
CLIMATIC ANDSOIL EFFECTS

Experimentsin controlled environment rooms at WRO have demonstrated

that the climatic conditions under which wild-oat plants are grown can

have dramatic effects on the dormancyoftheir seed. Plants grownat high

temperatures, particularly if simultaneously subjected to moisturestress,

giverise to seed oflow dormancy.In one experiment, seed maturedat 20°C

undersoil moisture stress gave 78% emergence during thefirst autumn

after shedding, as compared with only 10% whenthe seed was maturedat
15°C withoutsoil moisture stress (Peters, 1978).

It would be expected therefore, that field-grown plants subjected to high
temperatures and moisture stress during the later stages of growth would

shed seed of low dormancy. Even where no environmental stress occurs

some non-dormant seeds will be produced, and in practice these will

becomeparticularly significant if they establish in winter cereals sown in

late September or October. Work at WRO has already shown that
seedlings emerging with early sown winter crops are those mostlikely to

over-winter and subsequently produce moreseeds (Holroyd 1972).

Wilson & Cussans (1975) at WRO observed that the numbersofwild-oat

seedlings emerging in the autumnare considerably reduced when seed

shedding during the previous summeris prevented. It was concluded from

their experiment, that autumnseedlings were mainly derived from newly

shed seed.
Although the main period of emergence of wild-oats is in the spring,

while that of winter wild-oat is in the autumn, each ofthe species can

produce someseedlings in both autumn andspring. Theregularityof this

emergence pattern suggests that there are basic environmental and/or

genetical factors regulating it. So far, the only factor investigated in any

detail is soil temperature. Dormancyin wild-oat seeds can be brokenifthey

are stored eitherin cold soil (5°C) or in warm soil (25°C), the effectiveness of

temperature in reducing dormancy depending on wild-oat strain. How-

ever, in warm soil the seed does not then germinate because the high

temperature enforces another type of dormancy*. This probably explains

the lack of wild-oat emergence in the field during the summer months
(Peters 1978). Subsequently, whenthe seed has experienced a changein the

soil temperature during the autumn and winter, this secondary dormancy

is lost. The chilling soil temperatures of winter will, in themselves, also

break dormancybutthere is some evidence from work at WROthat, before

* This can be demonstrated by removingtheseed storedin soil at 25°C and placingit on moistfilter paper in petri dishes kept

at 15°C, when germinationwill occur. 



dormancyof the seed is reduced to any great extent, the seed must ex-
periencefairly long periodsofboth cool and warm soil conditions. This may
explain why the greatest emergence of wild-oat seedlings occurs in the
second spring after seed shedding. This wasevident both in pots buried in
the soil (Peters 1978), and in a long-term field experiment. In thelatter,
thirteen times as manyseedlings emergedin the second spring as compared
with thefirst, even thoughthe viable seed reserveshad fallen by a halfin the
first year (Wilson, pers. comm.).

The effect of soil temperature on the breakdownofdormancyin winter
wild-oat is less well known,although there is evidence that the seed has a
slightly lower optimum germination temperature, (10°C) compared with
that of wild-oat (15°C). (Quail & Carter 1968). Winter wild-oatis also
knownto be induced into secondary dormancy at high temperatures as
described abovefor wild-oat (Thurston 1960). Seedling growth below8°C
is very slow in both species so that emergenceas a result ofdormancyloss in
winter maytake a long time.

EFFECT OF BURNING

Burning can haveconsiderable effects on seed survival and dormancy. A
proportion of the seeds are directly destroyed by burning, and the
dormancyof the remainderis reduced. In onefield experiment at WRO,
68% of the seeds were destroyed on the burnt areas. The burn was
incomplete and seeds betweenthe straw swathes reducedthe overall loss to
32%. Of the seeds surviving in the burnt areas just under half were
non-dormant. More seedlings emerged on the burntarea as a result of this
loss of dormancy. Where no burning took place 11% of seed germinated

and 89% remained dormant. (Wilson & Cussans 1975).

EFFECT OF CULTIVATION

Cultivation has been shownto influence wild-oat populations in two ways.
Firstly the timing ofcultivation of the stubble after seeds have shedaffects
the entry and survivalofviable seedsin thesoil. Delayed cultivation allows
considerable natural mortality of seeds on the surface which would
otherwise survive and remain dormant when buried with early autumn
cultivations (Wilson & Cussans 1972, 1975; Wilson, 1972). Secondly, the

numberofseedlings emerging can be influencedby thetype ofcultivation.
More seedlings emerged in the first year after seeding following tine
cultivation than after ploughing (Wilson & Cussans 1975). It was
suggested that if new seeding wasprevented, annualtine cultivation would
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deplete the seed reserves morerapidly than annualploughing.In later work

at WRO(Wilson 1978)seed reserves declined rapidly (over 80%/year) and

reachedlowlevels after 3 years of both tine cultivation and ploughing.

The availability of moisture appears to be another important factor

governing autumn germination. In the wet autumn of 1979 ten times as

manyseedlings emerged from similar numbersofseeds broadcastandtine

cultivated into the soil compared with those that emerged in the drier

autumnsof 1977 and 1978. Dry autumnsin a long-term barley experiment

(Whybrew 1964) also gave rise to lower than expected emergences of

wild-oats.

Theeffect of cultivation has always beenrelated to field populations of

seed containing a natural mixture of the larger lower and smaller upper

seeds of spikelets. The individualeffect of cultivation on the upper and

lower seeds in the spikelets was therefore unknown andinvestigated at

WRO.Lowerand upperseeds ofwild-oat werecollected in late summerof

1975 andplantedseparatelyin pots ofsoil. The pots were immersedto their

rimsin soil out ofdoors. The seed was covered with a 2.5 cm layerofsoil and

the soil surface in someofthe pots wascultivated monthly. Bythe following

spring 52% of the lower seeds had emerged in the cultivated pots as

compared with only 39%in the uncultivated ones. The corresponding

figures for the smaller upper seeds were 31% and 12%respectively. The

figures for the lowerseedin the second spring were 89%in cultivated and

81% in non-cultivated pots and for the upper seed 89%in cultivated and

60%in non-cultivated pots. Thus,the effect of cultivation wasto stimulate

the very dormant upper seed into germination and hence speed up the

reduction of the numberofseedsin the soil (Peters 1978).

CONCLUSION AND AGRICULTURALSIGNIFICANCE

Climatic factors are ofconsiderable importance to the emergence pattern of

wild-oats. In particular, soil temperature hasto besufficiently highto allow

growth, and plays a vital role in the breakdown of dormancy. High

temperatures and soil water stress during seed maturation reduce seed

dormancy. Plants which survive late application of herbicides like

benzoylprop-ethyl or flamprop-isopropyl, will produce viable seeds of

reduced dormancy. The numbers of seedlings which emerge can be in-

fluenced by strawburning andbycultivations. With both these practices a

farmer can augmentthe natural seed mortality and so reducetherate of

populationincrease, but alone they cannotreducea severeinfestation in a

short time. This can only be achieved by using herbicides effectively to
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restrict the entry of new seedsinto the soil. The long term decline of a
population will be hastened if the use of herbicides is integrated with
cultural measures which encourage mortality of seeds produced by the
survivors. This systematic approachto controlwill be necessary for three or
fouryears to allowfor the loss of dormancyanddepletionof the reserve of
old seedsinthe soil.
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Therole of crop tolerancetests in the

developmentof strawberry herbicides

D. V. CLAY

Weed problemsare generally worse in strawberries than other fruit crops

becauseofthe greater susceptibility of the crop to herbicides. Not only are

the plants smaller with a shallowerroot system butit is difficult to avoid the

foliage when spraying herbicides. In addition, evaluation of the safety of

soil-acting herbicides in strawberries, as with othercrops,is greatly affected

by the weather, especially rainfall. In certain conditions herbicides such as

simazine whichare normally toxic to young strawberries are safe (Fig. 1).

Soil properties also have a big influence on herbicide availability and

movementsothatfield evaluation has to continue for a numberofyears on a

rangeofsoil types to be certain of cropsafety.

In order to short-cut this expensive process methods of testing the

herbicide tolerance of pot-grown plants have been developed at the Weed

Crop vigour

(% of safe standard)

100

<— 1976 ——> <—1977 — <—__— 1978 ——__—_>

Year of treatment

Fig: 1. The variable effect of simazine applied to young strawberries in successive
field experiments at WRO. Crop vigour recorded 1-2 monthsafter treatment.
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Fig. 2. The effect oftrifluralin (above) and simazine (below) applied to the roots of
plants grownin sand. Doses (mg/pot) from left—trifluralin 0, 1.6, 4.8, 14, 43; simazine

0, 0.16, 0.43, 1.4, 4.3.

Research Organization. The tests have been used notonly for screening
new herbicides for selective use in the crop, but also for assessing the
tolerance of standard herbicides by new cropcultivars and for elucidating
the principles governing crop response (Clay & Davison, 1978). Thetests
on pot-grown plants have been followed byfield trials to confirm their
reliability. The herbicides tested wereall either commercially available in
the U.K.or at a late stage ofdevelopmentfor other crops. As a result ofthis
work a numberof new herbicide treatments have been found for use in
strawberries.

ROOTAND SHOOTTESTS

The screening of herbicides on strawberries at WRO involves separate
applications to the roots and the foliage in order to assess the relative
importanceofroot and shootentry in causing damage.In the root activity
tests, plants are grown in pots of silica sand and watered with dilute
nutrientsolution. Fourorfive doses of each herbicideare applied to obtain
a full range of response(Fig.2).
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Tolerance index

dimefuron simazine lenacil meta- benta- pendi- oxy etho propa-

(standard) mitron zone metha- fluor- fumesate diazon chlor

lin fen

Fig. 3. The responseof strawberries in sand culture to applications of herbicides to
the roots. Tolerance index = EDzo test herbicide/ED2o simazine standard, derived
from meanofvalues for vigour scores and fresh wt 2 monthsafter treatment. With

the exception of dimefuronall the herbicides tested are safer than simazine.

This test enables the symptomscausedbyeach herbicideto be recorded,
as well asits speed of action, tolerance level and the degree of response to

increases in dose. Results are expressed as the dose of each herbicide
causing and equivalentlevel of effect (ED value) to that of a standard
herbicide of known field performance such as simazine or lenacil. The
tolerance levels of a numberof herbicides from a series of experiments can
be conveniently compared by calculating a tolerance index for each

herbicide (tolerance index = ED20test herbicide divided by EDzo standard

herbicide where ED20 = the dose reducing growth by 20%); a numberof

these are shownin Figure 3 (Clay, 1980a).

Theeffect of doses above the ED20 valueis also importantin predicting
the likely effects of overdosingin field use; this is shownbytheslope of the

dosage-responselines (Fig. 4). These can be conveniently compared by
calculating a dose-response indexforeach herbicide (dose-response index =

ED6sotest herbicide divided by EDz0test herbicide); the nearerthis indexis

to | the bigger the effect ofdose increases (Clay, 1980a).

Forthe foliar activity test plants are grownin soil-based compost and the

herbicide spray kept off the compost surface (Clay, 1980b). The range of
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Fresh wt. reduction

(% untreated) *

Simazine Propachlor

RI = 1.4 RI = 1.4

Pendimethalin

RI = 9.9

1.0 10.0

Herbicide dose (mg/pot)

Fig. 4. Dosage-responselines for three herbicides applied to the roots of strawberries
grownin sand. Dose responseindex (Rl) = EDso0/EDzo test herbicides based onleaf

fresh wt 9 monthsafter treatment. *Logistic scale.

doses tested enables the type of symptoms, the margin of tolerance and the
persistence of anyeffects on growth and developmentto be studied. The
responseofstrawberriesto foliar applications ofa numberofthe herbicides

also tested for root activity in sand culture is shownin Figure 5.

The tolerance ofover 60 herbicides by strawberries has been evaluated in

this way. Selected herbicides havealso beentestedin seriesofeightfield
experiments at WRO from 1975-8 to assessthereliability ofthe pottests for
indicating relative tolerance and as the next stage in developing new
herbicide usesin the crop.

FIELD TESTING

In the field tests on young cropslenacil, a recommendedtreatment, was
included as a standard for assessing the tolerance of the new herbicides;
simazine, a treatment that would normally be toxic, was also included to
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Herbicide Dose

(kg/ha)

2.0

4.0
bentazone

oxadiazone

oxyf luorfen

metamitron

pendimethalin

ethofumesate

propachlor

dimefuron

phenmed i pham

simazine

lenacil

aemecioieieceanerniecaerneniaenaineelinnanataeaienainneeanD

50

Leaf wt. (% untreated)

Fig. 5. The responseof strawberries to normal and twice normal dosesof herbicides

applied in summertothefoliage. Leaf fresh wt recorded 2 monthsafter spraying.
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showwhetherthe conditionsofeach experimentwere conducive to damage
from soil-acting herbicides. There wasa goodcorrelation betweenresults of
pot andfield tests (summarised in Table 1); herbicides such as etho-
fumesate, pendimethalin and propachlor that were relatively safe when
applied to roots andfoliage in pot tests were also safe in the field (Clay,
1980b). Dimefuron was very toxic in sand culture and in the field.

Metamitron wassimilarin toxicity to lenacil in pottests (Fig. 3, 5) but more
damagingin thefield probably becauseofthe higher doses needed for weed
control and greater mobility in the soil.

Table 1 Groupingofherbicides according to responseto root andfoliar applicationsin
pot experimentsandoverall applicationsin thefield

 

Herbicide Standard Pot experiments Field experiments
field dose
(kg/ha) Rootactivity (sand)* Foliar activity{ Root + foliaget
  

dimefuron 2.0 668 2088
simazine L5 ecco
lenacil 2.0 °
metamitron 4.5 ee
propachlor 4.5
pendimethalin 1.5
ethofumesate 1.0

bentazone 2.0
oxadiazon 2.0
oxyfluorfen 2.0

°

e

e

©
C
O
C
C
O
0
O
O

@
5
G
e
3
@ e

 

* Key to root activity
oO ED20/standardfield dose twice that oflenacil or greater
e ED20/* »> 9) approx equal thatof lenacil
ee ED20/ —*;, »> 9) Approx one quarterthatoflenacil
eae ED20/ =; >> 9) approx onetenth thatoflenacil

$ Keytofoliar activity and field response
oO No damageat double doseat any time
38 Some damage (ca 20%inhibition) at double dose
ee Severe damage (>50%) at double doseor slight damageat standardfield dose
eee Severe damage (>50%) at standard dose, somerecovery
@eee Severe damageat standard dose, no recovery

Where herbicide wastested in several experiments the assessmentgiven aboveis
based on the result where damage wasseverest
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Oxadiazonwasnottoxic at any dose whenapplied tothe roots but plants

were severely checked by a foliar spray; in the field there wassevere leaf

scorch andyield reduction from spring treatmentbutthe plants completely

recovered from this. Similarly oxyfluorfen and bentazone, which were

severely damagingas foliar sprays also caused severe damagein thefield

but the crop largely recovered bythe endofthe year. Such herbicides would

onlybe consideredfor use in the crop if there was no alternative means of

containingoreradicating patchesofperennial weed.

Additional information on the safety ofsomeof these herbicides has been

obtained from experimentsat other centres organized through the ARC

Fruit Weed Control Group. Trials at both the Scottish Horticultural

Research Institute at Dundee andat the Loughgall Horticultural Centre,

N. Ireland have confirmedthe safety of ethofumesate, pendimethalin and

propachlor on young crops (Clay, Rutherford & Wiseman, 1974; UK,

Loughgall Horticultural Centre, 1976; Lawson & Wiseman, 1978; UK,

DepartmentofAgriculture for Northern Ireland, 1978).

NEW RECOMMENDATIONS

Asa result of this work two ofthe herbicides, ethofumesate and propachlor,

are now recommended by the manufacturers for use in strawberries.

Ethofumesate is recommendedfor use in autumn onestablished crops for

the post-emergence control of clover (Trifolium repens), cleavers (Galium

aparine), chickweed (Stellaria media) and some annual grass weeds. Clover

has been a severe problem in somestrawberry crops in Kentfor manyyears

and now occurs frequently on pick-your-own enterprises where

strawberries are grown on formerpasture land. Ethofumesateis thefirst

herbicide to give selective control (Clay, 1979). At present the recom-

mendationcovers only the main variety Cambridge Favourite; WROtrials

have shown that somevarieties can be damaged byethofumesate at the

dose neededto controlclover. In the future ethofumesate mayfind a major

use in mixture with other herbicides, as occurs in sugarbeet. Preliminary

results at WRO suggest that the mixture of ethofumesate and

phenmedipham,whichgives broad spectrum post-emergence annual weed

control, may be safe on young strawberry crops. Workis also in progress

elsewhere to establish the tolerance by newly-planted crops of mixtures of

lenacil and ethofumesate—a treatment that gives control of important

lenacil-resistant weeds and is somewhatmoreeffective than lenacil alonein

dry conditions.
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Propachlorhas been extensively used in vegetable crops for many years
usually following pre-planting trifluralin treatment or in a mixture with
other herbicides such as chlorthal dimethyl. It is a cheaper treatment than
lenacil but does not give such persistent weed control and is therefore
unlikely to replace it for widespreadusein spring or on newly planted crops.
However,it has proved very safe on strawberries (Clay, 1978) and should
prove useful on light soils, where lenacil is not recommended, and in
mixture with chlorthal dimethyl where lenacil-resistant weeds such as
cleavers, field pansy (Viola arvensis) and speedwells (Veronica spp.) have
becomea problem.

Pendimethalin has proved superiorto existing treatments in strawberries
in dry soil conditions and could replace lenacil for spring use on newly-
planted and established crops (Clay, Rutherford & Wiseman, 1974).
Alternatively application in winter, following autumn-applied simazine,
could remove the need for a residual herbicide treatment in spring.
Pendimethalin however, has checked leaf growth when applied to
established crops in early spring but this check was outgrown, crops
appeared normalat harvest and there was no reduction inyield. In fact in
one trial yield was 20% higher than with lenacil and in another the
pendimethalin treatmentincreased the amountoffruitat thefirst two picks
(Clay, 1978). Further workis in progressat sites throughoutthe country to
check on thetolerance on newly-planted andestablished crops.

Other herbicides that are promising for strawberries are alloxydim-
sodium for the control of common couch (Agropyron repens) and 3,6-dich-
loropicolinic acid for the control of creeping thistle (Cirsium arvense). Pot
screening and preliminary field trials by WRO provided evidence of the
tolerance of these herbicides by strawberries (Clay, 1980c); further field
trials by official bodies and the manufacturers are in progress to confirm
tolerance and determine doses and timing appropriateto this crop.

COLLABORATION

Theprogress that has been madein finding new herbicidesfor strawberries
and obtaining commercial recommendations for someof the serious weed
problems in strawberries has been possible only by collaborative effort.
Herbicide manufacturers are understandably reluctant to carry out much
of the work necessary to establish crop tolerance and conditionsof use for
their products in minoracreage but high value crops. But they have been
preparedto obtain PSPSclearance and makelabel recommendations when
they aresatisfied aboutthe safety of the treatment. This information has
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been obtained through collaborative experiments by membersof the ARC
Fruit Weed Control Group, including ADASstaff, and hasalso involved
the supply of treated fruit to the manufacturers who then obtain the
requisite herbicideresidue information. Thus,asa result of the basic work
on crop tolerance at WRO, subsequentcollaborative experiments with
other research groups and the co-operation of manufacturers, strawberry
growers should soon have a numberof newherbicide treatments to deal
with someoftheir most pressing weed problems.
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Investigating the effects of weatheronfoliage-

applied herbicides

J.C. CASELEY

It is widely recognised, both from practical usage andresearch, thataerial

andsoil environmental factors are a major cause ofinconsistencies in the

performanceofherbicides, resulting in either inadequate control of weeds

or crop damage. Most recommendations for herbicide use are based

primarily onfield experimentation where weed control and crop damage

are observed,but onlylimited weatherrecords are taken from the nearest—

but often quite distant—meteorologicalsite.

While this mayprovide anoverall view ofperformance undercontrasting

soil and weather conditions, usually it does not establish the role of

individual environmental factors since these are constantly changing and

the influence of one cannotreadily be distinguished from that of another.

For example,as weather conditions changefrom sunnyto cloudy, first light

intensity falls, then temperature drops and in turn otherfactors such as

humidity and air movementareaffected.

In order to reach a more precise understanding of the relationship

between weather and herbicide performance, the Weed Research Or-

ganization has developeda facility where one weatherfactor can bevaried

while the others are held constant. Cabinets and rooms in whichlight,

temperature and humidity are controlled are used in conjunction with more

specialised purpose-built equipment including a controlled environment

sprayer(Fig. 1) anda rain simulator.

Research in the laboratory is complemented by experimentation in the

glass-house and pot-standing area where the microclimate is closely

monitored. Data from the institute meteorological site are integrated

hourly and processed by computer, facilitating correlation of results of

experiments undertaken in the controlled environment laboratory,

glasshouse, pot-standingarea andthefield.

The aims of the WROworkareachieved in twostages.In thefirst, the

role of individual environmentalfactorsin influencing the overall response

ofa plantto the herbicide is investigated. This informationis used as an aid

to the interpretation ofresults from experiments from different sites and

seasons, and enables the precision of field recommendations to be
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Fig. 1. Growth room with controlled environment pot sprayer attached to the
entrance. This enables potted plants to be sprayed with herbicide in the same

environmentas obtainsin the growth room.

increased. In the secondstage ofthe work, physiological and biochemical
techniquesare used to identify the effect of single environmentalfactors on
the individual steps involved in herbicide performance. These studies
pinpointthecausesofloss ofactivity in weeds and increased phytotoxicity
to crops, and providea logical basis for improvementsin application and
formulation (Table 1).
The importanceofthis type of research is being recognised increasingly

by the farming community and industry. The latter have incorporated
WROfindings in their labels and one company now grant-aids work on
crop tolerance. The requirementfor moreresearchin this areais reflected
in the large numberofquestions regarding environmentalfactors which are
raised at the British Crop Protection Council’s Annual Review of Herbicide
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Table 1 Factorsthataffect the steps involved in herbicideactivity

Steps in herbicide
activity

interception

retention onleaf APPLICATION

ENVIRONMENT availability in soil

entryinto plant

movement

metabolism ADJUVANTS

ACTIVITYIN CELL

Usage. The need for improvedliaison between researchers from industry,

government and universities has recently led to the formation by the

European Weed ResearchSociety ofa workingparty on this topic.

HOW AND WHEN DOES WEATHERAFFECT HERBICIDE PERFORMANCE?

It is generally accepted that certain weather criteria must be met for

successful application results. It is less widely appreciated that environ-

mental factors before and after application exert a major influence on

herbicide performance, interacting with the steps involved in herbicide

activity (Table 1).

The pre-spraying environment

During this period the weatheraffects the size, form, habit and cuticular

characteristics of shoots,all factors of particular importancein relation to

the efficacy of post-emergence herbicides. In recent studies at WRO,the

susceptibility ofcommoncouch (Agropyron repens) to glyphosate increased as

the pre-spraying day/night temperature wasraised from cool (10/6°C) to

warm (16/10°C)to hot (26/16°C), and the penetration andtranslocation of

14C glyphosate followed the sametrend. Investigations on the underlying

reasonsfor such differences include collaborative plant surface studies with
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Long Ashton Research Station. The pre-spraying environmentwill also
influence the developmentofstorage and regenerative organsin perennials
to which herbicide must be transported for effective control. Common
couch grown at 50W/m?,a low light regime found, for example, within a
cereal canopy during the summer,hadless than half the weight of rhizome
of plants grown at 200W/m?. Furthermore, the shade-grownplants had a
higherratio of shoots to nodes which is conducive to control by foliage-
applied herbicides (Caseley 1974).
These examples illustrate that the pre-application environment may

have a majorinfluence onthetarget plant with concomitanteffects on the
performanceoffoliage-applied herbicides.

Environmentat the time of application

Weatherconditionsare a key consideration in decidingtimeofapplication.
Tottman and Phillipson (1974) found that wind and rain prevented
application on 37 out of 61 days when spring cereals were at the correct
growth stage. Once application is in progress, wind andrain have direct
influence on the amountofactive ingredient deposited on thetarget.

The post-application environment

Thehours immediately following application are ofparamount importance
to post-emergence treatments. Herbicide deposits on the surface of the
plant are vulnerable to removal by, for example, heavy rain, and the
successofa treatmentis not assured until a lethal quantity has penetrated
the cuticle. In a recent experiment at WROtheactivity of 1 kg/ha of
difenzoquatagainst wild oats was halved when 2.0mm ofrain was applied
immediately after the herbicide treatment. Lesser amountsof rain, up to
0.5mm immediately after spraying, had no adverse effects on difenzoquat
activity although almostonethird of the herbicide was removed from the
wild oat foliage. Mostof this loss occurred from the leaf blade and some
herbicide depositwasredistributed to the ligule andinnersurfaceofthe leaf
sheath—areas known to be more responsive to herbicide treatment
(Caseley & Coupland 1980, Coupland, Taylor & Caseley 1978) (Fig. 2).
One way to minimise the risk ofloss of foliage-applied herbicides is to

apply them under humid warm conditions which are conduciveto rapid
penetration of a wide range of compoundsand formulations. Control of
common couch with glyphosate, when the herbicide was washed off two
hoursafter application, was three timesaseffective at a relative humidity
(RH) of90%as it was at 45% RH.Re-wetting thefoliage without causing
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Fig. 2. Scanning electron micrograph of surface of wild-oat leaf in (a) mid-lamina
region with abundant waxplatelets and (b) inner leaf sheath without waxplatelets.

The latter surface has been shown to be more responsive than the former to
herbicide treatment. (Microphotographs by courtesy of Long Ashton Research

Station).

runoff, as might occur during dew deposition, doubled the effectiveness of

glyphosate against commoncouchin a low humidity regime,buthadlittle

effect at 90% RH (Caseley, Coupland & Simmons 1975).

During the hours immediately following application of a foliage-applied

herbicide, retention and penetration are ofkey importance. Conditionsthat

are optimalforthesesteps in herbicide activity maynot be the same as those

required for the concurrent and subsequent processes of movement and

activity. Thus, entry and movementof glyphosate are favoured by humid

warm conditions but, after the herbicide has reached the meristematic

tissue of the nodes, a cool environmentresults in maximum activity

(Caseley 1972). In contrast, the most rapid action of difenzoquat is

favoured by high temperatures throughout the post-application period
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(Coupland, Caseley & Simmons 1976) whereas barban is moreeffective
when the temperature is low at this time (Anon, 1978). Although the
penetration of most foliage-applied herbicides is enhanced by humid
conditions, the optimum environment for the other steps involved in
herbicide action appears to depend on individual herbicide/species
combinations.

THE ENVIRONMENT/HERBICIDE PERFORMANCEPROFILE

Informationcollected in controlled environment experiments as described
above maybeconsidered together with results from outside experiments
and synthesised into a herbicide/environmentprofile. Data from WRO
workrelating to glyphosateareillustrated in Table 2.

Table 2 Individual environmentalfactors leading to maximum control ofcommon
couch with glyphosate

  

Period and duration of Pre-application Timeof Post-application
occurenceoffactor period application period

Long Short Short Long
 

 

light low** high** a
temperature low high** low**
humidity high*** —
rain : 0-0.5*** 0-0.5*** _—
wind <8 mph*** _ —
  

Relative importanceoffactor: * (least)—*** (most)

Lowlight and temperaturefor a lengthypre-application periodresults in
plants withlittle rhizomeandhigh ratio offoliage to nodes. High tempera-
ture in the week immediately before application favours the developmentof
leaves which are readily wettable and easily penetrated. High humidity,
deworslight rain immediately before application ensuresthat the cuticle is
fully hydrated thus aiding penetration. The occurenceofthese conditions
after application keeps the herbicide in solution thus facilitating
penetration, while warmth andhighlight duringthis period favour phloem
transport. Finally, low temperature for a lengthy period after application
improvesherbicideactivity in buds on the rhizomes.

PHYSIOLOGICAL AND BIOCHEMICAL STUDIES

Studiesontheeffect of individual environmentalfactors on the component
steps involved in herbicideactivity can identify where and at what stage
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loss or accumulationofthe active ingredientoccurs, resulting in someofthe

effects reported earlier. Recent WRO studies on common couch using

radio-active labelled 4C glyphosate show that penetration of this

compoundis slow, especially under adverse conditions such as a cold

pre-application environmentor a low humidity regime immediately after

application. In order to improvetherainfastness and overall performance

ofglyphosate, attention wasfocussedon increasing uptake. The addition of

Agral surfactant to the recommended doseof glyphosate, formulated as

Roundup,significantly increased penetration of the mid-lamina region at

one, three andsix days after application. Application of 14C glyphosate to

the inner sheath ofthe leaf led, when compared with the lamina, to much

more rapid penetration and translocation of the herbicide. It also

minimised the reduction in uptake brought about by low humidity in the

post-spraying period. Positioning the herbicide in the ligule/inner leaf

sheath area rather than the laminaalso greatly increased the activity of

benzoylprop-ethyl, diclofop-methy]and difenzoquatagainst wild oats, and

isoproturon and chlortoluron against blackgrass and wild oats. The for-

mulation andapplication ofherbicides for grass weed control in a waythat

will result in deposition in this highly sensitive area is a topic worthy of

further research.

Wheatcultivars suchas Sicco,with a low tolerance ofdifenzoquat,suffer

more damage underhigh than under low temperature regimes. Studies

with 144C labelled difenzoquat show thatthis is due to greater penetration

and movementatthe higher temperature. Under the.same environmental

conditions mobility is the same in both susceptible and tolerant spring

wheats, but DNAsynthesis, a vital process involvedin cell division in the

meristem,is several times assensitive in susceptible cultivarsas in tolerant

ones. Asa result ofthis work a test is being developedsothat plant breeders

can rapidly determinethe difenzoquattolerance ofnew cultivars.

THE FUTURE

Recentprogress in the developmentofcontrolled drop application and low

groundpressure spraying vehicles has necessitated a re-appraisal of what

constitutes acceptable weatherfor herbicide application in wintercereals.

Our future work will define more closely the limits of these criteria and

whenthey occur. For example,since the existing criteria are met moreoften

at night thanin daylighthours, the consequencesofapplication in the dark,

as already practised in the United States, on uptake, movement and

activity will be investigated. This illustrates how our physiological and
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chemical research, aimed at understanding the underlying scientific
principles, takes practical problemsasits starting point. Thus the WRO
research programmeonthe influence of the environment on herbicide
performancewill continue,in liaison with manufacturers, to be a synthesis
of controlled environment studies and closely monitored outside
experimentation, while the analysis ofmeteorologicaldatawill facilitate the
extrapolation ofcontrolled environmentinformation to the improvementof
field performanceofselected herbicides.
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Testing sorghum andothercropsfor resistance

to witchweed

C. PARKER and D. C. REID

THE PROBLEM

Witchweeds(Striga species) are hemi-parasitic weedscausingserious losses

of tropical cereal crops and cowpeasin Asia and Africa.

The damage caused by the witchweeds has long been recognised and

classical studies in Sudan, India and South Africa between 1925 and 1955

provided basic informationon their biology, and indicated ways in which

they could beatleast partially controlled by rotation, catch cropping,

irrigation, improved soil fertility and hand pulling. Unfortunately most of

these practices are impracticable for a majority of the small farmers on

infertile soils, in semi-arid areas, where the problem is most severe. The

alternative approach,that of producing somerelatively resistant varieties

has, in thepast, only been exploited for local use; the strains selected and

bred were rarely used over any wide area and wereoften of poor yield or

quality. Nevertheless, it is now felt that this latter approachis by far the

most promising.

ORIGINS OF THE INVOLVEMENTOF THE ARC WEED RESEARCH ORGANIZATION

Thebiology and control ofwitchweed wasa subject ofresearch by the ARC

Unit of Experimental Agronomyfrom the mid 1950sand,since 1970,it has

been further studied by the Tropical Weeds Group of WRO.In the course

ofthis work simple techniques were developedfor determiningtheability of

sorghumvarieties to stimulate germination ofwitchweed seed, an essential

step in the process of a witchweed attack on sorghum. Theseedsofthis

parasite will not normally germinateunless stimulatedto do so by exudates

from the hostroots and the simplest wayin which a sorghum variety can be

resistant is by not producing the necessary stimulant.

In 1972 the International Crops Research Institute for the Semi Arid

Tropics (ICRISAT) was established at Hyderabad in Indiaas oneof the

family of international agricultural research institutes, under the

Consultative Group for International Agricultural Research (CGIAR).

The crops for which ICRISAT is particularly responsible include

sorghum and millet, the two tropical cereals most severely affected by
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witchweedspecies, and from theoutsetoneofthe plant breeding objectives
for sorghum was witchweed or Striga resistance. An ICRISAT plant
breeder, Dr K V Ramaiah,hasbeenresponsiblefor this work, basedfirst at
Hyderabadand,since early 1979, in Upper Volta, West Africa.

In 1975 Dr Ramaiah came to WROforseveral weeksto learn techniques
and then proceededto set up a laboratory at ICRISATfor the systematic
screening of the world sorghum collection, testing the ability of each
variety to stimulate germinationofthe local Striga asiatica.

Preliminary studies at WRO(Parkeret al, 1977) had shown correlation
betweenthe responseto sorghum root exudatesofthe Indian S.asiatica and
that of the more serious African weed, S. hermonthica. This suggested that
varieties selected for their low stimulationofS.astatica would also havelittle
stimulatory effect upon the seed of S. hermonthica and thus berelatively
resistant to this species. This characteristic is termed ‘low stimulant’
resistance. It wasfelt important, however,that this should be checked more
systematically with a wide range of samples of S. hermonthica from different
partsofAfrica.
To import Striga seeds from Africa to India would have been dangerous

and thus the WRO Siriga project wasinitiated at ICRISAT’s requestin
October 1977 and now formspartofthe work ofthe Tropical Weeds Group
at WRO,financed underthe UKoverseas aid programmeby the Overseas
Development Administration of the Foreign and Commonwealth Office.
AsStriga requires temperaturesofat least 30°C for development,it poses no
significant threat to UK crops. An extensive visit was made to six West
African countries in late 1977 to collect Striga seedsandintensive laboratory
and glasshouse work began in the summerof 1978.

STUDIES ON THE RESISTANCE OF SORGHUM

To date, three major pot experiments have been conducted in the WRO
glasshousesto test the resistance ofa selected range of sorghum varieties to
a rangeofStriga speciesandstrains.

In the first two experiments it was confirmed that those sorghum
varieties which had been selected by sorghum breedersin Northern Nigeria
for their ‘low-stimulant’ resistance to S. hermonthica (SRN 4841,
Framida, IS 7091, IS 2643, IS 7471 andline 187) all showed good broad-
spectrum resistance to a wide rangeofstrains of both S. asiatica and S.
hermonthica (Table 1).

Othervarieties in those two experimentshadalso beenselected,either in
Africa or India, for their field resistance to Striga but were known to
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Table 1 Partial results of three pot experiments indicating total emergenceofStriga per three replicate pots (Expt. |) or four
replicate pots (Expts. 2, 3)

‘ Striga strain
Crop Resistance Striga asiatica Striga hermonthica

variety type India Africa West Africa Sudan/Ethiopia
 

Expt. 1 AS OUR Cc Po Re K
Framida low l 0 : : 0 0 0 0

SRN 4841 low 0 3 0 0 >

IS 7091 low 0 0 0 8

IS 2643 low 0 9 4 0 7

148 pos 8 : 15 : 13

N13 pos ] l k

Swarna susc 14 5 45 45

YE 90L susc 18 ; 11 ‘ 58

Expt. 2 B CG K

SRN 4841 low 0

IS 7471 low c 6

187 low ( ) 5 4

N13 pos 1 5 D 14

IS 9985 pos H 17

Swarna susc 22

Expt. 3 y I K

23/15 ? f 31

IS 3924 : 13

IS 4415 : 17

IS 3923 ¢ :

8/55 : f 38

E35-1 4 27 5 51

Swarna 102 g 18 34 57. 37

Millet (ex Bornu) 11 7 108 16 7 2
 

NOTES:- All Striga strains were from sorghum hosts except D (from maize) and E (from millet)

Resistance type — ‘low’ = low stimulant
‘pos’ = stimulantpositive
‘susc’ = susceptible standards 



stimulate germination of either or both main Striga species. These are

referredto as ‘stimulant-positive’ and their resistance is presumedto be due
to some mechanical or physiological mechanism whichresults in failure of

Striga to attach and develop normally. These varieties performed less

consistently in these pot experiments, showing apparentresistance to some

Striga strains but not to others. Varieties N13 and IS 9985, which had been

amongthebestinfield trials in Africa as well as India,failed in the pot
experiment whenexposedto Striga even when,in someinstances,the Striga
had come from the same field sites where the varieties had proved
promising (Table 1).

The third pot experiment included a numberof varieties selected by
ICRISATonthebasis of low stimulation of the Indian S. aszatica. Their
resistance to two Indian and oneAfricanstrain of S. asiatica (Fig. 1) was in

general confirmed butthey provedrelatively susceptible to several strains

of S. hermonthica, especially those from the Sudan andEthiopia. Again,the
‘stimulant-positive’ lines were generally disappointing, including variety E
35-1 which hadbeen oneofthebestin field experiments (Table 1).

In addition to these pot experiments there has been a large volume of
laboratory germination studies to try and confirm the extent to which the

‘low-stimulant’ characteris likely to bereliable overall strains ofS. astatica

and S. hermonthica. Earlier work (Parker et al, 1977) had suggested that

varieties ‘low-stimulant’ for S. hermonthica were also ‘low-stimulant’ for S.

asiatica. High pressure liquid chromatography had also indicated that a

similar complex ofstimulantsubstancesaffected both species. It was onthis
assumption of the related behaviour of the two species, that ICRISAT

embarked on the systematic screening of the world sorghum collection,

using only the local IndianS.asiatica as the test organism.

Out of some 14,000 varieties tested, several hundred wereselected as

causing less than 10%ofthe germination caused bya susceptible standard
variety Swarna. One hundredofthese selections were passed toWRO and
their stimulant activity was tested on four samples of Strga seed (two from

each of two main species). Results of these and later tests with a smaller
numberof sorghum varieties and a larger range of Striga strains have not

given as simple picture as had been hoped. Thereis a broad tendency for

the varieties causing least germination of S. astatica also to cause lower

germination ofS. hermonthica, but whereasthe activity of the exudate from a

‘low-stimulant’ variety can be one hundred times less than that of a
susceptible variety whentested on IndianS.aszatica, the difference may only

be aboutfive times less when the same exudatesare tested on S. hermonthica.
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Hencethe absolutelevel ofresistance to S. hermonthica is liable to be lower, so

explaining therelatively poor results in the third pot experiment. These
differences suggest that there are components of the stimulant exudates
whichtrigger germination of S. hermonthica but notS. asiatica. This can only

be fully confirmed by more detailed chromatographic separation of the
stimulant exudates. Meanwhile, some inconsistencies in experimental

results are further suggesting that the ratiosofdifferent active substancesin

the root exudate mayvary from one experimentto another, perhapsdue to

the activity of rhizosphere organisms. Further workis in progresstoclarify

this. Meanwhile more of the ICRISAT‘low-stimulant’ sorghumselections

will be studied to determine whichonesarelikely to be most resistant when
exposed to S. hermonthica.

Thefailure of the ‘stimulant-positive’ varieties in pot experiments has
suggested that environmental conditions may be important in the
manifestation ofthese alternative formsofresistance. The mostlikelyfactor
to be involved is soil moisture and work is in progress to determine if
moisture stress is an essential pre-requisite to mechanical or other
resistance. Better understanding ofthese alternative mechanismsis badly
neededso that suitable screening procedures can be devised.

STRIGA AND BULLRUSH MILLET

A striking feature of the pot experiments has been the almost perfect
specificity of certain strains of §. hermonthica to bullrush millet (Pennisetum
americanum). Wilson Jones (1955) suggested that there weredistinctstrains
of Strga in the Sudan butit had notpreviously been confirmed in West
Africa. Field observations had, however, suggested the existence of millet-
specific strains in Mali, Upper Volta and Niger and WRO experiments
have now notonly confirmedtheir existence but shownthatthe specificity
is due to quite different germination requirements. Root exudatetests have
shownthat, in general, strains ofS. hermonthica associated with sorghumfail
to germinate in response to millet and, conversely, the strains associated
with millet fail to germinate in response to sorghum (Fig. 2).

Although millet often escapes Striga attack in predominantly sorghum-
growingareasthere hassofar beenlittle successin finding varietiesofmillet
thatare resistantin the areasaffected by the millet strains of S. hermonthica.
Root exudate tests at WRO havesofar shownrelatively small differences in
stimulant production in the random selection of millet varieties tested.
Meanwhile, the realisation that the millet strains of Striga respond to
different stimulant substances has madeit necessary to re-consider what
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Fig. 2. Host specificity in strains of Striga hermonthica.
Left to right
Millet without Striga
Millett with Striga hermonthica from sorghum
Millet with Striga from millet
Sorghum with Striga from sorghum
Sorghumwith Striga from millet
Sorghum withoutStriga.
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crops maybesuitable as rotational ‘trap crops’, i.e., crops stimulating
germination butnotbeing parasitised, so helping to reduce the population
ofseed in thesoil. ForstrainsofStriga attacking sorghum or maize,cotton is
knownto be aneffective trap crop but WRO workhas shownthatcotton
fails to stimulate germinationofthe millet strains of S. hermonthica. Cowpea
(Vigna unguiculata) and pigeon pea (Cajanus cajan) however, are potential
trap crops (Parker & Reid, 1979).

Further work is in progress with millets, particularly exploring the
possibility of resistance in semi-wild ‘sebra’ types.

STRIGA AND COWPEAS

Whilethe hostspecificity ofdifferent strains ofS. hermonthica has been shown
to be based on germination factors, different results have been obtained
from comparable studies on S. gesnerioides, the species mainly important as a
parasite on cowpeas.It is commonin the drier parts of West Africa butit
also attacks tobacco in Southern Africa and a rangeofother wild hosts in
the Leguminosae, Convolvulaceae and Euphorbiaceae. The four strains
studied so far have been associated with cowpea, tobacco, Tephrosia

pedicellata and Jacquemontia tamnifolia hosts. Each was found to be quite
specific to its original hosts, but exudate tests have shownthat this
specificity is not due to simple differences in germination requirement.
Further workis now in progress to determine what mechanismis involved
and so to suggest ways in which cowpeavarieties might be systematically
screenedfor resistance, withoutthe needforlarge field experiments.

THE FUTURE

The WROproject on witchweed, which is supported by HM Overseas
Development Administration under Research Scheme R 3327, has been

extendedto at least 1981, in order to help clarify the various problemsthat

have arisen. Meanwhile ICRISAT’s own programmecontinues with col-

laboration in manyparts ofAfrica and India. These combinedefforts seem
likely to yield valuable results within the next few years.
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LIST OF RESEARCH AND RELATEDSERVICE PROJECTS

1978/79
WEED CONTROL DEPARTMENT

HeadofDepartment:J. G. Elliott

ANNUALCROPS GROUP (Leader: G. W. Cussans)

1. Herbicide treatmentsfor the control of wild-oat and blackgrassin cereals: Dr P J
Lutman, M E Thornton

2. Study of the weed problems of minimum tillage especially the grasses

Alopecurus myosuroides, Bromussterilis: F Pollard, S R Moss

.Long term economic weed control in cereals including rationalisation of

herbicide use and agroecology of weeds:B J Wilson, P Ayres

. Growth of cereals in reducedtillage systems: J G Elliott, F Pollard

. Control of perennial grass weedsin cereal cropping systems: G W Cussans,

P Ayres
. Effect of high organic mattersoils on use of herbicides: Dr P J Lutman, M J May

. Control of potato groundkeepers: Dr P J Lutman, G W Cussans

. Cereal tolerance of herbicides: D R Tottman, G W Cussans

. Factors affecting the success of weedbeetin agricultural land: G W Cussans,C J

Bastian
. Studies of the effects of herbicides and weed competition on the establishment

and growthof oilseed rape: Dr P J Lutman, M E Thornton
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GRASS AND FODDER CROPS GROUP(Leader: Dr R J Haggar)

1. The agro-ecology and control of important broad leaved weedsincluding

bracken in grass/legume swards: A K Oswald
2. The role of herbicides in manipulating sward composition with particular

reference to clover encouragement: Dr R J Haggar, F W Kirkham
3. Minimum cultivation/herbicide systems for establishing grasses, legumes and

foddercropsin existing swards: N R W Squires, Dr R J Haggar
4. The agro-ecology and control of important grass weedsin leys and seed crops: A

K Oswald, F W Kirkham

PERENNIAL CROPS GROUP(Leader: Dr J G Davison)

1. Fruit crop tolerance of soil-and foliage-applied herbicides: D V Clay, Dr J G
Davison

2. Effect of important weedsonfruit production: Dr J G Davison,J A Bailey

3. Responseof newly plantedfruit crops and nursery stock to weed competition and
herbicides: Dr J G Davison,J A Bailey

4. Evaluation of new herbicides for the control of annual and perennial weedsin

strawberries: D V Clay, Dr J G Davison

SPECIAL SERVICES

1. Survey and analysis of information about weedsand weed controlin agriculture:
J Elliott

2. Supervision, development and maintenance of application equipment for

experimental use: ME Thornton
3. Field chemical laboratory: J A Slater
4. Managementof BegbrokeHill Farm: J G Elliott, R Dale
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WEEDSCIENCE DEPARTMENT
HeadofDepartment: Dr K Holly

HERBICIDE PERFORMANCE GROUP(Leader: J Holroyd)

1. Evaluation of new herbicides and investigation of specific short term problems:
W G Richardson,J Holroyd

2. Influence of formulation factors on the activity of herbicides: Dr D J Turner
3. Improvementof methodsfor the application of herbicides: WA Taylor, J Holroyd
4. Basic studiesofthe interaction of herbicides with one another: Dr H F Taylor, MP
C Loader

5. Evaluation of herbicidesfor forestry: Dr D J Turner, W G Richardson

ENVIRONMENTALSTUDIES GROUP(Leader:Dr J C Caseley)
1. Effect of environmental factors on the activity of herbicides and growth

regulators: Dr J C Caseley, A M Blair, Dr D Coupland, C R Merrit, R C Simmons
2. Development of experimental techniques and equipment for monitoring the

environment; establishment of controlled environment systems: R C Simmons,
Dr J Caseley

CHEMISTRY GROUP(Leader: Dr R J Hance)

. Analysis of herbicidesin soil, water and plant material; T H Byast, E G Cotterill

. Development of analytical methods for herbicides and their decomposition
products:T H Byast, E G Cotterill

. Soil factors affecting the performanceofsoil-applied herbicides: Dr R J Hance

. Influence of repeated applications of MCPA,tri-allate, simazine and linuron on
fertility of soil: PD Smith

. Persistencein soil of paraquat applied repeatedly to plant coveror soil: PD Smith

. Effects of repeated applications of glyphosate onfertility of soils and growth of
cereals at Begbroke Hill: PD Smith

MICROBIOLOGY GROUP(Leader: M P Greaves)

1. Effects of herbicides and their metabolites on natural microbial populations and
their activities in the soil: J A Marsh, H A Davies

2. The effects of herbicides and breakdownproducts on the microflora of the root
region of plants: M P Greaves, G | Wingfield

3. Interactions betweenherbicides and the physiology and population dynamicsof
model microbial ecosystems: G | Wingfield, M P Greaves

WEEDBIOLOGY GROUP(Leader:R J Chancellor)

1. Periodicity of germination of weed seeds. Chemicals for breaking seed
dormancy: R J Chancellor, Dr N C B Peters

2. Vegetative regeneration of weeds: R J Chancellor
3. Grassland weed ecology: E D Williams, R J Chancellor
4. Inter-action of factors affecting competition between crops and weeds: Dr NCB

Peters
5. Arable weed ecology: R J Chancellor, R J Froud-Williams
6. Influence oflight on seed germination and vegetative regeneration of weeds: RJ

Chancellor, J Hilton
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SPECIAL SERVICES

1. Plant raising facilities for pot experiments: R H Webster

EXTRA-DEPARTMENTAL RESEARCH GROUPS

DEVELOPMENTAL BOTANY GROUP(Leader: Dr D J Osborne)

1. Dormancyandviability ofweed seeds: Dr J Osborne, Dr J ASargent, Dr R Hooley

2. Importanceofstress conditions in seed germination and seedling establishment:

Dr D J Osborne, Dr J A Sargent, Dr M Wright
3. Factors regulating perennation and regeneration of plant parts: Dr D J Osborne,

Dr JA Sargent, Dr M Wright
4. Control of seed shedding in weed species: Dr D J Osborne,Dr J A Sargent, Dr R

Hooley

AQUATIC WEED AND UNCROPPPED LAND GROUP(Leader: T O Robson)

1. Development of chemical methods of controlling aquatic vascular plants and

algae: T O Robson, P R F Barrett
2. Assessment of potential of grass carp for the control of aquatic weeds: M C

Fowler, T O Robson(Joint project with MAFF FreshwaterFisheries Laboratory)

3. The role of herbicides and growth regulators in the managementof vegetation on

uncroppedland:E J P Marshall, TO Robson
4. Advisory service on aquatic weed control: T O Robson,P R F Barrett

ODA TROPICAL WEEDS GROUP(Leader:C Parker)

1. New herbicide treatments for use in tropical crops against annual and

established perennial weeds: C Parker

2. Study of the resistance of sorghum and millet varieties to a range of Striga

species andstrains: C Parker
3. Liaison and advisory work on weed controlin developing countries: C Parker, AK
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Parker

O;
D.F
G.
R.
J.
P.

Tr.

J.
J.
P.

R.
M.
C.

ID
R. J
aloes Y Hardcastle
B.A.
R. J

K.H

C. Parker

J.D. Fryer

M.P. Greaves

. Fryer

2.F. Barrett

iss M. C. Fowler

Belgium, for discussion between EWRS/
EAPR Working Group and Monsanto Ltd on
control of groundkeeper potatoes; spon-
sored by Monsanto.
Netherlands, for EWRS.
United States to attend Weed Science Soc-
iety of America Annual Meeting; sponsored
by Monsanto.
Netherlands, for EWRS.
Spain, to attend Mediterranean Symposium
of Herbicides; sponsored by Monsanto.

Germany, for EWRS.

India to advise United Planters Association
of South India on weed controlin tea, for
ODA.
Belgium, for EWRS (JDF, JEYH, BAW) and
for RJH to present paperat International
Symposium on Crop Protection, Ghent.

Switzerland, to attend 4th International
Congressof Pesticide Chemistry.
Switzerland, to present invited paperat 4th
International Congress of Pesticide
Chemistry; sponsoredby organisers.
Nigeria, to attend International Weed
Science Conference on behalf of ODA.
India, to attend 17th All India Wheat Re-
search Workers’ Workshopandin advisory
capacity on behalf of ODA.
Germany,to attend International Workshop

on Side Effects of Pesticides; and Inter-
national Congress of Phytopathology;
partly sponsored by EWRS.
Netherlands, to attend 5th International
Symposium on Aquatic Weeds; sponsored
by EWRS (JDF TOR) and Duphar Midox
Ltd. (MCF).
France, to attend EPPO Conference on
WeedProblems; sponsored by EPPO.
Senegal, to attend 3rd COLUMATropical
Weed Symposium and Sierra Leone to ad-
vise on weed research in mangrove swamp
rice, for ODA.
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October

November/
December

1979
January to
December

January
February

April to
June

May ~

Mayto
April 1980
June
July

C. Parker

P. J. Terry

D. Coupland

J.D. Fryer

R. J. Hance
K. E. Pallett

J.D. Fryer
C. Parker
R. J. Hance
J.C. Caseley
T. O. Robson

C. Parker

C. Parker

MissD. J. Osborne

J. D. Fryer
J. E. Y. Hardcastle

P. J. Kemp

P. J. Terry

J.D. Fryer
G. W. Cussans
R. J. Hance
T. O. Robson
P. R. F. Barrett

Sudan, to attend the University of Sudan/
IDRC Striga/ Orabanche Workshop, on
behalf of ODA.
Kenya, Tanzania and Zambia to collect
material for ODA sponsored project to
prepare weed control handbook for East
Africa.

United States, to undertake investigations
on the chemical controlof field horsetail at,
and sponsored by, Washington State Uni-
versity.
Germany,on behalf of EWRS.
United States, to attend meetings of Weed
Science Society of America and Inter-
national Weed Science Society on behalf
of EWRS.
India, to follow up visit made in August
1978 on behalf of ODA.
Germany,on behalf of EWRS.
Germany, to present paper at Conference;
sponsoredby University of Konstanz.
Switzerland, on behalf of Ciba/Geigy.

Netherlands, on behalf of EWRS.
Switzerland, to visit Ciba/Geigy labora-
tories at the invitation of the company.
Indonesia, to assist BIOTROPwitha training
course and to discuss research on /mperata
cylindrica, for ODA.
Israel, as Churchill Visiting Professor at
The Technion, Haifa sponsored by the
British Technion Society.
Germany, sponsored by Hoechst.
France, to attend meeting of International
Standards Organisation TC.81.
Canada and United Statesto visit libraries
and relevant laboratories; funded privately.
The Gambia, on secondment to conduct
weedresearchproject for ODA.
France, on behalf of EWRS.
France,to liaise with staff of ITCF and INRA,
partly sponsored by ITCF.
United States, to attend Aquatic Plant

Management Society Annual Conference,
and tovisit Eli Lilly Research Laboratories
andtheir ICI field experiments. Sponsored
partly by EWRSandEli Lilly (TOR) andICI
andEli Lilly (PRFB)
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July

September/
October

October

November

December

C. Parker

C. Parker

. D. Fryer

. C. Caseley

. G. Elliott
. P. Greaves

. E. Y Hardcastle
. J. Chancellor
. W. Cussans

. Wilson
. W. Lutman
. Caseley
. Hancef

r
e
e
e

e
o
c
e

MissD. J. Osborne

C. Parker

USA, to attend 2nd International Sym-
posium on Parasitic Weeds, on behalf of
ODA.
UpperVolta, Niger, Nigeria, Sudan to study
and advise on Striga research with team
sponsored by USAID.
Germany,to attend EWRS Symposium and
meetings,for J. D. Fryer to receive the Otto
Appel Medal, and for GWC, BUW, and RJC
to discuss current research at Hohen-
heim University; sponsored by EWRS
(JDF, GWC, RJH, JEYH, MPG).

Netherlands,to visit CABO, Wageningen.
Italy, to attend meetings on soil pollution
in University of Pisa; sponsored by Con-
siglio Nazionale Delle Richerche.
United States, to visit University of Cali-
forina as 1979 Ruth Storer Lecturer; spon-
sored by the Ruth Storer Lectureship Com-
mittee.
France, to attend EWRSdiscussion onfor-
mation of tropical weed group; on behalf of
ODA.

 



STAFF COMMITTEE SERVICE

Members of WRO haveservedonthe following Committees:

ACASScientific Advisory Committee

ADASPesticide Committee

ADAS/WRO
Liaison Group
Working Party on Systematic Control of Wild Oat and Associated Grass Weeds

Agricultural Research Council
Secretary’s Policy Advisory Committee (SPAC)
Working Party on Suitability of Soils for Direct Drilling
WorkingParty on Information Services via Computer-based Networks
Fruit Weed Control Group

Annals of Applied Biology
Editorial Board

Aquatic Botany
Editorial Panel

Aquatic Weed Control Training Working Party

Association of Applied Biology
Weed Group Committee

British Crop Protection Council
Application Symposium Programme Committee
Board of Management
Conference 1980 Consultative Group
Council
Finance and General Purposes Committee
Education and Communications Committee
Programme Committee—Weeds
ProgrammePolicy Committee
Publications Committee
Research and DevelopmentTechnical Committee
Research and DevelopmentTechnical Sub-Committee (Weeds)

British Grassland Society
Executive Council
Grass as a Crop Group

British StandardsInstitution Technical Committee PCC/1

Departmentof the Environment
Standing Committee of Analysts Working Group 6-3

European WeedResearch Society
Council
Editorial Board Weed Research
Education Committee
Executive Committee
Scientific Committee
Research Group on Annual Grass Weeds
Research Group on Aquatic Weeds
Research Groupon Herbicide Application
Research Groupon Herbicides/Soils
Symposia Organizing and Programme Committees
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EWRS/EAPRVolunteerPotato Working Group

Herbage Seeds (Weed Control) Working Party

International Standards Organization Technical Committee TC/81

International Parasitic Seed Plant Research Group

International Weed Science Society
Executive Committee

JCO Arable Grass and Forage Board
Cereals Committee
Plant Science Committee

Ministry of Agriculture, Fisheries and Food
Agriculture Chemicals Approval Scheme Science Advisory Committee
GrassCarpField Trials Steering Committee
National Wild Oat Advisory ProgrammeSteering Committee
NIAE Consultative Group on Cultivation

MAFF/ARC
Users GrouponCultivation

ODA Sub-Committee on Pesticide Application Overseas

Oxfordshire Agricultural Trust

Oxford College of Further Education Science and Mathematics Advisory Committee

Royal Society Environmental Biology Sub-Committee

Society of Chemical Industry
Editorial Board of Pesticide Science
Pesticides Group Committee
Physiochemicaland Biophysical Panel
Publications Committee

Sugar Beet Research and Education Committee
WeedBeet Sub-Committee

University of Reading Plant Sciences Joint Committee

POST GRADUATE RESEARCH STUDENTS ATWRO
1978-79

Estimated
Name Universtity and Period at Topic ofResearch

Higher Degree WRO

D. Cole Bath; Ph.D 1977-79 Modeofaction of glyphosate
(CASE award)

B. Kowalczyk Oxford; D.Phil 1977-79 Effect of pre-spraying environ-
(ARC award) menton herbicide performance

N.D.Boatman Reading; Ph.D 1977-80 Factors affecting the establish-
(ARC award) mentof white clover

B. Cragg UWIST: Ph.D —-1977-80 Therole of bacteria in the deoxy-
(Univ. Wales genation of water treated with
award) herbicides

P. J. Mudd Bath, Ph.D 1977-80 Degradation of isoproturon in
(CASE award) rhizosphere of winter wheat

S. W. Adkins Reading; Ph.D 1978-81 Factors affecting seed dor-
(CASE award) mancyin wild-oats
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A. Matin
M.Sc.

(British Council
award)
Oxford; D.Phil
(ARC award)

M. M. McDonald

P.Whitehouse Bristol; M.Sc
(ARC award)

S. Adalla Reading; Ph.D

P.D.Pateman Reading; Ph.D
(ARC award)

A. Pinho Reading; M.Phil

Univ. St Andrews 1978-81

1978-81

1978-81

1979-82

1979-82

1979-82

The effect of light, temperature
and the herbicide terbutryne on
the photosynthesis of some
submerged aquatic plants
Factors regulating perennation

and regeneration of plant parts
in potato groundkeepers
Factors affecting the activity of
wild-oat herbicides applied to
different positions on the plants
Factors affecting the perfor-
manceofsoil applied herbicides
in winter cereals
Vegetative regeneration’ in
selected grassland species
Factors affecting tolerance of
soil-acting herbicides by peren-
nial crops

VISITING RESEARCH WORKERS AND OVERSEAS
TRAINEES AT WRO1978-79

Name andOrigin

MissE. Y van derVelde
Wageningen

Dr. D. G. Swan
WashingtonState University, USA

Dr. D. W. Koch
University of New Hampshire, USA

Dr. Yoram Fuchs
VolcaniInstitute, Israel

Mrs M. Schonfeld
Wageningen

Dr G. S. Hassawy
Foundationof Technical
Institutes, Baghdad, IRAQ

O U Okereke
University of Nigeria
Nsukka, Nigeria

Dr P. Chow
Agriculture Canada Brandon
ResearchStation, Canada

Estimated
Period at

WRO

1978

(5 months)

1978-79

(12 months)

1979

(6 months)

1979
(2 months)

1979
(5 months)

1979/80

(12 months)

1979/80
(12 months)

1979/80

(12 months)
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Topic ofResearch

Weedbiology techniques

Biology and control of Convol-
vulus arvensis

Establishment of red clover by
slot-seeding

Physiological
niques

Movement and induced dor-
mancyin grass seeds

Effect of temperature and soil
waterstress on diclofop activity
in wild-oats and wheat

lsoproturon activity against
Bromus sterilis and Phalaris
minor

Modeofaction of herbicide
mixtures

research  tech-

 



GLOSSARY OF CHEMICALS MENTIONEDIN THIS
REPORT

An asterisk (*) signifies a common name approved by the British Standards

Institution.

alloxydim-sodium*

asulam*
atrazine*
barban*
bentazone*
benzoylprop-ethy|l*

bromoxynil*
butam
butralin*

carbetamide*
chlortoluron*
2,4-D*
dalapon*
dichlobenil*

diclofop-methy|*
difenzoquat*

diquat*
diuron*
EPG
ethofumesate*

flamprop-isopropyl*

fluometuron*
fluridone*

glyphosate*
ioxynil*
isopropalin*
isoproturon*
lenacil*

mecoprop*

metamitron*
methabenzthiazuron*
metoxuron*
metribuzin*
nitrofen*

oxadiazon*

oxyfluorfen*

paraquat*
pendimethalin*

2-[(1-V-allyloxyamino)butylidene]-4-methoxycarbonyl-

5,5-dimethyl=cyclohexane-1,3-dione
methyl (4-aminobenzenesulphonyl)carbamate

2-chloro-4-ethylamino-6-isopropylamino-1,3,5-triazine

4-chlorobut-2ynyl V-(3-chlorophenyl)carbamate

3-isopropyl-2,1,3-benzothiadazin-4-one 2,2-dioxide

ethyl-V-benzoyl-/V-(3,4-dichloropheny!)-2-aminopro-

pionate
3,5-dibromo-4-hydroxybenzonitrile

N-benzyl-N-isopropyl-2,2-dimethy! propionamide

N-s-butyl-4-t-butyl-2,6-dinitroaniline

D-N-ethyl-2-(phenylcarbamoyloxy)propionamide

N'-(3-chloro-4-methylphenyl)-V,N-dimethylurea
2,4-dichlorophenoxyacetic acid

2,2-dichloropropionicacid
2,6-dichlorobenzonitrile

methyl 2-[4-(2,4-dichlorophenoxy)phenoxy] -propionate
1,2-dimethyl-3,5-diphenyl-pyrazolium

9,10-dihydro-8a, 10a-diazoniaphenanthrene

N'-(3,4-dichlorophenyl)-V,N-dimethylurea
S-ethy! V,N-dipropyl(thiocarbamate)

2-ethoxy-2,3-dihydro-3,3-dimethylbenzofuran-5-yl

methylsulphonate

isopropyl (+)-2-(N-benzoyl-3-chloro-4-fluoroanilino)

propionate
N'-(3-trifluoromethylphenyl)-V,V-dimethylurea
I-methyl-3-phenyI-5-(3-trifluoromethylphenyl)-V,N-

dimethylurea
N-(phosphonomethyl)glycine
N-hydroxy-3,5-di-iodobenzonitrile

4-isopropyl-2,6-dinitro-NV,N-dipropylaniline
N'(4-isopropylphenyl)-V,N-dimethylurea

3-cyclohexyl-6,7-dihydro-1H-cyclopentapyrimidine-2,4-

(3H,5H)dione
(+)2-(4-chloro-2-methylphenoxy)propionic acid
4-amino-3-methyl-6-phenyl-1,2,4-triazin-5(4H)-one

N-(benzothiazol-2-yl)-V,N’-dimethylurea

N'-(3-chloro-4-methoxypheny!)-V,N-dimethylurea

4-amino-6-t-buty|-3-(methylthio)-1,2,4-triazin-5(4H)-one

2,4-dichloropheny! 4-nitrophenyl ether
3-(2,4-dichloro-5-isopropoxypheny!l)-5-t-butyl-1,3,4-

oxadiazolin-2-one

2-chloro-4-trifluoromethylphenyl 3-ethoxy-4-nitropheny|

ether
1,1’-dimethyl-4,4’-bipyridylium

N-(1-ethylpropyl)-2,6-dinitro-3,4-xylidene

112 



perfluidone*
prodiamine*

propachlor*
propyzamide*
simazine*
TCA*
terbuthylazine*
terbutryne*
tri-allate*
triclopyr*
trifop-methyl*

4'-(phenylsulphonyl)trifluoromethylsulphono-o-toluidide
2,6-dinitro-W’,N’-dipropyl-4-trifluoromethyl-m-phenylene
diamine

a -chloro-N-isopropylacetanilide
3,5-dichloro-N-(1,1-dimethylpropyny!)benzamide
2-chloro-4,6-bisethylamino-1,3,5-triazine
trichloroacetic acid
2-chloro-4-ethylamino-6-t-butylamino-1,3,5-triazine
4-ethylamino-2-methylthio-6-t-butylamino-1,3,5-triazine
S-2,3,3-trichlorallyl NV,N-di-isopropyl(thiocarbamate)
3,5,6-trichloropyridyloxyacetic acid
methyl[4-(4-trifluoromethylphenoxy)phenoxy]
propionate

 



INSTITUTES FOR AGRICULTURAL RESEARCHIN
GREATBRITAIN

The research programmesofall the following ResearchInstitutes, supported from
public funds, are co-ordinated by the Agricultural Research Council. Most of them
publish reports annually and copies can be obtained from the Secretaries of the
Institutes concerned.

ARCInstitutes
Animal Breeding Research Organization
Animal ResearchStation

Food ResearchInstitute
Institute of Animal Physiology
Institute for Research on Animal Diseases
Letcombe Laboratory

Meat ResearchInstitute
Poultry Research Centre

WeedResearch Organization

State-aided Institutes in England and Wales
Animal Virus ResearchInstitute
East Malling Research Station

GlasshouseCropsResearchInstitute

Grassland ResearchInstitute
Houghton Poultry Research Station
John InnesInstitute
Long Ashton ResearchStation
National Institute of Agricultural
Engineering

National Institute for Research in
Dairying

National Vegetable Research Station
Plant Breeding Institute

Rothamsted Experimental Station
WelshPlant Breeding Station

WyeCollege, Department of Hop
Research

State-aidedInstitutes in Scotland
Animal Diseases Research Association

HannahResearchInstitute
Hill Farming Research Organization

Macaulay Institute for Soil Research
Scottish Institute of Agricultural

Engineering
Rowett ResearchInstitute

Scottish Horticultural Research Institute
Scottish Plant Breeding Station

West Mains Road, Edinburgh, EH9 3JQ
307 Huntingdon Road, Cambridge,
CB3 0JO.

Colney Lane, Norwich, NR4 7UA
Babraham, Cambridge, CB2 4AT
Compton, Newbury, Berks. RG16 ONN
LetcombeRegis, Wantage,
Oxfordshire, OX12 9JT
Langford, Bristol, BS18 7DY
King’s Buildings, West Mains Road,

Edinburgh, EH9 3JS
BegbrokeHill, Yarnton, Oxford, OX5
1PF

Pirbright, Woking, Surrey, GU24 ONF
East Malling, Maidstone, Kent,
ME19 6BJ

Worthing Road, Rustington,Little-
hampton, Sussex, BN16 3PU

Hurley, Maidenhead, Berks, SL6 5LR
Houghton, Huntingdon, PE17 2DA
Colney Lane, Norwich, NR4 7UH
Long Ashton, Bristol, BS18 9AF
Wrest Park, Silsoe, Bedford, MK5 4HA

Shinfield, Reading, RG2 9AT

Wellesbourne, Warwick, CV35 9EF
Maris Lane, Trumpington, Cambridge,
CB2 2LQ0

Harpenden,Herts, AL5 2JQ
Plas Gogerddan, Aberystwyth, Dyfed,
SY23'3EB

Ashford, Kent, TN25 5AH

MoredunInstitute, 408 Gilmerton
Road, Edinburgh, EH17 7JH

Ayr, Scotland, KA6 5HL

Bush Estate, Penicuik, Midlothian,
EH26 OPH

Craigiebuckler, Aberdeen, A89, 20J
BushEstate, Penicuik, Midlothian,
EH26 OPH

Greenburn Road, Bucksburn, Aber-

deen, AB2 9SB
Invergowrie, Dundee, DD2 5DA
Pentlandfield, Roslin, Midlothian,

EH25 SRF 
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