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Agricultural Research Council Weed Research Organization
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SUMMARY

In two autumn-sown field experiments, several herbicides were sprayed

either pre- or early post-emergence onto monoculture plots of perennial
ryegrass (Lolium perenne L.), white clover (Trifolium repens L.), Poa annua
L., Poa trivialis L., Alopecurus myosuroides Huds. and Stellaria media (L.)

Vill..

Pre-emergence treatments of both metamitron and bifenox showed large
margins of selectivity between ryegrass and the two Poa spp-, whilst

metamitron was only slightly less effective against A. myosuroides than was
the standard herbicide, ethofumesate. Pre-emergence asulam controlled P.
trivialis with little effect on clover and only a transient depression in
ryegrass growth, but was ineffective against P. annua. White clover was
very tolerant of prosulfalin but this herbicide showed only a small margin
of selectivity between perennial ryegrass and the two Poa spp. Difenzoquat,

applied post-emergence, was as effective as post-emergence ethofumesate
against P. annua, but with both herbicides a high dose was needed to achieve
adequate control. Of the herbicides tested on S. media, only ethofumesate
and methabenzthiazuron controlled this species without damaging ryegrass,
but methabenzthiazuron, bifenox and fluorodifen all controlled volunteer
Capsella bursa-pastoris (L.) Med..

INTRODUCTION

Perennial ryegrass leys and seed crops are frequently invaded by unsown

species which can affect crop production significantly. Rough meadow-grass

(Poa trivialis) and black-grass (Alopecurus myosuroides) can seriously

affect the profitability of grass seed production, not only by reducing

yields through seedling competition but also by increasing seed cleaning

costs (Evans & Yates, 1981). A survey carried out in 1977-8 showed that Poa
spp- and Stellaria media were the most common weed species occurring in Eee

newly-sown leys (Haggar, 1979a). Other work has shown that the benefits of

controlling these species can persist beyond the first harvest year when

weed densities are high (Haggar & Kirkham, 1981).

Ethofumesate and methabenzthiazuron are both approved for the control

of several grass and broad-leaved weeds (including the above species) in

ryegrass leys and seed crops (Anon, 1983). However, ethofumesate is very

expensive and methabenzthiazuron has proved unreliable for P. annua control
(Haggar & Kirkham, 1981; Kirkham & Haggar, 1982). Both herbicides are toxic
to clover and there is no clover-safe herbicide currently recommended for

the control of grass weeds during sward establishment.

* Grass and Fodder Crops Group 
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Sowing

rate
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Perennial ryegrass

(cv. Talbot)
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Two field experiments were therefore set up at the Weed Research

Organization (WRO) to test various herbicides for their potential

selectivity between establishing ryegrass and P. annua, P. trivialis, A.

myosuroides (Experiment A only) and S. media (Experiment B only); white

clover was also included as a test species in the» second experiment. The

herbicides were chosen on the basis of previous preliminary screening and

evaluation work at WRO (Blair, 1970; Blair, 1973a and b; ‘Richardson et al.,

1976; Kirkham & Richardson, 1981 and Oswald, unpublished). Pre- and

post-emergnce sprays of ethofumesate were used as standard treatments in

Experiment A, whilst both ethofumesate and methabenzthiazuron were included

in Experiment B.

MATERIALS AND METHODS

Site preparation, sowing and spraying:— In both experiments seed of

various species was sown in» monocultures into a sandy loam soil using an

Myjord drill and herbicide treatments were sprayed at right angles across

these. Seedbeds were prepared by ploughing and harrowing, during which

granular fertiliser was incorporated into: the seedbeds to give 20, 50 and 50

kg/ha of nitrogen(N), phosphate(P), and -potash(K) respectively in Experiment
A and 15, 72 and 72 kg/ha of N, P and K in Experiment B. Plots were rolled

before and after sowing, leaving seed at-a depth of about 1-1.5 cm in firm

soil. Species plot widths were 1.5-m in Experiment A-and 0.45 m in

Experiment Band herbicide treaments were sprayed in 1.5 m wide “swaths in

both experiments. The position of each herbicide and species was randomised

in a plaid design within each of two replicate blocks in Experiment A and

three in Experiment B. Herbicides were applied either pre- or

post-emergence in Experiment A but only pre-emergence treatments were tested

in Experiment B. All treatments were applied with an Oxford Precision

Sprayer fitted with 8002 Teejets and using propane to give a working

pressure of 2.11 kg/cm2. Further details of sowing and spraying of each

experiment are given in Table l.

Soil conditions at and following pre-emergence spraying:— The soil

was dry on the first spraying date in Experiment A (21 September, 1978) and

very little rain fell subsequently until late November. The experiment area

was irrigated with 13 mm of water on 26 October by which time the

distribution of the seedlings of both Poa spp. was already patchy.

The soil was again dry during the seedbed preparation in Experiment B

but sufficient rain fell during the two days following sowing to moisten the

soil to a depth of several centimetres. Further light rain fell during

spraying, turning to heavier and more continuous rain by the time’ the

operation was complete.

Plant growth stage at post-emergence spraying in Experiment A:- At

the first post-emergence spraying on 6 December about 40% of the plants of

both Poa species had 3-4 tillers while the remainder were at the 1-3 leaf

stage.These smaller plants appeared to have emerged in response to the

irrigation. Of all the species sown ryegrass was the most uniform, both in

growth stage and distribution of plants, about 90% of which consisted of 8-9

tillers. Establishment of Alopecurus myosuroides had also been

satisfactory, with about 65% of the plants bearing 7-8 tillers and the

remainder at the 2-3 leaf stage. All unsprayed plants of each species were

well tillered by the time asulum was applied on 19 April 1979.

Site maintenance:- Volunteer broad-leaved weeds, mainly S.media,

invaded both experiment areas during the esteblishpent ° the ,plots, on 3

Mecoprop at 1.4 kg a.e./ha was sprayed over the whole of per 



April 1979 and in Experiment B all plots except those sown with S.media were

sprayed with benazolin at 0.2 kg a.i./ha on 14 April 1982. These overall

treatments were followed by top dressings of compound fertiliser at 80, 35

and 35 kg/ha of N, P and K respectively in Experiment A (on 12 April) and

60, 20 and 20 kg/ha in Experiment B (on 14 April).

Assessment methods:- In both experiments the main assessment method

was a visual score for the amount of green vegetation of each species

present, 0 representing complete kill and 9 being equivalent to unsprayed

control plots. Where growth on a sprayed plot was superior to that on

unsprayed controls an appropriate score above 9 was given. Plots were

assessed at regular intervals after spraying until early June by two

independant observors, and the mean score was recorded on each occasion. A

substantial population of Capsella bursa-pastoris survived overall spraying

with benazolin in Experiment B and on 14 May 1982 each plot was assessed on

a 0-9 scale for survival of this species. These results are included in

Table 2.

Validation of the scoring technique:— In Experiment B, the accuracy

of the scoring technique was checked on 16 November by counting the number

of tillers of the appropriate grass, or trifoliate leaves of white clover,

in two 30 cm. lengths of row chosen at random from within each plot. For S.

media, a point quadrat was used, incorporating a single pin inclined at tyes

32.5° to the vertical; the number of hits to ground level of live vegetation

were recorded from 48 points per plot. Six plots of each species were

assessed per replicate, chosen to represent a cross-section of the scores

given on the same day. The scores were then compared with the growth

parameter measured for each species by regression analysis. Correlations

were all highly significant (P=0.001), with r-values ranging from 0.861 for

white clover to 0.930 for P. annua. The above procedure was repeated on 14

May but on this occasion all the plots were assessed. The data from these

counts, expressed as % of unsprayed controls, are given in Table 2. The

correlations between the two assessment methods were again highly

significant, with r-values ranging from 0.801 for perennial ryegrass to

0.876 for P. annua. However, on the second occasion there was a strong

tendency with all the species for scores to give proportionately lower

values than did the counts, although these differences were less marked for

scores nearest the top and bottom ends of the range. Nevertheless, the

close correlations shown on both occasions between the visual scores and the

objective assessment method used for each species imply that the score data

can be used with confidence to show differences in herbicide effect both

between species and between treatments.

The data from the visual scores are represented in graph form (Figs.

1-6, Experiment A; Figs. 7-12, Experiment B) and show the developement of

and recovery from the effects of each herbicide on each species.

RESULTS AND DISCUSSION

Since one or both of the herbicides approved (Anon, 1983) for grass

weed control in young leys were included as standard treatments in these -

experiments, it is important to establish whether or not they behaved

characteristically.

Performance of the standard herbicides.

(1) Experiment A:-

(a) Pre-emergence ethofumesate (Fig. 1). Perennial ryegrass production 



was apparently unimpaired by ethofumesate applied pre-emergence at the lower

dose but was noticeably depressed by the higher dose, although plants on

these plots made almost complete recovery by early June. Both doses

completely controlled all the weed grasses, although a few new plants of

each species emerged during the following spring (Fig-1). These results

agree closely with those of previous work (Hammond et al.,1976; Haggar &

Bastian, 1976; Haggar & Kirkham, 1981; Kirkham & Haggar, 1982). Some

reduction in the activity of ethofumesate might have been expected due to

the dry soil conditions (McAuliffe & Appleby, 1981). However, the lowest

dose used in Experiment A (1.7 kg a.i./ha) was marginally higher than the

recommended rate of 1.4 kg a.i./ha (FBC Ltd, 1983) and this could have

compensated for any reduction in activity that might have occurred

(McAuliffe & Appleby, 1981).

(b) Post-emergence ethofumesate (Fig. 2). Applied post-emergence at

2.0 kg a.i./ha, ethofumesate gave good control of A. myosuroides but the

effect against P. annua, although marked, was only transitory; P. trivialis

was even less susceptible than P. annua to this treatment. A dose of 4.0 kg

qa.i./ha controlled both P. annua and A. myosuroides with only a slight,

transitory depression in ryegrass growth, but P. trivialis survived even

this dose. These poor results with post-emergence ethofumesate against P.

trivialis are in line with some of those of Oswald (1980), working in os

herbage seed crops.

Both Poa species were much less susceptible to the post-emergence than

pre-emergence treatments and this is in line with work by Haggar and Bastian

(1976): they showed that P. annua was not only more sensitive to

pre-emergence than post-emergence spraying with ethofumesate, but also that

plants at the 2-3 leaf stage were significantly more susceptible than

tillered plants.

Experiment B:-

Ethofumesate and methabenzthiazuron (both pre-emergence; Fig. 3). Both

herbicides caused marked depressions in the early growth of ryegrass. This

was particularly noticeable with methabenzthiazuron which reduced ryegrass

growth until early spring, although it recovered rapidly thereafter (Fig.

7). Ryegrass showed a similar trend in response to ethofumesate but to a

much lesser extent and by mid-May there appeared to be more ryegrass on

these plots than on unsprayed controls (Table 2). The damage caused by both

herbicides was more severe than in previous work (Haggar & Kirkham, 1981;

Kirkham, 1981; Kirkham & Haggar, 1982). Rain falling onto wet soil during

the spraying operation might have accounted for this by causing the

herbicide to be leached to the sowing zone and thereby coming into contact

with the seed (Leistra, 1980): both these herbicides have been shown to

damage ryegrass if they contact the seed, particularly if this is already

chitting (Haggar,1979b; Haggar & Passman, 1981). The toxicity to ryegrass

of some of the other herbicides tested in Experiment B may also have been

increased in the same way; for example, fluorodifen was much more damaging

in Experiment A than in previous field work (Blair, 1970).

Ethofumesate and methabenzthiazuron showed equal activity against P.

trivialis and both herbicides killed white clover. However,

methabenzthiazuron was notably less effective than ethofumesate against P.

annua and marginally less so against S. media and this is also consistent

with the results of previous work (Haggar & Kirkham, 1981; Kirkham & Haggar,

1982). Ethofumesate had little effect on volunteer C. bursa-pastoris, but

very few plants of this species survived spraying with methabenzthiazuron

(Table 2). 



Performance of the other herbicides.

Experiment A:-

1. Pre-emergence treatments (Fig. 1).

(a) metamitron. Metamitron was very effective against all the weed
grasses, although at the lower dose it was less effective against A.
myosuroides than was ethofumesate. Ryegrass production was noticeably
depressed by both metamitron treatments but, as with ethofumesate, ryegrass
had made almost complete recovery by the end of the assessment period.
Recent work has confirmed the ability of pre-emergence metamitron, either
alone or in mixture with methabenzthiazuron, to control P. annua selectively
in a perennial ryegrass sward (Kirkham & Haggar, 1982).

_ (b) terbutryne. This herbicide showed a small margin of selectivity
between ryegrass and P. trivialis at both doses used but it is doubtful
whether this would be adequate to give selective control of the weed in
practice. Neither of the other two weed grasses showed any promising
susceptibility to the herbicide compared with ryegrass.

(c) carbetamide. Carbetamide showed no promising selectivity between
ryegrass and any of the weed species in this experiment and in fact P. annua
appeared to be slightly less susceptible than all the other species to the
lower dose used. These results were disappointing since ryegrass showed far
less tolerance to the herbicide than in previous work (Blair, 1973b).
However, Blair used $23 perennial ryegrass as opposed to the cultivar Talbot
used in this experiment, so it is possible that there may be varietal
differences in ryegrass tolerance of carbetamide. This possibility is worth
investigating since Blair showed such a high margin of selectivity with
carbetamide between S23 and several indigenous grasses, including P.
trivialis, and also since white clover was as tolerant as $23 of carbetamide
applied pre-emergence in another experiment (Richardson & Parker, 1979).

2. Post-emergence treatments (Fig. 2).

(a) difenzoquat. This herbicide showed a margin of selectivity between
ryegrass and P. annua equivalent to that given by ethofumesate at 2.0 kg
a-i./ha, although the effects against the weed were equally transitory.
Moreover, a high dose was necessary to achieve adeqate control and this
caused a depression in ryegrass growth which persisted throughout the
experiment. Neither dose had any effect on either P. trivialis or Ae
myosuroides. The potential of this herbicide for controlling P. annua in
ryegrass swards has been confirmed in a two year-old sward (Haggar &
Squires, 1979). However, as suggested by the present results, a high dose
was necessary (up to 3.5 kg a-i./ha) and this is unlikely to be economic in
practice.

(b) TCA. None of the species showed any marked response to TCA at
either of the doses used.

(c) asulam. P. trivialis appeared to be slightly more susceptible to
asulam than the other species tested, although the effect was only
noticeable at the higher dose. However, work reported by Haggar and Squires
(1979), along with more recent work in pots (Kirkham & Richardson, 1983),
suggests that asulam might have given better results if applied at higher
doses or at an earlier growth stage than in the present experiment. The
work by Kirkham and Richardson (1983) also suggests that seedling white
clover might be tolerant of asulam applied ear ost-emergence at doses
sufficient to control both P.annua and P.trivialis. 



Experiment B (all pre-emergence):-

(a) bifenox (Fig. 3). This herbicide showed promising selectivity

between ryegrass and the two Poa species, particularly at the middle dose

(1.8 kg a.i./ha), although S. media was unaffected and white clover was

damaged severely by all the doses used. Volunteer C. bursa-pastoris was

killed by all three bifenox treatments (Table 2).

Table 2. Grass tiller and white clover petiole counts, S. media point

quadrat data and C. bursa=pastoris scores, all assessed on 13-14 May 1982

and expressed as % of unsprayed control (Expt. B)

Herbicide and dose Perennial White Poa Poa Stellaria Capsella

(kg a.i./ha) ryegrass clover trivialis annua media b-pastoris

Ethofumesate 14

Methabenz~-

thiazuron

Bifenox ie

2

1

87
111
44

Prosulfalin 99

ms 126

“ 84

Pendimathalin 51

s 26 27 35

= 2 1 11

0.25 oF 39 74

0. 50 Ze 44

1. 35 Z

Fluorodifen

S.E. (not applicable +9.7 + 8.6 + 12.3 + 7.3

to zero values)

(b) asulam (Fig. 4). Both ryegrass and white clover showed considerable

tolerance of asulam and a dose of 1.2 kg a.i./ha controlled P. trivialis

with only a transient, although fairly severe, initial check to ryegrass.

However, asulam showed little or no selectivity between the two crop species

and either P. annua or S. media and had very little effect on C.

bursa-pastoris at any of the doses used (Table 2).

(c) prosulfalin (Fig. 4). This herbicide had noticeably less effect on

white clover than on all the other species tested, particularly the three

grasses. Nevertheless, the lowest dose showed some selectivity between

ryegrass and the two Poa species, with the effects against P. annua

developing progressively over the whole assessment period. Prosulfalin

showed only a slight margin of selectivity between clover and S. media and

none at all between ryegrass and S. media. C. bursa-pastoris was controlled 



adequately only by the highest dose of the herbicide (Table 2). The high
level of safety to clover and apparent long persistence shown by this
herbicide make it an attractive candidate for further testing for control of
Poa spp- in clover~based swards, especially since it's activity against
ryegrass could be reduced by dressing seed with a safening compound, R-25788
(Richardson & Kirkham, 1982).

(d) pendimethalin (Fig. 4). All doses of pendimethalin suppressed
ryegrass growth quite severely over the first few weeks after spraying,
although this species had recovered almost completely from the two lower
doses by early June. None of the other species recovered to the same extent,
although P. annua tiller numbers recorded in mid-May suggested that this
species had been affected marginally less than all the others except
ryegrass (Table 2). Only the two higher doses had any notable effect on C.
bursa~pastoris (Table 2). Despite the initial damage caused to ryegrass,_
this herbicide may be useful for control of P. trivialis in ryegrass seed
crops where a short-term reduction in herbage production does not always
result in loss of seed yield (Oswald, 1978).

(e) fluorodifen (Fig. 4). The lowest dose of fluorodifen showed some
selectivity between ryegrass and P. trivialis, although ryegrass growth was
severely depressed initially and recovered only slowly over the whole
assessment period. White clover was marginally more susceptible than
ryegrass but S. media was not affected by any of the doses used. Volunteer
C. bursa~pastoris was eliminated by all fluorodifen treatments (Table 2).

CONCLUSIONS

These results suggest that the following herbicides are worthy of
further testing:-

(a) Both in ryegrass/white clover and in pure ryegrass swards.oleneaeeeeeeeeeeeDULCEVESEASSSWards«

Asulam, pre-emergence, or post-emergence at higher doses or at an
earlier growth stage than in Experiment A, for control of P. trivialis.

Prosulfalin, pre-emergence for control of both Poa spp. in
ryegrass/clover swards; also in conjunction with ryegrass treated with
R-25788.

b) In pure ryegrass swards only.

Metamitron, pre-emergence for control of both Poa spp. and A.
myosuroides.

Bifenox, pre-emergence for control of both Poa spp.

Pendimethalin, pre-emergence for control of P. trivialis in ryegrass
seed crops.
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FIG. 1. The effect of pre-emergence treatments on the growth of L. perenne and three weed grasses in Experiment A.
(O = complete kill, 9 = equivalent to unsprayed control).
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PEG 2s The effect of post-emergence treatments on the growth of L.
(0 = complete kill, 9 = equivalent to unspraved control).
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FIG. 3. .The effect of pre-emergence spraying with ethofumesate, methabenzthiazuron or bifenox on the growth of L. perenne,

T. repens and three weed species in Experiment B. (O = complete kill, 9 = equivalent to unsprayed control).
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FIG. 4. The effect of pre-emergence spraying with asulam, prosulfalin, pendimethalin or fluorodifen on the growth of
L. perenne, T. repens and three weed species in Experiment B. (0 = complete kill, 9 = equivalent to uns prayed
control).
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Since final typing of this report BSI has approved common
names for HOE 33171 and HOE 35609. They are Fenoxaprop-ethyl
(HOE 33171) and Fenthiaprop-ethyl (HOE 35609).

 


