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SOME FACTS ABOUT THE WEED RESEARCH ORGANIZATION (WRO)

WROis oneof nineinstitutes belonging to anddirectly controlled by the Agricultural
Research Council. It was set up in 1960 to serve as a national centre for strategic and
applied research and information on weeds and weed control, with particular
emphasis on herbicides.Its principal aim is to serve British agriculture but from its
inception it has played an active role in tropical agriculture in co-operation with the
Overseas Development Administration (ODA). Its information roleis international
andis assisted by the Commonwealth Agricultural Bureaux (CAB). For 1978-79 ODA
and CABtogetherprovided about 6%oftheinstitute’s funds.
The information provided in this report is necessarily condensed and selective.
Readers wishingfor more detail, or for an appointmentto visit Begbroke,are invited
to contact the Information Department.

ABBREVIATEDTITLE

The abbreviatedtitle of this report as given in the Wor/d List of Scientific Periodicals
NewPeriodicals Titles (1960-68)is:
Rep. Weed Res. Org. 1978-79 (1980) 
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DIRECTOR’S INTRODUCTION

This reportdiffers from those of mostofthe institutes of the Agricultural

Research Servicein being biennial rather than annual andin notpresenting

details of individual research projects. Its aim is to provide aneasily read

review of the institute’s work and progress for anyone who may be

interested in what wedo. Forreasonsofspace and cost muchhashadto be

omitted. For those wishing to have more detail, a comprehensive list of

recent WROpublicationsis given on p. 87-100. Earlier lists are available

onrequestfrom the Information Departmentwhosestaffwill also be happy

to answer enquiries concerning the publishedliterature on our subject.

Technical enquiries and requests for advice on practical aspects of weed

control should be addressed to the Agricultural Development and Advisory

Service (ADAS) Liaison Unit attached to WROorto appropriate research

staff.

A RESEARCH STRATEGYFORTHE ‘80s

It has been estimatedthatthis year (1980) the worldsales ofherbicideswill

amountto more than £1750 million. In 1979 the valueofherbicides used in

the UKforagriculture and horticulture was £94.2 million compared with

£15.5 million and £19.5 million respectively for fungicides and insecticides.

The majorarable and vegetable crops are almostall sprayed nowadaysfor

weed control. Manyfields are treated more than onceeachyear(see table).

Information of this kind sets the scene for much of the work of WRO.

During its 20 years existence the institute has contributed muchto the

numerouschemical measures whichare nowavailable for weed control and

whichfor the mostpart are extremely efficient. It is no exaggeration to say

that the use of herbicides has transformed agriculture andthatthelatter’s

economic viability depends heavily on the continuingavailability of cost-

effective treatments. Whilst herbicides have been oneof the successstories

of the century their limitations are becoming more widely recognised. They

are costing the nation andindividual farmers and growersa great deal of

money. Their performance does not always match upto the stringent

requirements ofmoderncrop production technology. Thescale oftheir use,

their efficacy in controlling weed populations and the fact that they are

Opposite. The attractive purple panicle of barren or sterile brome (Bromussterilis).

With the increasing trend towards minimum cultivation of winter cereals, this

roadside grass has invaded the headlands whereits resistance to many grass weed
herbicides makesit difficult to control.
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Herbicideuse in GreatBritain

Percentageofnational area growntreated with herbicide (1978)

Cereals 103*
Sugarbeet 186*
Potatoes 68*
Field beans 98t
Oil seed rape 64F
Fodderroots 55t
Grassland 6*
Vegetable crops and bulbs 103¢
Dessert, culinary and cider apples 217t¢
Bushfruit 247+
Canefruit 153t
Strawberries 215t
Vines 284
 

Figures greater than 100 indicate that these crops weretreated on
more than one occasion

Sources:

* British Agrochemicals Association AnnualReport 1978/79
T Ministry ofAgriculture, Fisheries and Food Surveys 1972-75
g England and Walesstatistics only

applied regularly every year andoften severaltimes each yearinvitecritical
commentabout their ecological impactandthepossibility of undesirable
side effects on users and the public at large. The concern felt about their
safety, whether misplaced or not, is exemplified by the recent adverse
publicity in the national media about 2,4,5-T.
The need to reconcile the dependence of economic agriculture on

herbicides andotherpesticides with the desireto restrict their use to the
minimum level that will allow efficient crop production was brought
sharply into focus by the Royal Commission on EnvironmentalPollution in
their 7th Report Agriculture and Pollution. The conclusionofthe Commission
that research should point the wayto the practical developmentofcost
effective and environmentally acceptable pest (or weed) management
systems neatly summarised the research strategy adopted by WROin
recent years. At the agronomicend ofthe institute’s programme much
progress has been madein understanding the population dynamicsofthe
importantgrass weedswild-oats, black-grass andsterile bromein intensive
cereal production, work which has enabled strategies for their rational
control by herbicides to be developed for individual farms. The research
needed is enormously detailed and time consuming but the results have
been of great assistance to farmers and advisers and must surely set a
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pattern for the future. Therole of herbicides andslot seeding as anintegral

part of grass sward improvementsystems is another example from the

institute’s programmeof the advances that are possible by considering

herbicides as sophisticated crop managementtools rather than as chemical

hoes.

Such agronomicand agro-ecological work needs constantfeeding by new

information andideas deriving from science based programmes which can

shedfresh light on the factors influencing plant and herbicide behaviour.It

is the marrying together of agronomyandthescientific disciplines under-

lying weed control technology which makes WRO unique as a weed

research centre andgivesit the ability to promote advances in weedcontrol

technologyfar beyondthose that are possible by the empirical development

of herbicides, so successfully undertaken bythe agrochemicalindustry and

by weed scientists workingas individualsor in small teams. Thanksto the

welcome changein the policy of ARC, whichin recent yearshaslifted its

embargo on basic research by WRO,and to the strengthening of the

scientific staff which followed the dissolution of the ARC Units of

Developmental Botany and Systemic Fungicides (see WRO 7th Report) the

institute has at last reached a position when it can make major con-

tributionsto the science as well as to the practice of weed control.

VISITING GROUP ENDORSES RESEARCH STRATEGY

This change towards a strengthened science based programme without

weakening the vital agronomic work of WROfound favour with the

Visiting Group to the institute, made in October 1979 under the

Chairmanship of Professor J Heslop-Harrison FRS. Their view was

endorsed by ARC Council whoalsorecognised thatthe institute’s changing

role created a difficulty in so far as manyofthe staff were recruited to

undertake applied research and maynottherefore be ideally qualified for

the more basic programmes. As a result Headquarters have given

assurance that they will support the recruitment of suitably qualified

graduates to those posts which require innovative research workers as and

when opportunity offers. The Visiting Group, which in addition to the

Chairmanconsisted of Professor W WFletcher, Mr J S Martin, Dr J R

Corbett and Mr E R Bullen,proved an enjoyableandfruitful experience for

the institute staff involved and I should like to acknowledge with gratitude

the well informed,helpful andfriendly waythe groupset aboutits task. In

its report the group expressed satisfaction ‘that the institute is doing

excellent work, both in applied andstrategic research relating to weed
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science and as a national information centre’. In the formal report that
WROpreparedfor the group a numberofproblemsofstaffimbalance were
described mainly deriving from the rapid growth oftheinstitute during a
period of general stringency in the Agricultural Research Service when
funds were limiting. Whilst the group considered these difficulties
sympathetically and made appropriate recommendations,the recent curb
in governmentspending and the imposition of cash limits have mitigated
against anyearly solution. Atthe time ofwriting (May 1980) it seemsclear
that the level of funding of WRO by ARCwill be inadequate to maintain
the staff complement achieved by October 1979. From that time vacancies
have had to remain unfilled so that we can keep within theallocated cash
limit. Plans are now being madefor adjusting the organization ofstaff
which we hopewill, in the longer term, result in a smaller but stronger
institute and an acceptable ratio of runningtostaff costs. In the short term
the members ofthose research teams which are understrength are having
to do the best they can with the resources available and with the help of
other groups. Thespirit of co-operation and the determinationofstaff to
meetthe challengeof maintaininganeffective and happyinstitutein spite
of prevailingdifficulties are not only characteristic of those who make up
WRObutarevery positive features ofa generally difficult situation.

ROLE OF THE SCIENTIFIC ADVISORY GROUP

Whilstthe role of the Visiting Groupis to provide a formal report on WRO
to the ARC for each 6-yearperiod and to considerthe very detailed report
preparedbytheinstitute, the Advisory Groupto the Directoris a continuing
source of informal advice and encouragement. Chaired by Professor A H
Bunting the group meets once a year but membersare encouragedtovisit
the institute individually at other times to review those parts of the
programmein whichthey havea special interest. I shouldlike to take this
opportunityto thankthe groupforthe time, help and enthusiasm they have
devotedto ouraffairs. I am particularly grateful to Professor Buntingfor his
continuing supportandhis willingnessto share in our problems.

LIAISON ACTIVITIES

Asthe research programmehasdiversified and strengthened over the years
it has increasingly provided information of direct relevance and of
assistance to herbicide manufacturers and distributors as well as to
farmers, growers,advisers and manyothers.Thisis as it should be since we
haveno wishto duplicate the work which industry can doas well or better.

4 



With increased specialization and investment in all sectors of crop

production, new highlevels of expertise in the use of agrochemicals are

called for and there is muchscope for enhancedefficiency and economy.In

order to promote the communication ofWRO experience as well as to keep

in touch ourselves with practical problems we have continued to provide

two all-day seminars for distributors (Merchants Days: see page 34) and

one for herbicide manufacturers (Chemical Industry Day: see page 33)

each year in co-operation, respectively, with the United Kingdom

Agricultural Supply Trades Association and the British Agrochemicals

Association. These events are invariably over subscribed and reflect the

intenseinterestof the industry in the type of work we now do.In 1980 we

plan to hold the first Consultants Day catering for the specialist crop

protection consultant advising large scale cereal growers. Such meetings

provide opportunities for more detailed presentation of results and

discussion than are possible with the biennial Weed Workshopsaimed at a

widercross section ofthose connectedwith crop protection technology. The

1979 Weed Workshopattracted morevisitors than ever, some 1300 people

over the two-dayperiod (see page 34). Otherliaison events which should

be mentionedare the annual two-day aquatic weed control meeting which

now attracts some 50 participants and a one-day seminar on the

management of amenity grassland, planned for 1980, which will be

attended by representatives of the Countryside Commission, local

authorities and other organizations concerned with research on, and the

managementof, land put aside for conservation and the enjoymentof the

public.

PESTICIDE USE: REGULATION OR RESTRICTION

Whilstit is gratifying that WROresearchis of interest to so many at home

and abroad (more than 3100visitors to the institute in 1978-79: see page

34) the fact thatit is successful in showing the wayto greaterefficiencyin

the use of herbicides can on occasion bring the institute into conflict with

commercial and official interests. Both consumerprotectionlegislation and

the developmentof the admirable British Agrochemical Supply Industry

Scheme (BASIS) are reinforcing the insistence by manufacturers and

distributors thatpesticides are used only as recommendedonthecontainer

label. Such label recommendations, which are the instrument by which

official safety clearance of the Pesticide Safety Precautions Schemeis

implemented,are influenced both by the manufacturers’ marketing policy

and a need to ensure an adequate standard ofefficacy to satisfy the
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Agricultural Chemicals Approval Schemeas well as the average user. A
specialist user who is competentand anxiousto use a pesticide asa finely
tuned part of'a crop production system maywell find opportunities to use
the chemicalof his choice at lower doses or perhapsatdifferent times to
those recommended on the label with a significant increase in cost
effectiveness. Such steps towards ‘pest management’ or ‘integrated pest
control’, advocated so strongly by the Royal Commission on
Environmental Pollution, are an anathemato the voluntary regulatory
schemesoperatingin this country. A formula must, however, be found to
accommodate such advancesorelse ‘misuse’ of pesticides by farmers and
growersin the pursuitofgreaterefficiency and reduction in environmental
hazard can onlyleadeither to discrediting what is probablythe finest
regulatory system for pesticides in the world or the introduction of
restrictive and expensivelegislation.

RESEARCH COMMISSIONEDBY OUTSIDE BODIES

The multi-disciplinary expertise available in WRO,its international
reputation and its wide rangeoffacilities for research are resulting in
increased opportunities for undertaking work funded byorganizations
other than ARC and the Ministry of Agriculture, Fisheries and Food
(MAFF). Apart from the longstanding arrangement with the Overseas
Development Administration and the Commonwealth Agricultural
Bureaux, whofinance respectively the Tropical Weeds Group and muchof
the Weed Abstracts Group, work additional to the core programmeis
currently sponsored by Cyanamid Ltd (tolerance of wheat cultivars to
difenzoquat), Imperial Chemical Industries Ltd (the selective control of
aquatic weeds by diquat/sodium alginate), the Sugar Beet Research and
Education Committee (control of weed beet), the Forestry Commission
(herbicide evaluation for special weed problemsof forest crops) and the
Countryside Commission(feasibility study on the use of herbicides for the
managementof country parksandpicnicsites). This last project and that
sponsored by the Forestry Commission are noteworthy in that they form a
logical extension of the expertise available at WRO on weed control in
agriculturalcropsto the controlofvegetation in non-agricultural land. The
Countryside Commissionproject, which started in late 1979, is exploring
the possibility of using selective herbicides as management tools and
possible substitutes for the conventional grazing and cutting practices
which in many amenityareasare nolongerfeasible. Oneofthe principles
involvedis the ability ofcertain herbicides at very low doses to check coarse
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grasses sufficiently to prevent them becoming dominant and allowing

diverse dicotyledonousplants like primroses, cowslips, orchids and thyme

to flourish. This is yet a further example of how muchofthe institute’s

programmeis nowbasedon an ecological approach to weedcontrol.
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PROGRESS REPORT

REVIEW OF RESEARCH
WEED CONTROLIN ARABLE CROPS

Previous reports havereflected the importance of the annual grass weed
problem in moderncereal production and the complexinter-relationship of
the manyfactors which contributeto theeffective control of these weeds. A
major part of the past research effort of WRO has been successively
focussed on wild-oats (Avenafatua) and black-grass (Alopecurus myosuroides)
with the result that various combinations of cultural and chemical
measures have been suggested which should enable a farmer to reduce a
seriousinfestation of these weedsto an acceptablelevel. It is now necessary
to demonstrate how effective the various options are in practice, as
described below, though there remain manyaspects ofthe biology of these
grass weedsrequiringresearchasindicated in thearticle on the significance
of seed dormancyin wild-oat on pp. 52-58.In addition, the developmentof
newherbicide treatments, new measures of application and formulation,

and a more complete understanding oftheeffect of climatic change on
herbicide performance mustalso continue as described belowandin the
article on the latter topic at pp. 68-75.

Meanwhile, modernintensive methods ofwinter cereal production have
enabled yet another grass weed to increase its weed status with alarming
rapidity. Current knowledgeofbarren orsterile brome (Bromussterilis) and
the results of recent WROresearch upon this weed are described in the
article on p. 43.

Systematic approaches to the control of grass weedsin cereals

Previous work by the Annual Crops Group has shownthat, when seed
shedding is prevented, populations of wild-oats and black-grass in cul-
tivated arable landdeclinefairly rapidly. This suggests that their persis-
tence as weedsis only partly dueto the survivalofseeds alreadyin thesoil.
Probably the majorfactor is the present inadequacy of control measures
whichallow fresh seeds to augmentthosealreadyin thesoil.

Thispossiblity has,so far, been confirmedby a systematic controlproject
beingcarried outjointly with the Agricultural Development and Advisory
Service on a commercialfarm. Thisis located on heavy clay land farmed in
two blocks, 120 hectares in a cereal/ley rotation and 21 hectares in con-
tinuous cereals. The land has a history of wild-oat and black-grass
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e eee e@ e June, 1977

dune, 1978

Key to numbers of
black-grass heads/m?

dune, 1979

Annualvariation in distribution of black-grass heads/m? observed by WROstaff ina

field undercereals at Neville’s Farm, Wantage, 1977-79. The intensive herbicide use

in 1978 reducedtheinfestation but the reduced usein 1979 allowedthe infestation to
increase again.
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infestations and the two weedsare presentonallfields, mostly at moderate
to lowlevels. Weed populations have been mapped and monitoredin detail
every year since 1977. Weed levels declined in 1978 following intensive
herbicide use, most fields having been sprayed twice for black-grass and
wild-oats. With less expenditure on herbicides in 1979, poorer control
allowed more weedseed to be shed and the weedsreverted to 1977 levels.
Thus, oncelow levels ofinfestation are achieved,effective control measures
must be maintained to prevent a rapid return to formerseriouslevels of
infestation.

Varyinglevels of wild-oat seed returnare also a feature of a long-term
systems experiment at WRObased oncrop rotation, cultivation and
herbicide use. Last season (1979), method ofcultivation exerted a major
influence on the emergenceofseedlings. These accounted for only 4%ofthe
estimatedviable seedspresentin the soil on ploughed plots, compared with
10% ofthose present in tine cultivated plots. Two levels of weed control
were also compared. Difenzoquat* gave almost complete control in both
wheatandbarley. In contrast, a reduced dose of barban gave useful but
poorer control. The estimated seed return from this latter treatment, after
ploughing, was 295/m? in wheat and 124/m?in barley whereas,after tine
cultivation, it was 459/m? and 434/m?respectively. The same treatments
will be re-applied each year andtheeffectof these different levels of seed
return on future populationswill be recorded.
The importanceofthe autumn-germinatingplants ofwild-oat prompted

a long-term studyof the pattern ofemergenceofwild-oats in winter barley.
Emergenceofseedlings from fresh seeds was muchgreater in autumn 1979
than in the previous two autumns, possibly because of the wetter
conditions. Three times as many seedlings emergedafter tine cultivation
compared with ploughing, but the reserves of seed in the soil were not
affected by methodofcultivation. When seed populations wereartificially
spread on to cereal stubbles in autumn, most seedlings emerged in the
second spring even thoughseedreservesfell by half in the first year. This
work continuesandwillbe reportedfully ata later date.

Progress with high speed sprayers

Earlier work by the Annual Crops Group,reviewed in theWRO 7th Report,
showedthata lightweight, low-ground-pressurevehicle couldstill be used
for spraying when the land was far too wetfor the use of conventional

* British Standards Institute commonnamesfor herbicides are used throughout this report. The correspondingfull chemical
nameofeach compoundisgiven in theglossaryat p. 000.
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equipment. Since then there has been considerable commercial develop-

mentofsuch vehicles.
Theother majorfinding wasthatthis vehicle was much morestable than

a tractor and could therefore travel much faster while spraying without

excessive boom movement.Bytravelling at higher speeds, spray volumeis

automatically reduced without havingto resort, as would be necessary at

conventional speeds, to smaller nozzlesizes with their liability to blockage

and the productionoffine drift-prone drops. Recent work has concentrated

on theserelationships by comparingherbicides applied at volumes ranging

from 60 to 220 1/ha andcarrier speedsfrom 5 to 19 km/husing fourdifferent

nozzle sizes.
The results suggest that low volume, high speed spraying in winter

cereals could be successful, but more intensive confirmatory work is

needed. Applications of a mixture of ioxynil, bromoxynil and mecoprop

and of isoproturon gave high levels of weed control with all treatments.

Spring applications of difenzoquat were also very effective at all spraying

speeds but marginally better control was achieved with smaller and more

numerousdrops.

Herbicidesfor the control of grass weeds

The Herbicide Performance Group has inherited the role of the former

Herbicide Groupin the evaluation of both new andold herbicides for their

potential in solving specific problemsas they arise. For example, the recent

trend in cereal production towards continuous cropping with winter

cereals,earlier drilling and less mouldboard ploughing, has brought about

a serious change for the worse in the weed status of a numberof grass

species. These include common couch (Agropyron repens) and black bent

(Agrostis gigantea) growing from seed,and the two species of Bromus, sterile

brome(B.sterilis) and soft brome(B.mollis).

Recent pot experiments have indicated that seedlings of both common

couch andblack bent can be controlled selectively in cereals by several of

the herbicides used to control black-grass, e.g., methabenzthiazuron,

metoxuron, chlortoluron, isoproturon, terbutryne and nitrofen. Sterile

bromehas, however, proved moredifficult to control and although,in pots,

a limited numberof herbicides have shown promise either as pre- or

post-emergence treatments, levels of control in the field have proved

variable and reliably effective treatmentis still being sought. However,

preliminary work on theeffect of changes in formulation and application
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factors has proved promising and these approaches, andthepossibility of
moreactive herbicide mixtures, are being pursuedfurther.
A numberofother grass herbicides have also been evaluated recently

which,while differing in their chemistry, are all effective on a very similar
rangeofspecies. Althoughineffective against broad-leaved weeds, they can
selectively control a wide range of annual and perennialgrasses in all
broad-leaved crops andin onions. Annual meadowgrass (Poa annua) is one
important grass species which seemsto beresistantto all these herbicides.
Experiments with two of the compounds, alloxydim-sodium andtrifop-
methyl, have already shownthat both are compatible in mixtures with most
of the other herbicides which can be usedin broad-leaved crops. Thus,it
shouldnotbe difficult to extend the range ofweeds susceptible to them.

Varietal differencesin herbicide tolerance

Varieties of the same crop oftendiffer in their tolerance of a herbicide. In
cereals, differential responses to barban, metoxuron, chlortoluron and

difenzoquat have been demonstrated. Field tests, in which high doses of
herbicides are sprayed acrossstrips of different varieties, enable indenti-
fication of the most sensitive varieties but yield effects cannot always
be accurately predicted from visual assessments and potentially damaging
treatments mayescapedetection.In collaboration with the Plant Breeding
Institute, the Annual Crops Group has conducted twoseries of yield
experiments using herbicide dosesup to four times those recommendedfor
weed control. Thefirst trials were also run in association with Ciba-Geigy
UK Ltd, and compared the tolerance of the black-grass herbicides
chlortoluron and isoproturon bya range of winter wheatvarieties. They
confirmed the marked differences, previously observed in screeningtests,
betweenvarieties sensitive to or tolerant of chlortoluron, and showedless

obviousbutsignificantvarietal differences in tolerance ofisoproturon. The
secondseriesoftrials examinedthe responses of ten winter wheatvarieties
at two stagesofgrowthto the wild-oatherbicides, difenzoquatand diclofop-
methyl. Some varieties tolerated very high doses of difenzoquat while
others were severely damagedat the normaldose. Varieties that showed an
intermediate response are included in currentfield trials studying the
interaction betweenvariety and the growthstage at which theherbicideis
applied.

The population dynamics of “weed beet”

Thepresenceofweedy, mostly annual,off-types ofbeet in sugarbeetlandis
causing great concern. Surveys conducted by the British Sugar Cor-
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Anaerial view of the joint WRO/Plant Breeding Institute/Ciba-Geigytrial in 1978 to
determine the tolerance of the black-grass herbicides chlortoluron and isoproturon

by a range of winter wheatvarieties.

poration indicate that at least 24%of the national beet crop is affected

althoughinfestation levels are generally low.

A national committee is co-ordinating work on this problem and the

Annual Crops Group at WROis contributing in two ways. Candidate

chemicals for weed control or growth regulation are being screened in the

glass housesandaninvestigation hasstarted into the population dynamics

ofweed beet.
The workis still at a very early stage but annual weedy types have

already been showntobeprolific seed producers andtheir seed moderately

persistentin the soil. Seed behaviour can, however, be modified by cultural

factors; many more germinate,ordie before germinating, whentheseedis

left near the soil surface.
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WEED CONTROLIN GRASSLAND

Asthe costs ofgrass establishmentcontinueto escalate, forcing farmers to
acceptfar longerterm leys, so the research of the Grass and Fodder Crops
Grouphasfocussed increasingly on the prevention of sward deterioration.
Muchattention has been givento thefull exploitation of new herbicides
permitting weedfree establishmentand preventinglater weed ingress.

Surveyindentifies re-seeding problems
Each year nearly 500,000 ha of grass are re-seeded in the UK butthereis
little information on how the grass is sown, what weed problems are
encountered or what percentage of re-seeded swards are successfully
established. To provide such information the Grass and Fodder Crops
Group,in collaboration with the British Grassland Society, carried out a
surveyoffarmers’ experiences in Cornwall, Buckinghamshire, Derbyshire,
Hampshire, Shropshire and North Devon. This survey involved 95fields.

In just over half the fields the grass was spring sownandin third it was
established under a cover crop. Broadcasting was more common than
drilling, the average seed rate being 29 kg/ha. A third of the fields were
sprayed with a herbicide and the most important weeds were chickweed
(Stellaria media), meadowgrasses (Poa spp) and docks (Rumex spp).

Three months after sowing, one crop in eight was judged to be
“thin”. Badly drained oracid soils consistently gave poor establishment.
Conversely, firm seedbeds and early grazing usually resulted in dense
crops. Chickweed and docks were mostoften associated with dense crops,
whereasgrass weedsfeatured morein thin crops.

This survey clearly indicates the need for further research into the
pre-requisites ofsuccessful re-seeding.

Herbicides ensure cleaner reseeds

Following the favourable indications ofearlier glasshouse and small plot
experiments,the benefits ofearly chemical controlofgrass weeds invading
newly sown swardshavebeeninvestigated in longerterm field trials. In one

such experiment, a single application of ethofumesate at 0.8 kg/ha to a
newly sown autumn re-seed, heavily contaminated with chickweed and
meadow-grass seedlings, increased ryegrass yields by some 40% over a
three-year period, involving seven harvests. This work by WRO
culminated in a commercial recommendationfor the use ofethofumesatein
re-seededgrassland.
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A subsequent two-year experiment demonstrated that weed ingress

could be contained using ethofumesate at sowing, followed by an

application of methabenzthiazuron in the spring. Currently, a range of

grass varieties are being testedfor their tolerance of these twoherbicides.

Pasture renovation with selective herbicides

The numberof herbicides available for selective control of weeds in

established swards continues to grow. The mostrecent addition stems from

work at WRO whichestablished the value of asulam for controlling the

problem grass Yorkshire-fog (Holcus lanatus) in ryegrass swards. Workis

now in progress to establish which pasture species are best adapted to

colonise the gapsleft in a sward after the removal of clumps of Yorkshire

fog; preliminary indications suggest that species capableofrapid vegetative

spread, e.g. white clover and red fescue (Festuca rubra), are mostlikely to

succeed, rather than the more slowly-spreading perennial ryegrass.

The benefits of achieving legume dominancein mixed swardsby using

grass-suppressing herbicides in winter, are being studiedin a 6-year joint

experiment ith the Microbiology Group. The object is to find out how

frequently propyzamide and carbetamide need to be used to maintain a

given proportion of white clover. Early results are confirming that both

herbicides increase clover and protein nitrogen yields and that

compensatory growthofgrass largely offsets the initial check in dry matter

production.

Further developmentsin slot-seeding

The technique of introducing improved species of grasses, clovers and

fodderbrassicas into old swards, at low cost and minimum disturbance to

soil and grazing management,continuesto attract farmer and commercial

interest. Research on row width, seed rate, band-spray herbicides,

fertilizers and sward type have led to the publication of guidelines for

slot-seeding. Current emphasis is on legume introduction; detailed

competition studies are defining the establishment and survival

requirementsofwhite clover. An experimentwith GRIis indicating a need

to protectseedlingsfrom insect attack.

Encouraging results have followed the slot-seeding of red clover into a

ryegrass ley using a bandsprayofeither paraquator glyphosate; the place-

mentofphosphatefertilizer 3 cm below theseed has proved advantageous.

Highyields of good quality forage have been produced withoutthe use of

fertilizer nitrogen.
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The Gibbs slot seeder; a commercial product built to meet the requirements of the

WROone-passseeding techniquefor renovating permanentpasture.

Role of weed seedsin the deterioration of permanent pasture

The numbersand percentage composition of seeds in the soil beneath old
indigenouspasture at WROis being studied by the Weed Biology Groupto
assesstherole ofburied seedsin the deteriorationofpastures. Aninitialsoil
sampling in spring 1978 indicated that there were 100 million seeds per
hectare in the uppermost 15 cm ofsoil and that more than 40 species were
present. The incidence ofmostspeciesin the soil seed bankdiffered so much
from that in the overlying vegetation that there was no closecorrelation
between the two. An extreme example was that of the rushes (Juncus
species) which, although absentfrom the above-groundflora, nonetheless
made up half the soil seed bank. Seasonal changes in the soil seed
population are now being investigated to determine the life-span and
persistenceofthe seedofindividualspecies.
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The conditions necessary for seed germination and survival under

grassland havealso been the subject of laboratory and pot experiments.

Results indicate that only a small proportion of seeds of a few grassland

species are dormant when shed. Seed survival therefore depends upon

dormancy being enforced and the extent to which this happens differs

greatly between species. For example, dormancy is much morereadily

enforced in commonbentgrass (A. tenuis), which is more exacting in its

germination requirements,thanit is in perennial ryegrass (Lolium perenne),

whichis able to germinate over a wide rangeofconditions. Studies are now

being madein thefield on regeneration and seed germination in small areas

ofsward which have been damagedorkilled.

WEED CONTROLIN PERENNIAL CROPS

Growersoffruit and nursery crops are becoming increasingly dependent on

herbicides as suitable hand labour becomes more expensive andscarce.

Howeverthere are certain weeds that cannotbe controlled chemically in

somecrops, andtherearestill some crops for which there are no herbicide

recommendations. The Perennial Crops Groupis trying to correct these

deficiencies. Work is in progress on the control of specific weeds and to

reduce the amountoffield testing needed for new recommendations. For

somecropsblack polythene can nowbeused asan alternativeto herbicides.

Pot tests speed search for new herbicides

Recommendations for soil-applied herbicides usually are based on field

tests carried out overa period of2-3 years on a rangeofsoil types, chosen to

ensure that the conditions experienced will include the extremes

encountered in commercial usage. In practice, reliability of the results,

especially in respect of crop safety, is very dependent on the weather and

particularly onrainfall, so pot tests with plants grown in sand have been

developedto provide morereliable information oncroptolerance.

The limitations of conventional field testing wereillustrated by a test

involving the useoffour soil-applied herbicides in apples. In four years of

field testing there was no damageto newly planted applesin the loamysoil

at Begbroke, even at doses higher than those recommended. However,in

one of those years, high doses of metribuzin and simazine damaged newly

planted trees in a sandysoil at Luddington Experimental Horticulture

Station. The amountofdamagevaried with the timesof application,all of

whichfell within the period that a grower would reasonablyexpect to be

able to treat newly plantedtrees.
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In the fifth year the same high doses of metribuzin and simazine also
caused damageat Begbroke. But it was confinedto trees in their second
year after planting whereas newly planted trees, which are normally
considered to be moresensitive, were unharmed. The amountof damage
wasalso influenced by the methodofpruning whichaltered both the ratio
ofleaves to roots and the period ofmaximumleafexpansion.

It thus took five years and ten field tests to demonstrate that two
herbicides could cause damage(albeit only at high doses) and that two
others weresafe. The sameinformation had been indicatedin a single pot
test, lasting only a few months,six years previously.

Pottests have also been used to screen andselect the new herbicides that
are now recommendedfor strawberries. This workis described in the report
on page 59. As yet, the main use for the pot test results has been to
concentratefield testing on the mostpromising herbicides. It is hoped that
in future it will be possible to predict field performance from crop plants
growingin large containersofsoil which can be subjectedto simulated rain.
Thiswill still further reduce the amountoffield testing needed to develop
new recommendations.

Black polytheneincreases growth

Whenblack polythenefilm laid on thesoil surface is used to control annual
weedsthereis a greaterincrease in crop growth than can be accounted for
simply by the removal of weed competition. This has been shown in
experiments at Begbroke on theeffect of weeds on the growth of newly
planted crops.

Blackcurrants mulchedwith black polythene haveconsistently outgrown
and outyielded those kept weedfree with standard herbicides and/orcareful
hand weeding. Black polythene hasalso increased the extension growth of
apples by 30-50% in 32 out of 34 trials in commercial orchards in the
Southeast, East Anglia and the West Midlands.
The small scale ofcurrent commercialtrials of black polythene in apples

is largely becausethe laying has to be done by hand.It has been used more
extensively in blackcurrants in which laying machinescan workefficiently.
Although all the WRO work has been with one-year-old blackcurrants,
growers have been quick to appreciate the valueof the techniquefor crops
grownfrom cuttings. Cuttings are cheaper than bushes but they are more
sensitive to soil applied herbicides; polythene overcomesthis problem.
The future for black polythene will be determined largely by the

availability ofmachinesto lay it mechanically andthe alternative offered by
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Black polythene sheet, laid by machine, is gaining favour with growersas a safe

alternative to soil-applied herbicides for blackcurrants.

herbicides in termsof effectiveness, safety and reliability. The cost of film

will also be a key factor and in this connection experiments are now in

progress to determine the optimum width for the mulched strip. Another

aspect under investigationis the possibility of using polythene in the crop

row andherbicides between the rows. Such an approach might permit the

use of herbicides that cannot be used safely over the entire crop area.

Although beyondthe scope of the currentWRO programme,it is apparent

that the techniques being developedfor tree crops could beused to control

unwantedvegitation aroundthebaseofindividualtrees planted in amenity

areas.

19 



FORESTRY WEED CONTROL

Developmentof newherbicide treatments

The Herbicide Performance Group, with financial assistance from the
Forestry Commission, continued to evaluate both new andold herbicides
for use in forest nurseries and plantations. Some of the mostinteresting
results in the last two years relate to summerapplications of atrazine and
terbuthylazine in young plantings. These treatments may provide better
control of grasses such as purple moor-grass (Molinia caerulea) which
commencegrowthin late spring. Earlier species such as creepingsoft-grass
(Holcus mollis) are probably more susceptible earlier in the year. The
activity of triazine herbicides appliedto foliage can often be increased byoil
or surfactant additives.

In studies relating to pre- or post-emergence weed control in forestry
seedbeds, the herbicides butam, butralin, prodiamine, isopropalin,
fluorodifen, napropamide,terbuthylazine and bifenox all showed promise.

AQUATIC AND AMENITY VEGETATION MANAGEMENT

Theprojects of the Aquatic Weed and Uncropped Land Groupdiffer from
those ofother research groups at WRO,inthat they are not concerned with
the reduction of weed competition in crops but with the managementof
natural vegetation in water and rural amenity areas. In most cases the
objective is to reduce plant density without destroying all the vegetation;
current workis primarily concerned with the use of chemicals to achieve
this objective.

Localized control of submerged weeds
An adequaterangeofherbicides has beenavailable for someyears for the
total control of emergent, floating and submerged aquatic plants. The
removal of emergent vegetation may be achieved simply by spraying her-
bicides on the leaves. Employing glyphosate, this method canalso be used
to remove unwantedpatchesof waterlilies. However, localized control of
submergedplants by this meansis not possible, because the recommended
concentration of herbicide has to be maintained throughout the body of
waterand thenall susceptible plants succumb. Thus,the main object ofour
recent researchwith herbicides hasbeento find waysofachieving localized
control ofsubmerged plants. We haveused twoherbicides, dichlobenil and
diquat, both of which are already cleared for use in water under the
Pesticides Safety Precautions Scheme.
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Dichlobenil is recommended for use at a concentration of 1 ppm tokill a

wide range of submerged vascular plants. This recommendation is based

on the assumptionthat the herbicide in solution is taken up by the plant

through its foliage. However, when the chemical is usedin terrestrial

situations it is applied to the soil and taken up by the roots and other

undergroundparts. This suggestedthat,ifrooted aquatic plants behaved in

a similar way, the application of granules containing the chemicalto the

mud might provide an effective way ofachieving localised control. This

was confirmedin 1978 and’79. Wholeblocks ofvegetation within weed beds

in lakes werecutoutsimply by spreadingthe granulesevenly on thesurface of

the water and allowing them tosinkinto the mud. Waterand plant analyses

showedthatabsorptionofthe dichlobenil was confined to the rooted plants

in the treatedplots andthatthe very small quantity that dissolved into the

waterwastotally ineffective against plantsoutsidetheplots.

The second method oflocalizing control involved a novel carrier for

diquat. Diquat has to be absorbed by actively photosynthesising plant

tissue to be effective and is normally used against aquatic weeds at a

concentration of | ppm. Water movementand diffusion makeit impossible

to maintain the required phytotoxic concentration in one partofa lake long

enoughto achieve localised weed control. By adding diquat to a viscous

solution of sodium alginate it has often been possible to overcome this

problem in lakes, and also to cut narrow channels through weedbedsin

swiftly flowing rivers. The principles underlying the behaviour of the

mixture have not been fully elucidated but work is continuing in

collaboration with the commercial companies concerned. The technique

has created a great dealofinterest in the water industry andfishing and

sailing fraternities, becauseit is more acceptable environmentally.

Microbial contribution to deoxygenation of water

Considerable residues of aquatic plants are often left in water following

weed control measures. In static water this may be accompanied by

deoxygenation of the water and it has been suggested this partly results

from microbial decomposition of the plant material. The Microbiology

Group collaborated with the Aquatic Weed Groupin aninvestigation of

this phenomenonin a small lake in Oxfordshire, heavily infested with the

filamentous alga Spirogyra sp., which had been treated with terbutryne.

Early results indicate that, as expected from previous work, the herbicide

stopped photosynthesis by the alga and other aquatic plants butdid not

effect their respiration which thus caused deoxygenation. Microbial
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Localized area of pond weedkilled by diquat/alginate applied originally at position
marked by white stake.

decomposition of the plant residues was not appreciable until after
deoxygenation was established. Factors such as water temperature and
movementby wind action, which affect oxygen solubility and diffusion into
the water, appearto play importantroles.

Deoxygenationofpond waterhasalso been successfully simulated in the
laboratory. Dense ‘blooms’ofthe unicellular alga Stichoccus sp. were treated
with terbutryne, at normal dose (0.1 ppm). Three to four dayslater the
bacterial population in the waterincreased greatly, as a result of nutrient
release from dying algae, and the oxygen content dropped to zero. It seems
that, in this system, microbial consumptionofdissolved oxygenis a major
contributorto deoxygenation.

Parallel studiesin the lake,in artificial ponds, andin the laboratory have
not shownanyeffectof the use of terbutryne on aquatic bacteria, protozoa
or planktonicalgae which indicates harm to the ecosystem.
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RESEARCH ON HERBICIDE PERFORMANCE

Herbicide mixtures and sequences

For practical and economic reasons farmers and growers are now making

increasing use of mixtures and sequences of herbicides or other crop

protection chemicals. Mixtures of herbicides have therefore featured

strongly in the evaluation programmeofthe Herbicide Performance Group

in recent years. Mixtures of barban with metoxuron, difenzoquat with

isoproturon, and diclofop-methyl with isoproturon were found to be

particularly successful for the control of mixed populations of black-grass

and wild-oat, and have subsequently been commercially developed. In

morerecent work, a mixtureoftriclopyr and 3,6-dichloropicolinic acid has

proved particularly effective against well-established perennial species

such ascoltsfoot (Tussilago farfara), broadleaved dock (Rumex obtusifolius),

gorse (Ulex europeaus) and creepingthistle (Cirsium arvense) occurring in

perennial ryegrass.

The Herbicide Performance Group hasrecently been strengthened by

the addition of Dr H F Taylor, a biochemist formerly attached to the now

disbanded ARC Unit of Systematic Fungicides. He has started a

programmeofstrategic research with the objective of explaining some of

the reasons for the antagonism which can occur between broad-leaved

herbicides such as 2,4-D and wild-oat herbicides such as diclofop-methyl.

So far, herbicide metabolism andtranslocation appearto be implicated in

the reduction ofdiclofop-methy]activity by 2,4-D.

Herbicide additives

Recent work with additives in the Herbicide Performance Group has

concentrated on the autumncontrol of common couchin stubbles and the

selective control ofwild-oats in cereal crops.
The enhancement of the activity of low doses of glyphosate by the

addition ofammonium sulphate and/orsurfactants is now well established.

Wherea couch grass population does not justify more expensive control

measures, routine use of low doses of glyphosate with the addition of

suitable adjuvants can bea useful methodofcontaining the weedinfestation.

The technique hasbeen usedin practice by a numberofinterested farmers,

apparentlywith satisfactoryresults.

Morerecently, attention has been given to anotheraspect of glyphosate

usage, namely rainfastness. In experiments in which plants were sprayed

with the recommendeddosesofglyphosate and subjected to simulated rain
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within 2-6 h oftreatment,the addition to the spray solutions ofammonium
sulphate with thelipophilic surfactant Ethomeen C12 markedly increased
phytotoxicity.

Earlier experiments with the wild-oat herbicide difenzoquat indicated
that low volume CDAtreatments wereless effective than conventional
medium volumeapplications (refer WRO 6th Report, pp 84-85). In the
last two years ourstudies of the effect of adding solubilized oil on the
activity ofdifenzoquat have progressed from the laboratory tothefield. In
the latter, the addition of a 5%oil and surfactant mixture to difenzoquat
applied in 20 1/ha with a rotary atomizer markedly improved wild-oat
control to the extent that the low volumesprays of difenzoquat were as
effective as equivalent 200 1/ha conventional applications. The additives
also slightly increased the phytotoxicity of the herbicide when sprayed
conventionally.

Selective application of herbicides

Becauseofthedifficulty ofcontrolling some aggressive weeds within crops
with selective herbicides, alternative methods based on smearing non-
selective herbicides such as glyphosate on to individual weeds are being
investigated both by the Annual Crops and the Grass and Fodder Crops
Groups. In particular, attention has been focussed on the possibility of
controlling tall weeds in short crops and grassland. It is clear from
preliminary work on such weedsas volunteer potatoes, docks andthistles
that topical applicationsof small and concentrated amountsof glyphosate
will achieve good control. The suspensionofthe herbicidein an alginate gel
is also effective in reducing splash and run-off. A prototype applicator,
consisting essentially ofa rotating roller that smears herbicide ontothetall
weeds but not the shorter crop, has been tested with some success.
Volunteer potatoes have been controlled in carrots and sugar beet,
althoughin thelatter crop the level ofcrop damagewastoo high andfurther
workis needed. Docksandthistles have also been successfully controlled in
grassland. Further work with a commercialroller applicatoris in progress.

Straw ash reducesperformanceof black-grass herbicides

The new Environmental Studies Group cameinto being on 2 April 1979
and comprises the ‘environmental team’ ofthe former Herbicide Group
plus two more graduate biologists. The group has continued its former
programme of research into the effects of environmental factors on
herbicide performance, details of which are given in the article on p.68.

24 



ped Lee rigsee=eeoe

The WRO experimental roller applicator for smearing herbicide onto tall weedsin

short crops has shown the technique has promise in some arable crops and in
grassland.

The recentincreasein staff has also enabled the groupto investigate the

inconsistentfield performanceof the pre- and post-emergence urea-based

black-grass herbicides chlortoluron andisoproturon.

In pot experiments designed to simulate the pre-emergence application

of these two herbicides to black-grass in burnt stubble, the ash resides of

the burnt straw were found to reducethe activity of both herbicides when

they were applied soon after burning. At low humidity, post-emergence

treatments primarily exerted their effects via the soil, but uptake from the

foliage increased under warm humid conditions. A greater quantity ofthese

herbicides was observed to enter the plant from the innerpartoftheleaf

sheath than from theleafblade.

Theeffect of changing environmentalfactors

Studies with both wild-oats and commoncouchclearly showed that mor-

phological and physiological differences induced by the environmentin the
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pre-spraying period can also have significant effects on herbicide
performance. For example, reducedlightlevels led to increases in both leaf
area and herbicide spray retention in wild-oats. This resulted in an
improvement in the performance of benzoylprop-ethyl but that of
difenzoquat was unaffected. Moisture stress reduced the activity of both
these herbicides.

In short-term studiesofthe effect of the post-spraying environment on
the activity of herbicides on commoncouch,high temperatures favoured
rapid translocation of 4C-glyphosate whereas cool conditions increased
activity in the rhizome buds(see thearticle on pp.68). The activity ofthe
wild-oat herbicides benzoylprop-ethyl, diclofop-methyl and difenzoquat
wasenhancedbyhigh humidity following spraying.

The modeofaction of glyphosate

Thefate of glyphosate has been followed in 14C-glyphosate treated couch
grown in nutrient solution. The root exudates contained undegraded
glyphosate but only in quantities unlikely to affect adjacent plants.
Biochemicalstudies on the modeofaction ofglyphosate, using single node
fragments of couch rhizome and wheat roots, indicated that the
phytotoxicity of glyphosate is mediated, at least in part, by a decrease in
free phenylalanine. Thisresults in a stimulation ofphenylalanine ammonia
lyase (PAL)activity and aninhibition ofprotein synthesis.

HERBICIDE/SOILS RESEARCH

Movementofherbicidesin the soil

The work previously reported by the Chemistry Group in the WRO 7th
Report (pp. 23-24) has been pursuedfurtherin collaboration with theARC
Letcombe Laboratory and Rothamsted Experimental Station. The
movement of fluometuron and simazine, together with that of 3°CI (to
monitor water movement) and 1!44Ce3* (to trace movement of soil
particles), was measured in the field at two sites. At Begbroke Hill
fluometuron moveda little, but, after 185 days, the bulk ofit remained in
the top 6 cm. At Compton Beauchampthere wasessentially no movement
below3 cm. Simazineatboth sites was almostentirely confinedto the top 3
cm. The adsorption characteristics of the two compoundsaresimilar so
presumably the higher mobility of fluometuron is a consequenceofits
greater watersolubility.

The movementofwater,as indicated by 36C]distribution,in relation to
that of the herbicides, supports the hypothesis that there are mobile and
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immobile categories ofwaterin the soil and that the mobile component may

movetoofast for equilibrium to be established with thesolutes presentin

the soil. The movementof soil particles, as measured by ‘4Ce%", was

similar in extentto that ofsimazine. It seems, therefore, thatsoil structural

effects can be more importantthan adsorptionin controlling the movement

of solutes.

In a parallel laboratory experiment, using a standard leaching column

techniqueofthe sort included in registration guidelines, the movementof

both herbicides was considerable and gave a misleading indication of

mobility in thefield.

Breakdownproductsof atrazine and diuron are unaffected bysoil

pH andfertilizers

It is well established that soil pH canaffect herbicide persistence and that

this could reflect changesin thesoil microflora. In the field, transient high

salt concentrations mayoccurcloseto fertilizer granules whichcouldalso

change the componentorganismsof the soil population. Such changes

could,in turn, affect the nature of the degradation productsof a herbicide

but studies of herbicide metabolism in the soil do not normally reflect this

possiblity. To test this hypothesis, C-labelled atrazine and diuron were

incubated in the laboratory with samples oftwosoils, adjusted to pH4or 8,

and containing either none, 0.2% or 20%of a compoundfertilizer. The

highestfertilizer rate was an attemptto reproducethe conditionsthat might

exist immediately adjacentto fertilizer granule in thefield.

The nature of the radio-active products from both herbicides was not

affected by the soil treatments. Although the proportion ofhydroxy-triazine

derivatives of atrazine wasgreaterfrom thesoils adjusted to the lower pH,

this was to be expected as atrazine can be hydrolysed non-biologically.

Otherwise there were nogreatdifferences, which showsthat the metabolic

pathwaysof these compoundsin soil are insensitive to wide variations in

salt concentration and pH. Thus,it should not normally be necessary to

include a wide rangeof conditionsin studies of degradation products such

as those required to meet registration requirements.

Somedegradation of paraquat may occurin the soil

Paraquat applied to the soil is so strongly adsorbed thatit is usually

assumedto be unavailable, not only to susceptible plants but also to the

micro-organisms that might decomposeit. In an experiment at WRO to

test this assumption, paraquathas been applied annuallyto field plots at
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4.48 kg/ha since 1967 and soil samples have been analysed at regular
intervals. Thereis, inevitably, great variability in the residue levels within
field plots and small differencesare difficult to detect so that, in the early
years of the experiment, no breakdownwas apparent, as expected. After 1]
years, however,it is clear that the residues presentare less than the total
amountof paraquatthat has been applied. Thedeclineis consistent with a
yearly rate of loss of about 10%of the total amountpresent immediately
after each annual application. Co-operative work is now in progress with
ICI Plant Protection Division to try to identify the processes involved.

HERBICIDE MICROBIOLOGY

Effects of herbicides on the soil microflora

The Microbiology Group continued to give priority to the evaluation of
methodsofassessing theeffects of herbicides on soil microbes. Manyofthe
methods evaluated were published in WRO Technical Report No. 45.
Subsequently this was used as a standard reference by the International
Group of National Associations of Pesticide Manufacturers in their
contribution to an FAO meeting on the harmonization of environmental
criteria for the registration ofpesticides.
The response of the microflora to a herbicide can vary with the

environmental conditions obtainingin thesoil. Recent work has shownthat
herbicides may have more pronouncedeffects on soil microbial processes
whenfertilizer is present, possibly becausethefertilizer can lower the pH of
the soil. Thus,in the presenceoffertilizer, asulam completely stopped the
microbial oxidation of ammonium-nitrogen whereas in the absence of
fertilizer, the herbicide hadlittle effect. Future developmentof this work
will include the effect of nutrient uptake by plants on the interactions
betweenfertilizer, herbicide and microflora.

Herbicide effects on the root microflora

Someeffects ofthe misuse ofmecoprop on wheatroots weredescribed in the
WROReports for 1974/75 and 1976/77. Further investigation has shown
that the invasionoftheroottissues is confined generally to bacteria. A wide
range of bacterial types is present in the root cortex. One group, the
fluorescent pseudomonads,is particularly well represented and they have
been investigated further. Electron microscopy hasrevealed a variety of
effects on the root tissue which appearto beassociated with the invading
bacteria. Cell walls are damaged, protoplasm is disrupted, and the
junctions betweencells are softened so thatcells pull apart and may slough
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Electron micrographsofsections throughroots of wheat (var. Maris Dove) damaged

by mecoprop and invaded by bacteria: (A) Bacterium (b) attacking intercellular

material (im) in the root cortex. Note also damageto cell walls (w) at top and right of

the micrograph.(B) Bacteria (b) ‘dissolving’ a hole throughthe wall (w) of a cortex

cell. (C) Bacteria (b) ‘dissolving’ the wall (w) of an epidermalcell. The bar represents
0.5 um.
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off the root. Some oftheseeffects areillustrated on p. 29. Bearing in mind the
implicationsfor crop growth, a detailed examinationoftheseeffects and the
bacteria which mayberesponsible is being madein collaboration with the
Developmental Botany Group.

Legume nodulation andnitrogenfixation

In glasshousetrials, several herbicides have reduced the nodulation of, and

so the fixation of nitrogen by, legumes suchaspea,french andfield beans,
clover and fenugreek. This is almost certainly due to the effects of the
herbicides on the host plant rather than to any direct effects on the
Rhizobium spp.It is clear that factors such as nitrogenfertilizer level and

stage of legume growthat spraying could modifytheeffects and these have
been examinedfurther.Asyetthereis little evidence that the reduction in

nitrogen fixation that occurs inthe field is such thatcropyield is affected.
However,thereis a possibility that, in situationsoflow nitrogen, the effect
could be significant and nullify or reduce the benefits ofweed control.
A detailed studyofthe indirecteffects of the use ofherbicides to suppress

grass growth andso improveclovercontentin grassland has commencedin
collaboration with the Grass and Fodder Crops Group. The nitrogen
content of soil and plants and the nodulation and infection of clover
by symbiotic mycorrhizal fungi are all being examined. Early results
indicate little or no effect of herbicides on the micro-organismsortheir
activities.

BIOMETRICS

MembersoftheARC Letcombe Laboratory/WROJoint Biometrics Group
continued to advise and assist WROstaff in the design and analysis of
experiments and in computing, and investigated problemsarising out of
this work. The computer terminal facilities atWRO have now been con-
siderably improvedbytheinstallation ofa serial printer which has speeded
up the completion of computing jobs.

Principal componentanalyses have beencarried outto assist in examin-
ing the changesin the distribution of a large numberof weed species in a
field which occurred over a 12-year period. Bioassay information on the
movementof herbicides downsoil columns, which wasdifficult to treat by
standard methods,has been analysedsuccessfully using simple parameters
derived from curves describingtheir overall vertical distribution. Progress
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has also been madewiththe developmentofa computer program to handle

the data obtained from a patternator table and thus speed up the time-

consumingprocessofselecting and matchingsprayjets to give as uniform a

distribution as possible.

OVERSEASACTIVITIES

ODA TROPICAL WEEDS GROUP

In thelast two years the glasshouse andlaboratory facilities available to

this group at WRO,financed by the Overseas Development Administra-

tion, have largely been monopolised by the special witchweed (Striga)

research project described in the article on pp. 76-83. Evaluation of new

herbicides on tropical species has, however, continued and some new

grass-killing herbicides have shown great potential for the control of

perennials such as seashore paspalum (Paspalum vaginatum), a salt-tolerant

grass whichis a serious weedin tidal swamprice in Sierra Leone. Some new

herbicides with potential for controlling purple nutsedge (Cyperus rotundus)

in cotton have also been studied. Fluridone wasfound to be moreselective

than the other compoundsavailable but has an undesirably long persis-

tence in soil. The use ofherbicide antidotes to protect direct sownrice has

been furtherinvestigated.

The liaison activities of the group have included discussing weed

problems with many overseasvisitors and responding to requests from

research workers in developing countries for information and advice.

Eleven annotated bibliographies were prepared on tropical weed control

topics.

Advisory visits to developing countries

The leader of the Tropical Weeds Group (as ODA Liaison Officer) made

several advisory visits in response to requests from developing countries.

Theseincludedvisits to the United Planters Association of Southern India

to advise on weed control and weed research in tea; to an ODA/West

African Rice DevelopmentAssociation project in Sierra Leoneto advise on

control of seashore paspalum andother weedsin tidal swamprice; andto

the Regional Centre for Tropical Biology in Indonesiatoassistin a training

course and to advise on a research programmeon spear grass (/mperata

cylindrica), a dominantproblem forthe transmigrants fromJava attempting

to settle in Sumatra.
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Healso travelled widely in connection with the witchweed research
project, including participation in a Striga/Orobanche Workshop in the
Sudan in November1978; attending the 2nd International Symposium on
Parasitic Weeds in USA,July 1979, and spending three weeksin late 1979
as,a member of a USAIDteam touring West Africa and the Sudan to
prepare proposals for a major USA-financed witchweed project for West
Africa.

In August 1978 and again in March 1979 the Directorvisited India on
behalfofODAto attend the 17th Co-ordinated All-India Wheat Workshop
at Hyderabad,to discuss the establishmentof a central interdisciplinary
weed research unit under the Indian Council for Agricultural Research,
and to advise on

a

strategy for the controlofcanary grass (Phalaris minor), a
serious weedofirrigated wheatin India.

Following his earlier survey of weed problemsin the Gambia, the ODA
“home-based officer’, P J Terry, has been seconded there for at least 12
monthsto establish simple weedcontroltrials and determinethesituations
in which improved methodsshouldbeintroduced.

Before leaving for the Gambia, P J Terry spend six months preparing a
weed control manualfor East Africa. The project, requested by the Kenya
Governmentand sponsored by ODA,includeda visit to Kenya, Tanzania
and Zambia to collect material for the book which is scheduled to be
published by the East African Literature Bureaubylate 1980.

LIAISON AND INFORMATION

LIAISON

Now thatthe financing ofagricultural research is subject to strict cash
limits the long-established role of WRO in promotingliaison betweenall
concerned with the advancementofweed science and technology in the UK
has becomeeven more important. It is vital that the funds available should
be spentto the greatest effect and,to this end, previous arrangements for
coordinating WROresearch with that taking place in other official,
commercial and university centres have been maintained and where
necessary, further developed.

Liaison with ADAS

The Agricultural Development and Advisory Service Liaison Unit at WRO
comprises an agricultural and a horticultural herbicide specialist and the
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Herbicide Liaison Officer ofthe Agricultural Chemicals Approval Scheme.

In addition to respondingto technicalequiries from theirADAScolleagues,

farmers and growers, the Liaison Officers plan and coordinate ADAS

herbicide trials; a commonfeatureof these is the further development of

techniques originating at WROincluding new herbicide treatments for

minor crops. They are also responsible for drawing the attention of

WROto new problemsrequiring research, for the compilation ofADAS

technical leaflets on weed control, for keeping their colleagues informed of

new developments, for liaising with herbicide manufacturers, and for

giving talks on weed control to farmers and growers.

The Herbicide Liaison Officer of the Agricultural Chemicals Approval

Scheme is seconded to WRO from the Ministry of Agriculture’s Plant

Pathology Laboratory at Harpenden. The purpose of the scheme is to

enable users to select efficient and appropriate crop protection chemicals

and to discourage the use of unsatisfactory products. The Herbicide

Liaison Officer is thus in the uniqueposition of being fully informedofall

stages of industry’s development programmes for new herbicides while

having accessto all the information emanating from WROresearch.

Contacts with the agrochemicalindustry

The annual Chemical Industry Days organised in conjunction with the

British Agrochemicals Association, described in detail in the WRO 7th

Report, were again repeated in 1978 and ’79 providing the occasion for

mutually advantageous contact between youngerstaff of chemical firms

and WROstaff. Over80visitors participated on each occasion.

In both years WROstaff contributed to the annual Reviewof Herbicide

Usage sponsoredbythe British Crop Protection Council.

In 1979 the Head of the Microbiology Group at WRO wasasked to

organize, in collaboration with Dr N Poole of ICI Plant Protection

Division, an international workshop on theeffects of pesticides on soil

micro-organisms. The workshop, held in November at Jealott’s Hill

Research Station, was attended by 35 delegates from all over Europe

representing governmentresearch, universities and industry. The work-

shop resulted in the production of unanimously agreed recommendations

for methodsoftesting side-effects of pesticides on the soil microflora which,

now published as WRO Technical Report No. 59, have been circulated widely,

particularly to the authorities responsible for the registration of pesticides.
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Liaison with agricultural merchants

Farmersobtain a greatdeal oftheir advice on chemicals from agricultural
merchants’ representatives so it is importantthat the latter should be as
technically knowledgeable as possible. WRO contributesto their education
through the two Merchants’ Days held each February in conjunction with
the United Kingdom Agricultural Supply Trades Association. A total of
320 merchants’ staff attended the days held in 1978 and 1979 andit has
been gratifying to observe the steadily rising level of technical knowledge of
those attending.

Weed Workshop ’79 and other events

Weed Workshop ’79,held on 13th and 14th June 1979, wasthe 5th in this
series of biennial displays of majortopics of current research atWRO. The
occasion featured weed control in winter cereals, grassland management
with herbicides, new developmentsin fruit weed control, and factorsaffect-
ing herbicide performance. Theobjective, as always, was to subject current
research achievements to the hard-headed appraisalofpractising farmers
and growersas well as that ofcolleaguesfrom industry, the universities, the
advisory services and other ARCinstitutes. The record attendance figure of
over 1300 undoubtedly reflected the ever-growing interest in WRO’s
activities. For thefirst time also, farmers and growers formed over 30%of
the visitors.
The graphicstaff of the Information and Public Relations Group also

designed several displays of WROresearch for exhibition at the Chelsea
Flower Show,Potato Marketing Board Spring Demonstration, and British
Crop Protection Conference—Weeds in 1978, the British Growers Look
Ahead Conferencesin 1978 and 1979, and the RoyalAgricultural Society’s
Barley ’79 Demonstration.

Apartfrom the visitors to Weed Workshop ’79 and the participantsin the
Merchants and Chemical Industry Daysheld in both years, nearly 1300
groupvisitors came to WROin 1978-79 whosereception and programmes
were organizedby the Information and Public Relations Group.

Conferences

WROstaff have always actively participated in the organization of weed
science conferences and symposia sponsored byscientific societies.
Whether in the UK oroverseas, these events provide an excellent
opportunity for the presentation and discussion ofthe results of research
while some,like the British Crop Protection Conference—Weeds, afford
research workers from WROandotherinstitutions a unique chanceto meet
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Two of the 1300 visitors to Weed Workshop ‘79 discussing the role of herbicides in
grassland managementwith a memberof the Grass and FodderCrops Group.

their opposite numbers from the world’s agricultural industry. This was
well illustrated by the 1978 BCPC weed conference where, of a total
attendanceof 1600, some 1000 delegates represented chemicalfirms, many
from overseas. Some 26 WROresearchstaff attended and contributed 24
outofthe total of 143 papers presented.

In 1978/79 senior staff also served on the organising and programme
committees of the BPC symposium on controlled drop application; the
European Weed Research Society’s international symposium on aquatic
weeds; the EWRS symposium onthe influence of different factors on the
development and control of weeds; the British Grassland Society’s
symposium on changesin sward composition and productivity; and various
symposia organised by the Physiochemical and Biophysical Panel of the
Society ofChemical Industry.

Details of the overseas conferences and symposia in which WRO
personnel participated are given on pp. 106-108.
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The National Wild-oat Advisory Programme

Readers of the WRO 7th Report will recall that the National Wild-oat

Advisory Programme,started in 1972, was a joint venture byofficial and

commercial organizations to improve farmers’ knowledge and control of

wild-oats. WRO was heavily involved in the organisation of both the

programmeandthenationalsurveyofwild-oats and other grass weeds that

occurred in 1977. Nowthatthe surveyis complete and publishedit stands

testimony to how muchcanbeachievedbythe voluntary collaboration of

manydiverse people of common purpose and goodwill. By any standards

the survey was a tremendouseffort; 2250fields were visited on 1153 farms

throughout the United Kingdom.A vast amountofdata wascollected and
fed into a computer; as a result, massive concertinas of computed results

accumulated, enough, it might be thought,for years of study. Yet a team of

authors, led from WRO,digested this mass of data to producefirst a

preliminary report in February 1978 (only 6 monthsafter the completion of

the field work), and then a full report which was submitted for publication

in August 1978 and appearedin April 1979. This full report*, containing 23

tables of data will stand not just as a description of the weeds that were

surveyed, but also as an up-to-date statement on cereal growing in the

United Kingdom.
With the completion of the survey the National Programmehas been

scaled down,andits effects are being appraised.

INFORMATION AND PUBLICATIONS

It is the provision of specialist library, current awareness and information

retrieval services, both to its own researchstaff and other weedscientists,

that has won widespread recognition for WROas a national centre for

information on weedscience. These services are largely the responsibility of

the staff of the Information and Public Relations Group who,in 1978-79,

managed to cope with a further increase in demand. This wasreflected in

more than 1800 inquiries answered and in the preparation of 13 new

annotated bibliographies on selected topics. Over 840 requests for these

and earlier bibliographies were processed. In addition, as a result of

circulating some 850 weedscientists and institutions withhalf-yearlylists of

WROpublications, requests were received for nearly 15600 reprints, 500

technical reports and 2500 copies of the WRO 7th Report. There were also

46 external subscribers to the weekly Current AwarenessList.

* ELLIOTT,J G, CHURCH,B M, HARVEY,J J, HOLROYD,J, HULLS, R H and WATERSON,H A (1979) Survey of

the presence and methodsofcontrolof wild-oats, black-grass and couch grassin cereal crops in the United Kingdom during

1977. Journal of Agricultural Science, Cambridge, 92, 617-634
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Publications

WROhascontinued to beclosely associated with a numberofserial and
regularly re-edited publicationsinthefield ofweed science. Membersofthe
research staffhavealso found time to make majorcontributions to both new

andestablished reference worksin this andrelated fields.

Weed Abstracts. This abstracting journal, now in its 29th year, is compiled

from the world literature on behalf of the Commonwealth Agricultural
Bureaux (CAB), by the staff of the Weed Abstracts Group of the Infor-
mation Department.A total of8,627 abstracts was published in 1978/79, an

increase of 10%over 1976/77. There wasa slight increase in the numberof
subscriptions.

Plant Growth Regulator Abstracts. This monthlycollection of abstracts from
other CABjournals, collated and edited atWRO,is still the most successful

of the newstyle ‘re-packaged’ journals assembled for the convenienceof a
select readership. Subscriptions increased by 7% to 419 bythe end of 1979.

Agricultural Engineering Abstracts. Originally envisaged by CAB as another
‘re-packaged’ journal whenit started in 1976, a memberof the group was
asked to collate and edit it because of his previous experience of the world
literature in this field. It rapidly became apparentthat the existing CAB
journal coverage was inadequate and considerable input oforiginal
abstracts had to be provided. It was therefore recommended that an
independent abstracting unit should be established. CAB acted
accordingly and set up a unit at the National Institute of Agricultural
Engineering in late 1978 so bringing to an end WRO’sbrief but successful
association with this new and much-neededjournal.

Weed Research. The Director remains chairmanofthe 16 strong international

Editorial Board ofthis journal; a former memberof the Information De-
partment is the Honorary Secretary. Published by Blackwell Scientific
Publicationsas the official journal of the European Weed ResearchSociety,
109 papers on all aspects of weed science appeared in the journal in

1978/79. The circulation increased to 1700 in 1979 asa result ofthe decision
to issue each member of EWRS with the journal as a privilege of
membership.

Tropical Pest Management. Close links have been maintained between the
editor of the weedssection of this journal (formerly known as PANS), and
the leader of the ODA Tropical Weeds Group at WRO. Published
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quarterly by the Centre for Overseas Pest Research with the intention of

keeping scientists in tropical countries informed of the latest advances in

pest control, it is a valuable medium for the publication of reviews and

original articles on weed control, new herbicides and application tech-

nology.
Weed Control Handbook. Publication of the 6th edition of Volume I, Principles in

1977 was followed by the publication of the 8th edition of the companion
Volume II, Recommendations in early 1978. It nowseemslikely that this will

prove to be the last appearance ofthis well-established manualinits
two-volume format. Sponsored bythe British Crop Protection Council and

published by Blackwell Scientific Publications, both volumes were the
productof nearly 80 contributors amongst whom senior members ofWRO

played a prominentrole. The onerous voluntary task of editing the whole
two-volume work was undertakenonthis, as on previousoccasions, by the

Director and the Herbicide Liaison Officer of the Agricultural Chemicals
Approval Scheme,whois based at WRO.
Chemical Weed Control in Your Garden. This popular booklet embodying much

ofthe experienceofthe Perennial Crops and other groups at WROhassold

some 35,000 copies to date. In response to an approachfrom the managerof

GrowerBooksit has now been agreedthat, in return for an annualrevision

of the text, the printing and marketingoffuture editions of this booklet will

be handled by this company. WROwill receive a royalty on the proceeds of

the sales.
Major contributions by WRO authors appearing in other works

published in 1978-79 included a chapter on weed control and vegetation

management in Amenity Grassland Research, edited by I H Rorison and R

Hunt; a chapter on weed control in The Potato Crop, edited by P M Harris; a

review of the effects of pesticides on nutritional requirements of plants in

The CRC Handbook Series in Food; a chapter on weeds and weedcontrolfor
The Plant Pathologists Pocket Book; chapters on ethylene in The Phytohormones

and Related Compounds, edited by D S Letham,and on thesenescenceofseeds
in Plant Senescence, edited by K V Thimman; a review of analytical

proceduresfor the assayand indentification of ethylene in Isolation ofPlant

Growth Substances, edited by J R Hillman; and a chapterontheliterature of

weeds, weed control and herbicides in The Literature of Agriculture and Food

Science, edited by G P Lilley. ;

Several WROstaff have served on the editorial boards ofscientific
journals including Weed Research, Agrochimica, Annals of Applied Biology,
Aquatic Botany, and Pesticide Science.
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EDUCATION AND ADMINISTRATION

EDUCATIONALACTIVITIES

As an Associated Institute of Reading Universityit is appropriate that 6 of

the 13 post-graduate students who enjoyed the use of WRO facilities for

their higher degree research projects in 1978-79 were students of that

University. Details of all post-graduate students are given at p. 110. In

addition to supervising these and other higher degree students, five
members of staff gave a course of seminars on various aspects of weed

science to final-year students at Reading. The Director, whois a Visiting

Professor and memberof the University’s Plant Sciences Committee, has

also been active in stimulating greater co-operation between the ARC

ThamesValley Institutes and the University’s researchstaff.
Individual membersofthe seniorstaff have also given coursesoflectures

on weedbiology and hydrology at Chelsea College and Brunel University,

seminars on wild-oat population dynamics at Liverpool University, and

lectures on application techniqueat Cranfield Institute ofTechnology.

The acquisition of more laboratory space, albeit of a temporarykind,

enabled WROto accommodate an increased numberofvisiting research

workers and overseastrainees in 1978-79. Details are given on p. 111.

Asin previous years WROcontinuedto providea three-day introduction

to the principles of weed science for the overseas plant protection students

participating in the Silwood Park Pest ManagementCourse, financed by

ODA.This annualeventwas organised bythe leader ofthe Tropical Weeds

Group whoalso served as external examiner for students reading for the

MScin Weed Biology ofBrunel University and the MSc in Crop Protection

ofReading University.

Many membersofthe research staff, particularly those of the Annual
Crops Group,devoted a considerable amountoftheir own timeto talkingto

various types of audience, either about the broad spectrum ofactivities at

WROorabout topics of particular interest to the group addressed.

Audiences ranged from professional advisers, agrochemical field staff,

merchants’ representatives, farmers and growers, to students, Rotarians,

Women’sInstitutes and gardeners.

ADMINISTRATION AND TECHNICAL SERVICES

The Administration Department’s role is to supportthe institute’s scientific

programme, not only throughits office services, but also by providing

adequate photographic, engineering and maintenance services. Whileit
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The new Field Teamsbuilding provides long required space to accommodate the
equipment, transport, chemical storage and laboratory facilities required by the
40-strong field team of the Department of WeedControl. Fifty per cent of thefield

experiments conducted by WROeachyeararesited off thestation.

has been possible to cope with increasedpressures on the office services by
implementing improved procedures, the technical services have not been
able to keep pace with the demandfrom a growingscientific staff. This has
inevitably resulted in some considerable delays in executing work needed to
supportthescientific programme.

Newbuildings

A new building providing much neededstorageandservicefacilities for the
field experimental teams, an improvedfield chemical laboratory and re-
sited vehicle and plant maintenance workshops were completed and
occupied in 1978. Spacereleased in the rangeoforiginal farm buildings has
enabled more suitable accommodation to be provided for some central
services.
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In order to provide ‘instant accommodation’for the staff transferred to

WROfrom the Units of Developmental Botany and Systemic Fungicides

andalso for those of the ODA Striga project, prefabricated laboratory and

office buildings had to be provided and were occupied early in 1979.

Although planning permission for these was sought andgiven for onlythree

years in the very genuine belief that a permanent laboratory extension

would be provided in that period, these plans have fallen victim to the

public expenditure cuts and an application for an extended planninglife of

the temporary buildingswill have to be made.

A new rangeofglasshouses and an improvedpotstanding area cameinto

use late in 1979, together with an increasein the boiler capacity which will

be capable of heating those partsof the institute at present dependent on

electricity as well as the future laboratory extension.

Finally, work began late in 1979 on the first purpose-built accom-

modation for theWRO/LetcombeJoint Biometrics Group whoprovide the
statistical service for WROstaff. For the last 10 years or so the service has

operated from a room in the old Stone Barn where conditions have been far

from ideal for computerperipherals!

Acquisition of more land

Although Oxford County Council’s proposals to designate the whole area
ofBegbroke Hill Farm for urban developmentwererejected at an Examina-

tion in Public in 1977, the advance of new housing estates towards the

perimeterof the farm has continuedso that, to the north-east, housing is

nowonly separated from the farm by the Oxford Canal. The trespassing

problem isthuslikely to worsensinceseveralpublic foot paths pass through
the centre of the farm. In view ofthis trend it has been deemed prudentto

attemptto acquire more land roundthe perimeterof the farm. This would
also relieve the arable part ofthe farm of the pressure of experiments from
which it now suffers. Onefield has already been purchased and another
leased while negotiations proceed to purchaseboth this anda thirdfield.

Equipment

Major items of equipment purchased and commissioned in 1978-79
included a small plot combine for the Annual Crops Group, a Sigma 10
data processing system and PARCpolaragraphfor the Chemistry Group,a
replacementtitrator for the Microbiology Group, and a rain and mist
simulatorfor the Environmental Studies Group.
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Professor J D Fryer being represented with the Otto Appel Memorial Medalfor his

services to.weed science by the Secretary of State for Agriculture of the Federal
Republic of Germany.

HONOURS AND AWARDS

Director receives CBE

It was with profoundpleasure that the institute staff learned that Her

Majesty the Queen had conferred the CBEonthe Directorin the Birthday

HonoursList in 1979.
The Director had already, in 1978, been awardedtherare privilege of

Honorary Membership of the Weed Science Society of America in recog-

nition of his services to weed science.

A further honour followed. Whilst attending the 42nd GermanPlant
Protection Conference in Mainz in October 1979, the Director was

presented with the Otto Appel Memorial Medal, the highest award for

plant protection in Germany,for his outstanding contribution to research

in the field of weed science andfor his efforts in furthering world-wide

co-operationin this subject.
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Barren brome:a threat to winter cereals ?

R. J. FROUD-WILLIAMS,F. POLLARDand W.G. RICHARDSON

Recently there has been an increasing numberofreportsofbarrenorsterile
brome (Bromus sterilis) occurring in winter cereals. The panicles were
certainly a frequentsight in field headlands during the summerof1979.
Before 1970 this species had not been considered an importantarable weed,
although it was reported as a problem at Drayton Experimental Hus-
bandry Farm in the mid 1960s. (Anon. 1967; Wybrew, 1969). Since 1970
there has been a gradualincreasein reportsofthe weed from manyareas of
the country. Whetherit will continue to invadearable landis difficult to
predict, butits rapid increase andpresentoccurrenceis ofconcern to many
farmers.

WROresponded promptly to the apparentthreat to cereal production
posed by barren bromeandinvestigations have beenin progresssince 1976.
This paperdiscussesthe existing information on the weedstatus ofBromus
species generally, corrects some misleading statements that have occurred
in the literature, and reviews the recent achievements of WROresearch

uponbarren brome.

THE CHANGING STATUS OF BROMUSSPECIES

The bromegrasses originate in the Mediterranean Region but are now
cosmopolitan and, although notlisted amongst the world’s worst weeds
(Holm et al. 1977), manyofthe annualspecies are ofagronomic importance.
Long (1910), Brenchley (1920) and Morse & Palmer (1925) classify both
barren bromeand soft brome (B. mollis) as weeds of pastures rather than
arable fields and rye brome (B.secalinus) as an arable weed. Salisbury
(1961), however, refers to all three as formerly common contaminants of
sanfoin.
Downy brome(B.tectorum), which was introduced into N. America from

Eurasia during the nineteenth century, has now spread throughoutall but
the south eastern states (Klemmedson & Smith, 1964). Its lack of
palatability together with its competitive exclusion of sown forage grasses
makesit a noxious rangeland weedofthe mid and north-westernstates. Rye
bromeandrip gut(B.rigidus) are also species ofconsiderable importancein
the United States (Hitchcock, 1950). The former occurs as a competitive
weed of small grain cereals while the latter is particularly injurious to
livestock,causingirritationto eyes, nostrils and alimentary tract ifingested.
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Bromus species now appearto be causing increasing problems in many

countries. Cairns* has referred to the appearance of great brome (B.

diandrus) in S. Africa and Parker* hasindicateda significant increase ofB.

tectorum and B. pectinatus in Turkey and Tanzania respectively. Castro

(1976) reports that B. catharticus is a serious weed problem in Argentina.

Furthermore, in England the occurrence of soft brome in pastures has

increased since the droughtof 1976 while barren bromehas also become a

serious problem in herbageseed crops.

PRESENT STATUS OF BARREN BROME

Love (1862) described it as an ‘annual grass of dry, shady roadside

situations’, butit can also spreadinto the headlandsofwinter cereals where

it germinates with the crop, often in profusion. The attractive purple

panicles are produced in June-July. These shed most, but notall, of the

seeds before harvest. The unshed seeds are dispersed by the combine

harvester. The recent increase of barren brome has coincided with an

increase in the monocroppingofwintercereals, notably winter barley, and

with the trend towards minimalcultivation. A greater proportion of seed

has managedto germinate in the autumn-sowncropsofrecent years mainly

because dry autumns have delayed germination and also because the

cereals have been sownearlier. It has become an important weedin these

situations becauseit is resistant to manyofthe herbicidesusedfor wild oat

and blackgrass control. However, it is often restricted to headlands,

extending nofurther than the inneredgeofthecultivated firebreak, which

indicates that stubble burning gives a good measureofcontrol.

DESCRIPTION OF BARREN BROME

Seedlings of barren brome have light yellow-green colour and long

prominenthairs. The upper leaf surface is ribbed, and both surfaces are

hairy, the margins densely so. The leaves exhibit a characteristic clockwise

twist of 14/2 turns when observedfrom the leaftip (Fig. 1) which, in young

plants during winter, may developinto curl. In contrast, wild oats twist

anti-clockwise. Theligule is long (2-4 mm) and ragged, while auricles are

absent(See Fig. 1). Theveinsat the base of leaf sheathsare often purple.

The matureplant may haveas manyastenfertile tillers each reaching up

to about | m in height and terminating in a panicle. However, the stemsare

not usually strong and lodging can occur, frequently resulting in a thick

tangled mat. The plant becomes purple in lateJune but this colour may be

* Personal communication.
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Fig. 1. Diagnostic characteristics of barren or sterile brome (Bromussterilis): A, a
seed (2.5); B, a seedling (x0.75); C, the ligule (x5).

lost as ripening proceedsifthe rainfall is heavy. Each panicle produces, on
average, up to ten spikelets, each having 4-10 florets (See frontispiece).
Ripeningis rapid and mostseedis shed in July, although the basal seed of
each spikelet is morepersistent. Theseed ofbarren bromeis extremely long
(approximately | cm) and narrowinrelation to its length (< 2 mm). The
average seed weightis about 8-10 mgandits persistence after germination
is a considerableaid to identification,
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LIFE HISTORY

Seed germination

Mostseed of barren bromeis shed from late June to early August. In pot

tests at WROit has been found that seed is not dormant whenshed,for

germination will occur rapidly in the presence of sufficient moisture.

Nevertheless, apparently ripe seeds collected from plants in June and
incubated at an alternating temperature of 10/20°C (16h night, 8h day),

have required approximately twenty days before germination is apparent.
In contrast, seed collected in July required only ten days before

germination was apparent underthe sameconditions. Thusa short period
of delay, which may imply rudimentary dormancy, appears to occur in
early shed seed.

Sufficient moisture appears to be the main requirementfor germination,

as seed of barren bromewill germinate over a wide range of temperatures

(<5°C-—> 30°C), but at 2°C and below, dormancyis enforced.* However,
there is no evidence of dormancy induced by low temperature, for ger-

mination occurs upon return to favourable conditions. Germination of

freshly shed seeds of barren bromeis inhibited by both strong sunlight and

red light. In contrast, darkorfar-red light promotes germination.

Periodicity of germination

A single concentrated flush of seedling emergence usually occurs in

responseto the moisture provided by autumnrains. However,ifdormancy

is enforced by drought—asoccurred in autumn 1978—orlow temperature,
ungerminated seed maypersist until the following spring. Nevertheless,

seed doesnotpersist longer than oneyearin soil, forming only a transient
seed bank (Thompson & Grime, 1969). Even so, basal seeds in each

spikelet tend to show prolonged attachmentto the parent plant. Hence,

delayed shedding mayalleviate the apparent handicap of non-dormant

seed, thus allowing the period of germination to be extended. However,

only plants persisting in the hedgerowarelikely to be a major source of

infestation from late shed seed.

Seedling establishment

Seed/soil contact to obtain moisture is crucial for establishmentof barren

brome becauseofthe relatively large seed size. Nevertheless, radicle pro-

trusion and soil penetration is extremely rapid and establishment may be
* NB If certain environmentalconditionsprevent germination ofnon-dormantseed foras long as those conditionslast and no

longer, then dormancyisenforced; butifdormancypersistsafter the conditionsthat imposedit have changed thenitis induced.
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successful even with variable moisture. Establishment has been observed

even at a moisture tension of 0.1 atmospheres. Soil aggregate size is a

critical factor determining whetherseed will establish on the soil surface.
Few seedlings establish when soil aggregate size is large, because many

seeds become suspended upon the clods which have poor moisture
continuity. In contrast, establishment is improved upon the flatter soil

surfaces resulting from small aggregatesizes. Seedling establishmentis also

improved byseed burial to a depth ofone to two centimetres. Burial below

two centimetres reduces the percentage establishment, but emergence can

occur from seed buried at depthsofup to 13 cm (i.e. the limit of coleoptile

extension). Seeds buried below this depth fail to emerge. Burial does not

appearto enforce dormancy.

However, this species possesses several characteristics which appear to

be of potential value for a weed. Therelatively fast growth rate of barren

brome (Grime & Hunt, 1975) suggests thatit is likely to be extremely

competitive in crops. It is also resistant to drought and low temperature.

Barren brome wasleast severely affected in a comparative studyof the

response of several annual grass species to frost injury during the cold

winter of 1978. Furthermore, this species is also particularly resistant to

factors such as trampling and cutting, and autumngerminating seedlings

disturbed by cultivations mayre-establish as transplants.

Seed production

Seedlings of barren brome appear to require vernalisation for floral

initiation. This suggests that spring germinating seedlings would fail to set

seed in the currentyear. It is not knownas yet whether ungerminated seed

can be vernalised.

Seed production in a crop maybein excess of200 perplant, and very few

infertile seeds are produced. Seed maturation is rapid. In an experiment,

plants arising from buried seed tended to produce morefertile tillers than

plants arising from seed sown onthe surface, but the differences were not
significant. Furthermore, numbersofflorets per spikelet and spikelets per
plantwere notsignificantly different.

CULTURAL CONTROL

The problem of barren bromein cereals is similar to that of other grass

weedsin that the similarity to the crop complicates both cultural and

chemicalcontrol.
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The production of a large numberofviable seedsleads to a rapid annual

increase in numberswhile the lack of dormancyresults in mostof the seed

germinating and producingplants in the year of shedding. However, this

latter feature mustalso be its weakness. Any breakin thelife cycle should

eradicate the population becauseofthe absence ofapersistent seed bank.It

follows that the object of control should befirst to prevent the introduction

of both additional seed and plants and second,to break the life cycle of the

existing population.

Whenharvesting an infested crop, it is inevitable that the grain will be

contaminatedwith seeds of barren brome and hence subsequent sowing of

this grain will result in further infestations. Whenitis not presentin field

margins the spread of this weed maybe contained bycareful selection of

seed crops andefficient seed cleaning. Whenit is present at the edges of

fields and headlands other methods have to be employed. Spraying hedge

bottoms with glyphosate is ofdubious value. It may well destroy innocuous

perennials and thus present bare patches which barren brome may

colonise. A narrow headland strip kept weed free by cultivation or

herbicides may be morepractical. Indeed, headland hygiene appearsto be
very important in preventing the spread of the weed throughoutthefield.

Thus it may be necessary to manage headlands separately in order to

preventcultivations from introducing transplants or disseminatingseedat

harvest. This would entail harvesting headlandslast and then sowing them

later, possible to a spring crop. It would even be possible to plant a
non-cereal crop in whichherbicides could be used butthis is unlikely to be
acceptable to farmers. Some farmers have acceptedtherisk ofcrop damage

from the high rates of herbicides believed to give control as a means of

headlandhygiene.
Attempts at breakingthelife cycle of existing infestations in continuous

winter cereals may only be possible in the period between harvest and

sowing the next crop. Pre-harvest applications of glyphosate cannot be

madeearly enoughto prevent the sheddingofviable seed, while attempts to
increase the competitive ability of the crop offerlittle hope. The inability of

seedlings to emerge from depth in excess of 13 cm suggests that burial of

seeds by ploughing should be aneffective means of control. Runyan &

Peeper (1978) report efficient control of Bromus spp. with the mouldboard
plough. However, complete soil inversion is rarely achieved in practice,

particularly upon shallow stony soils which often have badinfestations.

Experiments by WRO have showngoodcontrol on deep,easily ploughed
soil at Begbroke Hill but not on a shallow Cotswold cornbrash soil.
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Nonetheless, such a cultural control measureis not acceptable to farmers

committed to minimal cultivation systems. This is unfortunate, for the

problem ofbarren brometendsto be fostered by such regimes. It is possible,

however, that no cultivations at all would encourage a similar loss of

surface-sown seed as was shownto occur with wild oats (Avena fatua) by

Wilson & Cussans,(1975). Where minimal cultivations are practised, crop

rotation or the inclusion of a spring-sown crop maybethe only effective

meansofcultural control currently available.

Delayed drilling of the crop might be considered a useful means of

control, because encouraging the weed to germinate prior to sowing would

allow the application of non-selective herbicides. However, Runyan &

Peeper (1978) report that this wasineffective for other Bromus spp. in N.

America, because weed germination continued after the crop had been

sown.Thisis likely to be particularly importantin a dry autumn.

CHEMICAL CONTROL

Theincreasein this species as a weed despite apparently poor adaptation as

an arable weed must be duein part to its resistance to the herbicides

commonly employedto controlwild oats, blackgrass and other grass weeds.

Evaluation of susceptibility to these and other herbicides has been taking

place at WROsince the autumnof1976.

Fifty herbicides and 13 mixtures have been tested in pot experiments

witha viewtoselectively controlling barren brome in wheat and/orbarley.

Post-emergence, only isoproturon, metoxuron, a metoxuron/simazine

mixture (for use in wheator barley) and asulam (for use in barleyonly)

have shownanypotentialfor selectivity, but this has often been marginal

and not always reproducible. Experiments on formulation of metoxuron

have shown that various surfactants, although improving control, also

reduce crop tolerance. However, the wettable powder formulation of

metoxuron has shownslightly greater activity and selectivity than the

newer flowable formulation, suggesting that further research may be

worthwhile.

Pre-emergence herbicides have shown somedegreeofselective control.

Ofthese, tri-allate and EPTC (barley only) have given good control, but

only if incorporated into the soil. Other potentially useful treatments

include isoproturon, perfluidone, nitrofen (wheat only) and asulam

(barleyonly).

With asulam, the margin ofselectivity was improved in an experiment

when the weed germinatedat a shallower depth thanthe barley. It may be
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possible to exploit this in direct-drilled crops where the seed of barren
brome would be nearoratthe soil surface butfield experience has been
disappointing. Somepotentially useful binary mixtures have been found
andas nosingle herbicide treatment gives consistently good control, more
workwill be done on mixturesin future.

Field tests with someofthe herbicides which gaveusefulselectivity in the
greenhouse havenotrevealed any compoundslikely to prove adequatefor
long term control, i.e., by suppressing seed formation. None has given more
than 75% weed control without producing symptoms of damageto the
crop. With such a fecund species, better control than this is needed to
prevent an annual increase. Some improvementof crop yield may result
from reduced competition, but the effects of this have not yet been
established. Tri-allate and EPTC (in barley) incorporated into the soil
pre-emergence, and metoxuron and metoxuron/simazine applied _post-
emergencehavebeen the most promising treatments in WROexperiments.
Trials conducted by ADAS have also shown promise. Tri-allate
incorporated pre-emergence or metoxuron applied early post-emergence
gavethebestresults while isoproturon hasalso been useful.

In crops otherthancereals, control of barren brome would appearto be
less of a problem. In perennial ryegrass pastures, ethofumesateis already
approved. The weed is also susceptible to simazine (field beans),
metamitron (sugarbeet), and propyzamide and carbetamide (oil seed
rape). It is also susceptible to dalapon and TCA whichareusedto control
grass weeds in manycrops.

CONCLUSIONS

In view ofthe lack of dormancy andtheability to germinatereadily,it is
perhapssurprising that barren bromeshould have become a problem. The
trend towards earlier drilled continuous winter cereals established by
minimalcultivations, the presentinability to control it chemically, and the
recent run ofdry autumnshaveall contributedto its success as a weed.

Traditional methodsof cultivation should cure this problem, at least in
some areas, but if minimal cultivations have been adopted then other
control measures need to be employed. Thus,if the weed is not already
established, then preventive measuresincluding useofclean crop seed and
good headland hygieneareessential to prevent its invasion from thefield
margins. If it is alreadyestablishedin field, the positionis difficult in the
absence ofsatisfactory herbicides. Delayed autumndrilling may contain
the problem,but currently the only solutionis rotation with a springcereal
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whichwill break the seed’s cycle, or oil seed rape which allows the use of

better herbicides. Much moreresearchis needed onthepart of industry to

find a satisfactory herbicide, and on the part of WRO to gain a better

understanding of the weed’s recent increase and its encouragement by

modern farming systems.
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Dormancyin wild-oat seed andits agricultural

significance

N.C. B. PETERS and B. J. WILSON

INTRODUCTION

There are two species of wild-oat in Britain, wild-oat (Avena fatua) and

winterwild-oat(A. ludoviciana). The common namewild-oatis often loosely

applied to both species but,in this article, wild-oat is used only in reference
to A. fatua. The twospecies can be distinguishedbytheir seeds (Fig. 1). In

wild-oat all the seeds in each spikelet separate when mature, butin the
winter wild-oat they remain joined together. There can be up tothree seeds
in a spikelet, each of which is contained within two bracts which form a
husk aroundthe seed. Each species has been divided into types depending
upon husk colour (brown, grey or cream) and hairiness, and on the
hairiness of the scar at the base of the seed (Thurston, 1957). It was once
thoughtthat the degree of seed dormancywasrelated to husk colour, butit
is now knownthatthere is a complete range ofdormancywithin each type.

Eachseed covercanexertan effect upon the germinationofthe seed. The
seed husk, being the outermostlayer of the seed formsthefirst barrier to
gaseousdiffusion, particularly when the seed is moist, and this alone can
inhibit germination. Thehuskis also knownto contain chemical substances
which can prevent germination.

Within the huskis the seed, which consists ofan embryo and endosperm
around whichis a single layer of aleurone cells, and in turn these are
enclosed bythe seed coat.

A wild-oatseed can be dormantfor two mainreasons.Firstly, the embryo
itself may be dormant, and this has been demonstrated by dissecting
embryos out of dormant seeds and culturing them in the laboratory
(Andrews & Simpson 1969). Secondly, the seed coat may prevent the
germination of an otherwise non-dormant embryo.In this situation,if the
seed coat is damaged germinationwill usually occur. Pricking or fracturing
as occurs whentheseedisfrostedor thesoil cultivated,hasthis effect. How

damageto theseed coattriggers germinationis not known,but in addition
to allowing diffusionofair and moistureinto the seed, the physical damage
mayalso inducethe formation ofgrowth hormones,or remove any physical
restraint on growth and development.
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ludoviciana

 

Avena fatua

Fig. 1. Single spikelet and componentseedsofAvena fatua and Avena /udoviciana.
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Another method by which dormancycanbe broken is by administering
gibberellin, a plant growth hormone, to the seeds or isolated embryos,
though precisely how this breaks dormancy is not known (Andrews &
Simpson 1969).

In addition to its probable key role in the regulation of dormancy,
gibberellin may also be responsible for ensuring that the germinating
embryo is provided with adequate nutrients. The bulk of the seed’s
nutrients are stored in the endosperm mainly as starch, and these reserves
haveto be broken down(for example starch is hydrolysed to sugars) before
the embryo can use them. When an embryobegins to germinate it ap-
parently sends a chemical message, probably a gibberellin, to the aleurone
cells beneath the seed coat and these respond by synthesising andsecreting
enzymes.It is these enzymes which break-downthestarch and other food
reserves in the endosperm making them available to the growing embryo.
(Naylor 1966, 1969, Chen & Chang 1972, Chen & Park 1973).

HERBICIDE EFFECTS ON SEED DORMANCY

It was thoughtthat seeds producedbyplants which had survived herbicide
treatment mighthavea different level ofdormancyto thatfoundin seeds of
untreated plants (Aamisepp 1959). Wild-oat herbicides applied at a late
stage ofgrowth were consideredto be those mostlikely to have an effect on
seed dormancy and have been the subject of recent experiments at the
Weed Research Organization. Benzoylprop-ethyl, which is normally
applied at 1.1 kg/haata fairly late stage, (between thetillering and two
nodestageofthe wild-oats, Zadoks 30-32), was applied at a sub-lethalrate
of 0.6 kg/haat either the one-node stage (Zadoks 31) or when the panicles
werejust beginning to emergefrom the top-mostsheath (Zadoks 50-53). At
the early date ofapplication, which corresponded to the recommended time
of application in the field, no increase or decrease was found in the
dormancyof the seed. However, at the later date of application, the seed
from treated plants was found to be 30%less dormant than seed from
untreated plants. At both dates ofapplication, and particularly atthe later
date, both seed numbersandtheviability of the seed were reduced (Peters
1978). It would, therefore, be expected that, although not giving much
relief from competition, later than normal applications would reduce the
return ofdormantseedsto thesoil.
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