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THE ACTIVITY AND PRE-EMERGENCE SELECTIVITY OF SOME RECENTLY

DEVELOPED HERBICIDES: BAYER 94871, TEBUTHIURON AND AC 92553

W.G. Richardson* and M.L. Dean**

ARC Weed Research Organization, Begbroke Hill, Yarnton,

Oxford, OX5 1PF

SUMMARY

Three recently developed herbicides were tested on six species for

their foliar and soil activity, and subsequently on 27 temperate and 17

tropical crops and weeds for their pre-emergence selectivity following

incorporation into soil, The persistence of each herbicide in the soil

was also examined.

BAYER 94871 gave good potential selective annual weed control, inclu-

ding Avena fatua and Alopecurus myosuroides, in radish, maize, groundnut

and possibly sugar beet. A moderate period of soil persistence was found.

Tebuthiuron was very active and the potential selectivities in large

seeded legumes, maize, sorghum and sesamum were marginal. Treated soil

caused phytotoxicity for an extremely long period.

AC 92553 controlled annual grass and certain broad-leaved weeds at

rates where pea, carrot and groundnut were tolerant. Persistence in the

soil was prolonged.

INTRODUCTION

The pre-emergence selectivities of new herbicides are investigated by

the Herbicide and Tropical Weeds Groups of the Weed Research Organization,

on a large number of pot~grown crop and weed species. The objectives are

to discover selectivities, crop and weed susceptibilities and to obtain

experience of the type of effects produced by each compound. Soil persis-

tence is also monitored and these results, in conjunction with crop suscep-

tibilities, are useful in considering subsequent cropping of treated land.

Attention is drawn to the limitations of these investigations; i.e. use of

only one crop variety or source of weed species and growth in one parti-

cular soil type at only one depth of sowing without intraspecific

competition. Consequently the results should only be used as a guide for

further work, as plant responses in pot experiments can be very different

to those in the field.

The present report gives pre-emergence selectivity data on three new

herbicides. Results of activity experiments are also included to provide

information on levels of phytotoxicity, type of effect and route of action.

METHODS AND MATERIALS

These were Similar to previous trials. The activity experiments (AE)

were carried out on six selected species, four being raised from seeds

and two perennial species from rhizome fragments. Herbicides were applied

by four different methods: (i) a post-emergence foliar spray avoiding soil

a
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contact, (ii) a post-emergence soil drench with no foliage contact,

(iii) a pre-emergence surface spray to the soil after planting, (iv) a

pre-emergence soil incorporated treatment before planting, as reported

by Richardson and Dean (1973). Species data are summarised in Table l

and soil and environmental conditions in Table 2.

Dwarf bean

(Phaseolus

vulgaris)

Kale

(Brassica

oleracea

acephala

Perennial

ryegrass

(Lolium

perenne)

Table i

Post-

emergence

Stage of

growth at

Spraying

2

2 unifoliate

leaves

a joepee

34~5
leaves

2-24

leaves

No. per pot
: h

at Spraying peeth afCultivar planting

/Source

Clone 1

S 23 10-15

E

2-24

leaves

Boxworth

1967

WRO

Clone 31

24-3
leaves

Plant data for activity experiments

Stage of growth at
assessment

1-2

trifoliate

leaves

1
24—44

leaves

5-7 leaves

tillering

4-7 leaves

tillering

4~8 leaves

tillering

1-2

trifoliate

leaves

34-44
leaves

6~94

leaves

64 leaves
tillering

4-7 leaves

tillering

5-8 leaves

tillering

Techniques for the selectivity experiment were the same as reported

by Richardson and Dean (1973). Herbicides were incorporated throughout the

soil after spraying. Duplicate 9.0 cm pots of treated soil were planted

for each species. All pots were watered from above. Soil and environmental

conditions are summarised in Table 2 and plant data in Table 3. Radish

(Raphanus raphanistrum) was included for ease of propagation and may be

regarded as a crop or weed. To improve establishment Chenopodium album

seeds were rubbed with sand paper; Chrysanthemum segetum seeds were pricked

and tubers of Cyperus esculentus were stored moist at 4°C for 23 days to

break dormancy. Freshly harvested bulbils of Oxalis latifolia were stored

at 20°C for 4 weeks followed by heating at 45°C for 4 hours. During the

experiment normal daylight was supplemented with a 14 hour photoperiod

using warm white fluorescent tubes or mercury vapour lamps. 



2. Soil and environmental conditions

pre-emergence

selectivity
Experiment number, AE 1 AE 2 AE 3

experiment
type and herbicide(s) AC 92553 BAYER tebuthi-

included 94871 uron BAYER 94871

tebuthiuron

AC 92553

Date of spraying ° Z 31.10.72

Main assessment completed site S 212672

Soil moisture at

spraying (%)

Organic matter (%)

Clay content (%)

PH

John Innes Base ferti~

liser (g/kg)

5% DDT dust (g/kg)

Fritted trace elements

(g/kg)

Temperature (°c) Temperate

|

Tropical

Mean 17 23

Maximum S 25 29

Minimum i 12 7.

Relative humidity (%)

Mean

Maximum

Minimum

In all experiments surviving plants were counted and their vigour

was scored on a 0-7 scale as defined by Richardson and Dean (1973) where

O = dead and 7 = control. Histograms were prepared from these results

and a computer was used to process the selectivity experiment data as

before (Richardson and Dean, 1973). For each treatment a histogram is

presented which includes a pair of figures; the upper figure represents

mean plant survival and the lower, mean vigour score, both calculated as

percentage of untreated controls. The same information is displayed as a

histogram where each 'x' represents a 5% increment except in the activity

experiment results where each ‘*x* represents a 7% increment. A +* indi-

cates a value in excess of 100%; 'R* indicates a result based on one

replicate only and 'M* represents a missing treatment. All doses quoted

are in terms of active ingredient. 

NB: AC 92553 is pendimethalin 
NB: Bayer 94871 (BAY 94871) is isocarbamid



It was not possible to computerise the data for Polygonum aviculare

which failed to germinate.

many plants died back from the cotyledon leaf stage because of a damping

off type of syndrome.

Veronica persica germinated successfully but

Chrysanthemum segetum, Sinapis arvensis and

Solanum nigrum germinated erratically and the perennials Convolvulus

arvensis and Cirsium arvense tended to turn yellow and die back due to

lack of root development.

were made and are referred to in the text.

However visual assessments of these species

Sugar beet was only assessed

visually but the experiment was repeated and is referred to where necessary.

table of observed potential selectivities, using the criteria

specified, are presented for each compound with comments to highlight

Salient points,

Soil persistence waS monitored, in conjunction with the pre~ ‘

emergence selectivity experiment by storing moist, treated soil at 23 C

and asSaying at intervals with a suitable sensitive test species

(Richardson and Dean, 1973).

Table 3.

Temperate species

Wheat

(Triticum aestivum)

Barley

(Hordeum vulgare)

Oat

(Avena Sativa)

Perennial ryegrass

(Lolium perenne)

Onion

(Allium cepa)

Dwarf bean

(Phaseolus vulgaris)

Field bean

(Vicia faba)

Pea

(Pisum sativum)

White clover

(Trifolium repens)

Designa-~

tion and

computer

Serial

number

WHEAT
(1)

BARLEY

. RYGR

ONION

(8)

DWF BEAN
(9)

FLD BEAN
(10)

PEA
(11)
\ae/

W CLOVER
(12)

Cultivar

or

source

Kolibri

Suitan

Condor

The Prince

Maris Bead

a k Skinnedar

Perfection

Species, abbreviations, cultivars and stage of

growth at assessment

Stage of
growth at

assessment

(untreated

control

leaf number

exclusive of

cotyledons)

34-4 leaves

leaves

leaves

4~5 leaves,

tillering

2 leaves

1 trifoliate

leaf

54 leaves

7-9 leaves

2 trifoliate

leaves 



Ta

Designa~

tion and

computer

serial

number

Tomato
TOMATO

L€urospe
Ed hhRettA

maritimum

ble 3 (continued)

Cultivar

or

source

Marrowstem

Lord Derby

monogerm

Chipping

Norton 1968

Rothamsted

amsted

Stage of

growth at

assessment

(untreated

control

leaf number

exclusive of

cotyledons)

34=4 leaves

leaves

leaves

2-24 leaves

not recorded

34-4 leaves

6 leaves,

tillering

erratic

germination

3 leaves

erratic

germination

8 leaves

5 leaves

leaves

nil

germination 



Galium aparine

Chenopodium album

Stellaria media

Veronica persica

Solanum nigrum

Agropyron repens

Allium vineale

Cirsium arvense

Tussilago farfara

Convolvulus

arvensis

Table 3 (continued)

Designa=

tion and

computer

serial

number

GAL APAR
(38)

CHEN ALB

(39)

STEL MED
(40)

VER PERS
(42)

SOL NIG
(43)

AG REPEN
(47)

ALL VIN

(49)

CIRS ARV

(50)

TUS FARF
(51)

CONV ARV
(52)

Cultivar

or

source

WRO 1970

WRO 1967

WRO 1970

WRO 1972

Asmer Seeds

1972

WRO

Clone 31

WRO 1971

WRO

Clone

WRO

Clone

WRO 4#
4 132

Clone

Tropical species (grown under higher of temperature regimes)

Maize

(Zea mays )

Sor ghum

(Sorghum bicolor)

Rice

(Oryza sativa)

Groundnut

(Arachis hypogea)

Soyabean

(Glycine max)

MAIZE
(58)

SORGHUM

(59)

RICE
(60)

GRNDNUT
(64)

SOYABEAN
(65)

Inra 200

Eli Lilly,
U.S.A., 1972

IR 5

Argentine

Wayne

Stage of

growth at

assessment

(untreated

control

leaf number

exclusive of

cot yledons )

24-4 whorls

4—~8 leaves

&10 leaves

diseased

erratic

germination

44-5 leaves,
tillering

24-3 leaves

premature

die~back

34 leaves

premature

die-back

44-5 leaves

5 leaves

3-34 leaves

44-5 trifo
liate leaves

2-24 trifo
liate leaves 



Cotton

(Gossypium hirsutum)

Jute

(Corchorus

olitorius)

Kenaf

(Hibiscus

cannabinus)

Ses amum

(Sesamum indicum)

Eleusine indica

Echinochloa

crus-galli

Rottboellia

exaltata

Digitaria

Sanguinalis

Amaranthus

retroflexus

Cyperus esculentus

Cyperus rotundus

Oxalis latifolia

Table 3 (continued)

Designa~

tion and

computer

serial

number

COTTON
(66)

JUTE

(67)

KENAF
(68)

SESAMUM
(70)

ELEU IND
(74)

ECH CRUS
(75)

ROITT EXA

(76)

DIG SANG

(77)

AMAR RET
(78)

CYP ESCU
(85)

CYP ROTU
(86)

OXAL LAT
(87)

Cultivar

or

source

Egypt 1971

Thai Native

Addis Ababa

1970

WRO 1964

WRO 1968

Rhodesia

1971

WRO 1968

WRO 1966

WRO Clone 2

(ex South

Africa)

WRO Clone 1

(ex

Rhodesia)

WRO Clone 2

(ex
Cornwall)

1.2

Stage of

growth at

assessment

(untreated

control

leaf number

exclusive of

cotyledons )

leaves

leaves

leaves

2-4 leaves

4-5 leaves

5 leaves

34-4 leaves

44-5 leaves

4-7 leaves

5-7 leaves/

shoot

74-84 leaves/
shoot

1-3 leaves
arncE

RT

¥ one node rhizome fragments

%## 4 cm root fragments

* aerial bulbils

** =6tubers 



BAYER 94871

Code number BAYER 94871, MZ 166 Trade name

Chemical name N- isobut y1-2-o0xo-imidazolidine-1-carboxamide

Structure ryBe (Hs

HN. N-C~NH-CH.~CH

Al ‘9 cH
Oo

Bayer Agrochemicals Ltd

Eastern Way

Bury St Edmunds

Suffolk

This compound has also been referred to as imizolamid,

azolamid, izolamid and isocarbamid.

Information available and suggested uses

Eue et al (1970) and the manufacturer's information from 1973 report

good selective broad-leaved and grass weed control in sugar beet following

pre-emergence surface application at 4.6-6.8 kg/ha. Hack and Schmidt (1972)

have reported an improved weed control spectrum in sugar beet using BAY 6339H,

a mixture of BAYER 94871 and lenacil.

Formulations used 80% w/w a.i. wettable powder (BAY 6199H)

Spray volume for activity experiment 352 1/ha (31.3 gal/ac)

for selectivity experiment 413 l1/ha (36.8 gal/ac)

RESULTS

Full histogram results are presented on pages 11 to 15 and potential

selectivities are summarised in the following Table.

RATE CROPS: vigour reduced WEEDS: number or vigour

(kg ai/ha) by 15% or less reduced by 70% or more

None listed as no crops

tolerant

radish Avena fatua

maize Alopecurus myosuroides

groundnut Poa annua

Tripleurospermum maritimum

| Senecio vulgaris
Polygonum lapathifolium

Chenopodium album

Stellaria media

Amaranthus retroflexus

None listed as no

weeds controlled 

NB: Bayer 94871 (BAY 94871) is isocarbamid
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Fifty weeks after application 9.0 kg/ha was still causing 85% reduction

of shoot fresh weight.

Possible uses and further testing

The possible selective control of annual weeds in sugar beet is of

interest, but the fact that crop tolerance was not confirmed in a second

experiment suggests that selectivities may be marginal. However under our

conditions the herbicide was thoroughly incorporated before sowing. Eue

et al have reported sugar beet tolerance in the field at 6.0-8.0 kg

product/ha following surface presemergence application. This method may

well improve the level of crop tolerance. Although BAYER 04871 lacks

activity against certain weeds (eg G, aparine, R. raphanistrum and

perennials) the control of A, fatua and A, myosuroides gives it an advan-

tage over other sugar beet herbicides. Hack and Schmidt (1972) have

reported that combinations of BAYER 94871 and lenacil improve the spectrum

of activity and are less dependant on the amount of rainfall than other

soil-acting herbicides. Mixtures with other herbicides may also be worth

investigating. The moderate period of soil persistence could prove

advantageous in controlling late germinating weeds with little risk to

the subsequent crop.

Selective weed control in radish may be worth some further experi-

mentation.

There would not appear to be any obvious use for BAYER 94871 in the

tropical situation owing to the high dose required and lack of outstanding

selectivities in the crops tested.

 

NB: Bayer 94871 (BAY 94871) is isocarbamid



POLYGONUM

AMPHIBIUM

PERENNIAL

RYEGRASS

AGROPYRON

REPENS

ACTIVITY EXPERIMENT

BAYER 94871

3.0 kg/ha

Post—emergence, foliar applications

Post-emergence, soil drench

Pre—emergence, surface film

Pre—planting, incorporated 

NB: Bayer 94871 (BAY 94871) is isocarbamid
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BARLEY XXXXXXKKXKKXXKKXKKXKKKX XOOOOOOOOOOOKXXX xX

Coes XXXXAXXKXXXAKKK TOOK JOXIOOKIK

OAT SOOOOOOOOOOOOOOOOOK

La ate SOOOOOOCKIOCXICKX

PER RYGR OOOOOCIOOOOIOKK
XOXKXKXKK

Price ig SOCOOOOOOOUOOOOOUK ooo
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XXKXX
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TEBUTH IURON

Code number EL 103, AP 2591 Trade name Spike, Perflan

Chemical name 1, 3=dimet hyl-1-(5-t-but yl-1,3,4-thiadiazol-2~-yl) urea

oe eo NS
CH.-C- Il Il -N-C-NHCH
Sr ee it 3
CH. S 0

Structure G

Eli Lilly

Lilly Research Centre Ltd

Erl Wood Manor

Windlesham

Surrey

Information available and Suggested uses

Manufacturer's information received in 1974 reports potential non-

selective control in non-crop areas; control of bush and trees in pasture

and rangeland and selective control of certain tree species in re~afforest-

ation programmes. Grass and broad=leaved weed control in sugar cane is

reported at 0.5-1.25 kg/ha depending on season and soil type. Convolvulus

spp, Sorghum halepense and Cyperus esculentus show considerable resistance

to this herbicide.

Formulation used 80% w/w a.i. wettable powder

Spray volume for activity experiment 305 l1/ha (27.1 gal/ac)

for selectivity experiment 413 1/ha (36.8 gal/ac)

RESULTS

Full histogram results are presented on pages 19 to 23 and potential

selectivities are Summarised in the following Table.

RATE CROPS: vigour reduced WEEDS: number or vigour

(kg ai/ha) by 15% or less | reduced by 70% or more

pea

maize Alopecurus myosuroides

sorghum Poa annua

groundnut Raphanus raphanistrum

soyabean Tripleurospermum maritimum

sesamum Senecio vulgaris

Polygonum lapathifolium

Chenopodium album

Stellaria media

Amaranthus retroflexus 
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Soil persistence

A very long period of soil persistence was found using turnip as

the test plant. Symptoms were still detectable 50 weeks after treatment

at 0.1 kg/ha (45% reduction of shoot fresh weight). Doses of 0.4 and

1.6 kg/ha were cauSing complete kill of plants at this time. This soil

persistence was much longer than for most other urea herbicides.

Possible uses and further testing

Because of the high level of activity, the limited selectivity and

the very long soil persistence of tebuthiuron, it is doubtful if it

could find any use in arable situations. However these characteristics

would seem to give it great potential as a total herbicide provided the

doses uSed were sufficient to also control perennial weeds,

The tolerance of the larger seeded tropical cereals and legumes is

interesting but of little value due to the limited weed control at 0.1

kg/ha. Further investigations in seSamum, a crop which tolerates few

herbicides, may be worthwhile.
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RATE CROPS: vigour reduced WEEDS: number or vigour
(kg ai/ha) by 15% or less reduced by 70% or more

1.0 Species above + Alopecurus myosuroides
barley Chenopodium album
onion Stellaria media
field bean Echinochloa crus~galli
kale Amaranthus retroflexus
swede Oxalis latifolia
lettuce + species below
radish

maize

Soyabean

cotton

Species above + Eleusine indica
wheat

oat

perennial ryegrass
dwarf bean

white clover

sorghum

Comments on results

General

The activity experiment foliar spray caused minor symptoms on the
foliage of broad-leaved species only. Soil applications were generally
more active, especially pre-emergence treatments. Dwarf bean and the
perennials were resistant to post~emergence soil drenches. Perennial
ryegrass and kale were more sensitive to pre-emergence surface applications
while incorporated treatments were generally more active against the other
species tested. This possibility of greater activity following surface
application should be borne in mind when considering the results of the
selectivity experiment in which the herbicide was thoroughly incorporated
before sowing.

A wide range of annual and perennial weeds were controlled in the
selectivity experiment. Eleusine indica was particularly sensitive. A
large number of crops were tolerant and many potential selectivities were
noted. Certain large seeded legumes and carrot were particularly tolerant.

Symptoms
Mild scorch resulted from the foliar spray on dwarf bean and kale,

Post~emergence soil drenches caused inhibition of growth and leaves became
darker green and tended to stick together.

Annual grasses often failed to emerge from the coleoptile following
prememergence application at higher rates while at lower doses plants were
stunted and foliage was dark green, Broad-leaved species were also stunted
with twisted darker green leaves. Certain species, notably brassicas,
exhibited a purple/red colouration. In some annuals chlorosis was observed
prior to necrosis. Root systems of susceptible species were generally
poorly developed. These symptoms are similar to those of other dinitro-
aniline herbicides. 



Temperate weeds and crops

Although Alopecurus myosuroides was the only annual grass weed to be

controlled at 1.0 kg/ha, both Poa

_

annua and Avena fatua were severely

reduced at this dose. Of the broad-leaved species, Stellaria media and

Chenopodium album were controlled at 1.0 kg/ha and Polygonum lapathifolium

at 4.0 kg/ha. However the other broad-leaved weeds, Galium aparine,

Raphanus raphanistrum, Senecio vulgaris and Tripleurospermum maritimum

were resistant. The perennials were also resistant with the exception of

Convolvulus arvensis which did not emerge, root fragments eventually

rotting at 1.0 and 4.0 kg/ha. [In a subsequent test, Polygonum aviculare

was controlled at 0.25 kg/ha and Veronica persica at 1.0 kg/ha].

Pea and carrot were tolerant at 4.0 kg/ha while barley was only

reduced by 29%. At 1.0 kg/ha several other broad-leaved crops were

tolerant including field bean, lettuce and the brassicas. The tolerance

of onion at this dose is of considerable interest. [Sugar beet proved to

be sensitive at 0.25 kg/ha in a subsequent experiment }.

Certain annual grass and broad-leaved weeds were controlled at

selective rates in pea and carrot. Some potential selectivities were

also noted in barley, onion, lettuce and the brassica crops at 1.0 kg/ha.

Tropical weeds and_crops

Bleusine indica was particularly sensitive to AC 92553 and did not

emerge at 0.25 kg/ha. Echinochloa cruS-~galli was controlled at 1.0 kg/ha.

Digitaria Sanguinalis was killed at 4.0 kg/ha and although severely

affected at 1.0 kg/ha showed signs of recovery. Rottboellia exaltata

was also controlled at 4.0 kg/ha but was recovering from 1.0 kg/ha despite

severe effects initially. Although Amaranthus retroflexus was severely

reduced at 0.25 kg/ha and controlled at 1.0 kg/ha, plants that were not

killed produced inflorescences at both doses. Cyperus rotundus was

particularly resistant and eventually recovered completely from minor

symptoms. Cyperus esculentus had failed to emerge 11 weeks after treat~

ment at 4.0 kg/ha and tubers were still sound with unemerged sprouts.

Plants recovered from 1.0 kg/ha. Qxalis latifolia was susceptible at

1.0 kg/ha and had not emerged from 4.0 kg/ha four weeks after treatment.

Some recovery was observed at both doses during a later assessment however.

Groundnut was particularly tolerant at 4.0 kg/ha and showed no

symptoms subsequently. Soyabean and cotton also showed some marginal

resistance at this dose. All large seeded crops were tolerant at 120

kg/ha. Sorghum was tolerant at 0.25 kg/ha.

Potential selective control of all annual grass weeds plus

A. retroflexus and the perennials QO. latifolia and C. esculentus was noted

in groundnut. E. indica, E. crus-galli, O. latifolia and A. retroflexus

could also be controlled in maize, soyabean and cotton. Only E, indica

waS controlled at a rate at which sorghum was tolerant.

Soil persistence

Using perennial ryegrass as the test species, a long period of soil

persistence was found. Six weeks after application 0.25 kg/ha caused no

Symptoms and the partial disappearance of 1.0 kg/ha during the first 14

weeks after treatment resulted in shoot fresh weights increasing from

5 to 37%. However, from 14 to 50 weeks the degree of phytotoxicity from

the 1 kg/ha application remained almost the same (shoot fresh weight

reductions of 60 to 80%). Plants were still killed 50 weeks after

treatment at 4.0 kg/ha. 

NB: AC 92553 is pendimethalin 



Possible uses and further testing

The pattern of activity of AC 92553 is similar to that of other

dinitro-aniline herbicides, with control of annual grass and certain broad-

leaved weeds, and the tolerance of carrot and other broad-leaved crops

e.g. brassicas and legumes. However the resistance of onion, and to a

lesser extent barley, differs from these other compounds. Further trials

of AC 92553 could well prove beneficial in view of the increasing impor-

tance of grass weeds in onions and the shortage of herbicides to combat

them.

Some differences are apparent between the range of weeds controlled

reported by the manufacturer and those found in the present test e.g. the

claim that composite weeds are controlled was not substantiated. In view

of the very low solubility of AC 92553 (0.3 ppm in water - much less

than that of most other herbicides), this discrepancy is not surprising

and perhaps this factor alone can explain why the activity of pre-plant

incorporated and surface pre-emergence treatments vary so much with

climate and soil type. The long period of soil persistence will also have

to be considered in relation to following crops in any rotation.

Crop tolerances were largely as reported by the manufacturer. The

potential selective control of a wide range of both annual and perennial

weeds in groundnut would suggest that further testing in this crop would

be worthwhile. Improved weed control and/or selectivity may however be

achieved by surface application compared to the incorporated treatment used

in this experiment. This former method of application may be of particular

benefit in increasing the selectivity against annual grass weeds and espe-

cially R. exaltata in maize. Further testing in soyabean and cotton for

controlling annual grass weeds may also be worthwhile.
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ACTIVITY EXPERIMENT

AC 92553

0.125 kg/ha 0.75 ke/ha 4.5 kg/ha
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