a barbecue

which is rapidly carbonizing the ouler surfaces of the product

and sending biliowing clouds of acrid smoke into the eyes

of the inexperienced (and possibly slightly drunk) chef. At

high temperatures potentially carcinogenic heterocyclic

amines and benzo[a]pyrene can also form inside and on the

surface of red meat and these have been linked with an

increased risk of colorectal cancer. Wise is the practitioner

who microwaves first and then finishes off on the barbecue'

Spreacl lng i t  around
Though thorough cooking is an effective control measure, it

will ali be for nought if the product is then subject lo cross

contamination. Numerous studies have demonstrated how

effectively pathogens can be distributed around the environ-

ment and back on to food in the absence of strictly observed

hygiene. Key rules such as washing hands after handling raw

foods and the use of different utensils for raw and cooked

products may be less scrupulously observed away from the

ordered calm of the kitchen.

Someth ing on the s ide
While the association of pathogens with raw meals might

attract mosl attention, the potential for other common

ingredients of the alfresco meal to cause illness should not be

overlooked. There have been a number of outbreaks here and

abroadrelated to fresh produce used in salads, such as lettuce,

tomatoes and bean sprouts, caused by pathogens such as

Salmonella, Shigella and VTEC. There is probably no greater

risk associated with barbecues than with conventional food

preparation. although extended inappropriate storage may he

more 1ike1y if food is prepared well in advance of a barbecue

function. Improper slorage of potatoes baked ln foil has

cause d three outbreaks of botulism tn the United States. In

the largest of these, whlch affected 30 people, the potatoes

were cooked for 2 hours in an oven, then ieft at ambient

temperature for 1B hours. Heating in foil was not sufficient

to kill t-he Clostridium botulinum spores which were then

able to grow in the anaerobic environment and produce toxln

during subsequent storage. As a result of these outbreaks the

USFDA classified baked and boiled potatoes as a'potentially

hazardous food'.

Microbes don ' t  cause a l l  the prob lems. . .
It is far from our inlention to give an unbaianced picture, over-

emphasizing the microbiologrcd' hazards so, by way of

redress, it is also wofth noting some evidence of non-micro-

biological problems associated with barbeculng. There was,

for example, the 10-year retrospecLive study conducted at

Stoke Mandeville hospital which found that burn injuries

from bonfires and barbecues accounted from 2'160/o of.

admissions, the regrettable incident of cadmium poisoning

when someone used a refrigerator shelf as an lmprovized
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barbecue gril1, the arsenic poisoning

that resulted when wood impregnated

with copper-chrome-arsenate was used
on a barbecue, the asthma attack
t r iggered by a  barbecue,  the carbon
monoxide poisoning caused by a
barbecue gri1l, 'Backyard barbecue
syndrome' caused by steak impaction
in the oesophagus and finally the fatal

stab injury caused by a skewer at a
barbecuel

Bonappetitr.

Martin R. Adams and Simon F. Park
School  of  Biomedical  and Molecular
Sciences, University of Surrey,
Cu i ld fo rd  CU27XH,  U l<  ( t01483
686492', f 01 483 30037 4;
e m.adams@su rrey.ac. u k or
s. parkpsu rrey.ac. u l<)
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SWBLJ th n blrgs:

Many insects are garden pests, and wreak

havoc on both ornamental plants and crops.

Angela Doutlas reveals the unseen role of

microbes in helpinggarden insects to survive.
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Why is yourgarden green?
Macrobiologists would give a microbe-
free answer to this question. The
animals consuming garden plants -

mostly insects - are kept in check by a
combination of plant defences which
make the plants unpalatable or down-
right toxic, and natural enemies such
as ladyb i rds and other  predatory
beet les ,  paras i t ic  wasps and lungal
pathogens. This approach neglects a
key weapon of phytophagous (plant-

feeding) insects in their fighr back
against the near-inedible plants and
army of natural enemies. symbiotic
mlcro-organisms.

Many of the microbes requisitioned
by phytophagous insects in their
unending war with plants and natural
enemies cannot be cultured by tradi-
tional laboratory methods. However,
the recen[ deveiopment of molecular
techniques to study unculturable forms
is permittingmany new discoveries to
be made about these micro-organisms.

Why sym b iotic
micro-organisms are used by
phytophagous insects
Micro-organisms are metabolically
versalile, while animals are meta-
bolically impoverished. Thls difference
is key to understanding why symbiotic
micro-organisms are exploited by
phytophagous insects. Much plant
material is deficient in nutrients that
these insects cannot symthesize, includ-
ing essential amino acids and vitamins.

It may contain poisonous secondary
metabolites that insects cannot detox-
i$r These metabolic deficiencies can be
made good by forming symbioses wirh
micro-organisms possessing these
capabilities. Mlcrobial symbioses in
insects vary widely in their intimacy,
f rom complex and ever-changing
microbial communitles in the gut
lumen to highly specific relationships
involving single bacte rral taxarestricteo
to pafiicular insect cells.

Insect herbivores can be divided into
two functional groups: the'chewers',
such as caterpillars, grasshoppers
and leaf beetles, which consume plant
t issues wholesale; and the 'suckers',

such as whi te [y .  aph ids and sp i r r le-
bugs, whlch imbibe planr sap. I will
consider these two groups separately.

The microbiology of  chewing
insects: why caterpil lars are
not mini-cows
The traditional, but inaccurate, percep-
tion of microbial s;.mbioses in chewing
insects comes from our understanding
of microbial associations in cows and
other vertebrate herbivores which have
cellulose-degrading bacteria in their
guts. Wood-feeding lower termites - I
trust absent from gardens in the UK -

conform broadly to this paradigm
(although their cellulolytic micro-
orpanisms are nrot is ts  ra ther  than
bacteria), but among phytophagous
insects symbiotic ceilulose degradation
is exceptional. Some insects produce

A Nor th  Amer i can  lup in  aph ids ,
Macrosyphum alb i f rons,  feeding on a lupin
stem. The large female on the lef t  is  g iv ing
bir th to a l ive nymph .Vaughan Fleming /
Science Photo Library

{  A caterpi l lar  on a blueberry leaf .
Derek Shimnin / Science Photo Library
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A  F i g .  1 .  B a c t e r i a l  s y m b i o s i s  i n  w e e v i l s .
(a )  A  weev i l  o f  the  genus S i toph i lus  feed ing

o n  g r a i n .  ( b )  f h e  s y m b i o t i c  b a c t e r i a  i n

S i toph i lus ,  in fo rmal ly  known as  SOPE,  a re

l o c a t e d  i n  t h e  c y t o p l a s m  o f  s p e c i a l  i n s e c t

ce l l s ,  l<nown as  bac ter iocy tes .  C.  Febvay

and A. Heddi

)  F ig .  2 .  Bac ter ia l  symbios is  in  aph ids .
(a) The aphid Macrosiphum euphorbiae

co lon izes  po ta to  p lan ts  and manygarden

p lan ts .  (b )  l t s  symbio t ic  bac ter ia ,  ass igned

to  the  genus Buchnera ,  a re  res t r i c ted  to

i n s e c t  c e l l s ,  b a c t e r i o c y t e s ,  i n  t h e  a p h i d

body cav i ty .  In  th is  sec t ion  o f  an  adu l t

r e p r o d u c t i v e  f e m a l e  a p h i d ,  t h e  B u c h n e r a
^ " ^  l ^ - - l i - ^ A ,  ' . i n d  .  R t r r h n a r a - < n a e i f i r
d l  t r  f u L 4 f  l z g u  u ) r r r 5  4  D u L I t t  I c t  o - > v c v t t t v

FITC- labe l l ed  p robe  (g reen) .  Ba r ,200  pm.
A.C. Darby, S.M. Chandler and
A.E. Douglas

the i r  own ce l lu lase enzymes.  Others

appear to be cellulase-free herbivores

that eat lots of plant food, digest

the starch, protein, etc., and void the

greater part of the plant material as frass
(faeces).

The biosynthetic capabilities of

symbiotic micro-organisms are, how-

ever, exploited by some chewing

insects, especially those feeding on
'tough', slowly growing plant tissues of

low nutrient content. The micro-

organisms are believed to provide the

insects with essential amino acids and

vitamins, supplementing the supply

from their plant diet. The main focus

of recent research on this type of

relat ionship is the y-ProleobacL(rta

required by the economically import-

ant weevil pests, Sitophilus, of grain

stores. The sy'rnbiotic micro-organisms

with biosynthetic functions in the

ma:ny other chewing phytophagous

insect pests are a'rich seam' for future

microbial research.
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The m icrobiology of  sucking
i nsects: sym bioses without
paral le l
Insects feeding on the phloem or xylem

sap of plants include whitefly, aphids,

spittlebugs, leafhoppers, jumping lice
(psyllids), scales and cicadas. They are
major garden pests, depressing plant

growth and flower produclion, lrans-
mitting plant viruses and producing

uns ight ly  s t icky honeydew that  is

substrate for sooty moulds and other
fungi. Without exception, these insects

bear micro-organisms, usually bacteria,
in ceils separated from the gut. The

bacteria are a-, B- or y-Proteobacteria,

varying between insect groups.
The best studied of these associations

is between the y-proteobacterium

Buchnera and aphids . Buchnera provide

the aphid tissues with essential amino
acids, which are deficienl in plant

'phloem sap. The association is very

ancient, originating some 200 million

years ago. In other words, Buchnera

has been transmitted from mother

to offspring through the generations

of aphids since the early MesozoLc

and perhaps earlier. The genome of
Buchnera in three aphid species
has been sequenced completely, and

their genomes are tiny, about 650 kb,

with gene complements that are a

subset of the genes in the more familiar,

related y-proteobactedum Escherichia

coli. Gene loss has been substantial,
including all of the energy-producing
TCA cycle apart from the gene for a-

ketogiutarate dehydrogenase (required

for synthesis of the essential amino

acid lysine), many genes required

for the cell envelope (e.9. no capacity

to  synthes ize l ipopolysacchar ides) ,

and most transcriptional reguiaLory

sequences. Despite this, Buchnera

has retained the genes for essential
amino acid biosynthetic pathways,

and there is strong evidence that they
can synthesize these compounds,
releastng 50 o/o or more to the aphid
tissues.

It is widely assumed, but has not

been demonstrated, that the relation-

ship of phloem- and xylem-feeding
insects generallyis similar to the aphid-
Buchner a symbiosis. These symbioses
are without para1le1, because the animal
hosts, all hemipteran insects, are the
only animals that can utilize plant sap

as sole food throughout their life cycle,

and the repeated evolution of sym-

bioses with micro-organisms has been

cruciai io this lifestyle.

Microbiology and chem ical
warfare in the garden
Chemical warfare is rife in the garden.
Plant secondary compounds deter
or ^re toxic to phytophagous insects,

and some phytophagous insecls are

chemically protected against natural
enemies.  Micro-organ isms assoc ia ted

with phytophagous insects have been
suggested repeatedly to detoxify
plant secondary compounds or

synthesize secondary compounds

effective against natural enemies. To

date, the evidence has been slight.
Perhaps the best example is the rove

beetle Paederus, with bacteria allied
to P seudomonas aeruginosa that protect

the beetle with a polyketide informally
known as pederin.

There are, however, indications

that bacterra may intervene in aphid

interactions with plants and natural

enemies. The bacteria, informally

known as secondary bacteria, are
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bacte ria
There are indications that

may intervene in
interactrons with
and natural enemtes

y-Prote obacte r ia distrnct from Buchnera, and not present
i n  r l l  q n h i d q .  T h e v  n r ^ r r r ^ 1  o  c n h i A  . o. ^ ^  * ^ . - r  . . , t  y  * r , , . * . - s l s t a n c e  t o  p a r a s l t t c

w 2 s n s  n e r h a n s  h , .  ^ . ^ 1 , , ^ i - ^  ^ L ^ 1 l i c a l s  t h a t  k i l l  t h e
" )  

y r u u u \ r r r 5  L r r L  I

parasitoid eggs deposited into the aphid body, and can alter
the range of plants utilized by aphids. The general implication
is that these horizontally transmissible bacteria not required
by the insect may have a dramatic impact on the outcome of
aphid interactions with other macro-organisms rn terrestnal
commun i t i es .  i nc l ud ing  t he  g row th  ra te  and  pe rs i s l ence
o f  anh id  co lon ies  on  pa rden  n lan t s .  I t  r s  no t  known  i ["  H ' - " ' - '

other phytophagous insects have comparable microbial
relationships.

t

Plant defences revisited
So  l a r ,  I  have  no t  spec i l i ed  t he  mode  o f  ac t i on  o f  p l an r
chemical defences against phytophagous insects. Many of
the known ones are exploited in chemical insecticides that
Larget  the nervous and d igest ive systems of  the insects .
However, for the many insects dependent on microbial
svmh ioses  t he re  i s  a  f u r t he r  c ruc ia l  t a rpe l  -  r he  svmh io r i c '. . ' . - , /
mrcro-organrsms and their interac[ions with the insect.
Research on plant defences with symbiotic micro-organisms
as the primary targeLis in its infancy, but there is now evidence
that the Buchnera symbiosis may be targeted by factors
i n  ce r l a i n  n l an rs  ca r r s i np  red r r ced  essen t i a l  am ino  ac id
production, disrupted regulation of the Buchnerapopulation,
and denressed anhid  ner formanr-e Fur ther  research i>" *  v '

required to establish the symbiosis-active compounds, the
incidence of such plant defences and the insect/microbial
gene products that are targeted This approach may offer the
oppor tun i ty  to  rep lace the re lar ive ly  non-spec i f ic  chemica i
i nsec t i c i des  w ide l v  r r sed  i n  sa rdens  desn i t e  t he  s rea t" , - - , , / . , ' - 6 , . .

co i l a te ra l  damage  to  na tu ra l  enemies .  by  p rec i s ion  insec t i -

cides targeted to specific mrcrobe-insect relationships.

m ic rob i  o l  ogy  today  t i , : , , ,  i . : , i

Angela E. Douglas
De partme nt of B io logy (Area 2), U n ive rs ity of Yo rl<,
Yorl< YO1 0 5YW, U l< (t 01 904 328610/328500,
f 01 9O4 328505, e aed 2 pyo rl<. ac. u k)

Usefulwebsi te
wwwyork. ac. uk/depts/bioVunits/symbiosis/intro. htm
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to  35 % of  that  produced in  1995.  ln
England and Wales, the Government
and Natronal Assembly have also
set  targets  to  recyc le  or  compost  a t
l eas t  25o /o  o f  househo ld  was re  by
2005 .  i nc reas inp  t o  aL  l eas t  i Jgo- - - . ' -  - . ^ " " ' t )

by2015.

lrl atu ral waste treatm e nt
Compos t i ng  i s  r he  ae rob i c  m ic rob ia l
degradat ion o f  bu lky  organic  wasre.
r v h i ^ h  r r . r , . l l r ,  n D f l e y 1 l e <  h o : s t  l . 1w r r r L r l  u ) u d i l . /  5 c , , . , * . - -

n rod r r ce  A  s tAh i l i zed  res idue  w i t h
s i p n r [ i c a n t  v a l r r e  a s  a  s o i l  c o n d i t i o n e r .
The advantages o l  th  is  na lura l  process
for treating biodegradable waste have
placed it rn a priority role for delivering
the  Gove rnmen ts  t a rge t  r educ t i ons  i n
household waste disposal to landfi l l .
Many householders with horticultural
inlerests have tradttionaliy composted
a n d r e ; r s e d  t h e i r  o n r c l e n  u r : r c . t e  { F i o  l )' b " '

Encouraging and developing partici-
n a l i o n  i n  h o m e  c o m n ( ) q t  r n o  s r - h p m e q ,, ' y " - . . . ' 5 - .

also has major potential advantages in
providing a low-cost approach to waste
managemen t  and  f ac i l i t a t i ng  rhe  sus -
ta i nab le  recyc l i ng  o f  b i odeg radab le
organic waste (Fig. 2). However, there
is uncertainty about the effectiveness of
home composting as a method of
d i ve r t i ns  o rpan i c  was te  f r om l and f i l l- - ' * ^  " ^ ' b  " ' b - ^ ^ ^ -  "

disposal in practice, and the treatment
and stabilizalon of waste in small
n n n n n i f r -  n n m n n c t i n O  q \ / q l e m C ,  h t q .L a P a L r L /  L L / r r r P u ) r . r . . _  ,  . /  - . _ . . . _

received littie scientific investigation or
n n t i ' -  i  - ^  t i  ^ -
u y L r r r [ z d .  L r L , r  r .

Test ingthe va lue o f  home
c0rnp0st lng
Resea rch  a t  Impe r i a l  Co l l ege  London
h a s  a r r a n r i l i e d  t h e  a m o u n t  o f  w a s t e
d e n o s i  t e d  i n  h o m e  c r l r r r n n q l  h i n c  h . ,L U r r r H v r L  u t t t J  u J

householders, which is therefore divert-
ed from landfill disposal, in a study trial
within the suburban setting of Runny-
mede Borough Council (RBC), Surrey.
The  m ic rob io l og i ca l  ac r i v i r y  i n  home
compos t  b i ns  i n  r e l a t i on  t o  o rgan i c
waste degradat ion processes in  these
systems was also studied.

Sixty four households wrthin the
study area were approached to  par t ic i -
pate  in  the 2-year  research pro ject .
A statistically designed trial was
establ ished wlth the co-operation of
participating householders to quanrlfy
l he  no ten t i a l  r ed ' r rC t i ons  i n  domes t i c
waste disposal to landfill by home
c o m n o s l i n p  H o u s e h o l d e r s  w e r e
offered a subsidised compost bin for
purchase and were supplied with
expenmental equipment to record the
amounts  o f  k i tchen.  paper  and garden
was te  p laced  i n  t he  compos t  b i ns .
Treatments  were ass igned in  fac tor ia l
comb ina t i ons  by  d i v i d i ng  rhe  g roup

{  A  landf i l l  s i te  in  the  U l ( .  S imon Fraser  /
N o rth u i  b r i  an E n vi ro n m e ntal Man age me nt
Ltd. /  Science Photo Library

F  F i g s ' l  & 2 .  C o m p o s t i n g  b i o d e g r a d a b l e
h o u s e h o l d  a n d  g a r d e n  w a s t e  u s i n g  a  h o m e
compost  b in .  S tephen Smi th

Home oolnpostlng
e nd ifs rille In wilste
r-nffinilGffirn#nt

m i c r o b i o l o g y  t o d a y  i r r i B 1



Table 1.  Waste inputs to home compost bins for the per iod May 2000 -March 2OO2

Monthly mean, kg (Total no. of possible monthly
depos i ts ,  n=\472;  none depos i ts  set to  zero)

Month lyg5 percent i le

Month ly  mean recorded depos i t ,  kg (None depos i ts  omi t ted)

Frequency of actual monthly deposits (n)

Frequency (70)

Total annual deposit,  kg

In put (percentage of total)
xEstimated from the density of grass cl ippings, 200 kg mJ.

into large and small garden size classes. Additional treatmenls

were randomly assigned within each garden size class and

included: t mixing, + proprie tory accelerator, + earthworm

inoculati.on.
A mass balance was produced for each compost bin at the

end of the first and second year (May 200I and 2002) of the

trial. Materiais in each compost bin were collected and

weighed in buckets using a hanging scale. Material recovered

from the bins was divided into three distinctive layers based

on the extent of decomposition lfresh (A), semi-decomposing

(B) and compost (C)l and the mass of each of these

components was measured. Representative composite

samples from each layer were collected to determine the

moisture content and material from Layer C was subjected to a

more extensive suile of chemical analyses.

Monthly and annual total wasle inputs to the compost

bins oer household are summartzed in Table ]. The total

average annual input was approximately 400 kg, which is

considerabiy larger than the default value assumed for home

composting of 100 kg y-' per household. The average month-

ly recorded deposits of kitchen and garden wastes were 11

and 39 kg, respectively, although, aswouldbe expected, there

was a seasonal trend in garden waste inputs (Fig. 3). The

relative contribution of kitchen, paper and garden waste to

the total waste input was26,2 and72ok, respec[ively The

averagemoisture and dry matler mass balance for the bins

determined from the Z-year study is illustrated in Fig. 4.The

results showed that approximately 60 o/o of the fresh matter

deposited in the bins was removed through moisture and

volatile solids losses during the microbial composting
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Home cornposting clearly offers a
highly effective approach to processrng
an d stab i I izi n g d o mesti c b i od egrad ab I e
waste

+

process, equivaient to I47 kg (37 "k)
and  84kg  (21o lo )  o f  t he  t o ta l  i npu t
mass. respectively. Home composl--
ing clearly offers a highly effect ive
approach to processing and stabilizing
domestic biodegradable waste.

The potential benefits
The RBC Home Composting Srudy
indicated that home composting could
potential ly divert up to 10 % of the
domestic solid waste stream from
Iandf i l l  d isposal  on the bas is  rhat
approxima tely 20 % of households in
the community become engaged in the
activity. This level of participation
would achieve about 35 o/o of the waste
diversion required to fulfil the imme-
drate target set by the Government
of  compost ing or  recyc l ing 21o/o o f
household waste by 2005 . Cost savings
to be gained by the waste disposai
authority are also potentially consider-
able and were estimated as almost
182,000 in RBC on the basis of the
diversion rates measured during
the study Therefore, home composting
can provide a significant contribution
to household waste diversion from
landfill disposal and should be includ-
ed as an integral part of an overall

strategy for the coilection, treatment
and disposal of biodegradable waste.

Biological activity
Temperature and gas measurements of
materials undergoing decomposition
were taken to indicate the nature oI
the b iochemica l  processes operat ing
within the home compost bins and the
rate of microbial activity. Participants
in the RBC study were supplied with a
soil/compost temperature probe (0-

B0'C) and recorded the temperature of
mater ia l  in  the composl  b ins (F ig .  5) .
This was complemented with more
detailed monitoring of temperature
conditions and gas profiles using an
electronic thermometer and gas samp-
l in o nrnhe ftr i  o 6)- ' ^ ^ b  r - "  - -

Temperatures recorded by house-
holders were highly variabie, but rhere
was an underlying seasonal trend relat-
ing to ambient temperature conditions
(Fig. 5). Temperature profi les general ly
varied between 6 and 50'C and were
usualiy above ambient in the psychro-
ph i l ic  (0-20oC) to  mesophi l ic  (20-

45"C) ranges, indicating active bio-
logical degradation. The warmesr
conditions were generally found in
recently deposited waste, associated

with high rates of microbial activiry in
this layer, and temperatures declined
with increasing deprh in more
stabilized materiai. Oxygen concen-
trations were typically close to ambient
values and showed that waste degra-
dation was predominantly by aerobic
processes. Only traces of methane were
occasionally found so home compost-
ers are not an important source of this
g r e e n h n r r c . e  o a c

The stabilization of frequenr inputs
of small amounts of mixed organic
residues in small-scale composters does
not follow the normal ecological
progression observed with convention-
al batch-operated, industr ial,scale

{  F i g  3 .  M e a n  m o n t h l y  g a r d e n  w a s t e  i n p u t s
to  home compost  b ins ,  May 2OOO-March
2OO2.  S tephen Smi th

{  F ig .4 .  Average mass ba lance o f  was te
p r o c e s s e d  i n  h o m e  c o m p o s t  b i n s  d u r i n g
May 2000-M arch 2002. Ste p h e n S m i th

Y  F i g .  5 .  C o m p o s t  t e m p e r a t u r e  r e c o r d e d
b y  p a r t i c i p a n t s  i n  t h e  R B C  H o m e
Compost ing  Study ,  May 2000-March
2 0 0 2 .  * ,  t e m p e r a t u r e  i n  b i n ;  f f i ,  a m b i e n t
t e m n e r a t r r r e  \ l  e n h e n  S m i t h

added per  b in  -  400 kg
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A F ig .  6 .  Measur ing  mic rob ia l  ac t i v i t y  based on  in te rs t l t ia l  gas

compos i t ion  in  home compost .  S tephen Smi th

L  F ig .7 .  Prepar inggarden,  food and paperwaste  samples  in  a f ie ld

exper iment  inves t iga t ing  waste  b iodegradat ion  processes  in  smal l -

sca le  home compost  b ins .  S tephen Smi th

composting systems. Waste treatment in small-scale units is

highly biodl'namic and organic malter ls present at different

stages of decomposition, which depends on microbial activity

as well as inverlebrate animals, particularly earthworms.

Regular small inputs of complex mixtures of different wasle

types (kitchen, paper and garden waste) to small-scale

composting systems provide a stable and weil buffered

enr,'rronment for the biodegradation of putrescible household

solidwaste.

What next?
The direct measurement of waste diversion rates from landfill

disposal by home composting and other household waste

recycling methods is a principal objective of a further phase of

research at Imperial College London, supported by The

Norlands Foundation and RBC. This willbe achieved using

an automatic weighing apparatus fitted to the refuse collect-

ion vehicle to determine the effects of home composting and

kerbside collection on the residual waste produced from a

large sample of properties in the Borough. The project

represents the first application of advanced weighing

technology to quantify the impacts of household waste

management practices on diversion rates in a statistically

designed investigation and will establish the fundamental

relationship between the distribution of home compost bins

in the community and the extenl of was[e diversion from

Iandfill disposal. A controlled field experiment is also assess-

ing the extenl of potential waste throughput by small-scale

home composters and is further quantifying the rates of

microbial activity during the biodegradation of organic waste

in these systems (Fig. 7).
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asrah University was established in 1964 near the

Arabian Gulf coast in lraq's second largest city' It

was once the envy of the Arab world and Middle

Eastern higher education. A large number of

papers was published every year, and students

from around the region flocked to its graduate

research programmes. As early as 1977 ,while studying there

for my Masters degree in marine biology, I was already using

online services: I could. order documents and papers elec-

tronically straight from the Library of Congress, an innovation

lacking in many western universities even a decade later'

Three major wars and 13 years of harsh sanctions have left

an estimated B0 % of lraq's 22 universities and 43 vocational

colleges almost totally damaged. one campus in Basrah is just

a shell and piles of rubble. The estimated rebuilding costs are

$ 1.2 billion. when I conracted Professor Salman in Basrah 3

monrhs afrer rhe fall of the previous regime to find out his

needs, he replied , 
'we dre not talhing about libraries and

Iaboratones rightnow; w e need chairs,blachboards, and chalLts!'

Last spring, when Congress budgeted $87 billion for Iraqi

reconstructton, only $8 million was allocated to higher

education. In the following summer, the newly appointed

Minister of Higher Education, Dr TaherAl-Bakaa went to the

world Bank and asked for $ 120 million for the first year. The

response was negative. The most substantial American aid to

traql higher education came from the US Agency for Inter-

national Developmenr (USAID), which offered $20 million in

gran[s to five American universities to set up paltnerships

B6

with Iraqi universiries. The programme was slow [o get off the

ground. because of securiry concerns. The British council

and individual UK universities have done a brilliant job in

encouraging exchange programmes, sponsoring many work-

shops, seminats, and meetings in Britain and Iraqi neigh-

bouring countries to rebuild higher education in lraq.

In summer 2003 I visited Basrah University and other iraqi

institutions to evaluate their requirements. The Chancellor of

Basrah University and some of his staff then came to the UK

and highlighted up-to-date microbiolo gy and biotechnolo gy

as being in urgent need of reintroduc[ion to the university

curricula. The microbiology syllabus being taught in Basrah

University was decades old. i approached SGM to sponsor a

2-week training course in new techniques in microbiology'

This was successful, although my visit was postponed twice

due to the security situation.

I ran an intensive training programme on Microbiology

Techniques and Biotechnologt for 47 staff and postgraduate

stud.ents from different coileges. They participated with

enthusiasm and dedication, despite the limited resources'

The course included basic and advanced microbial identi-

fication techniques and demonstrated the use of ILT to

compensate forihe unavail .abi l i ty of chemicals and equip-

ment. Among CAL programmes generously donated from

SGM funds were PCCAL Packages for Educational Insti-

tutions; Hyperclinic (Interactive case studies in Micro-

biology); Microbes in Motion; Bacterial Growth 3, Identi-

bacter interactus (simulation of bacterial identification),

-

rilq
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Introduction to Recombinant DNA
Technology; and the EIBE CD on
fermentation.

Traditional teaching methods are
dominant in the university and I
described aiternatives such as using
models and video mpes to facilitate the
teaching and learning process, PBL,
case studies and debating. I gave talks
on biotechnology applications in medi-
cine, agriculture, and pharmaceutical
products and how lraq can benefit from
such applications given the status quol

I del ivered four seminars on various
topics to different institutions, together
with a general seminar on the current
global efforts to restore the Hammar
Marshes. I actually visited these
marshes lo witness the coooerative
role betr,r)een the indigenous people
and the Marine Science Centre in the
restoration process, which looks
promising. A sample of marsh water
was taken for microbiological testing.

The Technical College and Basrah
Technical institute suffered heavy
losses during the war and I met their
Deans and staff to see the ongoing
efforts between them and the British
authorities to rebuild and restore these
institutions. Theywere very grateful for
the co-operation of colleges in UK, the
British Council and British authorities
in the south for their dedicated work.

The Higher Education and Scienrific
Research Ministry in Baghdad expres-
sed their keen interest in spreading this
programme to other universit ies once
the security si tuation improves.

The University Chancellor and
Council invited me to a special dinner
to thank me for my time at the
university and presented me with an
appreciation certificate and thank,you
letters to SGM and my coilege. The
feedback from the participants on the
evaluation forms has put a huge morai
responslbility on my shoulders ro spare
some time and share my knowledge
with our deprived friends and coll-
eagues. I found there is a great hunger
to learn about new technologies. How-
ever, I should emphasize the risks
involved, as security is on mos[ Iraqis'
minds, let alone those of people from
abroad!

Hamid K. Ahmed
Halton Col lege, Widnes, Cheshire
WA8 9RE, Ul(  (e Hamid.ahmed@
halto nco I I ege.ac. u l<)

Furth**" inf*rmati*n
See'The poor condition andhighhop es oJ

univ ersity lif e in B asr ah today' athttpl /

www. public.iastate. edu/-mariposa/

hamidl.htm

l'

4  S tuden ts  on  the  course  and  the  cu r ren t
state of  Basrah Univers i ty .  Hamid K.  Ahmed
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including fruit trees and shrubs, e.g.

pears, apples and roses, causing a

tumour-like growth knownas crown

gall.

{r*wn gann
The crown of the plant is Lhe area at

the base of the stemjustbefore itjoins

" the roots; the majority of crown galls

occur here. They vary insize,from I to

30 cm, with the majoritybeing around

5 cm across. In the early stage the gal1

appears as a small roundwhite swelling

that is rough and spongy. As it matures

it becomes dark brown in colour, hard

and woody. The gal1s can obstruct the

movement of nutrients andwaler

through Lhe plant tissue causing the

infected plant to become stunted

and unhealthy These plants are also less

resilient to changes in temperature.

There is no cure for the infected plant.

This has huge financial implications for

commercial growers as diseased plants

have lo be destroyed.

*nL"*r in& e Wlent r* l l
A. tumef aciens can only enter plant cells

through a wound. Phenolic compounds

such as flavonoids are secreted from

damaged tissue. The bacteria are

attracled to these signalling molecules

by chemotaxis and move towards the

wound. A. tumefaciens thenbinds to the

plant ce1l and is ready to transfer its Ti

plasmid.

Plants canbecome damaged during

cultivation processes such as grafting

and pruning, by soil insects and by the

effects of weather such as freezing

temperalures and wind abrasion.

T*e r*E* rs{ th*Ti  pnasmid
The bacterium causes tumours by

transferring a small section of the Ti

plasmid called T-DNAinto the plant

cell where it becomes integrated into

the plant genome. This process

resembles bacteriai conj ugation. The

Ti plasmid carries genes which are

responsible for the transfer of the

I:DNA. These genes are swilched on

by the phenoiic compounds secreted

from the wound. The T-DNA carries

genes whrch encode enz).rynes that

cause the overproduction of the plant

hormones auxin and cytokinin. These

hormones stimulale the uncontrollable

and rapid growth of plant cells,leading

to the formation of a tumour. T-DNA

also induces the plant cells to produce

opines (amino acids) which are used as

a food source by the bacterium.

W e *t"* r"h'n *tr * &y e.W fjli cat i o n s
AlthoughA . tumeJaciens is a plant

pathogen, its abilities canbe exploited

by scientists for beneficial purposes.

It is widely used as a vector for

transferring geneticaily engineered

DNAinto the genome of plant celis.

For example, the genes that encode

tumour production on the T-DNA

section of the Ti plasmid are replaced in

the laboratory by genes that encode a

desirable trait such as herbicide

tolerance. These engineered genes

thenbecome incorporated into the

plantgenome.

{ Crown gall on Euonymus sp. Ceoff Kidd /
Science Photo Librarv

Tr
A,fL-l rnefoete,ns

ffirv**rf*ffiry
lnkeepingwi thourgardentheme,  f f ia r i * lWaxr*a.*s takesalookatcrowngal l ,aharmfu l tumouron

trees and shrubs caused by bacteria. 5he explains how D NA from the bacteria get into the plant

genome and st imulate the gal l  formation, a process that can be exploited by plant biotechnologists.

Ag r* b a*# il u rft t w r* r':faci * n s

The soii bacterium Ag robacte num

tumefaciensis mainly found living in

the rhizosphere, lhe area of soil that

surrounds the roots of plants. Some

slrains conlain alargeplasmid known

as the Ti (tumour-inducing) plasmid.

A plasmid is a small circular piece of

DNA that is separate from the bacterial

chromosome. lt is these strains that

are pathogenic and can infect a wide

variety of broad-leaved plants,
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W*ed rxanag*rw*nt
Ifweeds are poorly controlled then
this affects both the quantity and
quality of the crop that is harvested.
This is because weeds compete wrth
the piant for food, light and water. The
herbicide glyphosate is used to control
weeds in fieids where soya beans are
grown. Gllphosate rapidly breaks
down on contact with the soil, reducing
its effect on the environment and
makingit more desirable to use than
other more persistent chemicals.
Unfortunately, glyphosale is non-
selective and does not discriminate
betweenweeds and crops. It can only
be applied to the weeds before the
soya plants emerge from the soil.

Genetic engineers have deveioped
transgenic soya plants that are tolerant
to the herbicide glyphosate. This
means that the weeds can be sprayed
even after the crop has started to grow.

How is this done? Restriction en4lrnes
are used to cut out the T-DNA. The
sequences at either end of the T,DNA
are necessary for the transfer of the
genetic material and remain. The
foreign gene encoding the herbicide-
resistant trait is inserted between these
two end sections. A marker gene is
also incorporated into the plasmid to
identify plants that have accepted and
expressed the foreign gene. This
recombinant plasmid is then
transferred back into A . tumefaciens.

The next stage in the process is the
infection of the soya plant with the
engineered plasmid and the integration
of the foreign gene into the plant
genome. Tiansgenic soya plants are
generated containing the foreign gene,
making them resistant to the herbicide
olrrnhns,etp

U**ful r*s*wrr*s
Madigan, M.T., Martinko,J.M. 6t
Parker,J. (2003). BrochBiology of Micro-

organisms, 1 Oth edn. NewJersey:

Pearson Education.

http ://helios.bto. ed. ac.uk/bro/microbes/

crown.htm
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Th is event was su ppo rted by a grant from the SCM Pu bl ic

Understanding of Science Fund. See www.sgm.ac.uklgrants

Last session, every trainee teacher of secondary biolog,z
across Scotland attended a 3 - day Biote chnolo gy J or S c otland
residential school, hosted by the University of Aberdeen, The
aim was to bring them up-to-date wrth recent developments,
inrecognition of the need for a teaching force that iswell
informed about the rapidly changing field of biotechnologr
Delegates took part in lectures, laboratory sessions, industry
visits and other activities. The programme built on the
experiences from a pilot event run in Glasgow in 2003. Parts
of itwere intended to help the students raise, with their
own pupils, some of the societal issues related to the new
technologies.

The SGM granthelped to run the practicalmicrobiologr
sessions where the students gained hands-on experience of
activities suitable for use with pupils in the school laboratory
The procedures included examples of bioremediation with the
fascinating u se of Photobactenum phosphoreumas a biosensor
and of soil micro-organisms to degrade hydrocarbons.
'Microbiology made easy' consisted of experimental work
designed to engage early secondary pupils. It is hoped that
this will help pupils to more readily understand the science
behind everyday issues of hygiene and other directly
relevant applications of microbiological principles. A11of the
pafiicipants were provided with a full set of practical support

materials and resources such as SGM's Microbes andFood
pos[ers.

This event resulted from collaborationbetween the five
Initial Teacher Tiaining Institutes in Scotland andwas
facilitated by the Scottish Institute of Biotechnology Educarion
and the Science and Plants for Schools Biotechnology Scorland
Project (SAPS Scotland).

Dr Peter Shand, a lecturer in the School of Education at
Ab e rd e en s aid,' Th e ev ent h as all ow e d te ach er tr aining ins titut e s
t o dev eI op cl o s e r linhs w ith e ach o th e r and w ith the v an ous
organizationsinyolvedinbiotechnologyeducation'.Prof essorlan
Booth of Aberdeen was closely involved wirh the development
of the programme. He also gave aralk about harmful and
beneficial micro-organisms which was of direct relevance to
the Scottlsh school curriculum. The university provided
first-class Iaboratory facilities and identified speakers.
Other microbiology-based activrties included a visit to the
Giendronach distilleryand the development of resources
on the role of micro-organisms in waste management.

Feedback from the attendees was very positive.'Ireally eryoyed
theweeh.IthoughttheresourcesandJacilitieswereexcellent.If eel
more confrdent now ab out deliv enngbiote chnolo gy in the Juture. It is
go o d to hnow th at the r e ar e p e opl e an d r e s our c e s ay ail abl e to h elp .'

Plans are well underway for a third residential event for PGCE
Biology students in Scotland. For the first time orher science
subject specialists will join the biologisrs. At leasr one of the
sessions will provide microbiology activiries.

Kath Crawford

Adviser in Science, SSERC & SAPS Biotechnology Scotland
Project, St Mary's Bui lding, 23 Holyrood Road, Edinburgh
EH8 8AE, Ul< (t  0131 558 8'180; { 0131 558 8191
* k.crawf ord p sse rc. o rg. u k)
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cradl ine aims to inform and enter ta in members in the ear ly

stages of their career in microbiology. lf you have any news

or stories, or wou ld l ike to see any topics featu red' contact

Jane Westwell  (emai I  j .westwel |  @sgm.ac' u k)

Life soienoe
oo r-n r-r-l e ro i o lizot i o n
If you are coming to the end of your PhD and are interested in business

thren you mighr want to consider working in the boomingareaof life science

commercialtzaLton.

The government has recently been encoulaging the transfer of knowledge and

techiology from the academic to the commercial sector. Universities have received

funding to build-up reams of sraff to promote knowledge transfer aclivities. Many

institutions have d.eveloped existing research suppolt or business development

offices, but some univeriities and the MRC have created technology transfer

companles Lo commer ciahzetheir research (e.g' Manchester, Imperial, Cambridge

and Oxford) . Within this secror are a number of roles open to life science PhDs.

Research support-gatheringand disseminatingrnformationonpotentialsources

of funding to acad,emics. Sraff may be science specialists or perhaps focus on

funding from EuroPe.

Research development - helping acadernics attract new sources of external research

funding. Once this has been id entified, a research development officer might help to

draft applications and drawup contracts.

Business development/commercial services -creatingl inkswithbusinesses and

other organizations;developinglocalnetworks of universities, biotechnology

companies, etc.

Technologytransfer-liaisingwith scientistswho have a commerciallyvaluable

idea, assessing its potential dnd, if necessaly managing the patent plocess.

Some of the roles overlap and j ob titles may vary. However, looking at relevant web

pages wrll give you an idea of the scope of these positions'

A career in technology transfer is by no means restricted to working in the UK, as

canada-b ased S GM member Alain Richard explains oppo site.

Ajob irt
Name Ala in  Richard
Age 39
Present occu pation

Di rector of Com mercial izat ion, Life

Sciences, Valeo Management, L. P.,

Montr6al, Qu6bec, Canada

Prev ious employment
Tech n ica l  su pPor t  management  -

Cenomics One Corporat ion,  Lava l ,

Qu6bec, Canada (2000 -2002);

Quantu m B io tech no log ies,

Montr6al, Qu6bec, Canada
(1 99 6-2000) ; Postd octo ral

researcher - Laval U n iversitY,

Q u 6 bec, Canada (1 995-1 99 6)

Ed ucation
Laval U n iversity: Ph D Microbiology

and lmmunology (1  995) ;  MSc

Microb io logy and I  mmunologY

11990); BSc MicrobiologY (1988)

What does your
company do?

Valeo Management is a limited

partnership that commercializes

technologies from four Quebec
universities. We concentrate on

promotingideas wrth a solid business

case that meetimportant industry

needs. Most of the comPanY's cuffent

activities involve technology transfer

under licence and we work in close

collaboration with the research bureau

from each university. Income is given

back to the universities and the

inventors. Valeo Management has also

helped to create spin-off companies,

including two in biotech-Pharma.

A Why isthis
\S{ important?

We ensure sustainabilitY in

development and commercialization

of university research and the spread

of promising discoveries into society

viabusiness. We also setuP and

fund proof-of-concepl experimenls

that greatly increase the value of

a technolog;i Without these

microb io logy todaY r l , laY *S



Iee hr-rologyTronsfer
What new challenges did your
current post bringT

experiments, potential licensees
often do not consider the technology,
rendering its c o mme rc ialization
difficult.

What prompted you to leave
research?

During my graduate studies, I quickly
realizedthat I enjoyed giving seminars.
I also wanted to be in contact with other
people, communicating and presenting
technologies, which I preferred to
working at the bench.

A How did you find the transition
S{/rom u n iversity- based research to
the commercial sector?

I actually found it smoother than I
had expected. Maybe this was because
I began in a start-up companywhere
everyone had to multi-task-wewere
all in the same boat! I did find, in
the private sector, there is agreater
emphasis on complying with deadlines
to meet market needs ('time-to-market'

concept).

(\ What skillsfrom your research
St career were applicable to working
in tech n i cal s u p po rt m an age m e n t?

Myclients were scientists working
in private or public labs, so the years
Ispentin the lab prepared me
adequately to understand their needs;
resulting in an efficient service.

microb io logy today nnny *S

The main challenge hasbeen to
develop mybusiness flairandnot to
spend too much time evaluating the
commercial potential of a technolog;r
The dlnamics of business are notbased
on crystal-clear facts but on taking risks
and using instinct. Another challenge
has been findingways to tell some
scientists that their research cannot be
commercialized for r easons such as
intellectual property issues, production
costs, competitors, lack of a marke[, etc.

A What advice can you offer to
S{ ofhers thinking of a career in life
sci e n ce co m m e rci al i zati o n?

I would recommend technology
transfer, which is undergoing a
very exciting and rapid evolution.
Technologr transfer and
commercializationof research areby
essence multi-disciplinary and the
variety offered by a degree in
microbiology is definiteiy an excellent
preparation for this career path. Also,
many proJ ects involve microbial
processes, such as protein production.
I believe that an MSc or PhD degree in
a relevant field can be an asset, helping
in the interaction with the scientists
who feed the technology pipeline.

Further informat ion
Office of Science and Technology-
www. ost. gov.uk/enterprise/index. htm

UK Science and Technology-

www. uksciencetech. com

Valeo Management LP-
www. valeosec. com,/index.html

Valorisation-Recherche Quebec ffnq)
(in French) - www.vrq. qc. ca

Licensing Executives Society (USA and
Canada) - www. usa- canada. Ies. org

Association of University Technology
Managers (AUTM) - wwwautm.net

Taking U l( science
to Parl iament
Monday,14 March 2005
Britains top younger researchers
visited the House of Commons to
present their work recently Over
540 applications were received
from scientists, engineers and
technologists for the 27 0 places at
this annual event which aims to
showcase UK research and R6sD in
Nationa-l Science Week Both
posterjudges and visiting MPs
commented on the wide range of
workdisplayed and the veryhieh
quality oi the presentationsanJthe
enthusiasm oi th. presenters.

Sponsoring_MP Dr Brian lddon
commented that these unique
events brought real UK science and
younger researchers to Parliament
andwere a central feature of the
Parliamentary'science' year and
much appreciated by members,
p."., urrd others. About 70 MPs
called in to visit the posters.

The traditional lunchtime
reception, now in its seventh
y.ur, .ou.red all areas ofSET.
Congrarulations to SGM member,
Dr Clare Lanyon, a postdoctoral
research associate in the School of
Biology, Newcastle upon Tyne
University, who yo1 aL250
commendation for her poster
pre::nglron in this session. Itwas
entitled D; oes the immune sy stem
play a role in the communiiy structure
oJ commens al micro -fl o r a and
assoaatedchemosensory
indLviduality? 

-

An innovarion was an
evening reception focusing on
Biosciences, sponspred by relevant
organizations including the

f#f:ffi$::ir"&H,

t

i '

93



Science writer Meriel Jones takes a lool< at some recent

papers in SCMjournals which highl ight  new and exci t ing

developments i  n m icrobio logical  research.

he fight against bligf ' t-
potential vi ral solution
Hacker, CV., Brasier, C.M. & Buck,

l< .  W.  (2005) .  A double-s t randed

RNA from aPhYtoPhthora sPecies is

related to the plant endornaviruses

and contains a Putative U DP

gl ucosyltransferase gen e.,/ C e n Vi ro I

86 ,1561 -1570

Researchers think thar theY have

found an RNA virus that maY alfect

parhogenicity in one sPecies of

P"hytophthora. Allmembers of this genus

are plant pathogens. The most famous

cauied potato blight in lreland in the

1840s. Chemical control is not always

effective, so researchers continue to look

molecule. Researchers assume that a

proteinase enzy me cuts it uP into

functional proteins.

The inrerestingnew feature of PEVI

is that it contains a region that looks

like a glycosyltransferas e, an er'zyme

thar atraches a glucose sugar molecule

onto a l ipid sterol.  When the researchers

went back and looked more closelY

at the sequence o[the polyprotein from

other endornaviruses, they spotted'

re gions similar to this enzYme in

two of them. This is the first time a

giycosyltransferase gene has been

seen in an RNA virus.

This enzyme exisls in some DNA

viruses, especiaily ones that infect

insects. Researchers think that the gene

mustbenefit rhevirus and have been

acquired from the host organism at some

point in the evoiution of the virus' The

glycosyltransferase in PEVl was not

particularly similar to the gene in

PLtytophthora protists. Indeed, it was as

closely related to the gene in bacLeria,

fungi or plants, suggesting that it was

acquired by an ancient endornavirus

before the separation of bacteria, fungi

and plants. That would explain why it

appeared in a similar place in two other

endornaviruses from rice that the

researchers examined. The benefit of

glycosyltransferase to' for example,

baculovirus is that infected insects

remain as caterpillars and increase the

peld and spread of the virus. Although

the researchers do not know what

happ ens rn Plty tophthl r a, some fungal

pathogens need a simiiar enzyme as paft

tf their pathogenicity mechanism, and

the end.ornavirus might therefore affect

pathogenicity. The researchers are

therefore quite excited that theymay

have discov ered anew way to investlgate,

and maybe control, the potential for

disease caused by this important $oup
of pathogens.

A novel soi l  bacterium and
anti bi oti c-resi stant TB

Cook,  A.E. , le  Roe,  M.  &MeYers,  P 'R '

(2005). Acti n o m ad u ra n ap i e re n s i s sp'

nov., isolated from soi l  in South Afr ica'

tnt J Syst Evol Microbiol 55,7O3-706

Tuberculosis (TB) rs a serious health

nroblem in South Afric a, exacerbated by

io* ,.ra."r, with treatments' an lncrease

in the level of strains resistant to current

medication and the high incidence of co-

infection with HIV Indeed, TB is the

leading cause o I death among people

who are HlV-positive in the country'

New treatments are needed to tackle

the antibiotic-resistant strains of

My c ob act e num tub e r culosis (the

bacterium that causes TB).

Ironically, many antibiotics originate

from compounds secreted by bacteria'

The group of bacteria called the

actinomycetes is the leading producer of

anrimicrobial compounds of biological

origin. Researchers keep on looking for

new species of actinomycetes as sources

of new antibacterial compounds that can

be developedinto treatmenls forTB and

other bacterial diseases.

Researchers led by Paul Meyers at the

University of Cape Townhave therefore

been searching for new actinomycetes

and testing them for new antibacterial

compounds. One strain isolated from

soil was particularly interesting. The

appearance of the bacterial cells and the

cell wall composition, alongwith the

sequence ofa characteristic gene,

identified it as an actinomycete from the

genus Actinomadura. IL was sufficiently

dilfe rent to be named as a new species,

Actinomadur a napie re nsis, indicating that

it came from the town of Napier (in the

Weslern Cape province of SouthAfrica)'

It secreted an antibacterial compound

which the researchers managed to

paftially purify. Bioassays showed that-

the compound killed several species ot

bacteria, al Lhough un lortuna[ely not

M. tuberculosis.

T
a

lor new ways to controi these pathogens'

Some phytophthoras contain virus-like

double-stranded RNA molecules that

may have potential as biocontrol agents'

Ken Buck and Caroline Hacker from

Imperial College inLondon, UK,

together with Clive Brasier from the I

Forest Research Agency, have studied

one of these RNAs from a phytophthora

infecting a Douglas fir tree. The viruses

most closely related to this novel piece of

RNAwere in the genus EndornaYirus,

which affects plants such as rice and

beans, althou gh Phy tophthor a ts not a

nlant. This is therefore the firstnon-plant

member o[ the Endor navi rusgenus and

hasbeen given the name phytophthora

endornavirus I (PEVI).

The RNAcontained a single gene that

appeared to encode several proteins-

j oined together. A11 endornaviruses have

a single gene that encodes one very large

protein. From comparisons with 9'htl .
proteins, there were regions that should

actasenzymes to s)mthesize the RNA

{ Coloured scanning e lect ron micrograpn
of the potato bl ight fungus Phytophthora
infestans, emerging from a potato leal '

Andrew 5yred,/ Science Photo Library
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The ff exible E. coli genome
Hejnova, J.,  Dobrindt, U., Nemcova,
R. ,  Rusniok,  C. ,  Bomba,  A. ,  Frangeul ,
1.,  Hacker, J.H., Glaser, P., 5ebo, P. &
Buchrieser, C. (2005). Characterization
of  the f lex ib le  genome complement  o f
the com men sal Esch e ri ch i a co I i strain AO
3 4/ 86 (OB3 : lQ4:H3 1) .  M i  cro b i  o I  o gy
151,385-398

Harmless commensal strains of E. coli
frequently inhabit the human colon.
However, other strains are distinctly
pathogenic, causing serious enteric and
diarrhoeal disease. Now that all the genes
in several strains of E. coli have been
sequenced, detailed comparisons may
indicate how particular ones are linked to
dlsease $,Tnptoms. Researchers have
focused on pathogenic strains, learning
about specific subsets ofgenes associated
withvirulence or the abllity to thrive in a
particular environment. These genes are
frequentiy associated with others that
permit them to move between bacterial
cells. Researchers have therefore
developed the idea that E. colihasa core
set of genes found in all members of

the species and a flexible gene pool that
allows a strain to live in a particular
environment or have a pafticular type of
pathogenicity.

However, the difference between strains
is surprising. One comparison of the
entire collection of genes rn three strains
showed that only 39.2ok of themwere
the same. A multinational collaborative
project has focused on identifying the
features of one strain of E. coli,calledA0
34/86 (serotype O83 :K24 :H3 1), that
makes it positively beneficial. It is used
routinely as a live oral vaccine in the
Czechand Slovak Republics. The strain
was originally isolated from pig faeces,
but for over 30 years A0 34/B6has
protected premature and newborn
infants at risk of diarrhoeal infections.
Coionization with A0 34/S6probabiy
dispiaces pathogens and allows the
normal gut flora to redevelop. In the
longer term , A0 34/86 seems to make the
children significantly less prone to
repeated infections and developing
allergies. Obviously, itwouldbe good to
know exactlywhat makes this strain so
beneficial.

The collaborators used a number
of techniques and came up with
information that challenges the cunent
view of what makes E. colia pathogen. To
their surprise, only about5 o/o of its genes
were specific to A0 34/86, and many
usually described as virulence factors
were present. It even had genes for
adhering to cells and synthesizing toxins
characteristic of strains causing urinary
tract infections. The researchers tested
how well A0 34/86 colonized the gut of
piglets to discover exactlywhy it was
exceptionally good at colonizing a host.
One group of genes, whichincluded ones
that helped other bacteria adhere to cells
and cause infections, also seemed to be
important for successful colonization of
the piglets. It looks as if these genes are
also the reasonwhy A034/86 is so good
at colonizing the gut and providing
protection from infections. Researchers
have clearly got more to learn about the
relationship between patho genic and
commensal strains of E. coli.

)  Cul tured human smal l  in test ina l  mucosa
i n fec ted  w i th  en teropathogen ic  E .  co l i .
Stuart l(nutton, University of Birmingham

6etting attached
Rubinszte in-Dunlop,5. ,  Guy,  8 . ,  L isso lo ,  L .  & F ischer ,  H.
(2005). ldentification of two new Helicobacter pylorisuiface
proteins involved in attachmentto epithel ialcel l  l ines.J Med
Microbiol 54,427-434

Hans Fischer and his colleagues at Lund University in Sweden
and Aventis Pasteur in France have come up with a new way to
identify bacterial proteins that can cling to human cells.
Pathogenic bacteriahave to be able to hang onto the cells of therr
host, whether the host is an unwilling human, animal or plant.
Understanding how this happens could lead to new anribacterial
treatments. However, it is not always easy to identify the features
of bacterial and host cells that lead to a close attachment. The
authors of this paper have invented away to test whether any
particular protein plays a role.

The bacteriumHelicobacter pylori causes chronic gastritis and
peptic ulcers. The infections can also lead to some types of
cancer. However, since H. pyloninhabits the stomach of at least
half the human population, researchers wou.ld like to know why
itmakes onlya fewpeople ill. One factormustbe the interaction
between the surfaces of the bacterial and human cells in the
stomach. Researchers have already identified one protein that
helps H. pylon adhere, but know that there must be more.

microb io logy today r*ay $$

The DNAsequence containingall the genes inH.pylonhas
akeadybeen worked out. The researchers compared regions
of unknown functionwith otherbacterial genes to work out
whether any had the characteristics for a protein on the
cell surface. They picked out five genes, slmthesized the
corresponding proteins and attached them to microscopic
beads to produce something that mimicked a bacterial cell.

The researchers mixed cultured human cells with the protein-
coated beads to test whether there was the same attachment
response as between human and real H. pyloncells. None of the
human cells attached to the beads alone, but two out of the five
unknown proteins allowed some types of human cells to cover
the beads entirely within24 hours. The strongest interaction was
with cells that originally came from the lining of the stomach,
although cells from the surfaces of the large intestine and kidney
also attached to the pseudo-bacteria. Even ceils derived from the
bladder and small intestine surfaces showed a small amount of
attachment. This small-scale trial has proved that the method
can identify proteins that are important in attaching bacteria to
surfaces, and in the process the researchers have provided a role
for the products of uncharacterizedgenes. In addition, the
human stomach cells remained alive and thrived on the beads,
so this might be a useful way to study the carcinogenic effects of
H.pv lon.
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Faye Jones, Pu bl ic Affai rs Ad m i n istrator, descri bes some

SCM Microbiology Awareness Cam paign activi t ies wh ich

aim to ra ise the prof i le of  microbio logyto pol i t ic ians and

opin ion- formers.

5CM's Microb io logy Awareness

Campaign gathered momentum on

Tuesday 1 March when microb io log is ts

went to  Westminster to  in form Peers

and MPs that  new and re-emerg ing

i  n fect ious d iseases could  spe l l  t roub le

i f  not tack led soon.

More than 40 MPs and Peers gathered

on The Terrace at the House of Lords

to hear a series of presentations on

in fect ion issues.  l t  was fo l lowed by a

dr inks recept ion where the guests  were

able to talk to expert m icrobiologists.

ln h is introd ucto ry s peech, ou r h ost,

Lord Soulsby of Swaffham Prior,

exoressed concern about  the c losures

and cutbacks in many research centres,

i n spite of ' scien ce fu n d i n g bei n g assessed

as secure'.  He was fol lowed by Professor

Si r  John Arbuthnot t  who summar ized

the orob lems of  in fect ion and descr ibed

what  SCM is  he lp ing to  do about  them.

A Lord  Sou lsby  o f  Swaf fham Pr io rand Dr

l a n  C i b s o n ,  M P  i n  c o n v e r s a t i o n  w i t h  S C M

Profess iona l  A f fa i rs  Of f i cer  Ceof f rey  Sch i ld

atthe House of Lords event. Ron Fraser, SCM
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M icrcbiolcAy Awo reness Cc rn pc i g n 2OO5
Fi g hti rr e i r-rfeeti o r-r
ProfessorAdr ian Hi l l ,  Un ivers i ty  o f

Oxford, explai ned that tu bercu losis

in fect ions are increas ing in  the U l (  and

that we are constantly u nder th reat from

malaria. New vaccines are desperately

needed to  protect  people  wor ldwide

from these ancient diseases. Professor

H i l l amazed  the  aud ience  by  revea l i ng

that tubercu los is  has k i l led more adul ts

than any other pathogen and that more

chi ldren d ie  f rom malar ia than anv other

in fect ious d isease.

Sexual ly transm it ted i  nfect ions were

also on the programme and again ,  the

inc idence is  increas ing,  wi th  the b iggest

threat  comingf rom H lV lA lDS.

Accordingto Professor Robin Weiss

more people  have d ied of  H lV s ince 25

December 2OO4than because of the

Asian tsunami on that day.

Other  oresentat ions inc luded one

on the impor tance of  educat ing the

publ ic  about  microb io logyf rom SCM

Educat ion Of f icer ,  Dr  Susan Ass inder

and a run-down by H PA Board

Chai  rman,  Professor  S i r  Wi  l l iam

Stewart of whatthe Health Protection

Agency is  do ingto cont ro l  in fect ions.

A sp i r i ted d iscuss ion fo l lowed,  cha i red

by Dr  lan Gibson,  MP,  wi th  the speakers

f ie ld ing wide ly  ranging quest ions.  Some

of  the answers were uncompromis ing.

The audience was informed that without

targeted govern ment fu nd i  ng for

microb io log ica l  research,  ser ious heal th

and economic orob lems would l ie  ahead.

The attendees were also treated to

d isp lays f rom var ious groups and

organ izations worki ng to u nderstand,

prevent and treat many key infect ious

d i seases  o f  humans  and  an ima ls .

Among these was Dr  Jod i  L indsay of

St  Ceorge 's  Hospi ta l  Medica l  School

i n  London ,  who  emphas i zed  t he

economic and health costs of treating

MRSA infections in the U l(.  She stressed

that  as MRSA is  becoming more

dangerous and more resistant, with

no new drugs or  vacc ines ava i lab le ,

r ing- fenced funding for research was

essential.  'The current number of MRC,

BBSRC, Department of Health and

Wellcome Trust grants currently active

on MRSA is zero and seven years after

the National Audit Office highlighted the

lack of research fundingfor antibiotic

resistance, little has changed' , she said.

Other  d isp lays were on d iagnos is

and surve i l lance of  d isease in  farmed

l ivestock and wi ld l i fe  bythe Veter inary

Laboratories Agency; the Food

Standards Agency's strategy to reduce

the inc idence of  food-borne d isease;

the Wellcome Trust 's efforts atf ighting

malaria; animal health research by

the I  ns t i tu te  for  An imal  Heal th  ;  and

inf luenza by the National I  nst i tute for

Medical Research, National I  nst i tute for

B io log ica l  Standards and Contro l  and

the Health Protection Agency.

The staff at SCM H eadq uarters wou ld

l i l<e to take th is opportunity to thank al l

o f  those invo lved in  put t ingtogether the

excit ing programme for this event.

Faye Jones
Pu bl ic Affai rs Ad m i n istrator
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l f  you would l ike your name to be added to our database of

bool< reviewers, please complete the bool< reviewer interests

form on the SCM websi te .  A c lass i f ied compendium of  rev iews

from 1996to the present is also avai lable on the website.

Cel I  u lar Mi crob iology,
Second Ed i t ion

Edited by P. Cossart,  P. Boquet,
S.  Normark & R.  Rappuol i
Publ ished by Amer ican Soc ie tY for

Mi cro b i  o logy Press (2004)

US$1  1  9 .95  pp .536
tsB N '1 -55581-302-X

The discipline of cellular microbiology

has grown rapidly in the last 10 years

with the creation of newjournals, reguiar

scientific meetings and the acceptance of

the term as the merger of cell biology and

moiecular microbiology. The Editors of

this book have been some of the keY

players in this field and have the

potential to bring together the most

important and exciting new researchers

to review the progress of cellular

microbiologyup to the end of 2004.

The book starts with review and
introduction chapters to provide

background to the subject - some

microbrology for cell biologists and

some cell biology for microbiologists!

However, I feit this was not edited in the

best way and there was far too much

duplication in the material presented.

For example, the first chapter, an
'Overview of microbial pathogens', nol

only suffered from providing too much

detail for uninitiated molecular

microbiologists, e. g.' dow nstre am et'f ects

of Pyh2 include activ ation of Src and

sub sequent phosphorylation of p 1 30 Cas,

which complexes with Crh., leading to Racl

activation' ,but also was followed by

another chapter listing all the same

pathogens agarn,but in the context of the

properties of their genome sequences. A

single chapter with less of the cell biology

detail would have sufficed. The celi

biology chapter was better and expiained

the basic concepls important later in the

book, but suffered from lack of figures

9 8

and that the key figure, whichwas
important to iilustrate most of the main

features of the cell structure, was a
'colour plate'whichwas in the middle of

the book, resulting in constantiy having

to flick back and forth between the text

and the figure.

After the mixed introductory section, the

organrzatron and quality of the chapters

improves as they describe more specific

aspects of the subject. These tend to

alternate between a chapter on a

particular aspect of cell biology, like the

actin cytoskeleton, and then an ensurng

chapter describing the ways in which

bacteria exploit these components
during infection. Subsequent chapters

gave good coverage ofadhesion, type III

and type lV secretion systems, bacterial

toxins and their use in cell biology
research and interactions of microbes

with the immune system. The book then

concludes with some very topical

chapters on new post-genomic
methods for virulence gene discovery

and an interestrng chapter on the use of

simple non-vertebrate hosts, like the

nematode worm, to model mammalian

pathogenesis. Amongst these, David
Russells chapter on'Where to stay
inside the cell: a homesteader's guide to
intracel lular parasit ism' is a part icular
highlight. While the book has a hear,y
focus on bacterial pathogens, there is a
chapter dedicated to the cellular
microbiology of viruses, but this seems
rather to have been included as a
comparator to the bacterial chapters
rather than a comprehensive review of

the cell biology of viral infections.

The book would function clearly as a
resource for a cellular microbiologist
coming from either a cell biology or a
molecular microbiolo gy background.
Apart from the poorly edited early

chapters, the book provides in-depth,

up-to-date and well referenced
chapters covering all aspects of cellular
microbiology and is lo be recommended
as a core text. Coming 5 years on from the
first edition of this book, there is plenty

of new material to j  ust i  fy buyi ng Lhis
ed i t ion.

There is one thing that bugs me about
'cel lular microbiology'as i t  is defined
in this book - why only focus on
paLhogens? There are manybacteria
that live intracellular lifestyles that are
not pathogens and there is much we
can learn about the nalure of these
associations from such organisms. To see

a review of bacterial genomes inwhich

only pathogens are mentioned is like

taking the popuiation of a city and just

l ist ing the criminals - comparing
these to the free-l iving and symbiotic
intracel lular relat ives is an important
method of identifyingwhathas made

these organisms the bad guys!

Gavin Thomas, University of York
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Fungal Disease Resistance
in Plants:  Biochemistry,
Molecular Biology, and
Genet ic  Engineer ing

Edi ted byZ. l ( .Punja
Published byThe Haworth Press (2004)

Us$39.95 pp.266
l sBN 1 -56022 -961 -6

This timelyvolume covers areas of
current research interest in fungal disease
resistance in plants. Seven chapters have
been contributed by established
specialists. Major topics have been
comprehensively covered, i.e. signal
transduction in plant defence responses;
the celluiar expression of resistance; the
role of the hypersensitive response;
fungal virulence factors and
patho genesis-related proteins ;
mechanisms of induced resistance and
their application to crop protection. A
final chapter usefully reviews the current
status of genetic engineering of plants
and its role in the enhancement of
resistance to fungal pathogens. The
volume provides useful overviews,
together with in-depth treatment of areas
of specific interest to the authors. All
chapters are well referenced. There are
few illustrations and figures so it is
unfortunate that the quality of
reproduction is low especially for the
digital images. However, it is a useful and
informative volume, to be recommended
for researchers in the field.

Susan lsaac, University of Liverpool

The L iv ing  So i l :
Fundamentals of  Soi l
Science and Soi l  Bio logy

ByJ.-M. Cobat, M. Aragno &W. Matthey
Pu bl ished by Science Pu bl ishers (2004)

f27.20/US$49.50 pp. 626
l sBN 1 -57BOB-210 -2

This book, aimed at both students and
researchers of soil science, emphasizes
the balance between chemistry, physics
and biology. There is a lot in it for
microbiologists not least in providing a
perspective of how it all firs together.
Translated from French. there are
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the occasional confusing terms, e.g.
'insufflation', and'structuration', that
are no longer used, but the benefit is that
the Frenchlanguage literature gets a
deserved airing. This is especially true
of peat microbiology that is well
informed. The chapters on composting,
bioremediation and food chains are also
particularly good. Photographs, figures
and tables are good quality used
effectively and distributed liberally,
making it eye-catching and interesting.
A distinctive style of the book is the mix
of 'linear' and'modular' reading. Margins
are used to explain concepts and
methods and make summary comments.
These notes can be confusing in their
purpose as they are sometimes headings,
notes or occasionally simple quizzical
and quirkycomments. The authors
should be congratulated for trying
something different and although this
style may need some refining, I liked its
originality and readability. The title is
similar to ayery earlybookby SirJohn
Russell, but soil microbial diversity is
more than ever a very modern and
popular topic and Iwould recommend
this book as a good complementary read.

Colin Campbell, Macaulay Land IJse
Research lnstitute

Plant-Pathogen
Interactions: Annual
Plant  Reviews,  Vol .  11

Edi ted by N.J .  Ta lbot
Publ ished by B lackwel l  Publ ish ing
(2OO4)

f .89.50 pp.254
lSBN 1-40511-433-9

'The Insh potato Jamine ... is absolutely
notlimited to ahistonc reJerence' state
West & Vleeshouwers in this book
when cataloguing the economic and
social impact of the 60-odd species of
Phytophthora.

Although part of a sedes, this is a
stand-alone volume that does a
remarkably good job in providing a
comprehensive overview of micro-
organisms that cause diseases in plants
of economic significance. This is no
mean msk, given the involvement of

agents as diverse as viruses, bacteria
and the eukaryotic groups of fungi and
oomycetes (P"|ry tophthor a inf estans, the
infamous cause of the Irish potato
famine, now in a distinct kingdom,
the Straminopila).

Each of these groups employs distinct
infection strategies and the eight plant/
pathogen exampies selected for
inclusion are sound choices. Inclusion
of the chapter on the bean pathogen
Pseudomonas syingae provides an
outstanding example of how the
environment is fundamentally
significant in epidemic disease.
Excellent value for institutional
purchase and seriousiy recommended
reading for all researchers in this field.

AIan Vivian, University of the West of
England

Reviews on the web
Reviews of the followingbooks are
available on the website at www.sgm.
ac. utr</pubs/micro_today/reviews. cfm

The CMO Handbook: Cenetically
Modified Animals, Microbes and Plants in
Biotechnology

Cases in Human Parasitology

Testi n g of C e n eti cal I y Mod if i ed
Organisms in Food

Parasite Cenomics Protocols. Methods in
Mo l ecu l ar B i o l ogy, Vo l. 27 0

Color Atlas of Medical Bacteriology

Ce n o m i cs, P roteom i cs, an d Cl i n ical
Bacte ri o I ogy: Meth od s an d Revi ews.
Methods in Mdecular Biology, Vol. 256

The Hygiene Hypothesis and
lmplicationsfor Home Hygiene. A Report
Co m m issi o ned by Th e I nte rn ati o n al
Scientific Forum on Home Hygiene (lFH)

P ro b lem - o ri entated Cl i n ical Mi crob i ology
and lnfection: Second Edition

H an d book of Mi cro b i o I ogical Med i a,
Third Edition

Viral Fitness:The Next SARS and West
Nile in the Making

Marek's Disease: An Evolvi ng Problem.
Biology of Animal lnfections Series

Th e Bacte ri al Ch ro moso me
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Beinggreen does not mal<e a

p lant envi ro n mental ly fr ien d iy.

B6atrice H en ricot ar-r d

Caroline Gorton take a lool< at

the nis lcs of  introducing new

pathogens into the U l( on

imports of  garcien plants.

plants growing in Britain are not native.

And finaily, the problem has been

compounded by the use of suppressant
f i rnoir- ideq. There ic..*.  .b.-.---.  a strong argumenl

to support limrting products rhat are

available to professionals. Many

commercial products that are legally

approved for crops can also be used on

omamental plants in nurseries, bu[ no

data are available on their efficacy or the

appropriate dosage to control specific

diseases. Consequently, ry-rnptoms can

be suppressed in the nursery and

unwitting gardeners introduce diseased

specimens to their own plots. Brasier

calls this the 'Tiojan Horse'method of

transmitting disease. It is the prime

reason for the spread of both

Cyl i nd ro d adtu m and Phy t ophth o r at

If plant movement was controlled

as stnctly as that of animals, there

would be a dramatic reduction in the

opportunities for new diseases to

spread. By pennitting the import of

certified tissue cultures which were

propagated at the ultimate desttnation,

that country's horticultural sector would

benefit. At present the lack of a 'polluter

pays' approach to pathogens means [hal

it makes economic sense to ignore the

environmental cost, but consumers

could have a significant effect, by being

more aware of the origins of the plants

they buy We must never forget that

plants are not sterile objects. but

potentially entire ecosystems.

B6atr ice Henricot & Carol ine Gorton

are plant pathologists at RHS,

Wis ley,  Woking,  Surrey CU23 6QB,

U l( (e beatr icehenricot@rhs.org. uk)

Please note thatviews expressed in Comment do not

necessarily reflect oft'icial policy of the SAM Cou ncil.
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