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FLUROXYPYR : BROAD-LEAVED WEED CONTROL IN GRASSLAND

A.R. THOMPSON

Dow Agriculture, Latchmore Court, Brand Street, Hitchin, Herts SG5 1HZ

ABSTRACT

Fluroxypyr was examined in a series of trials from 1984-1987

for the control of broad-leaved weeds in grassland. Trials in
new leys showed good control of Stellaria media at rates of
100-200g a.i./ha. Results in short-term leys and permanent
pasture showed excellent control of Rumex spp. from applications
of 300-400g a.i./ha and superior to standards. Yield trials
demenstrated the significant adverse effect of Rumex spp. on the
vield of grass dry matter. Results show effective control of
Urtica dicica when 400g a.i./ha were applied pre-flowering.

Crop tolerance trials showed fluroxypyr to be completely
selective to a wide range of grass species.

INTRODUCTTON

broad-leaved weeds can have significant effects on the vield and
quality of grass. In newly sown leys it has been shown that
Stellaria media densities of 25 plants/m? can reduce ryegrass ground
cover by half and eliminate clover populations completely. (Hagger et al
1985) .

In short-term leys the most important weeds are Rumex spp. It
has been shown that for every 1% Rumex spp. ground cover there is a 1%
reduction in grass vield (Courtnev, 1985), Currently there are
492,000 ha infested with Rumex spp. in the United Kingdom (Farmstat 1986) .

In permanent pasture the important weeds are Urtica dioica, Rumex
spp. and Cirsium spp. These weeds all reduce the quality and yield of
grass. In addition broad-leaved weeds can lead to an overall reduction
in grass cuality which can require more frequent re-seeding.

Fluroxypyr was first introduced into the United Kingdom in 1984,
as a 200g a.i./litre formulation of the l-methyl heptvl ester, for the
control of broad-leaved weeds in cereals (Thompson, 1985). Tt is rapidly
absorbed and translocated inducing characteristic auxin type responses
within a few hours of application (Sanders et al 1985). 1In cereals it has
shown excellent control of Galium aparine and a range of other broad-
leaved weeds including Bilderdykia convolvulus, Stellaria media,
Caleopsis tetrahit and Myosotis arvensis (Paul et al 1985).

This paper reviews the efficacy of fluroxypyr for broad-leaved weed
control in grassland particularly Rumex spp., U. dioica and S. media.
Trials taken to yield demonstrate the effect of Rumex Spp. on grass yields
and the corresponding increase in grass yields after the use of
fluroxypvr.
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METHODS AND MATERIALS

During 1986 three trials were estabiished to evaluate fluroxvpyr for
the control of Rumex spp. in grassland (series A-Table 1). Trials were of
a randomised block design with each treatment replicated three times.
Treatments were applied in 300 1/ha of water at 2 kPa. The Equipment
used was a modified Oxford Precision sprayer. Plot size 2m x 10m.
Weed control was assessed visually on a (-1007 scale. Application
details are the same for all the trials unless otherwise stated.

A further programme of three trials was carried out in 1986
(series B-Table 1). The objective of this programme was threefold:
(1) To compare fluroxypyr with existing herbicides for the control of
Rumex spp. in grassland.
7ii) To assess tha long-term control of Rumex spp. in grassland.
(iii) To determire the effect of Rumex spp. on the vield of grass.

Treatments were applied in 200 1/ha of water at 7.5 kPa using a Van
der Weii sprayer. The plot size varied depending or the tvpe of grass
cutter used. Weed control was assessed by 7 ground cover and the number
of Rumex spp. per m2. Plots were harvested using a grass cutter, either
Agria or Haldrup.

9 trials were established to evaluate fluroxypyr for the control! of
U. dioica (series C-Table 1)}.

Trials were established to assess the contrnl nf S. media in newly
sown levs in autumn (series D-Table 1) and epring (series E-Table 1).

The selectivitv of fluroxypyr was evaluated in a weed free site in
permanent pasture (series F-Table 1). Trial design was a randomised block
with 6 replicates and a plot size of 2m x 10m. Crop scorch was assessed
on a 0-10 scale where 0=Xo effect. The vield was determined by cutting a
1.0m x 10.0m swath through each plot using a cufter bar mounted on a
Howard dragon cultivator. Fresh weight vields for each plot were taken
and a subsample driec¢ to 07 moisture to determine the drv weight vield.

Grass species were tested for tolerance to fluroxypvr applied in
autumn or spring {1984/85) by Agrisearch Field Development l.td (series G-
Table 1). The sire was drilled with parallel strips 1.25m wide and
chemical treatment applied at right angles to the grass strips Z.0m wide.
Treatments were applied using a Van der Weij sprayer. Application was
made in 250 1/ha water. Assessments were made for vigour reduction and
scorch.

For all trials a 200g a.i./1 formulation of ]-methvl heptvl ester
of fluroxypyr was used.

Standards

Triclopyr 240
Triclopyr + dicamba + 2,4-D 65+85+200
Benazolin/2,4-D3/MCPA 274237443
Mecoprop 570
Asulam 400




TABLE 1

Site Details

Trial Trial
Series No.

Location

Date of
application

Size of Weeds per m
weeds at or 7 ground
application cover

2

Rumex
"

Derbvshire
Avrshire
Sussex

Avon
"

Cheshire

"

Dyfed
"

Norfolk

Gloucester

Hertfordehire S.media

Warwickshire "

Narfolk
Oxfordshire
hertfordshire
Norfolk

Derbyshire

.dioicn

spp.”28.5.87

2.7.86
15.5486

P27 57 w06
28:8.86
3.6.86

.8.86

3.8.867
2.10..86

30686
19512, 86
23.11.87
19.11.86
15.6::87
14 6487

28.5.86

40cm
40-50cm
45cm early
flower bud

957%
715%
75%

25cm
20cm
18cm
25cm

across
across
high
across
10cm high
25cm across
15-20cm high
10cm high

125cm high
early flower
bud

150cm mature

15cm high
20cm high
10cm high

20cm high
30cm diameter
S5cm high
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RESULTS

Fluroxypyr showed a dose response to the control of Rumex spp.
(series A). 400g a.i./ha gave excellent control and superior to standard
treatments (Table 2). The symptoms are initial stunting and twisting of
the leaf stalk. This is followed by a curling and reddening of the
leaves and finally death. The tap-roots were killed completely.

TABLE 2

7 control of Rumex spp. 8 weeks (WAT), 12 weeks (WAT) and one vear (YAT)
after treatment. 3 trials U.K.

Assessment date YAT
Trials 3 2 3
Treatment Rate

g a.i./ha

Fluroxypyr 206 91 64
300G 91 76
400 98 84

Triclopyr 960 84 64
1440 &7 70

Triclopyr+

2,4-D+ 325+1000+425 97 100

Dicamba

Three trials were established in Avon, Cheshire and Aberstwyth
(series B). Each site was treated at two application timings, mid-summer
and autumn.

Table 3 shows the % control of Rumex spp. 6-8 weeks after application
and one year after application at each site. At both times of application
fluroxypyr at 400g a.i./ha gave excellent Rumex spp. control and was
superior to the standard treatments.

Table 4 shows the yield of Rumex spp. and grass dry matter from these
trials. Crass yield on the untreated plots (7 ground cover of Rumex spp.
25-40%) was reduced between 33 and 407 compared to plots treated with
fluroxypyr at 400g a.i./ha, where Rumex spp. control was almost complete.




TABLE 3

Comparison of herbicide treatments for the control of Rumex spp.

(WAT) vear (YAT) after treatment
TRTIAIL. 2
3.6.86

& WAT 1 YAT

A control 6-8 weeks and 1
TRTAIL 1
27.7.86

6 WAT ]

TRIALS
APPLICATION DATE
ASSESSMENT

28.8.86
6 WAT YAT

4.8.86

YAT & WAT 1 YAT

3 L]
8 WAT

TRIAL

8.86

I

YAT

3

.10.86
8 WAT 1 YAT

TREATMENT
Fluroxypyr
Fluroxypyr
Triclopyr
Mecoprop
Asulam

g a.1./ha
200
400
1440
2400
1600

73
100
100
100

87

54
80
oY
64
60

G0 60
100 3.7
100 80
100 /3

73 b4

100
100
100
100
100

85 96 91
98 96 Q6
90 G4 8]8
93 7] Q3
90 100 06

95
99
59
79

97

96
39
78

88

90
90
92
86
27

85
84
il
85
66

TABLE 4

Comparison of herbicide treatments on the dry matter vield (Kg/ha) of Rumex spp.

and grass

TRIAL
APPLICATION DATE
HARVEST DATE

TRTAIL 1
29.7 .86
11.9.86
GRASS RUMEX
SEF s

TRIAL 2
3.+6...86
28.5.87
GRASS RUMEX
SPP

4.8.86
28 ¢ D8
GRASS RUMEX
SEP,

GKASS

3434/ 86
O« s8]
RUMEX
SPE ;

2« 16). 86
6.7:87
GRASS

RUMEX
SPE .

TREATMENT g a.i./ha Kg/ha

Untreated
Fluroxypyr
Fluroxypvr
Triclopyr
Mecoprop
Asulam

200
400
1440
2400
1600

1543
2487
2664
2647
2584
2246

1053
25 «BY
()
6.96
0
1.04

# 2nd timing site 1 not harvested.

3729
5125
5514
5368
5486
5437

1565

90
16
42
43
93

. 8
ol
o1
.
.4

1565
64.
43.
98.
78 oL
33 «

1065
56 s
2
113.
16 .
87.

1065
100.
76..C
181.
118.C
i
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Fluroxypyr showed a dose response in the control of U. dioica
(series C). When fluroxypyr was applied pre-flowering 400g a.i./ha gave
zood control in the season of application. However control is reduced
if fluroxypyr is applied to mature U. dioica after flowering. Trial 2
(Table 5).

TABLE 5

o

after treatment. 2 trials U.K.

7 control of U. dipnica 8 weeks (WAT), 24 weeks (WAT) and one year (YAT)

7% control

Assessment date ) 24 WAT
Trials 1 2
Treatment Rate

g a.i./ha

Fluroxypyr 200

300

400
Triclopyr 480

960
Triclopyr+
2,4-D+ 195+600+255
Dicamba

* No data available site 1, 1 YAT

Fluroxypvr at 150-200g a.i./ha gave excellent control of S.mecia
superior to standards (series D, Table 6 and series E, Table 7).

TABLE 6

7 control of S. media 8 and 16 weeks after treatment (WAT) in the autumn.
3 trials U.K.

% control

Assessment date 8 WAT 16 WAT 8§ WAT 16 WAT 8 WAT

Trials 1 2 3

Treatment Rate
g a.i./ha

Fluroxypyr 100

150

200
Benazolin/2,4-DB/MCPA 219+1659+301
Mecoprop 2400




TABLE 7

% control of S. media 8 weeks after treatment (WAT) in spring

Trials
Treatment

Rate
g a.i./ha

7 control

(1)

Fluroxypyr

Benazolin/2,4~D/MCPA
Mecoprop

100

150

200
219+1659+301
2400

70

Crop tolerance

No crop effects and no reduction in dry matter were detected

(series F, Table 8).

TABLE 8

Crop responses and yield data for fluroxvpyr applications to permanent

pasture

Treatment

Rate Scorch

g a.i./ha

d.m.

mean yield

Kg/10m?

Untreated
Fluroxypyr

100
200
400

0.355
0.435
0.458
0.355

Fluroxypyr was applied at 200 and 400g a.i./ha to five species of

grasses (series G, T

TABLE 9

Crop tolerance - Gro

able 9).

wth stages at treatment

No phytotoxic symptoms were observed
following application in the autumn or spring.

Grass species

Cultivar

31.10.84

Growth stages
24,

4.85

Italian Ryegrass

Perennial Ryegrass

Timothy

Cocksfoot

Meadow Fescues

RVP30
Sabalan
Augusta
Frances
Talbot
Melle
Meltra
S48
Erecta
Jesper
526

215

(RIS TN oS )
NN

PN PO NN NN
— o — BN

N
—

[3%)

32
32
32
32
31
31
30
30
32
31
30
30
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DISCUSSION

Fluroxypyr has given excellent control of Rumex spp. in the trials.
6-8 weeks after application fluroxypyr gave good control at 200g a.i./ha
and excellent control at 400g a.i./ha. One year after application
200g a.i./ha did not give acceptable control but 400 g a.i./ha gave
excellent control at all timings and size of Rumex spp. Standard
treatments showed less flexibility in the time of application and size
of Rumex spp.

Yield trials demenstrated the significant effects of Rumex spp. on
the yield of grass supporting the concept of an inverse relationship
between Rumex spp. infestation levels and grass yield.

When fluroxypyr was applied pre-flowering to U. dioica 400g a.i./ha
gave good control in the season of application. However control is
reduced if fluroxypyr is applied to mature U. dioica after flowering. At
the latter stage, trieclopyr was the product of choice.

Fluroxypyr offers a new opportunity to control the major weeds in
new and short-term leys.
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CONTROL OF DOCK AND CREEPING THISTLE IN RYEGRASS AND RED FESCUE SWARDS

C.J. STANDELL

Department of Agricultural Sciences, University of Bristol, AFRC Institute
of Arable Crops Research, Long Ashton Research Station, Bristol, BS18 9AF

ABSTRACT

Fluroxypyr and metsul furon-methyl gave good control of
broad-leaved dock (Rumex obtusifolius) when sprayed in August.
With May application, neither herbicide produced as good control.
Maximum effects were reached after 1 month with fluroxypyr and
between 2 and 3 months after spraying with metsulfuron-methyl.

The top dose of glufosinate applied in August gave prolonged
control but caused up to two months damage to perennial ryegrass.
There was little damage to ryegrass from fluroxypyr.

Metsul furon-methyl, at the two higher doses, gave a noticeable
suppression of grass growth between 1 and 3 months after spraying.

Creeping thistle (Cirsium arvense) proved difficult to control.
From the August application, only the highest dose of glufosinate
gave as good control as the MCPA standard. However, this dose
caused up to two months suppression of the red fescue (Festuca
rubra) sward. Spraying in May gave better results, especially
with metsulfuron-methyl and its mixture with chlorsul furon.
Neither affected the fescue sward.

INTRODUCTION

Creeping thistle (Cirsium arvense) is a serious, widespread weed of
permanent grass in the U.K., infesting over 1 M ha (Peel & Hopkins 1980),
mainly older, poorly grazed, low input swards (Forbes et al. 1980).
Cultural control is slow, freguent topping rarely eradicating the weed,
especially if land management remains unchanged. Reproduction is mainly
vegetative via the extensive root system which reduces herbicide efficacy
(Chancellor 1970). Complete kill is virtually impossible with a single
herbicide application. MCPA is currently used as a standard herbicide for
thistle control.

Dock (Rumex obtusifolius) is the main member of a group of weeds
affecting over 0.6 M ha, predominantly higher-input dairy enterprises (Peel
& Hopkins 1980). Docks are profuse seeders and, thus, prevention of seed
formation is essential to halt spread. Asulam, a standard herbicide for
dock control, often requires repeat applications for iong-term control.

During evaluations of experimental herbicides for controlling these
weeds, several promising chemicals have been discovered (Richardson et al.
1980, 1981, 1982, 1984). They have been examined further in this =
investigation.

MATERIALS AND METHODS

Experimental site and sowing details

In March 1983, the experimental site was ploughed, cultivated, rolled
and fertilized (N:P 05:K O, 80:40:40 kg/ha). Perennial ryegrass (cv Melle)
and red fescue (cv goreaf) were sown (5 May 1983) in 1.5 x 35.0 m strips
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{seed rate 25 kg/ha) using an Oyjord drill with 14 coulters. There were
four adjacent paired strips of the two grasses separated by 2 m discards,
providing two replicates for each spraying date. Fertilizer was again
applied, at the same rate, on 21 March 1984 and 19 April 1985. Each grass
strip was divided into 20 plots (1.5 x 1.5 m) for herbicide treatments.

On 17 February 1983, seeds of dock and rhizome fragments of creeping
thistle were placed in pots (10 cm) of sandy loam soil. The pots were kept
in a heated glasshouse until the plants were transplanted into the field 11
Jays after drilling. Within each ryegrass plot, 2 dock plants were planted
avenly spaced along the diagonal. This planting arrangement allows for
unevenness of either spraying or drilling. The fescue plots were similarly
planted with thistles.

Treatments

Seventeen herbicide treatments and three unsprayed controls (Table 1)
were randomised across each pair of grasses. Treatments were applied by
Oxford Precision Sprayer with 3 x 8002 Teejet nozzles (300 l/ha; 208 kPa)
either on 12 August 1983, or 30 May 1984. Weather on both occasions was
sunny, very light westerly wind, high cloud cover (6/8). Foliage was dry
and no rain fell within 24 h.

TABLE 1

Herbicide treatments

Herbicide Dose rates Spray dates
(kg a.1./ha) Aug 83 May 84

Acifluorfen
Fluroxypyr
Glufosinate

Metsul furon-methyl
Chlorsulfuron + )
Metsul furon-methyl !}
MBR 18337

Asulam

MCPA

s e
N U
o\

0w
&

HHHONNWOOO
g &
+

.
N
N

Plots not sprayed until May 1984 were cut using a Haldrup plot
harvester on 22 September 1983. Sprayed plcts were cut on 26 October
1983, 75 days after spraying.

Assessments

At each spraying date, the docks and thistles on the unsprayed plots
were assessed for height, plant overall diameter and leaf or stem number.
The associated grass height was also recorded. Visual scores (0 = no green
herbage to 9 = as unsprayed control) of herbicide damage were made at
approximately 10 day intervals in 1983. After the May application, scores
were made every ten days for one month and then monthly. Plots were finally
assessed on 3 Jure 1985. The thistle plots were assessed only by noting
which plots contzined thistle plants. Some plots had been invaded by
thistles from neighbouring plots making accurate scores difficult. At each
assessment date, two people independently scored weed and crop growth and
the means of both scores were recorded.




RESULTS

Stage of growth assessment

The mean size of all dock and thistle plants, on the unsprayed control
plots, at the time of spraying are recorded in Table 2. Dock plants were
approximately twice as high in May as in August but there was little
difference in leaf number or overall diameter of the plants. In contrast,
in May the thistles were half the height of those sprayed the previous year.
Both grass swards were considerably taller when sprayed in May.

TABLE 2

Size of weeds and height of crop at spraying

12 August 1983 30 May 1984
Dock Thistle Dock Thistle

Height (cm) 32.3
Diameter (cm) 50.6
Leaf or stem no. 17.6
Crop height (cm) 18.5

Herbicide effects on docks

From the August treatments, several of the herbicides gave complete,
prolonged weed control with no regrowth within two years (Table 3). Most of
the treatments gave better control than asulam. Generally, May applications
were less effective than those in August (Table 4), although
metsulfuron-methyl alone and with chlorsulfuron gave excellent control for
at least a year after application. With both asulam and metsul furon-methyl,
it was over two months before maximum effects were seen. Acifluorfen and
MBR 18337 (omitted from the tables) had no effect on either weed.

TABLE 3

Visual score of herbicide effects on docks sprayed on 12 August 1983.

Treatment Dose Weeks after spraying
(kg a.i./ha) 4 9 34

O
wn

Unsprayed control
Asulam

.
b=
N
.

(2B,

Fluroxypyr

.
(O
.

(9}

"

Glufosinate

U
.
(6}

.

(G20 ;]
.
w

Metsul furon-methyl

.
w
.
(G306, NG|
.
o vt
O

.

W HFOO HOO +—

—
N NN HFoWw NN 90

N b OHW OO O W
N HFHN FWO OO = W
. . .

H OO0 HNN OO v W
.

N

—~

N OOOC OO0y ONB b VO
.

@

wm

o
@
.

N
N
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TABLE 4

visual score of herbicide effects an docks sprayed on 30 May 1984.

Treatment Dose Weeks after spraying
(kg a.i./ha) 4 13

(S)]
w

Unsprayed control

.
wm

Asulam

Fluroxypyr

FE& é§é§é§ Mok oLy

+ + +

.
(52}
OO W WO

Glufosinate

.
(6}

Metsul furon-methyl

.
(6,0, |

.
g, ot u;m

—
MUY NN W HFOO HOO -
.

Chlorsul furon+
Metsul furon-methyl

[\S NG
(@]

28

N FPFHW OFHW FHFWN OO0 +H W
N OO+ OO0OW NO® OO W Y

H NO® NN HHND AU ® W
.
(@]
=

O A~ LINMASN OON

@®
(o))

l.s.d.

TABLE 5
Visual score of herbicide effects on perennial ryegrass

Weeks after spraying on
Treatment Dose 12 August 1983 30 May 1984
(kg a.i./ha) . 4 9 1 4 13

Unsprayed control

Asulam

.
(S0,

.
w

.
(S8 }

288 843 dow ouy &

Fluroxypyr

.
.
o On

.
v un;

.
(6]

.
(63}

Glufosinate

.
(S B0, |

.
(G, 0E, BC, NG, 0, |

Metsulfuron-methyl

Q

.
wm

.

.
o

NoOoN NN OO 90

AN YOO I o O
.

N0 VWO ®O®Y W Y

—
NN NN W HFOO OO B+
. .
.
wm

Chlorsulfuron +
Metsul furon-methyl

.
(S,
.

w

WY VWOW DLW OO O O
DD OOON PO 0O © O
.

(S)INC  IC, N C,

b L DO WO O O

N =
+ + +
[

o n

\l&)’\N
g&g
|

l.s.d.
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Herbicide effects on perennial ryegrass

Ryegrass was affected by all the chemicals to differing degrees (Table
5). Asulam and fluroxypyr were least damaging, causing only slight
scorching. All the glufosinate treatments caused significant damage
after seven days. Generally, this herbicide was the most damaging to
ryegrass, maximum effects occurring between 1 and 4 weeks after spraying and
being more severe and prolonged with the higher doses sprayed in May.
Metsulfuron-methyl alone and in mixture with chlorsulfuron caused
intermediate damage, taking a month or more for maximum effects to develop.

Herbicide effects on thistles

Of the August treatments only the highest dose of glufosinate gave
complete control after two years (Table 6). Several other treatments,
including the two higher doses of metsulfuron-methyl and the MCPA standard,
showed complete control of thistles but only on one of the two replicate
plots. The thistles, on these plots, were most likely to have spread from
unaffected plants on neighbouring plots. There were more promising results
from treatments sprayed in May. One year after treatment, there was no
recovery from the top two doses of metsulfuron-methyl applied alone and with
chlorsulfuron. The top dose of glufosinate also gave complete control. All
other treatments, except the low dose of fluroxypyr and glufosinate, showed
control of thistles but only on one replicate.

TABLE 6
Visual score of herbicide effects on thistles sprayed on 12 August 1983.

Treatment Dose Weeks after spraying
(kg a.i./ha) 4 9 95

Unsprayed control
MCPA
Fluroxypyr
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TABLE 7

Visual score of herbicide effects on thistles sprayed on 30 May 1984.

Treatment

(kg

Dose
a.i./ha)

—

Weeks after spraying

4

13

Unsprayed control
MCPA
Fluroxypyr

n

Glufosinate

Metsulfuron-methyl
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Thistles present on both replicates (++), one replicate (+) or absent (-)

TABLE 8

Visual score of herbicide effects on red fescue

Weeks after spraying on

30 May 1984
1 4

Treatment Dose 12 EAugust 1983

(kg a.i./ha) 1 4 9 13

Unsprayed control
MCPA
Fluroxypyr

n

Glufosinate
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Herbicide effects on red fescue

Red fescue proved to be more tolerant of herbicides than ryegrass and
was unaffected by all the chemicals apart from glufosinate (Table 8). All
doses of glufosinate sprayed in August caused severe damage but there was
full recovery within two months. However, when sprayed in May, although the
effects were less severe, recovery took longer than three months with the
highest dose.

DISCUSSION

Fluroxypyr, metsulfuron-methyl and the highest dose of glufosinate were
more effective on docks than asulam (a recommended herbicide) when sprayed
in August. Control was complete and there were no signs of regrowth two
years later. Only metsulfuron-methyl alone, or in the mixture with
chlorsul furon, gave prolonged control of docks when applied in May with no
regrowth one year after application. In August, the mean height of dock
plants on the unsprayed plots was 14.7 cm, whereas in May it was 32.3 cm,
suggesting that the herbicides controlled docks better when plants were
small at time of spraying.

As expected, thistles proved more difficult to eradicate and only the
highest rate of glufosinate sprayed in August had any prolonged effect, no
regrowth occuring within two years. Treatments containing higher doses of
metsul furon-methyl , applied the following May, showed potential with no
regrowth one year after application. There was also no regrowth within a
year from the highest dose of glufosinate. Thistles sprayed in May were
half the size of those sprayed in August, and this might explain the
slightly better control found with the May application.

Of the two crop species, red fescue was more tolerant of the
herbicides. Only glufosinate caused very severe scorching within one week
of spraying. However, plots recovered fully within two months after the
August spraying and, although the effects were initially less severe
following the May application, it was three months before the lower dose
plots recovered. Ryegrass was similarly affected by glufosinate at both
times of appliction. Unlike red fescue, the ryegrass was also affected by
treatments containing metsul furon-methyl. Although damage was less severe
than from glufosinate, it took between one and three months for maximum
effects to show.

Fluroxypyr, metsulfuron-methyl alone and with chlorsulfuron and
possibly glufosinate showed promise for complete and prolonged control of
both R. obtusifolius and C. arvense in grassland. There appears to be
reasonable crop safety but further effort is needed to optimise doses and
reduce damage. Stage of growth and time of application, however, are
important factors which need further investigation.
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ABSTRACT

In two outdoor pot experiments, ten herbicides, including the new
sulphonyl-urea herbicides DPX-L 5300 and triasulfuron, were
examined for their potential to control bracken (Pteridium
aquilinum). In a separate outdoor pot experiment, seedling
grasses were included in a trial investigating post-emergence
selectivity of DPX-L 5300 and triasulfuron.

Asulam gave effective control of bracken in both experiments.
Five sulphonyl-urea herbicides were active at doses ranging from
2.5-80 g a.i./ha. DPX-L 5300, triasulfuron, chlorsulfuron and
metsul furon-methyl all severely reduced or prevented regeneration
the year after treatment. Thiameturon-methyl also gave good
suppression of regrowth but was less effective in reducing the
amount of viable rhizome. Imazapyr was highly active.
Fluroxypyr, triclopyr and SMY 1500 were ineffective.

Four seedling grasses, Lolium perenne, Festuca rubra, Agrostis

stolonifera and Poa annua, showed appreciable tolerance to DPX-L
5300; L. perenne was more sensitive than the other grass species
to triasulfuron.

The potential for control of bracken by these relatively new
herbicides is discussed.

INTRODUCTION

There are many recent reports on the rapid spread of bracken
(Pteridium aquilinum) (Taylor, 1986). This particularly applies to forestry
and hill farming areas of the U.K., where it has shown encroachment rates of
1-3% per annum, causing losses of large areas of useful land. It is also a
health hazard to grazing animals (Evans, W.C., 1986) and possibly to humans
(Galpin & Smith, 1986, Evans, I.A., 1976).

Herbicides can be employed as part of a programme for bracken
clearance. Asulam has been used against bracken for twenty years in the
U.K. and achieves good control, but can damage useful grass species (Soper,
1970). Therefore, a herbicide is required that would give long term control
of bracken, while causing less damage to indigenous grasses. More recent
work, involving pot and field experiments, has shown that the sulphonyl-urea
herbicides chlorsulfuron and metsul furon-methyl are active on bracken
(West & Richardson, 1985, Oswald et al, 1986).

New herbicide treatments for bracken were evaluated each year in pot
experiments at the Weed Research Organization (W.R.O.) up to 1985 and
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subsequently by the Weed Research Division, L.A.R.S. This paper presents
data from two experiments in which several herbicides, including the newer
sulphonyl ureas, were examined. Information regarding herbicide activity on
grass species from selectivity screening trials at L.A.R.S. is also
included.

MATERIALS AND METEODS

Bracken experiments

Plant raising

One year before treatment, rhizome fragments with viable buds were
collected from a natural population growing in Shotover Park, near Oxford.
These were planted 8 cm deep in 25 cm pots containing a soil/peat/sand
mixture (4:1:1) plus added base fertilizer. Pots were kept outdoors and
irrigated as necessary using trickle irrigation pipes. Pots from experiments
1 and 2 were transported from W.R.O. to L.A.R.S. in March, 1986. During the
winters at W.R.O.. they were surrounded with straw bales for protection from
frost, while, at L.A.R.S., they were plunged into ashes.

Herbicide treatments

The formulations used were as follows: chlorsulfuron 20% a.i. S.G.,
metsul furon-methyl 70% a.i. W.G., thiameturon-methyl 75% a.i. S.G.:
DPX-L 5300 75% a... S.G., triasulfuron 75% a.i. W.G., imazapyr 250 g a.i./l
liquid conc; astlam 400 ga.i./l. a.c.; 3MY 1500 60% a.i. W.P., fluroxypyr
200 ga.e./l E.C., triclopyr 240 g a.e./l E.C. The treatments (Tables 1 and
2) were applied using a laboratory track sprayer fitted with a TeeJet No.
8001 at a pressure of 210 kPa and giving a volume rate of 208 l/ha.
Surfactant (Agral 90) was added to all spray solutions at a rate of 0.25%
v/v. Growth stages at spraying for experiment 1 were: 8-18 fronds/pot,
45-80 cm high; vigorous rhizome system, and, experiment 2: 6-10 fronds/pot:
45-60 cm high, vigorous rhizome system. Pots were kept under cover for
twenty-four hours after spraying. Prior to removal outdoors, they were
watered overhead using a rose to simulate heavy rainfall. Although the
foliage covered most of the pot, a small amount of herbicide may have been
washed off onto the soil. Treated plants were then returned outdoors and
set out in three randomized blocks.

Assessments

One year after treatment, the vigour and number of surviving fronds per
pot were recorded, then cut off at soil level and the fresh weight recorded.
Vigour scores of frond regrowth were based on a 0-7 scale, where O =
complete kill and 7 = as control (West & Richardson, 1980C).

After removal of the soil, a score of the quantity of viable rhizome
remaining was recorded. This was based on a 0-5 scale, where 0 = no viable
rhizome, 1= 10% viable rhizome, 5 = 90% viable rhizome, compared with
untreated controls.

Post—emergence selectivity test on grass species

The experimental details are described in Richardson & West, 1986.
Plants were raised cutdoors in 9 cm plastic pots in a silt loam with 15% v/v
added sand. Treatments were applied (Table 3) at the 2-4 leaf stage using a
laboratory track sprayer fitted with a TeeJet No. 80015, giving a volume
rate of 312 1/ha at a pressure of 210 kPa. Assessments of plant vigour,
based on a 0 = 7 scale, were made 3-4 weeks after treatment.




RESULTS

Effects on bracken - experiments 1 and 2

The standard asulam treatment was very effective in both experiments
(Tables 1 and 2), resulting in little or no frond regrowth the year after
spraying and appreciable reductions of viable rhizome. Effective treatments
were also found from the sulphonyl-urea herbicides chlorsulfuron,
metsul furon-methyl, DPX-L 5300 and triasulfuron, and the imidazolinone
herbicide imazapyr.

TABLE 1

Experiment 1: The effect of various herbicides applied 24 July, 1985, on
bracken, assessed 20 August, 1986.

Herbicide Dose Fronds A Viggur Score
(g a.i./ha) Number® fresh wt. fronds rhizome

Chlorsul furon

{os]

w wo

Metsulfuron-methyl

.
o

Chlorsulfuron
+
Metsul furon-methyl

°

.
w W

.
w
.

o W

Thiameturon-methyl
Imazapyr

7 1
0 0
0 0
0 0
7 2
0 0]
0 0
3 1
1 8
0 0
0 0

@
—

SMY 1500 100
Fluroxypyr 86
Triclopyr 90

—
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.
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.

.
o OO0
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Asulam 7

Untreated 100
Actual value (10)

SE + 9.1%

wm
o

2 results expressed as % of untreated controls.
0-7 score 0 = dead, 7 = healthy.
0.5 score 0 = no viable rhizome, 1 = 10%, 5 = 90%

Chlorsul furon and metsulfuron-methyl, either alone or in mixture, had
negligible effects on the foliage in the year of spraying but severely
reduced or prevented frond regrowth the following year giving substantial
reductions of viable rhizome. Only a few chlorotic, deformed fronds regrew
from chlorsulfuron at 7.5 g/ha a.i. in experiment 1 and none in experiment
2. Chlorsulfuron at 15 g/ha a.i. and metsulfuron-methyl at 5 and
10 g a.i./ha prevented regrowth, while 2.5 ga.i./ha metsulfuron-methyl in
experiment 2 reduced frond regrowth fresh weights by 75%. Various mixtures
of chlorsulfuron with metsulfuron-methyl reduced frond regrowth fresh
weights by 80-100%.

DPX-L 5300 and triasulfuron, both at 40 and 80 g/ha a.i., prevented
regeneration of fronds in the year after treatment and reduced viable
rhizome by 94-100%.
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Thiameturon-methyl, at 25 and 75 g/ha a.i., caused considerable
reductions in frond regrowth but much of the remaining rhizome still
appeared viable.

Imazapyr was very active in both experiments; 250, 500 and
1000 ga.i./ha a.i. prevented frond regrowth and there was no viable rhizome
remaining.

SMY 1500 was ineffective, while triclopyr and fluroxypyr caused
epinasty of fronds initially but there was healthy regeneration the
following year.

TABLE 2

Experiment 2: The effect of various herbicides applied 14 July, 1986, on
bracken, assessed 17 August, 1987.

Herbicide Dose %m% a Vigour Score
(g a.i./ha) Number~ fresh wt. fronds~ rhizome

DPX-L 5300 40 0
80 0

Triasul furon 40 0
" 80

Chlorsul furon T
Metsul furon-methyl 2.
5

5
5
Thiameturon-methyl 2

Chlorsulfuron + 75 + 255
Metsul furon-methyl

Thiameturon-methyl 25 + 2.5 51
+Metsul furon-methyl

Imazapyr 0 0
0 0

Asulam 0 0

Untreated 100 100
Actual value (5.3) (120g)

SE+ 26.0% 15.4%

AbeE o mable 1

Post-emergence selectivity test (1986) - experiment 3

DPX-L 5300 at 5 and 20 g/ha a.i. caused very little or no damage
(Table 3), while, at 80 g a.i./ha, all four grass species recovered
vigorously after early suppression. There were only slight effects from
triasulfuron at 2 g a.i./ha but, at 10 g a.i./ha, perennial ryegrass was
sensitive, whereas the other species recovered vigorously. Considerable
vigour reductions were caused by 50 g a.i./ha to all grass species tested.

754
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TABLE 3

Experiment 3: Response of grass species to herbicides applied July 1986.

(Vvigour score as % of untreated controls.)

Herbicide Dose Perennial Red Creeping Annual
(g a.i./ha) ryegrass fescue bent meadow grass
(L. perenne) (F.rubra) (A.stolonifera) (P.annua)

DPX-L 5300 86 100 100 100
7L 93 100 100
50 50 64 86

Triasul furon Al 86 79 100
(cea 131036) 14 64 64 64
14 43 43 43

Untreated 100 100 100 100
Actual value (7) (7) (7) (7)

DISCUSSION

The results of these preliminary pot experiments have highlighted
alternative potential treatments for bracken control.

DPX-L 5300 and triasulfuron are new sulphonyl-urea herbicides being
developed for broad-leaved weed control in cereals (Ferguson et al, 1985,
Anrein and Gerber, 1985). In pot experiments, both have shown exceptional
activity on bracken, although at higher than recommended doses. In the
post—emergence selectivity trial, DPX-L 5300 caused little damage to various
grass species, the tolerance of red fescue (F. rubra) and perennial ryegrass
(L. perenne) being of special interest. With the triasulfuron, perennial
ryegrass was more sensitive than the other grass species. For both these
herbicides, lower rates than employed here need investigating to determine
doses for bracken susceptibility and tolerance of pasture grasses.

Another sulphonyl-urea, thiameturon-methyl, also gave useful
suppression of bracken regrowth and, although it appears the least active of
those tested, its short soil persistence may make it a useful candidate for
use in mixtures.

Chlorsul furon, the first sulphonyl-urea found to be active against
bracken (West & Richardson, 1985) again proved an effective treatment at
doses which would give reasonable selectivity to grass species (Oswald et
al, 1986). Metsulfuron-methyl, also a successful treatment in pots was less
offective in field trials than chlorsulfuron (Oswald et al, 1985) and, as a
single treatment, would probably require doses damaging to grasses.

However, mixtures of chlorsulfuron with metsul furon-methyl are also
effective and doses required for control may be low enough to overcome
unacceptable grass damage (Oswald et al., 1985).

Of the other herbicides tested, only imazapyr proved to be effective
and doses below 250 g/ha need to be evaluated. This herbicide is
recommended for total weed control but may have uses in forestry.
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All the sulphonyl-urea herbicides tested showed potential, to a greater
or lesser degree, for the control of bracken, particularly in hill pasture
or amenity grass areas. DPX-L 5300 appears the most promising since it not
only prevented fronds regrowing but seems the least damaging to grass
species; also, it has very short soil persistence (Ferguson et al, 1985),
perhaps making it a more environmentally acceptable treatment.

These results are from only two years' experimentation and further
investigations in both pot and field trials are esssential to confirm the
promise of these herbicides.
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ABSTRACT

In experiment A, sulphonyl-urea herbicides were applied at early and
full frond emergence at four sites. In experiment B, sulphonyl-urea
herbicides were applied when the bracken was senescing as well as aft
early and full frond emergence at five sites. The mixture of
Chlorsulfuron (C) + metsulfuron-methyl (MM) w=s more effective than
the metsulfuron methyl alone. C + MM was effective in controlling
bracken at all timings, the best treatment which was comparable with
the standard Asulam being the higher rate applied at full frond
emergence. The sulphonyl-ureas did not adversely affect grass growth
whereas on occasions the asulam did. This work confirms the earlier
promise of the sulphonyl-ureas in work done by (Oswald et al. 1985).
The sulphonyl-ureas are cost effective herbicides which makes them
all the more interesting. Further long term work needs to be done
to provide more data on rates and timing.

INTRODUCTION

There is no precise record of the total area of bracken in the UK; further,
the rate of spread varies in different parts of the country. (Taylor 1985)
presents estimates of some of these statistics. Whilst the area of bracken
is increasing it appears that the area being controlled is falling.
According to (Mackay 1984) the area of grant aided bracken control in
Scotland reached a peak of 8000 ha in 1952 declining to 200 ha by 1970.

Tne introduction of asulam in 1972 gave an immediate increase to 3500 ha

in 1974 but this fell to 1200-1400 ha in the early 1980s. Such figures for
the rest of the UK are not readily extractible.

Today the main means of bracken contreol is with the herbicide asulam. The
main reason for the fall off in bracken control is the high cost of
application. One application costs approximately £85/ha which is a3 con-
siderable expense in low oufput hill areas. Spraying with asulam has given
good control but not eradication (Martin 1976, Veerasekaran et al. 1976,
Williams. Fraser 1979). Follow-up treatments are reguired for long term
bracken control. A number of grasses associated with bracken have been
shown to be susceptible to asulam (Soper 1970, Davies 1979). To reverse
the decline in the area of bracken controlled either a less expensive
li=rhicide needs to be found. or the rate of grant aid needs to bes increased.

(Oswald et al. 1985) reported on the effectiveness of the sulphonyl-ureas
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ahlorsulfuron (C) and metsulfuron methyl (MM) either alone or together

(C + MM) in contrclling bracken. Conseguently in 1984 the Agricultural
Development and Advisory Service set up an experiment {(A) at four sites to
investigate the efficacy of these two products applied alone and in mixture
at early and full frond emergence. Asulam was applied as a control at full
frond emergence. Effects on the number of fronds were measured for three
years following treatment. Effects on the height of bracken was measured
at three sites. The effect on grass d.m. yield was recorded at one site
and reported previously (Oswald et al. 1985).

In 1985 another trial series (B) was established on a further five sites.
The treatments in this series differed from the one started in 1984:
metsulfuron-methyl cn its own was no longer included and an additional
spray timing was added when the bracken is senescing. Effects on the
number of fronds has now been recorded for two years following treatment.
Effects on the height of the bracken was recorded at four sites and
effects on grass height and sward composition was recorded at one site but
not recorded in tkis paper.

MATERIALS AND METHCDS
Details of all the expeimental sites are shown in Tablss 1. 2, 3 and 4.

In Experiment A, treatments (Tables 1 & 3) were applied at early (Timing 1)
and full frond emergence (Timing 2) at sites 1-3 and at full frond emergence
only at site 4 in 1984. The early frond emergenc= treatment in experiment 4
was not applied until 1985.

In Experiment B, freztments (Tables 2 and 4) were applied at three timings:
early and full frond emergence and when the bracken was senescing (Timing 3).
The early frond emergence spray timing at site 9 was not applied. In both
trials each treatment was replicated three times in a randemised bleck
design in plots 3 m x 5 m (sites 1 and 2), 2.5 m x 10 m (site 3), I mx 10 m
(sites 4 and 9) and 3 m x 7T m (sites 5. 6. 7, 8). An Oxford Precision
Sprayer was used Titted with Teejets Mo 8002 giving a volume of 200 1/ha at
a pressure of 200 kPa. ‘*Agral' as a 0.25% v/v solution was added to all

the sulphonyl-urea treatments and as a 0.1% v/v solution to the asulam
treatment. All vegetation was dry and no rain fell during any of the
applications.

Twe 1 m x 1 m fixed quadrats in the centre of each plct were used each year
to record the number of bracken fronds.

The SEDs quoted are for the comparison of the untreated control with any
one treatment.

RESULTS

Experiment A: Effects on the number of bracken fronds

Results for the first year after treatment were reported by (Oswald et al.
1985) .

In the second year after treatment at sites 1. 3 and L (Table 5) the asulam
and C + MM sprays gave better results than the MM treatments. At sites
1 and 4 C + MM applied at timing 2 gave better results than when applied at
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timing 1. At site 3 there was little difference in control at the two
timings. At site 2 only the asulam treatment gave acceptable results.

In the third year after treatment (Table 6) apart from the timing 1 spray
at site 2 all the asulam and C + MM treatments were better than those of MM

alone.

Experiment B: Effects on the number of bracken fronds

In the first year after treatment (Table 7) all except timing 1 treatments
at site 7 and the low rate of C + MM at timing 3 at site 9 gave significant
reductions in frond numbers.

In the second year after treatment (Table 8) all sprays at sites 5, 6 and 8
gave effective reductions. Only asulam at timing 2 and C + MM at timings 2
and 3 at site 7 gave good control. At site 9 only asulam gave effective
control.

TABLE 1

Experiment A: Details of sites, management and assessments

Site number

Location Hurst Moor Fryup Dale
N Yorks N Yorks

Herbage beneath Deep litter Grass/Deep
bracken Iikter

Dates of spraying

Early frond emergence 28/6/84 28/6/84 L/7/84 3/6/85
Height of Bracken 15-25 cms 15-25 cms 30-45 cms 50 cms

Full frond emergence 9/8/84 9/8/84 26/7/84 17/7/84

Assessment Dates

Frond counts: Year 1 8/8/85 8/8/85 12/8/85 24/6/85
Year 2 26/6/86 30/6/86 23/7/86 16/7/86
Year 3 16/7/87 21/7/87 23/7/87 10/7/87
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TABLE 2

EXPERIMENT B:

Details cf sites,

management

and Aassessments

Site number

Location

Herbage beneath
bracken

Dates of spraying

Early frond emergence
Height of Bracken

Full frond emergence
Bracken senescing
Assessment Dates

Frond counts: Year 1
Year 2

Marske Skipton
N Yorks N Yorks

Deep
litter

Grass

24/7/85 2/7/85

30-40 cms
29/8/85 30/8/85

20/9/85 23/9/85

26/6/86 24/9/86
16/7/87 =

30-45 cms

Manaton
Devon

Grass

L/6/85
L5 cms

18/7/85

24/9/85

12/9/86
17/7/87

Glaisdale
N Yorks

Grass

24/7/85
50 cms

12/8/85

26/9/85

24/9/86
23/7/87

Eskdale
Cumbria

Grass

29/7/85

27/9/85

4/7/86
16/7/87

TABLE 3

Experiment A:

Treatments

and application timings

Treatment

Rate
(ga.i.ha-1)

Timing

Metsulfuron-methyl
Metsulfuron-methyl
Metsulfuron-methyl
Chlorsulfuron
Chlorsulfuron
Chlorsulfuron
Metsulfuron-methyl
Metsulfuron-methyl
Metsulfuron-methyl
Chlorsulfuron
Chlorsulfuron
Chlorsulfuron
Asulam

Untreated

QWO Wi =

ik ady ra
w N -

=

Metsulfuron-methyl
Metsulfuron-methyl
Metsulfuron-methyl

Metsulfuron-methyl
Metsulfuron-methyl
Metsulfuron-methyl

(MM1)
(MM2)
(MM3)

(C + MM1)
(C + MM2)
(C + MM3)
(MM1)
(MM2)
(MM3)

(C + MM1)
(C + MM2)
(C + MM3)
(a)

MMMV = = o

Early frond emergence
Full frond emergence

Timing 1:
Timing 2:




TABLE 4

Experiment B: Treatments and ~pplication timings

Treatment and rate (g a.i.ha-1)

Chlorsulfuron (7:5) Metsulfuron-methyl (2.
Chlorsulfuron (15.0) Metsulfuron-methyl (5.
Chlorsulfuron (22.5) Metsul furon-methyl (7.
Chlorsulfuron (3910) Metsulfuron-methyl (10.
Asulam (4.4 kg ha )

Chlorsulfuron (7.5) Metsulfuron-methyl (2.
Chlorsulfuron (15.0) Metsulfuron-methyl (5.
Chlorsulfuron (22.5) Metsulfuron-methyl (7.
Chlorsulfuron (3910) Metsulfuron-methyl (10.
Asulam (4.4 kg ha )

Chlorsulfuron (751 Metsulfuron-methyl (2.
Chlorsulfuron (15.0) Metsulfuron-methyl (5.
Chlorsulfuron (<2.0) Metsulfuron-methyl (7.
Chlorsulfuron (30.0) Metsulfuron-methyl (10.
Untreated

WWWwWMMNMDMNDMNDND = =

Timing 1: Early frond emergence
Timing 2: Full frond emergence
Timing 3: Bracken fronds senescing

TABLE 5

Experiment A: The effect of sulphonyl urea herbicides on the
number of bracken fronds m2 two years after treatment

Site Ctrl

Treatment Timing 4 9

(MM1)
(MM2)
(MM3)

(C + MM1)
(C + MM2)
(C + MM3)
(MM1)
(MM2)
(MM3)

(C + MM1)
(C + MM2)
(C + MM3)
()
Untreated

21 22

5 7
21 22
25 T
25 T
31 0
24 14
20

15

O~ AW =W N —

MNDMNDMNDMNDMNDMNDND - s s

SED +/-
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TABLE 6

Experiment A: The effect of sulphonyl-urea herbicides on the number of
bracken fronds m2 three years after treatment

i S Site Ctrl Site Ctrl Site Ctrl Site
Treatment Timing = % y 9 1 9% 5

2

23 18 33
17 39 19
19 32 22
9 68 20
9 68 18
12 57 10
29 0 26
35 0
29 0
5 82
1" 61

(MM1)
(MM2)
(MM3)

(C + MM1)
(C + MM2)
{C + MM3)
(MM1)
(MM2)
(MM3)

10 (C + MM1)
11 (C + MM2)
12 (C + MM3) 1 61
13 (8) 9 68
14 Untreated 28

O oOuU FwN =

Ne}
MDD = ===

SED +/- 7.4

TABLE 7

Experiment B: The sffect of sulphonyl-urea herbicides on the number of
bracken fronds m2 one year after treatment

Site Ctrl Site Ctrl Site Ctrl Site Ctrl Site Ctrl
5 % 6 % T % 8 % 9 %

Treatment Timing

81
88
92
96
92
96
92
92
96
96
92
81
92
88

0

94
100

(C + MM1)
(C + MM2)
(C + MM3)
(C + MMY)
(A)

(C + MM1)
(C + MM2)
(C + MM3)
(C + MMY)
10 (A)

11 (C + MM1)
12 (C + MM2)
13 (C + MM3)
14 (C + MML)
15 Untreated

95
91

n N
1w

w
=

95 100

-

O~NO | &= &=umi

91 63

O_oOU EW N =

O

95
91
86
95

WWWWMNPNDMNPMNDND = 22—

95
0

N =1 =W =1 O
NO | D O—=0 1 OOl Ol O =
EE1IWEW-= 1 ==
AW MNUIN = =TOMN =N —=MNwu

n
=
n
n

SED +/- 2.9

w
ul
n
-3
n
=

- = Treatment not applied




TABLE 8

The effect of sulphonyl-urea herbicides on the number of bracken
fronds m? two years after treatment

Treatment Timine Site Ctrl Site Ctrl Site Ctrl Site Ctrl Site
i ) = 5 % 6 % T 8 % 9

63 90 27 20 39
T4 22 14 58
85
94
92
61
82
79
88
97
39
61
85
70
0

+ MM1)
+ MM2)
(C + MM3)
(C + MM4)
(n)
(C + MM1)
(C + MM2)
(c + MM3)
(C + MMY)
100 (8)
11 (C + MM1)
12 (C + MM2)
13 (C + MM3)
14 (C + MM4)
15 Untreated

w3

89 52

n
Ul

42
58

=1 OUl =W —
@ = 1

T4
89
16
47

O

-5 =&
S ov o wl|o
—% N
WOUTwoO - EN0won

WWWWMNMNNNDND 2 = =

68

'y
O
w —

SED +/-

- = Treatment not applied
DISCUSSION

The effect of C + MM compared favourably with the level of control achieved
with the standard treatment asulam. MM was not as effective as when mixed
with C. It appears that C is the effective agent for bracken control in
the mixture of the two sulphonyl-ureas. C + MM applied at full frond emer-
gence gave the best results. Results with C + MM applied at early frond
emergence and bracken senescing were quite similar overall, however results
at the early timing were more variable. Comparing all the treatments in
both experiments the best result which was comparable with the asulam
control was obtained with the high rate of C + MM applied at full frond
emergence.

Despite the variable results from C + MM applied at early frond emergence
in practice these may be acceptable since it is safer and easier to apply
ground applications at this time.

The sulphonyl-urea compounds chlorsulfuron and metsulfuron-methyl particu-
larly in mixture are effective in controlling bracken which is an ever
increasing problem particularly in some hill areas of the UK. Bracken is
also a problem weed Internationally (Taylor 1985). 1In the UK the main
reason for the apparent reduction in the area of bracken being sprayed is
the high cost of chemical control.

The sulphonyl-ureas are cost effective and offer hope to the many hill
farmers whose livestock productivity is restricted by bracken.
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With conservation of the Uplands more important today than ever a cautious
approach to the development of herbicides for use in these areas is important
It is essential however to continue to thoroughly evaluate potential herbi-
cides over a wide range of sites at varied rates and timings.
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ABSTRACT

A comparison of bracken (Pteridium aquilinum) frond control with a
chlorsulfuron/metsulfuron-methyl mixture and with asulam showed
that asulam at 4.4 kg a.i./ha gave better long-term control than
the mixture at 40 g a.i./ha when spraying was carried out between
mid-July and mid-August. The mixture was more effective than
asulam when applied to fronds which were beginning to senesce
although there could be appreciable regeneration in the second
year after treatment. The wuse of the chlorsulfuron/metsulfuron-
methyl mixture could extend the bracken spraying season if the
farmer was prepared to adopt a level of post-treatment management
which severely inhibited frond regrowth. The mixture is likely to
be considerably cheaper than asulam but the addition of non-ionic
wetter was essential for good results. Neither asulam nor chlor-
sulfuron/metsulfuron-methyl showed any significant long-term
damage to the species present in the underlying swards in these
trials.

INTRODUCTIONR

Bracken (Pteridium aguilinum) is an important weed in hill pastures in
many parts of the United Kingdom. Since the early 1970's, the main method
of control has been by spraying with asulam. This gives excellent results
provided that timing and application techniques are correct (Soper, 1986)
but although the area of agricultural land infested by bracken is increa-
sing (Taylor, 1985), the area treated each year in order to control the
weed has probably remained almost static (licCreath, 1982). There are three
main reasons for this:

The initial cost, especially in a period of uncertain profitability for
hill farming.

Linited opportunities for spraying. In most cases, asulam gives good
control only when applied between mid-July and mid-August. Scottish
weather at this time is notoriously uncertain, with frequent rainfall
and often high winds. While this has not stopped contractors from carry-
ing out the limited amount of bracien control with herbicides currently
being undertaken, it could cause problems if there was an increase in
the area to be treated each year.

The problems of changed management techniques in order to maintain and
justify the improvements resulting from bracken clearance.
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A chlorsulfuron/metsulfuron-methyl mixture has shown promise for brac-
ken control, probably at a lower cost than asulam (Oswald, Richardson &
West, 1986) and trials in Scotland (Davies & Williams, 1987) suggested that
useful control could be obtained from treatments applied outwith the mid-
July to mid-August period. Although applications at the crook stage in June
were ineffective, spraying as late as the end of September gave good frond
control in the following year. This paper reports the results of further
assessments made in the summer of 1987, three years after the original
trial commenced in 1984 with chlorsulfuron/metsulfuron-methyl applied at
the conventional time, and two years after applications as late as the end
of September were made.

METHODS
Trial Sites

The trial sites used were at Monksfoot, Glespin, Lanarkshire and House
o' Muir, Bush, Penicuik, Midlothian. Both sites have a short growing
season. At Monksfoot, frond emergence does not occur until mid- to late May
and wind funnelling up the valley may damage fronds after mid-August, while
at House o' Muir, drought conditions on the dry mineral soil slopes can
cause severe water stress.

Treatments

Details of treatments are given in Table 1 and the stages of frond
growth at the different treatment dates in Table 2. At Monksfoot, all

treatments were zpplied by hand-held sprayer at 400 1l/ha as a coarse spray.
The plot size was 5 x 2.5 m and there were two replicate blocks in 1984 and
three in 1985. At House o' Muir, the treatments were applied by Van der
Weij pressurised knapsack sprayer at 200 l/ha with Teejet 800 nozzles at 2
bars pressure. The plot size was 6 x 4 m and there were three replicate
blocks in both years.

Assessments

Ccounts were made of frond numbers after full frond emergence. Results
from Monksfoot are the mean of 2 x 1 m” guadrat frond counts/plot. House o'
Muir results are the mean of 6 x 0.25 m2 quadrat frond counts/plot and
include an estimate of the vigour of fronds on a scale of 0-10. Assessments
were made of sward composition (% ground cover) at Monksfoot in mid-June in
1985 and 1987, before the first pinnae were expanded on the bracken fronds.
Assessments of grass vigour, on a scale of 0-10, have been made at House o'
Muir while counting frond numbers.

RESULTS

1984 Treatments

At both sites, asulam applied before frond senescence gave the
expected level cf control. Asulam-treated plots at House o' Muir showed 3.4
fronds/mz in 1985, 3.1 in 1986 and 2.4 in 1987, compared with frond numbers
in untreated plots of 23.8/m2, 28.4/m2 and 18.4/m“ respectively but the
results obtained with the chlorsulfuron/metsulfuron-methyl mixture were

766




TABLE 1

Treatment

S

Application
date

Treatment

Wetter
1/ha

lionksfoot

House o'

Muir

24.7.84

20.8.84

Asulam
Chlorsulfuron +
metsulfuron-methyl
Asulam
Chlorsulfuron +

metsulfuron-methyl

Chlorsulfuron +
metsulfuron-methyl

Chlorsulfuron +
metsulfuron-methyl
Asulam
Chlorsulfuron +
metsulfuron-methyl
Asulam

Chlorsulfuron +
metsulfuron-methyl

Chlorsulfuron +
metsulfuron-methyl

Asulam

Chlorsulfuron +
metsulfuron-methyl
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TABLE 2

Stages of frond growth

Site Date Frond growth stage

Monksfoot 24.7.84 Pinnae fully expanded
20.8.84 Slight frond senescence
22.8.85 Fronds mature; no senescence
6.9.85 Slight frond senescence
25.9.85 Fronds 50% senesced

House o' Muir 8.8.84 Pinnae fully expanded
30.7.85 Pinnae 90% expanded
17.8.85 Pinnae fully expanded

6.9.85 Fronds 20% senesced

very disappointing. At Monksfoot (Table 3), the mixture gave better control
than asulam when applied on 20 August, when there was slight frond senes-
cence.

TABLE 3

Bracken control at Monksfoot following 1984 treatments

Application Treatment Rate Wetter Fronds/m‘
date g ai/ha 1/ha 1985 (SE) 1986 (SE)

24.7.84 Asulam 4400 0.4 (0+3)

20.8.84 Asulam 4400 (1.0)
Mixture 10 .0 (0.8)

20 g (0.5)

40 ; (0.5)

Untreated (3.9)

Sward composition showed no significant differences between herbicide
treatments, except in so far that it reflected the level of frond control
achieved. Assessments from individual plots were very variable, but the
results (Table 4) suggested nc markedly damaging effects on any of the
species present and the main effect of frond clearance was a reduction in
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the amount of litter-covered ground which allowed Festuca rubra, Anthox-
anthum odoratum and, to a certain extent, mosses to increase.

TABLE 4

Sward composition at Monksfoot following 1984 treatments

% ground cover
Treatments 2 3
Year 1985 1987 1985

=
X}
@
~

~N
~J
.

N
N

Festuca rubra
Anthoxanthum odoratum
Deschampsia flexuosa
Agrostis capillaris
Potentilla erecta
Galium saxatile
Mosses

Other spp

Bare (Litter)
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Treatment 1l: Untreated control

Treatment 2: Asulam applied 24.7.84

Treatment 3: Asulam applied 20.3.84

Treatment 4: [fean of sulfonyl urea mixture applications on 20.8.84

House o' uir

The results from the House o' Muir trial (Table 5) showed very clearly
that the chlorsulfuron/metsulfuron-methyl mixture gave poor control if
applied without added wetter, and that better results were obtained with
treatments in the period from the end of July to mid-August. There was also
no particular significant effect on sward vigour in 1987 (Table 6).

At House o' lMuir, the number of fronds/m2 in control plots in 1987 was
markedly lower than in 1986, while the farmer at lonksfoot made the obser-
vation that he did not think that the bracken was as dense as usual,
although this did not show up in counts of frond numbers on control plots
in the trial area (Table 7). The results at Monksfoot showed that chlorsul-
furon/metsulfuron-methyl was continuing to give a significant reduction in
frond numbers but there was considerable regeneration compared with 1986.

DISCUSSIOKR

Our conclusions from the results of assessments made in 1986 (Davies &
Williams, 1987) were that the chlorsulfuron/metsulfuron-methyl mixture
showed a level of activity in controlling bracken fronds at 1least
comparable with that of asulam. Following a further year of observations of

769
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TABLE 5

Bracken control at House o' Muir following 1985 treatments

Application Treatment Rate Wetter Frond
date g ai/ha 1/ha number/rn2 vigour

1986 1987
Chlorsulfuron + 10.4 18.0
metsulfuron-methyl I.X 3.6
4. 10.4
1 5.3

17.8.85 Chlorsulfuron +
metsulfuron-methyl

O NN
o & o & 8
~N o oowv o w

Asulam

Chlorsulfuron +
metsulfuron-methyl

Untreated

SED [+)

the results of our trials, it is possible to qualify this statement.

It should be emphasised that both trial sites have a short growing
season and that the optimum time for asulam application for bracken control
could well be less than the normal period of mid-July to mid-August. There
is also, in small-plot trials, a certain amount of reinvasion of bracken
from surrounding areas which can upset longer term assessments based on
frond counts. HNevertheless, long-term control of frond growth with chlor-
sulfuron/metsulfuron-methyl does not appear to be as gocod as with asulam
when spraying is carried out between mid-July and mid-August. It is poss-
ible that this depends on the amount of wetter which is added. Overall, the
mixture's effectiveness seems to be much more dependent on wetter concen-
tration than is that of asulam. In the absence of wetter, chlorsulfuron/
metsulfuron-methyl gave poor control even in applications made at the end
of July when conditions for uptake and translocation should have been
ideal, and this almost certainly explains the lack of success in the 1984
trials at House ¢' Muir.

Oon the other hand, the mixture with added wetter gave better control
than asulam when applied to fronds which were beginning to senesce, alth-
cugh bracken regeneration in the second year after spraying could be appre-
ciable. It has been shown (Williams, 1980), however, that the rate of
regeneration of fronds following asulam spraying is very dependent on
after-treatment and if a farmer is prepared to increase stocking levels,




TABLE 6

Sward vigour at House o' Muir in 1987

Application Treatment Rate Wetter Sward
date g ai/ha 1/ha vigour

30..7 .85 Chlorsulfuron + 20
metsulfuron-methyl 20

40

40

17.8.85 Chlorsulfuron + 20
metsulfuron-methyl 20

30

40

40

Asulam 4400

Chlorsulfuron + 20
metsulfuron-methyl
40
40
Untreated

SED (+)

TABLE 7

Bracken control at Monksfoot following 1985 treatments

2z

Application Treatment Rate Wetter Fronds/m
date g ai/ha l/ha (SE) 1987

22.8:85 Chlorsulfuron + 30 h (0.4) .0
metsulfuron-methyl 30 (0.5) «5
40 (0.4) =8

30 (0.8)
30 (0.5)
40 -3 (0.5)

30 (2.0)
30 .0 (1.4)
40 (1.0)
Asulam 4400 v (2.6

Untreated s (5.6)
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sspecially of cattle, short-term frond control which removes the risk of
poisoning may be adequate. The chlorsulfuron/metsulfuron-methyl mixture,
which is likely to be considerably cheaper than asulam, could have a signi-
ficant part to play in bracken control programmes when hill farmers regain
some confidence in their future.
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ABSTRACT

As an alternative to the use of transplanted nursery stock, woodland can
be established by the direct seeding of trees and shrubs at the location
where they are to grow. An experiment was established in September
1983 on a road embankment to test the effectiveness of the direct
seeding method. = The experimental treatments included addition of
three levels of inorganic fertiliser and application of a residual herbicide
(propyzamide) to control the growth of competitive grasses. There was
substantial germination and establishment of tree seedlings in spring and
summer 1985. The most successful species were Ash (Fraxinus
excelsior), Hawthorn (Crataegus monogyna) and Maple (Acer
campestre).  Maximum possible establishment and growth of tree
seedlings was achieved by controlling the growth of competitive grasses
with propyzamide. Addition of inorganic fertiliser at a high rate also
enhanced growth and herbicide plus fertiliser interacted to give the
highest seedling establishment combined with greatest subsequent
growth. Establishment of woodland by direct seeding will cost 30%-50%
less than traditional methods of transplanting trees.

INTRODUCTION

Over a period of many years conservation organisations (e.g. Nature
Conservancy Council, 1977) and the Countryside Commission have stressed the
deleterious impact upon landscape and wildlife caused by removal from agricultural
land of hedgerows and small woodlands, particularly those composed of native
broadleaved species.

The losses have been mitigated to some extent by the actions of local
authorities who have made considerable contributions to landscape amenity and
nature conservation through the establishment and management of woodland in
country parks, along roadsides and through the reclamation of derelict land to
amenity use. The current changing emphasis in agricultural land management will
probably result in new planting of woodland and restoration of hedgerows, at least in
less intensively farmed areas of Britain.

New development work will be required to introduce low-cost but reliable
methods for the establishment of indigenous trees and shrubs. The traditional, but
financially costly, method for establishing woodland involves either notch planting of
forest transplants or whips with added fertilizer or transplanting larger trees in pits
with addition of a proprietary tree compost. Poor quality nursery stock, late
planting, poor handling and planting technique and sometimes spring droughts cause
establishment failure. Thus varying numbers of costly replacements are often
required at the end of the first growing season and again in subsequent years.

An alternative, potentially low-cost approach to the creation of woodland is to
directly seed tree and shrub species at the location where the woodland will be
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established. Direct seeding of trees has been widely used in the U.S.A., Canada and
Scandinavia for replanting coniferous forests (Davidson, 1980) and has been used in
West Germany to establish woodland alongside highways (Luke et al., 1982). In the
United Kingdom direct seeding of trees has been utilised to establish woodland
landscape in Kent (La Dell, 1983) and is gradually becoming a more commonly used
techr)\ique on land reclamation sites, roadsides and derelict urban sites (Buckley,
1984).

A potentially serious drawback to the use of direct seeding as a means of
creating woodland is failure of seeding establishment or reduced growth of seedling
trees due to competition from associated herbaceous plants and grasses which will
inevitably colonise areas sown with trees. In orchards competition for soil moisture
has been recognised as the main adverse effect of grasses and herbaceous plants
(White & Holloway, 1967; Atkinson and Petts, 1978).

In order to investigate the efficacy of direct seeding of trees, an experiment
was established on & roadside in Gwent, South Wales, to examine the establishment
and early growth of tree seedlings. In order to determine the significance of
competition by species of grasses, a herbicide treatment designed to control growth
of grasses was factorially combined with a fertilizer treatment designed to enhance
the growth of both tree species and associated grass and herbaceous species. An
additional objective was to examine the cost-effectiveness of direct seeding in
comparison with traditional methods of tree planting.

MATERIALS AND METHODS

Site characteristics and seed-bed preparation

The experimental site was located alongside the Crumlin to Aberbeeg new AL67
road (in Gwent). The area (0.43 ha) of roadside embankment consisted of a substrate
of colliery shale wastes and boulder clay subsoil including relatively large stones.
The existing herbaceous sward was sprayed with glyphosate in August 1983 and was
sprayed again with paraquat in September. All existing vegetation was killed.

The area was subsequently cultivated to a depth of 22.5 cm with several passes
of a disc harrow. An attempt to produce a tilth was made using chain harrows.
Stones, metal and timber larger than 30mm were collected mechanically and
removed from the site. Lime (2510 kg ha™*) and compound fertilizer (376.5 kg ha™";
5, 24, 24) were harrowed in and a grass/herbage legume seeds mixture, winter barley,
tree and shrub seed were broadcast by hand on 26 September 1983. The area was
not subsequently harrowed or rolled due to poor weather conditions, although this
was an intended procedure.

Seed mixtures
The grass/herbage legume seeds mixture consisted of the following fpecies and
seed rates per hectare; Agrpstis castellana cv. Highland (4.65 kg ha” ), Festuca
rubra cv. Dawson (£.65 kg ha ;5,1Trifolium repens cv. Kent Wild White (0.70 kg ha'ii,
Lotus corniculatu51(0.58 kg ha™"), Melilotus officinalis (0.58 kg ha” )land Medicago
sativa (0.38 kg ha ). Winter barley was sown at a rate of 56.0 kg ha™". The weight
and approximate number of the tree and shrub species which were sown in September
1983 are given in Table l. The emergence of Quercus robur, Fagus sylvatica,
Corylus avellana and Betula pendula was very poor in summer 1984. Therefore 50
seeds per plot of Q. robur and Q. petraea, F. sylvatica and C. avellana were sown
(individually dibbed in by hand)in November 1984 whilst 50 grammes per plot of B.
endula was sown in March 1985. Half of the experimental area was sown with tree
lupin (Lupinus arboreus) and perennial lupin (L. perennis). However, this report is
not concerned with the influence of shrubby legumes on establishment of tree
seedlings and this part of the experiment is not considered further.
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Fertilizer and herbicide treatments

The experimental design incorporated 3 levels of fertilizer; control (no
fertilizer added), low fertilizer (50 kg ha™" Enmag, 6 : 20 : 10 and 100 kg ha™" ICI No.
5, 17 : 17 : 17) and high fertilizer (150 kg ha™" Enmag and 300 kg ha~" ICI No. 5).
Fertilizer was applied in July 1984 and again in July 1986.

There were two herbicide treatments, plus and minus propyzamide. The
differential herbicide treatment did not commence until January 1986. By autumn
1984 the growth of grasses was substantial on all experimental treatments and tree
and shrub seedling establishment was likely to be severely retarded. Therefore1 the
entire experimental area was treated with propyzamide granules (15.0 kg ha™") in
December 1984. Subsequently propyzamide granules were applied at the same rate
to the plus herbicide plots on 28 January 1986.

Experimental design, plot dimensions and layout

The herbicide treatment comprised eight main-plots (65.0m x 8.3m) which were
subdivided into three (equal-sized) sub-plots. Four of the main-plots were randomly
assigned the plus propyzamide treatment and the other four were minus herbicide.
The fertilizer treatments (control, low, high fertilizer) were randomly assigned
within the main-plots. Sub-plot dimensions were 21.6m x 8.3m

Monitoring of tree seedling emergence and survival

The emergence, early establishment and subsequent survival of tree seedlings
was monitored during 1984, 1985 and 1986. In August 1984 the entire experimental
area was thoroughly searched by dividing each sub-plot into strips 2m in width. The
position of each individual seedling was mapped and its field location marked with a
split cane. Subsequently in 1985 when a !args number of seedlings emerged, a
sampling procedure was adopted. Two x 4m*“ permanent sampling areas were
located in each sub-plot. The position of each sample plot was located at random
from a possible 40 positions within each plot. Within each sample plot the total
number of seedlings of each tree species was recorded and in addition a minimum of
10 seedlings were marked using a wire ring with a numbered tag attached. The
seedlings were censused in July 1985, October 1985, and July 1986 to determine the
survival of individuals. In addition the height and diameter (using calipers measuring
2.0cm above ground) of seedlings was recorded in October 1985 and July 1986.
Seedling height was statistically analysed by analysis of variance.

RESULTS

The effectiveness of barley as a ground stabilising plant

Winter barley germinated during October 1983 and became well-established
before the winter. The barley population provided very effective soil stabilisation
through the winter months and there was very little development of rills oL, gulleys
on the experimental site. The barley population density was 48 plants per m“ in May
1984 which was quite adequate for stabilising the ground surface for an extended
period, autumn to spring.

The emergence, establishment and survival of trees and shrubs

In 1983 the spring and early summer were exceptionally dry and there were very
few emerged seedlings in the July census. Drought was not the only reason for this
since the seed of many of the species was dormant and would not necessarily be
expected to germinate in the first growing season after sowing. There was an
increase in rainfall in late summer and limited germination of Sarothamnus scoparius
occurred at this time.

Since there were so few emerged tree seedings, long-terrm monitoring of these
commenced in summer 1985. The most abundant species were Fraxinus excelsior,
Crataegus monogyna and Acer campestre whilst Alnus glutinosa and Fagus sylvatica
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were completely absent.

Species seedling numbers apparently differed in response to the experimental
treatments although the differences were not statistically significant for any of the
species. The total number per unit area of F. excelsior seedlings was favoured by
application of herbicide and high fertiliser input. The establishment of C. monogyna
seedlings were clearly sensitive to competition from grasses since numbers were
consistently greater in the plus herbicide treatment whilst seedling numbers were
greatly reduced in the minus herbicide and high fertiliser treatment. There was a
response in the number of Quercus spp. to input of fertiliser but the influence of
grass competition was only apparent in the minus herbicide and high fertiliser
treatment where seedling density was substantially less.

The proportion of marked tree seedlings surviving during 1985 and until July
1986 is given in Table 2. Generally seedling survival was high for all species during
summer 1985. However there was differential species mortality during winter
1985/86 and in spring 1986 after which treatment effects became more pronounced.

The main features of the data are the relatively high survival of F. excelsior in
all treatments except minus herbicide and zero fertiliser, whilst competition from
grasses did not influence the survival of seedlings with addition of fertiliser.
Seedling survival of C. monogyna and Quercus spp. was greater in the plus herbicide
treatment and an interaction of high fertiliser with the presence of grasses (minus
herbicide) caused considerable seedling mortality. There was a less clear pattern of
response by A. campestre but survival was particularly poor in the zero fertiliser
minus herbicide treatment. Survival of Rosa canina was negligible in the absence of
added mineral nutrients but the significance of the herbiiide treatment was less
obvious. It is clear that suppression of the growth of grasses using an application of
propyzamide in micd-winter enhanced the establishment and survival of most tree
species.

The growth of trees

The height of tree seedlings was measured as a non-destructive index of their
growth. Stem diameter was also measured but it is not reported in this paper. The
mean height of the three most common species is given in Table 3. The shoot
growth of all three species was satisfactory overall, particularly since relatively
more resources enter into root growth at this early stage in plant development. The
relatively cool, moist summers of 1985 and 1986 undoubtedly assisted the
establishment and early growth of tree seedlings.

The high input of fertiliser resulted in a substantial increase (statistically
significant P = 0.001) in height growth in all three species, A.campestre and C.
monogyna showed the greater responses of shoot height to fertilizer input. The
application of propyzamide produced a consistent response with a statistically
significant (P = 0.05) increase in the shoot growth of all species. However, there was
a differential response of the three species. In particular, high mineral nutrient
input caused relatively good shoot growth of F.excelsior and A.campestre even in the
presence of compeling grasses (minus herbicide). Thus improved nutrition to some
extent overcame the impact of competition from grasses. However, in all three
tree species the greatest growth occurred on the plus herbicide treatment with high
fertiliser input.  There was poor growth of F.excelsior and A.campestre in the
control treatment where grass competition was not alleviated by increased mineral
nutrient input.

The cost of the creation of woodland by direct seeding
The creation of amenity woodland by direct seeding on road verges and
embankments, on disturbed and derelict land and on agricuitural fringe areas, will




TABLE 1

Tree and shrub seed sown alongside Crumlin/Aberbeeg New A467
Road

Latin name Amount Seed, Total seed
sown per m experimental area
(approximately)

Birch Betula pendula 3,400,000
Alder Alnus glutinosa 1,700,000
Hawthorn Crataegus monogyna 86,000
Rowan Sorbus acuparia 645,000
Ash Fraxinus excelsior 140,000
Beech Fagus sylvatica* 3 1,200
Qak Quercus robur and

Q. petraea* 2,400
Dog Rose Rosa canina 275,000
Broom Sarothamnus scoparius s 300,000
Maple Acer campestre 4 X 36,000
Holly Ilex aquifolium g z 15,000
Hazel Corylus avellana* i 1,200

*Sown November 1984

TABLE 2

The proportion of marked tree seedlings surviving four
months and thirteen months. Data from 8 replicate
sampling areas.

June 1985 until October 1985* June 1985 until July 1?86
Control Low High Control  Low High
Species fert fert fert fert

Frasinus: 3 0.82  0.87
excelsior

Et_assn%s 0.79 0.61  0.81
mono; X

Acer . 0.91 093 0.76
camgesre

no data available

0.00 0.39

0.51  0.80 0.70 0.05 038

+H Plus propyzamide treatment Since the her.bicide treatment had not

-H No herbicide applied commenced in June 1985, these data
are mean values for the pooled +H
and -H treatments.
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TABLE 3

The mean height of tree seedling (cm), October 1985 and July 1986.

October 1985*
Control  Low High
Species fert fert

July 1986
Low High
fert fert

Fraxinus +H ¥, 4560 6.65
excelsior -H

Crataegus +H 5.95 7.15
monogyna -H = i =

Acer +H
campestre -H

10.78 9.70 17.50
7.63 9.38 13.30

15.43 11.48 30.55
9.47 8.75 18.63

27.80
22.43

13.83 10.00
4.95 7.80

+H Plus propyzamide treatment
-H No herbicide applied

* Since the herbicide treatment had not
commenced in June 1985, these data
are mean values for the pooled +H and
-H treatments.

© For each species, LSD (P = 0.05) Herbicide comparison (H), Fertiliser comparisen (F)

TABLE &4

Comparative cost of establishment of amenity woodland by
direct seeding or by transplants per hectare

Transplanting

Direct seeding

Initial cost of seedbed
preparation and sowing
legume/grass seeds mixture

Site preparation;
Spot weeding of tree sites

Planting costs;
3,500 (transplants) to 3220-5980
6,500 (transplants)

per hectare at £0.92
per transplant

Maintenance; 20% of planting
costs to cover 3 years
maintenance 64L-1196

Cost to establish amenity
amenity woodland on a
bare site

Total cost £3864-7176

Cost to establish amenity

amenity woodland on a site

previously prepared with a

grass/legume sward

Total cost £4724-8036

£
Herbicide spray over
the entire area 150

Seeding; Cost of materials

Tree seed, a mixture of
species; herbaceous and
shrubby legumes

Seed rate designed to give
at least 10,000 established
tree seedlings per hectare
after 3 years

Cultivation of area,
incorporating fertilizer
and sowing tree seed

Maintenance; herbicide
and fertilizer to cover
3 years maintenance

Total cost
Alternatively on steep
slopes hydraulic
application of seed,
fertilizer and mulch

Total cost
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only become a widely used method if it is not only technically successful in a variety
of environments, but is also substantially less expensive than the traditional method
of transplanting young trees.

A comparison of the cost of direct seeding with transplanting in made in Table &
in which contractors costings provided by Gwent County Council for two traditional
roadside planting schemes are used as the basis of comparison with direct seeding.
It is assumed that the cost of providing rabbit proof and/or stock poor fencing will be
the same for transplants and direct seeding.

Ignoring fencing costs, direct seeding is 30%-50% less expensive than transplants
on sites where mechanised seed bed preparation and sowing of seed is possible. This
will be on sites which have shallow gradients (slopes less than 12°).  Somewhat
steeper slopes can be worked using a tractor with tracks, combined with hand
sowing. Costs will remain substantially less than for transplants.

CONCLUSIONS

The experimental establishment of trees and shrubs by direct seeding has been
very successful during the seedling establishment stage of woodland development.
The initial establishment of barley to assist soil surface stabilisation during the first
winter, was very effective and can be recommended as a standard practice in the
future. There are strong indications that grasses should not be included in the seed
mixture of herbaceous plants. There was a harmful influence of competition from
grasses on both the survival (except F.excelsior) and early growth of trees
seedlings. This must be minimised, so that not sowing grasses is the logical
conclusion.

In the early phase of woodland development at the Crumlin/Aberbeeg site, the
most successful tree species were F.excelsior, C.monogyna and A.campestre. These
are all species with medium sized seeds and a high proportion of dormant seeds in the
population. Other species that show reasonable promise are Q.robur, Q.petraea and
C.avellana. The most successful shrub was R.canina although S.scoparius was also
reasonably abundant. Quercus spp. and C.avellana have a high rate of survival once
emerged but predation by birds and small mammals probably reduced seed numbers
before germination had commenced. Species with small seeds such as B.pendula and
A.glutinosa failed almost completely. A combination of dry periods of weather
during summer 1984 and competition from grasses and clovers was probably the main
cause of failure.

The application of the herbicide propyzamide was very beneficial to seedling
establishment, subsequent survival and early growth. The benefit was enhanced by a
high input of mineral nutrients. No after-management (i.e. zero fertiliser input and
no herbicide treatment) resulted in fewer trees which had poor growth. Certain
species, particularly F.excelsior and A.campestre, once established, appeared to
grow reasonably well in the presence of competition by grasses provided that there
was high mineral nutrient input. Insufficient time has elapsed for a critical
appraisal of the cost-benefit of the herbicide treatment, but at present the cost of
the herbicide appears to be very worthwhile,

On gently sloping and level sites it appears that establishment of woodland by
direct seeding will be considerably less expensive (up to 50% less) than traditional
methods of transplanting whips or forest transplants. Further experiments in
progress indicate that even on steeper slopes, sowing a cereal may be an effective
approach to provision of a straw mulch at a very reasonable cost, when mechanised
sowing is not possible.
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ABSTRACT

An experiment investigating the effect of weeds on the growth

and nutrient status of young trees is described. Following
results from previous experiments, water and nitrogen relations
were chosen for specific investigation. The effect of irrigation
and/or nitrogen application on trees growing in bare earth and
weedy plots was assessed. The results are reported in terms of
height and diameter growth and foliar nutrient concentrations

and the implications for the establishment of young trees are
discussed.

INTRODUCTION

Young trees, wherever they are planted, usually have to struggle to
survive. Two of their basic needs - water and nutrients - are often
severely restricted due to site conditions and competition from weeds. Of
these, the latter is both the most prevalent and the easiest to alleviate.

Over the past ten years many experiments on a wide range of sites and
species have shown that the presence of weeds has a deleterious effect on
tree survival and growth. (Insley and Buckley, 1980; Insley, 1982;
Davies, 1984, 1985, 1987; Davies and Gardiner, 1985.) A grass sward,
common to many amenity and agricultural tree-planting sites, is one of the
worst ground covers in this respect.

Previous experiments have shown that tree growth was related to soil
moisture and that unweeded trees showed foliar nitrogen deficiences.
(Garwood and Williams, 1967), found that lack of nitrogen rather than soil
moisture caused the cessation of grass growth under drought conditioms.

In the north of Britain research with conifers on upland sites has
shown that removing the weeds has a much smaller effect on growth and
survival than in the south. This may be explained by the higher rainfall
in the north, reducing the likelihood of moisture stress.

In order to investigate the effect of irrigation (simulating high
rainfall) and nitrogen applications on trees growing either in weeds or in
bare ground, an experiment was established at Alice Holt Research Station,
near Farnham in Surrey. This experiment examined the effect on tree
survival, growth and nutrient status of:

i) different types of ground cover
ii) regular irrigation to maintain a minimal soil moisture
deficit
111) nitrogen top dressings
iv) any interactions between these
v) the differences in response between a broadleaved and
a coniferous species
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METHODS

Experimental Design

The experiment was set up in the spring of 1986 on a heavy clay loam
which was cultivated and drained. The two species used were Norway maple
(Acer platanoides), and Sitka spruce (Picea sitchensis) which were planted
as 1+1 transplants with four pairs of each species per plot, the weakest of
each pair being removed after one season to ensure high survival. Plots
were 4m x 4m with final tree spacing being 2m. Individual plots were
isolated from each other by inserting vertical polythene barriers into
trenches which were then back-filled with pea gravel and soil. A factorial
design was used, with three main factors (listed below) giving 12
treatments laid out in a randomised block design with three replications.

Treatments

Ground Cover— three different types:
i) bare ground - maintained with paraquat and glyphosate herbicides
applied as often as necessary
ii) grass sward - mown regularly to maintain a low vigorous sward
iii) clover - Trifolium repens "Huia"

Irrigation- with or without

The soil moisture deficit (SMD) was calculated weekly for each ground
cover type using figures for potential (irrigated plots) and actual (non-
irrigated plots) evapotranspiration (PE and AE) from the Meteorological
Office, rainfall measurements taken at Alice Holt and amount of irrigation
applied the previous week.

New SMD = 01d SMD + (PE or AE) - Rainfall - Irrigation

Plots were irrigated when the SMD exceeded 30mm, to bring the SMD
back to below 15mm.

Nitrogen application— with or without

Ammonium nitrate was applied as a top dressing fortnightly between
March and August at a rate equivalent to 350kg N /ha/yr.

Phosphorous (P), potassium (K), and magnesium (Mg) were applied as
basal dressing to all plots to ensure that there were no deficiences of
these nutrients.

Assessments

Height and stem diameter were measured at planting (April 1986), in
October 1986 and in July 1987. Foliar samples were taken in July 1986 for
nutrient analysis of nitrogen, phosphorous, potassium, magnesium and
calcium (N, P, K, Mg, Ca) levels in 1986 foliage. Soil moisture tension
(SMT) was measured for each plot using a voltmeter connected to gypsum
blocks at depths of 5 and 15 cm. These figures give an indication of the
availability of the soil water to the trees (and weeds) in each plot. The
experiment will continue for at least cne more year.




RESULTS

Height and Diameter Growth

After nearly two seasons' growth there are clear differences in both
height and diameter increment between the three ground covers, expecially
between the bare earth and grass plots (see Table 1).

TABLE 1
Height and diameter increment April 1986 - July 1987

Species Grass Clover Bare earth Sig. level
Height increment (cm)

Sitka spruce . 39.7 35.5 P<0.001

Norway maple . 18.7 39.3 P<0.001

Diameter increment (mm)
Sitka spruce . 7.14 8.97 P<0.001
Norway maple . 3.40 5.80 P<0.001

Nitrogen application significantly (P<0.001) increased diameter growth
of Sitka spruce but had no effect on height of either species. There was a
ground cover x nitrogen interaction but only just significant: (p=0.045).

There were no significant effects of irrigation alone, although for
both height and diameter of Sitka spruce the ground cover x irrigation
interaction was significant (p<0.05), with growth in irrigated bare earth
plots being less than that in non-irrigated.

Although the only significant (p<0.05) 2nd order interaction (ground
cover x irrigation x nitrogen application) was that for diameter increment
of Norway maple (see Table 2), there were some clear trends for the other
parameters. Increments were consistently lower for irrigated, fertilised
trees in grass than those in bare ground, without either.

TABLE 2

Table of means for Norway maple diameter increment (mm)

Nitrogen application -N
Irrigation

Ground cover
Grass
Clover

Bare earth

Foliar Nutrient Levels

Analysis of 1986 foliage showed that ground cover had a significant
effect on foliar concentrations of all nutrients in both species except for
P in Norway maple (p<0.05 for N, Mg in Norway maple and P in Sitka spruce,
p<0.001 for all others).

Nitrogen application had a significant effect on levels of both N
(p<0.001) and Ca (p<0.05) in Sitka spruce.
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Irrigation appears to have reduced all nutrient levels in both
species, except Mg in Sitka spruce. This effect was most marked for P and
K in Norway maple (see Table 3). There was no significant interaction
between fertilizer and irrigation effects.

TABLE 3
Foliar nutrient levels in irrigated and non-irrigated plots (% dry weight)

Species Norway maple Sitka spruce
Sig. Sig.
Irrigation +I -1 level +1 -1 level

N 2.16 2.32 NS 1.32 1.45 NS

P 0.17 0.20 P<0.01 0.15 0.17 NS

K 0.48 0.61 p<0.01 0.58 0.59 NS
Mg 0.25 0.26 NS 0.06 0.06 p<0.05
Ca 0.92 0.90 NS 0.41 0.37 NS

There were sfignificant interactions between ground cover and
irrigation for N, Mg and Ca in Sitka spruce, between ground cover and
nitrogen application for N and K in Norway maple and between ground cover,
irrigation and nitrogen application for K in both species, although there
are no clear trends in any of these at this stage.

Water Relations

Fig.l shows SMT and rainfall for the summer months of 1986. Values
for clover were very similar to those for grass and differences between
irrigated bare earth and grass plots were negligible.

During 1986, irrigated plots were kept at or near field capacity all
through the growing season. The equivalent of 8lmm of rainfall was applied
to bare earth and 122mm to grass and clover plots. Soil in non-irrigated
plots remained at field capacity until mid-June following substantial
rainfall in May. SMT in all plots was reduced after heavy periods of rain
during July and August.

DISCUSSION

The results from this experiment show clearly that weeds growing
around the base of a young tree had a drastic effect on its growth and
nutrient status. The responses of a broadleaved and coniferous species
were very similar.

Due to climatic conditions during this experiment it was not possible
to investigate fully the effect of irrigation, as soil moisture deficits
were not sufficient to put the trees under great moisture stress. Other
experiments of this kind should be set up on those soil types more likely
to induce moisture stress.

The results do indicate, however, that it was not possible to overcome
the detrimental effect of a grass sward by irrigation and/or nitrogen
application. This, in any case, would hardly be a practical solution to the
problem of weeds. It is essential to ensure that the young tree is free




8A—7

from competition for water and nutrients so that it is vigorous enough to
withstand the trauma of planting out and attack from other damaging agents
The only way to do this is to kill the weeds around the base of the tree by
chemical or other means, thereby eliminating competition above and below
ground.
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Figure 1. Soil moisture tension at 5cm depth & weekly rainfall in 1686
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WEED CONTROL IN AFFORESTED AREAS

A. NIR
Weed Control Co. Ltd., Israel
Z. ARENSTEIN

Agan Chemical Manufacturers, Israel

ABSTRACT

Weed control trials were performed in afforested areas of Pinus
halepensis and Cupressus sempervirens, both within the forest and
in firebreaks. Imazapyr at 0.50-1.250 ka a.i./ha and sulfometu-
ron at 0.075-0.188 ka a.i./ha were tested in different areas
where effective control of annual weeds was achieved, including
grass-weeds resistantto triazine herbicides. Imazapyr also con-
trolled the perennial weeds Cynoden dactylon, Hvparrhenia hirta
and Sorghum halepensis. Sulfometuron controlled S. halepensis
only. Neither imazapyr nor sulfometuron,at any rate, were phyto-
toxic to the forest trees.

INTRODUCTION

The information presented in this paper is relevant to a subtropical
climate with a rainy winter and dry summer and fall. 1In such a climate, in
mid-summer, the ground is covered with dry vegetation which constitutes a
fire hazard. At the beginning of the rainy season before planting time, an-
nual vegetation of broadleaves and grasses rOvVers the area. These weeds can
interfere with planting and compete with the trees for moisture, nutrients
and light,thus reducing the stand.

Chemical weed control in forests and in sites destined for afforestation
is essential to eliminate weed competition, reduce fire hazard, overcome the
lack of labourers for manual weed control and save expenses.

Trials performed during the years 1960-63 tested the pre- and post-
planting application of the triazine herbicides, simazine and atrazine in
forests of Pinus spp., Cupnressus sempervirens and Eucalyptus spp. at a rate
of 3.0 kg a.i./ha. This ensured sites free of winter annual weeds, both
~roadleaves and grasses.

The repetitive annual use of the triazines, mainly simazine and atrazine,
caused the appearance of resistance in 7 annual crasses viz. Trachynia dista-
chya, Phalaris paradoxa, Alopecurus utriculatus, Alopecurus myosuroides,
Lophochloa phleoides, Lolium rigidum, Polypogon monspeliensis.

The above weeds began to infest the triazine treated areas. Initial
coverage was approximately 10%, but this reached 80-90% durinag the years
1982-84.

In addition to the develovment of resistant annual weeds, perennial
weeds which were not controlled by the triazines began to encroach on the
treated areas, mainly in the firebreaks where there was no competition from
the forest trees.

The objectives of the trials described below which were performed within
the forest and in firebreaks were:-
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(i) To find alternative herbicides to the triazines.
(ii) To test combinations of triazines with newer herbicides.
(iii) To test new herbicides for the control of perennial and annual weeds.

A) WEED CONTROL WITHIN THE FOREST (Trial 1)
MATERIALS AND METHODS

The trial was performed in a 2 year old forest planted to Pinus halepen-
sis and C. sempervirens near Nazareth (named after Lord Balfour).
Experimental desion: randomised blocks with 3 replications.

Plot size: 2 m x 320 m.

Weed population at time of treatment: T. distachya (Graminae), 3-5 cm hidh;
Sylybum marianum (Compositae), 2 true leaves; Sinapis arvensis and Raphanus
raphanistrum (Cruciferae), both at cotyledon stace.

Spray date: 9/12/1984. Spraying was carried out with a motorised krnapsack
sprayer equipped with a Flat-Jet TK-3 spray nozzle, pressure 280 KPa.
Spray volume: 300 1/ha.

RESULTS

Weed control was assessed every 2 months and the final evaluations after
10 months are presented in Table 1.

TABLE 1

Effects of herbicides on annual weed control in 2 year old forest trees
(P. halepensis and C. sempervirens), 10 months after application (Oct. 1985)

Herbicides Rate Weed control Effect on
a.i.(kg/ha) %

1) Simazine+fluazipop-butyl 2 50
2) Terbutryne+fluazipop-butyl 2. = 60
3) Sulfometuron . 90
4) Imazapyr 95
5) Unsprayed control 0

*Accordina to scale of 1-10: 1 = no damace and normal growth,
10 = death of trees.

DISCUSSION

The combinations of simazine + fluazipop-butyl and terbutryne + fluazi-
pop-butyl did not provide sufficient wead control for the whole winzer sea-
son due to the emergence of T. distachya, during February-March, which later
covered these plots.

Sul fometuron-methyl at a rate of 0.075 ka a.i./ha provided gcod control
of brnadleaved weads and T. distachya, however Galium spp, began to emerge

in patches i.e. was not controlled at this rate.

Imazapyr at a rate of 0.5 kg a.i./ha achieved the best results against
broad-leaved weeds and T. distachya. A small number of Papaver spp. plants
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were observed to escape the effect of the herbicide.

In the unsprayed control plots, weeds of the Compositae family reached
a height of 80-100 cms. The Pinus and Cupressus trees were pale in colour,
water stressed and grew slower than in the other treatments in which they
were dark green and actively growing.

B) WEED CONTROL IN FIREBREAKS

INTRODUCTION

Forests in Israel are surrounded by peripheral firebreaks and divided
by internal ones as protection against fires durina the hot and dry summer.
The width of the firebreaks is 10-15 m and their length 3-15 km. In the win-
ter, the firebreaks became covered with annual weeds as occurred vithin the
forest and, in addition, with perennial weeds such as Hyparrhenia hirta,
Sorghum halepensis and Cynoden dactylon.

As occurred in the forest, the prolonged and repeated use of triazines
resulted in resistant weeds developing. In addition, perennial weeds became
established.

B.l ANNUAL WEED CONTROL (Trial 2)

MATERIALS AND METHODS

Location of the trial was in firebreaks in the Balfour Forest near
Nazareth. Age of forest: 5 years. Forest species P. halepensis and C. sem-
pervirens. The trial was carried out in 3 replications in a randomised
blocks design. Plot size: 100 m x 10 m.

Weed population at time of treatment: dominant weed - T. distachya
(Graminae), 3-5 cm height; Compositae, mainly S. marianum, cotyledon stage;
S. arvensis and R. ranhanistrum (Cruciferae), both at cotyledon stage.

Spray date: 30/12/84. Sprayina was carried out with a motorised spray-
er towed by a jeen. Sprayer ecuipped with a boom with T-Jet 8003 spray
nozzles, pressure 420 KPa. Spray volume: 400 1/ha.

RESULTS
Assessment of weed control was carried out every Z months. In Table 2
below, the final results 10 months after sprayina are presented.

TABLE 2

Effects of herbicides on weed control in the firebreak and
to forest trees (P. halepesnsis and C. sempervirens) on the
border of the firebreak 10 months after application (Oct.1985)
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Herbicides Rate Weed control Effect
a.i. (kg/ha) % on trees

1) Simazine+amitrole 40
2) Simazine+metolachlor 60
3) Simzzine+diuron 80
4) Sulfometuron

5) Imazapyr

6) Unsprayed control

1 = no damage, normal growth.
10 = death of trees.

*According to scale of 1-10:

** Galium spp. present.

*** Conyza spp. present.

DISCUSSION

The combination of simazine+amitrole was the standard treatment for
many years in firsbreaks until the appearance of resistant species.

The treatment simazine+metolachlor was effectively weed free for the
first 3 months, however thereafter became infested with T. distachya.

The simazine+diuron treatment kept the plots weed free for the first 4
months but towards the end of the rainy season the plots became infested
with Ammi visnaga.

Sulfometuron effectively controlled weeds until the end of the season,
except for infestation with Galium spp. towards the end.

Imazapyr provided the best control »“ broad-leaved weeds and "resistant"
grasses for the whole period, except for a few Conyza spp. which appeared in
the summer.

In all the above treatments the forest trees bordering the plots were not
damaged and were growing normally.

In the unsprayed contrcl the annual broad-leaved weeds reached a height
of 2 m and more, T. distachya reached a height of 80 cm. These weeds were
dry and constituted a fire hazard and were therefore pulled out by hand in
October. The Pinus and Cupressus trees were a slightly paler green than in
the other treatments indicating their suffering from some stress.

B.2 PERENNIAL WEED CONTROL (Trial 3)

MATERIALS AND METHODS

The trial was carried out in a 15 year old forest of P. halepensis in
the south of the country. No. replications: 2. Plot size: 500 m x 10 m.

Weed population at time of treatment: Annual weeds - T. distachya,
Lophochloa phleoides (Graminae), 5 cm high; S. marianum, Notobasis syriaca
(Compositae), 5 cm high; S. arvensis (Cruciferae), cctyledon stage.
Perennial weeds which covered 50% of the area - H. hirta, 40 cm high, 70%;
C. dactylon, 20%; S. halepensis, 10%.
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Spray date: 21/11/85. Sprayer: towed by jeep and equipped with spray
boom with T-Jet 8003 spray nozzles, nressure 420 KPa. Spray volume: 400 1/ha.

RESULTS

Over a period of 11 months observations were performed every 2 mo.:ths to
evaluate weed control and phytotoxicity. The herbicides tested, application
rates and evaluations of control and phytotoxicity appear in Table 3.

TABLE 3

Effects of imazapyr and sulfometuron on control of perennial and annual

weeds in firebreaks and phytotoxicity to P. halepensis on the border of the
firebreak. Weed control evaluated after 11 months, phytotoxicity after 6 and
11 months

Herbicides Rate Weed control (%) Phytotoxicity*
a.i. Annual Perennial Months
(kg/ha) (1) (2) (3) 6 11

1) Sulfometuron 0.075 0 0 80
2) Sulfometuron 0.188 0 0 95
3) Imazapyr 0.625 95 90 80
4) Imazapyr 1.250 100 100 90
5) Unsprayed control - 0 0 0

*Phytotoxicity according to scale of 1-10: 1 = normal and healthy,
10 = dead.

(1) H. hirta, (2) C. dactylon, (3) S. halepensis.

DISCU“SION

sulfometuron - The lower rate achieved good weed control on annual weeds
except for Galium spp. Amonqgst the perennial weeds the H. hirta and C. dac-
tylon were not controlled at all, whereas the S. halepensis was 80% control-
led. The higher rate achieved agood control of all the annual weeds and

S. halepensis, but C. dactylon and H. hirta were not controlled.

Imazapyr - Excellent control of annual weeds was achieved with the lower
rate as well as effective control of H. hirta, the dominant perennial weed,
and C. dactylon. S. halepensis was 80% controlled. At the hicher rate,
excellent control of annual weeds, C. dactylon and H. hirta was obtained.
Good control of S. halepensis was achieved.

Phytotoxicity - In treatments where phytotoxicity was obtained it was
limited orly to the area of trees bordering the firebreak. Signs of phytoto-
xicity apoeared 3-4 months after treatment and disappeared 10-11 months after
sprayiig.

CONCLUSIONS

1) The trials within the forest and in the firebreaks show that imazapyr
at the low rate of 0.5-0.625 kg a.i./ha provides a suitable alternative to
the triazines and achieves good control of perennial weeds such as H. hirta
and C. dactylon.
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2) Sulfometuron at the low rate of 0.075 kg a.i./ha can also provide an
alternative to the triazines for annual weed control, but is ineffective
against perennials such as H. hirta and C. dactylon.
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SL 365 A GRANULE FORMULATION OF ATRAZINE, DIURON AND AMINOTRIAZOLE FOR LONG
TERM WEED CONTROL ON NON-CROP LAND

D. CORNES, A.J, PIGOTT, P.J. RYAN
Ciba-Geigy Agrochemicals, Whittlesford, Cambridge, CB2 4QT.

ABSTRACT

Atrazine + diuron + aminotriazole (SL 365) in a ratio 4:15:10
formulated as a 5.8% a.i./kg granule was evaluated for total weed
control on non-crop land in 1986/87. Annual and perennial grass
and broad-leaved species were present in the seven trials
initiated in the late spring of 1986. Excellent control of
established weed species was recorded following a single
application of SL 365 at 300 kg formulated product/ha.
Assessments carried out in the following year also showed good
residual weed control from this combination. SL 365 gave superior
initial and residual weed control when compared to atrazine 4%
granules and, controlled both Conyza canadensis and Epilobium
montanum species found not to be controlled by atrazine following
repeated application in previous years.

INTRODUCTION

Annually a wide variety of sites are chemically treated for the
maintenance of weed-free areas where uncontrolled growth of weeds could
present potential hazards or where regular mechanical control is
impractical. For easy management of these areas the type of product used
should be able to control a wide range of plant species and ideally provide
weed control for up to 12 months from application. In some situations,
where there is a limited water supply, the application method is also of
importance. Traditionally, atrazine applied alone or in combination with
other compounds, has been used extensively for the control of weeds on
industrial sites. Particularly high rates are required for the control of
established deep rooted perennials and repeated applications has encouraged
the adaption of weed species and hence increased development of atrazine
resistant weed populations (Bandeen et al, 1982).

SL 365 contains three active ingredients widely used in total weed
control situations and which have complementary modes of activity. The
wider use of products with more than one active ingredient can help to
prevent the occurance of resistant weed types.

This paper reviews trials started in 1986 to determine the activity of
SL 365 for total weed control.

MATERIALS AND METHODS

Seven trials were initiated to determine the activity of SL 365,
SL 365, a 5.8% a.i./kg coated limestone grit granule, contains atrazine,
diuron and aminotriazole in the ratio 4:15:10 and was compared to 4%
atrazine granules at each site. The application rates were 300 and 450 kg
formulated product/ha respectively and were applied by hand using a “pepper
pot"” dispenser.

Trial design and plot size were related to land availability and the
distribution of weed species at individual sites. Four trial sites were of
a randomised block design with three replicates and plots of 3 x 10 m, at
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three sites, however, the trials were unreplicated with plots of 3x 15m
distributed at random within the trial area.

Weed control was assessed visually using a 0-100% scale by comparison
to untreated plots, at three monthly intervals until fifteen months after
application. Details of individual trial sites with respect to application
date, site history and weed growth stage and population at application are
presented in Tables 1 and 2.

TABLE 1
Site Details

Site Location Application Date Previous Chemical Use

001 Cambridge Cement works 29:05:86 Nil
002 Cambridge Cement works 29:05:86 Nil
003 Kings Lynn Wood yard 29:05:86 atrazine (5 years)
004 Milton Refuse dump 18:06:86 Nil
005 Cambridge Airfield 12:06:86 Nil
006 London Dockland 10:05:86 Nil
007 Whittlesford — Warehouse 10:07:86 Nil

RESULTS

Six grass weed species were encountered which were present at a range
of growth stages at the time of application (Table 2). The two annual grass
weed species were fully and rapidly controlled by SL 365 (Table 3), a level
of control which was maintained in the second year. As with the annual
grass species, the perennial grass species were also fully controlled in the
year of application. Full control was maintained in the second year for
A. stolonifera and P. trivialis. There is no second year assessment for
H., lanatus as the species did not show significant re-growth in untreated
plots. There was some slight re-growth of E. repens at one site apparently
due to the uneven application of SL 365, at the other three sites full
control was maintained.

The three annual dicot species; C. canadensis, Matricaria spp. and
M. lupulina were all fully controlled by SL 365, (Table 4) as were three of
the biennial dicots; A. sylvestris, C. vulgare and S. jacobaea. C.
maculatum was not fully controlled with some re-establishment, amounting to
20% of that in the untreated, occurring in the second year.

Of the perenmial dicots, A. rusticana was only controlled by SL 365 to
a low level similar to that provided by atrazine. H. perforatum control by
SL 365 increased in the second year relative to the first, and at 80% was
acceptable although inferior to atrazine.

Both P. reptans and P. sterilis were not controlled by SL 365 and with
the exception of P. reptans in the second year, also uncontrolled by
atrazine. The remaining perennial dicot species; C. arvense, E. hirsutum,
E. montanium and U. dioica were controlled both initially and in the year
after application. SL 365 did have a significant effect on the woody shrub
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R. fructicosus in the first year, however, a year after application the
growth of the species appeared to be unimpaired.

TABLE 2

Plant size and population at application

Grass Weeds Site No. of Plants Height (cm)
per m? From To

Agrostis stolonifera 004 10 2 5

Elymus repens 001 250 35
002 275 25
004 50 2 10
007 60 15

Bromus sterilis 001 30
Holcus lanatus 004 5
Poa annua 004 -

Poa trivialis 002 25 30

Broad-Leaved Weeds Height (cm)
From To

Anthriscus sylvestris 45 65

Armoracia rusticana 20 30
30 40

Cirsium arvense 5 10

Cirsium vulgare 35 40
35 55

Conium maculatum 75 80

Conyza canadensis 2 4
20 30
10 15

Epilobium hirsutum 20 30

Epilobium montanum 2 4
10 15

Hypericum perforatum - -

Matricaria spp. 2 4
10 15

Medicago lupulina 2 10

Potentilla reptans 15 45

Potentilla sterillis 50

Rubus fructicosus

Senecio jacobea

Urtica dioica
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TABLE 3

Control of annual and perennial grass weeds with SL 365 (300 kg FP/ha) and
atrazine (450 kg FE/ha)

Mean 7% Control
Species No. Sites 43-104 DAT* 326-440 DAT
SL 365 atrazine SL 365 atrazine

Agrostis stolonifera 100 85 100 80
Bromus sterilis 100 60 100 70

Elymus repens 100 90 95 32
Holcus lanatus 100 90 = -

Poa annua 100 85

Poa trivialis 100

*Days after treatment

TABLE 4

Control of annual and perennial broad-leaved weeds with SL 365 (300 kg
FP/ha) and atrazine (450 kg FP/ha)

Mean 7% Control
Species No. Sites 43-104 DAT 326-440 DAT
SL 365 atrazine SL 365 atrazine

Anthriscus sylvestris 90 0 100 0

Armoracia rusticana 57 47 47 25

Cirsium arvense 79 100 95

Cirsium vulgare 35 100 0

Conium maculatum 70 80 0

Conyza canadensis 99 100

Conyza canadensis * 0 100

Epilobium hirsutum 100 27 100

Epilobium montanum* 97 47 100

Epilobium montanum 20 90

Hypericum perforatum 60 0 80

Matricaria spp. 95 57 100
Medicago lupulina 65

Potentilla reptans 0 20

Potentilla sterillis 0

Rubus fructicosus 60

Senecio jacobea 100 40

Urtica dioica 95 17

* Species from site 003 with a history of atrazine use.
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DISCUSSION

Applications of SL 365 were made rather late in the year, from May to
July, to large well established weed species. This would usually be
regarded as a less than optimum time for the application of granular
herbicides due to the lack of soil moisture likely to be encountered.
However, the low levels of soil moisture during the late spring and early
summer of 1986 did not appear to impare the activity of SL 365. 1Initial
symptoms included the characteristic bleaching of treated plants soon after
application, and within 40-100 DAT the control of the majority of weed
species present. This high level of control was maintained in the year
after application with assessments 326-440 DAT confirming the residual
activity of SL 365,

Site 003 had a history of atrazine usage during the previous five
years. The apparent lack of control of C. canadensis and E. montanum during
that period had allowed significant populations of these species to
develop. SL 365, however, provided complete control of these species. In
areas where prolonged atrazine use has resulted in the selection of
particular atrazine tolerant species, the application of SL 365 is likely to
provide effective weed control.

In the trials reported here, SL 365 was applied at the rate of 300 kg
formulated product/ha, as the control of well established weed species was
required. Further trials have been initiated during 1987 to evaluate the
use of SL 365 at 100-200 kg/ha for the maintenance of weed free areas and
the control of annual grass and broad-leaved species.
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DISLODGABLE RESIDUES OF 2,4-D ON TURF

C. BOWHEY, H. McLEOD, G.R. STEPHENSON

Department of Environmental Biology, University of Guelph, Guelph,
Ontario, Canada

ABSTRACT

Studies were conducted to determine the persistence, distribution

and dislodgability of 2,4-D and related herbicides after application
to turfgrass.

Increased rates of application resulted in increased amounts of
dislodgable herbicide on the day of application. In all cases,
residues declined to low levels after 10 days.

2,4-D, mecoprop and dicamba were more easily dislodged when
applied as liquid formulations than when they were applied as
granules.

Various extraction procedures were used to determine the
persistence of the dislodgable, potentially dislodgable, bound and
unavailable residues on turfgrass under shaded and non-shaded
conditions. Total recoverable chemical remained fairly high
throughout the experiment. Shading had no influence on the
decrease in dislodgable residues. Recoverable residues in other
fractions peaked at various times and then decreased. The
majority of the herbicide was found in the potentially dislodgable
fraction.

INTRODUCTION

In Ontario, 2.4-D has been extensively used for broad-leaved weed
control in turfgrass areas such as parks, golf courses, homelawns and
schoolyards.  Recently however, public concern regarding the potential risk
of human exposure through contact with the turf surface has led to the
restricted or discontinued use of 2,4-D in many weed control programs.
Field and laboratory studies were conducted to determine the persistence,
distribution and dislodgability of 2,4-D on turfgrass (Thompson et al., 1984).

The studies reported here are an extension of those earlier
investigations and were designed to investigate the effect of application
rate, formulation and sunlight on the longevity and dislodgability of the
phenoxy herbicide in the field. Included in the analysis are the residues of
mecoprop and dicamba, two herbicides commonly found with 2,4-D in
homelawn mixtures.
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METHODS AND MATERIALS

Rate and Formulation Experiments

Field plots were established at the University of Guelph, Cambridge
Research Station on an established mixed stand of Kentucky Blue/Annual
Blue (Poa pratensis/Poa annua). Each plot measured two by twenty metres
and the sampling area was one square metre. Untreated 0.5 metre wide
buffer strips were present between blocks. Liquid formulations were applied
using a 2 metre wide, 4 nozzle boom (Teejet A18004) at a pressure of
200 kPa. Granular applications were made with a Scotts fertilizer spreader.
Plots were randomly assigned sampling times of 0, 1, 2, 3, 4, 8 and 10 days
for the rate study and 0, 1, 2, 3, 4 and 9 days for the formulation
experiment.

Sunlight vs. Shade

To determine the effect of sunlight on the persistence, distribution
and dislodgability of 2,4-D, cores of turfgrass (12.7 cm diam X 2 cm depth)
were cut from an established stand of Kentucky Blue/Annual Blue and
placed on top of soil in 15 cm plastic plots. The turf was left to re-
establish out of doors for 2 weeks and subirrigated at regular intervals. A
frame was constructed and covered with dark screening to provide shade
for half of the pots and the other half were left exposed to natural
sunlight.  All of the pots were protected from rain. The chemical (2,4-D
amine) was applied using a trolley sprayer at 276 kPa, delivering 230 1/ha
with a single flat fan nozzle (8002E). Sampling times were 0, 1, 2, 3, 4, 5,
9 and 14 days.

TABLE 1

Rates of application.

Study Chemical Rate Applied
(kg a.i./ha)

Application rate
Treatment 1
Treatment 2
Treatment 3

Formulation
mecoprop
dicamba

Sunlight/Shade 2,4-D




Determination of the Residue Fractions

Dislodgable residues

Determination of the dislodgable fraction on the field plots was
achieved by vigorous mechanical scuffing of the turf’s surface. New plastic
bags were first fitted over the sampler’s boots, then a 1,800 cm2 piece of
cheesecloth was moistened with distilled water and fitted over the plastic
bags and fastened with an elastic band. A one metre plot was then
scuffled across for 1 minute. To ensure complete coverage of the plot the
scuffling was performed in two directions. The cheesecloth was removed
from the boots and any unexposed area trimmed off and discarded. The
samples were immediately placed into glass jars containing 200 ml acidic
acetone and returned to the laboratory where they were shaken for 30
minutes. New plastic bags and cheesecloth were used for each plot.

Dislodgable residues on the potted turf were determined by vigorous
hand wiping of the turfgrass with a dampened piece of cheesecloth held
with disposable gloves, The cheesecloth was then immersed in 100 ml
acidified acetone and placed on a mechanical shake for 15 minutes.

Potentially dislodgable residues

Immediately alter the wiping procedure, the blades were clipped to the
thatch layer, placed in 100 ml acidified methanol and shaken for 15 minutes
to estimate the ‘'potentially dislodgable residues". The methanol was
decanted into boiling flasks and retained for further analysis,

Bound residues

To determine the amount of chemical bound to the cuticle layer the
blades were subjected to two 15 minute washes with 100 ml hexane. The
'wo hexane washes were combined into one boiling flask.

Residues within the leaf

Upon completion of the successive washes, the blades were finely
ground in 50 ml acidified acetone with a Brinkman homogenizer. The
filtered acetone was retained and the tissue discarded.

Preparation, Derivatization and Cleanup

After removal from the shaker, all samples were filtered throug!. glass
fibre filter paper and the solvent collected in round bottom boiling flasks.
The volume of solvent was reduced on a rotovap to less than 1 millilitre.
The samples were transferred to separatory funnels containing 100 ml acidic
H20 and a serial liquid-liquid partition (3 X 25 ml) with ethyl ether
performed, The ether was collected and reduced on a rotovap and the
samples transferred to test tubes with numerous methanol rinses.

2,4-D Samples

Samples  containing 2,4-D only were reduced under nitrogen to a
volume of less than 10 ml. The 2,4-D was derivatized to the methyl ester
by adding 1/2 ml of 14% BF3 methanol and heating in a 90°C waterbath for
15 minutes. A serial liquid-liquid partition was performed in a 60 ml
separatory funnel with 25 ml H2O and 3 x 5 ml petroleum ether. The ether
fractions were filtered through sodium sulphate and collectively collected in
a clean test tube. An iso octane keeper was added and the volume reduced
under nitrogen to 1 ml. The samples were eluted through a column
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containing 5 g 4% deactivated florisil and 2 g sodium sulphate with 25%
ethyl ether/hexane as the eluding solvent. All solvents used were of high
analytical purity (Distilled in Glass, Caledon Laboratories Ltd., Georgetown,
Ontario, Canada). Analysis was performed on a Varian gas liquid
chromatograph equipped with a Ni63 electron capture detector.

2,4-D + Mecoprop + Dicamba Samples

These samples were reduced under nitrogen to 1 ml and derivatized
with 4 ml diazomethane. Samples were left for twenty minutes before
removal of the diazomethane with nitrogen. A Hall detector was used to
analyze the samples.

RESULTS

Application Rate Experiment

As expected there was an increase in the dislodgable fraction at Day 1
with an increase in application rate (Table 2). However this increase in
dislodgable residues was greater than the proportional increase that would
be expected with the increase in application rate. Regardless of the rate
applied, residues decreased substantially by the end of one week to less
than 1.0% of applied and to less than 0.2% by Day 10.

TABLE 2

Influence of application rate on dislodgable residues of 2,4-D.

Application rate kg a.i./ha
1.0 2.0

xR

mg/m) mg/m)

2.59 6.90
3.34 6.88
1.63 4.52
1.93 4.22
1.49 3.70
0.53 0.52
0.08 0.16

mg/m)

18.60
13.08
9.80
10.08
14.80
1.12
0.64

copwho—OoO
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* 9 of total chemical applied

Liquid vs. Granular Formulations of 2,4-D + Mecoprop + Dicamba

In this study, dislodgable residues at Day 0 were higher for all three
herbicides formulated together and applied as a liquid than when the three
herbicides were applied as a granular (Table 3A, 3B). However, at Day 1,
dislodgable residues from the granular application were not lower than from
the spray. From that point on, resicues from both types of treatments
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showed similar rates of decrease to less than 2.0% at Day 4 and less than

0.2% at Day 9.

TABLE 3A

Dislodgable residues of 2,4-D, mecoprop and
dicamba - liquid

% of total chemical applied
2,4-D mecoprop dicamba

TABLE 3B

Dislodgable residues of 2,4-D, mecoprop and
dicamba - granular

% of total chemical applied
2,4-D mecoprop dicamba

OO —NUIN
PR —=WwoR

Sunlight vs. Shade

Data Tfor this experiment are reported in Tables 4A and 4B. The
dislodgable fraction of 2,4-D (column A) shows a rapid decline over the 14
days for both shaded and non-shaded turf. The potentially dislodgable
fraction (column B) in both shaded and non-shaded treatments showed a
general increase to Day 3 and then a decrease with the non-shaded turf
having less at Day 14. The cuticle bound residue (Column C) increased
with time but was variable. The residues in the blades (Column D)
increased substantially to Day 5 and then decreased as a result of
metabolism or movement to underground portions of the plant. Total
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residues recoverable were fairly high throughout the experiment but lower
in the non-shaded turf at Day 14.

TABLE 4A

Residues of 2,4-D recovered in various fractions
of turfgrass - non-shaded field conditions.

% of total chemical applied

Time
(Days) A* B C

29.75 22.10 2.80
16.37 27.57 3.73
13.13 27.50 3.69
14.09 30.80 6.65
7.49 22.40 4.32
6.31 23.78 6.04
4.00 22.67 5.66
2.36 14.95 2.49

BrONPEWNO—O

[u—

*A - dislodgable fraction

B - potentially dislodgable fraction
C - cuticular bound fraction

D - residue within the leaf

TABLE 4B

Residues of 2,4-D recovered in various fractions
of turfgrass - shaded field conditions.

% of total chemical applied
Time
(Days) Ax¥ B c D

28.30
15.81
16.96
17.50
9.66
7.19
4.06
3.56

EOoONPWN—O
e ol o
SNwo oWV
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DISCUSSION

In earlier studies, Thompson et al. (1984) concluded that there was a
rapid decrease in dislodgable residues after application of 2,4-D to
turfgrass. Mowing had only a small effect on the disappearance of these
residues if the clippings were not removed. However, dislodgable residues
were negligable after the first rainfall even if it occurred on the day that
the turf was treated. Dislodgable residues were also lower when 2,4-D was
applied as a granular than when 2,4-D was applied as a spray, particularly
on the day of treatment. Thompson et al. also observed significantly faster
disappearance of dislodgable residues in outdoor experiments than in indoor
experiments - even in the absence of rainfall.

In the follow-up studies, the more than proportional increase in
dislodgable residues of 2,4-D with increasing rates on the day of
application, suggests the need for similar studies in areas where higher
rates of 2,4-D and related herbicides have been applied for brush control.
Data from the formulation experiment estabished that dislodgable residues of
mecoprop and dicamba behave in a similar manner and show similar rates of
disappearance as those observed for 2,4-D. 2,4-D was slightly more
persistent on turf under shaded conditions outdoors than on turf in full
sunlight.  However, the effect of shade was not sufficient to explain the
very rapid disappearance of dislodgable residues in outdoor versus indoor
studies.
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USE OF DPX-A7881 FOR WEED CONTROL IN SPRING OILSEED RAPE IN CANADA

I.M. PARSONS

Du Pont Canada Inc, Mississauga, Ontario, Canada

ABSTRACT

There are over 13 million hectares of oilseed rape grown
worldwide and of these, approximately 2.5 million hectares are
grown in the three Prairie Provinces of Canada (Alberta,
Saskatchewan, and Manitoba). Here Sinapis arvensis and Thlaspi
arvense are major weed problems causing loss of crop yield and
quality. DPX-A7881 at low dose rates as a post-emergence
treatment is effective against these two species and other
broadleaf weeds and is selective in the spring sown oilseed rape
"double zero" cultivars commonly grown in Canada. Replanting
trials have so far shown a good safety margin for other crops
grown in typical rotation. The favourable toxicology, low dose
rates, good crop tolerance and unique spectrum of activity make
DPX-A7881 a promising tool for oilseed rape growers in Canada.

INTRODUCTION

Approximately twenty percent of the world supply of oilseed rape
is grown in the Prairie Provinces of Canada, with the majority of the
Canadian crop devoted to "double zero" varieties specifically
developed to yield low levels of erucic acid (less than 57%) and
glucosinolates (less than 30 micromoles per gram of oil free meal).
(Canola Council of Canada. 1984) These varieties are commonly
referred to as canola in Canada.

On the prairies, oilseed rape is spring sown and grown in
rotation with cereal crops. Wild mustard (Sinapis arvensis) and
stinkweed (Thlaspi arvense), are common weeds on the prairies. Their
presence in the rape crop causes yield loss from competition. Ten S.
arvensis plants per square metre can cause up to twenty percent yield
reduction (Canola Council of Canada). The contamination of the weed
seeds in the harvested seed also results in an undesirable loss of
quality of the rapeseed oil and meal. This causes a significant
earnings loss to the grower.

Oilseed rape is graded as one, two, three, or '"sample reject"
dependent on its degree of soundness and contamination levels in
delivered seed. A twelve percent reduction of crop worth occurs if
the delivered seed is downgraded from "one" to "two'", another
twenty-two percent reduction occurs from a downgrading of "two" to
"three" and if the delivered seed is downgraded to "sample reject"
there is another reduction of nineteen percent. This is a total loss
of fifty-seven percent downgrading from a number "one" to "sample
reject". Contamination of only five percent of S. arvensis seed in
the delivered seed, results in the load being graded as "sample
reject". This level would correspond to a weed infestation of about

twenty plants per square metre (Canola Council of Canada, 1984).
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Dockage for T. arvense and other weed seed contamination that can be
removed from the delivered seed is based on the percentage contaminant
in the sample. For example, if five percent "foreign" material is
cleaned from the seed, then dockage would result in five percent
reduction in the price for the delivered seed.

Some canola growers in Canada have turned to new triazine
herbicide tolerant varieties such as Tribute or Triton, allowing the
application of triazine herbicides in crop for control of these weed
problems. However, these cultivars are lower yielding and late
maturing, so there is a risk of crop lcss due to early frosts. The oil
content of these varieties is lower than average and may have a slight
green tinge, making these varieties undesirable to the Canadian oilseed
crushers.

In 1982, Du Pont scientists discovered 2-[[[[4-ethoxy-6-
(methylamino)-l,3,S-Criazin—Zyl]-amino]carbonyl}amino]sulfonyl]benzoate,
methyl ester, DP¥-A7881, a member of the sulfonylurea class of
herbicides, showing postemergence herbicidal activity on S. arvensis
and T. arvense as well as selectivity in canola. (Hutchison et gl.,
1987) This research report summarizes the field evaluation of
DPX-A788! as a postemergence weed control herbicide in spring sown
oilseed rape in Canada from 1984 to 1987.

MATERIALS AND METHODS

In the years 1984 through to 1986, randomized block design small
plot efficacy trials, were established in the spring oilseed rape
growing regions of the Prairie Provinces at 84 sites, where
infestations of either T. arvense or S. arvensis were problems in
production. DPX-A7881 was applied at dose rates of 5.0 to 124.0 grams
active ingredient per hectare, plus surfactant at 0.2% v/v of total
spray volume, using a four nozzle hand-held CO, sprayer equipped
with Tee Jet 8002 nozzles delivering 110 litres per hectare spray
volume at a pressure of 207.0 kPa. Applications were made from the
pre-emergent stage of the canola to early bolting and with weed stages
pre-emergent to early bolting. Weed control was assessed by a visual
scoring of biomass reduction versus untreated plots on a scale of 0 to
100 percent.

Trials were also established at 21 sites in the years from 1984
to 1986 to determine whether DPX-A7881 would carry over into the next
growing season. The agronomic practice in the Prairie Provinces is to
apply postemergence broadleaf herbicides in late May to early June to
crops, with the next crop not planted on that ground until the
following April or May; an eleven month interval between application
and recropping. DPX-A7881 was applied with truck mounted sprayers at
rates of 30 and 60 ga.i/ha plus surfactant at 0.2% v/v in volumes of
110 1/ha of water at 207 kPa. Plot size was 14m x 45m. These plots
were applied to the typical soils of the spring oilseed rape growing
areas of the Prairie Provinces, those being black and dark brown
soils (Agriculture Canada, 1977).




The following spring these sites were seeded with various crop
species typical of the test area along with species known to be
sensitive to DPX-A7881 and other sulfonylurea herbicides. The crops
were sown perpendicular to the direction the treatments were applied
the previous year. Effects on crop growth were assessed as a visual
scoring of biomass reduction versus untreated plots on a scale of 0 to
100 percent.

Small plot randomized block tolerance tests were also carried out
in 1986 at 18 sites using the most commonly grown cultivars of Canola.
DPX-A7881 was applied at 5.0 to 30 g a.i./ha post-emergence.

RESULTS

Efficacy
Results of the efficacy trials were combined to give the mean
percentage weed control and are shown in Table 1.

TABLE 1

The mean percentage of broad-leaved weed control given by DPX-A7881
applied postemergence at dose rates between 5.0 and 22.5 g a.i./ha
(1984-1986)

% Weed Control (mean)

Dose DPX-A7881 (g a.i./ha)
10.0 15.0 22.5

Thlaspi arvense 42 (7) 78 (9)  87(12) 91(13)
Thlaspi arvense 42 (4) 26 (3) 53 (5) 68 (4)
Sinapis arvensis 49(14) 71(18) 82(27) 90(17)
Galeopsis tetrahit 88 (4) 97 (3)
Polygonum scabrum 54 (2) 58 (3) 64(10) 82 (4)

Key: ( )= number of trials
c-b = cotyledon to bolting

DPX-A7881 has shown good control of S. arvensis at rates between
10.0 to 15.0ga.i./ha. There is no evidence that weed staging has an
effect on the control. T. arvense is more difficult to control in the
field. This weed germinates throughout the early spring, thus
application to a uniform weed staging is difficult. Our trials show
earlier applications to be better than applications at the sixth leaf
stage or later. Our observations in the field have shown that some T.
arvense plants are not killed but are stunted and would generally be
shorter than the average harvest cutting height for canola. The seed
in this case would not be a contaminant in the harvested canola seed,
and the plants left not competitive to the crop.

DPX-A788]1 is also showing activity on other broadleaf weeds found
in canola, such as Galeopsis tetrahit and Polygonum scabrum. Activity
of DPX-A7881 was also reported for Amaranthus retroflexus, Stellaria
media and Polygonum persicaria.
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Recropping
The effect of applications of DPX-A7881 on crops sown 1l months
after application is shown in Table 2.

TABLE 2

The number of trials where crops have shown more than 10 percent
injury when sown 11 months after application at dose rates of 30 to 32
g a.i./ha or 45 to 64 g a.i./ha in trials established in 1984 to 1986

Number of trials with greater than 107 injury

Crop Planted Dose DPX-A7881 (g a.i./ha)
30.0-32.0 45.0-64.0

(17)
(5
(36)
(13)
(22)
(17)
(15)
(15)
( 4)
(9
(5
(3

(15)
( 6)
(31)
(12)
(14)
(14)
(14)
9
(4
9

Spring wheat
Durum wheat
Barley

Oats

Canola

Flax
Lentils
Alfalfa

Red clover
Peas
Mustard
Timothy

COoOO0OO0OO+—HOOOO0O

0
0
1
0
1
0
1
2
0
0
0
0

o

(3

Key: ( ) = number of trials

Analysis of recropping trials in Western Canada is very diffieult
when faced with droughts, weed pressure and variable residual
herbicides being used in cereal productions. Canola was injured at
one site at both 30.0 and 60.0ga.i./ha in 1987, while other more
sensitive species were not affected. The parameters have not been
assessed at this time as to the reason for this. However, canola is
rarely grown two years in succession. Barley showed damage one year
later at one site at the 64.0 gram rate. The damage was assessed at
207 as compared to the check. Lentils and alfalfa showed injury at
one site at the 60.0 gram rate. The injury assessed was 357 for
lentils and 207 for alfalfa.

The conclusions from these findings are dependent on the rate
that the grower would apply for weed control and if there are
distinguishable factors leading to any injury noted in the trials.

If the final rates growers will use is approximately 20.0 g a.i./ha,
then from these results, it would seem we have an approximate 3 times
safety range to these sensitive crops grown ll months after
application of DPX-A7881.
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Cultivar Tolerance

In the cultivar tolerance trials, DPX-A7881 applied post-emergence
at rates of 10.0 to 30.082.i./ha caused no visual damage to canola
cultivars, Tobin, Westar, Global, Altex, Regent or Triton. Efficacy
trials reported no visual damage to the list above plus, Pivot and
Tribute. The cultivar tolerance of Westar and Tobin, the two major
cultivars, are shown in Table 3.

TABLE 3

Yield increase from applications of DPX-A7881 in spring oilseed rape
vs the untreated plots.

Variety Number Trials Percentage increase for
the 20.0-30.0 (g a.i./ha)
dose rates

Tobin
Westar

No reports of visual crop injury have been reported for rates up
to 124.0ga.i./ha applied postemergence to spring oilseed rape in
Canada. In the 16 tolerance-to-yield trials established, there were
no reports of visual crop injury from postemergence application of 20
to 30ga.i./ha to the canola varieties grown. Across all varieties and
rates from 10 to 30 grams the average yield increase over the
untreated check was 6.6 percent. For rates of 20-30 g a.i./ha across
all varieties tested the average increase was 8.17. Westar showed an
increase of 8.1% from applications of between 20-30ga.i./ha and Tobin
5:2%.

DPX-A7881 does not show any tolerance problems for the varieties
of canola tested.

DISCUSSION

DPX-A7881 has shown excellent selectivity when applied spring
emergence to canola cultivars. When 20ga.i./ha is used as the
effective dose for weed control, T. arvense (up to the four leaf
stage), S. arvensis and other broad leaved weed species, are
controlled and/or suppressed in crop. At this use rate there is
approximately 3 times safety factor to any residual chemical in the
soil 11 months after application.

At present the only means available to the grower in controlling
jiL_arvensis or T. arvense is to use cultural methods, grow lower
yielding poorer quality triazine resistant cultivars and apply a
triazine herbicide, or as a last resort, to take the land out of
oilseed rape production. The last option is increasing in areas where
these weeds are prevalent, although oilseed rape is an excellent cash
crop for the farmer. DPX-A7881 is a new herbicide tool which may
allow the oilseed rape producer to grow a cleaner crop free of
contamination from S. arvensis, T. arvense and other weeds achieving
higher yields of hfgﬁﬁquality 0oil and meal products.
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EFFECT OF HERBICIDES ON WEED CONTROL AND CROP YIELD IN WINTER OILSEED
RAPE IN SOUTH-EAST SCOTLAND

D.H.K. Davies
East of Scotland College of Agriculture, West Mains Road, Edinburgh. EH9 3JG.

ABSTRACT

Trials in south-east Scotland with a wide range of herbicides

from 1984-7 confirm that in the absence of high Tlevels of
volunteer cereals, significant yield benefits are seldom seen.
A trial in 1986 examined the use of metazachlor at a range of
rates and timings at a site with a very high broad-leaved weed
population (249/m?; 78.2% ground cover). There were improvements
in yield, but there was no correlation with the level of weed
control. The results confirm the lack of sensitivity of oilseed
rape yield to high Tlevels of many weed species, and suggest
scope for reduced herbicide costs, but more information s
required as to the effect of weeds on other aspects of crop
production and seed quality.

INTRODUCTION

Winter oilseed rape has become an important feature of Scottish arable
farming since 1982. However, in common with other subsidised arable crops,
the profitability of the crop is being seriously affected by reduction
in financial support, and other market trends, (Gardner, 1984). In such
circumstances there is increased interest in the cost effectiveness of
inputs to the crop.

This paper examines the effectiveness of herbicide inputs, which
can often exceed 20% of variable costs of growing winter oilseed rape
(Scottish Agricultural Colleges, 1986).

The Agricultural Development and Advisory Service (ADAS) 1in England
and Wales carried out eleven yielded trials in harvest years 1979-81 to
assess the efficacy of weed control of a range of herbicides (Ward, 1982).
A yield increase was found in only four of these trials, and there appeared
to be no consistent pattern of response. In trials undertaken in harvest
year 1982 (ADAS, 1983), significant improvements in yield were found at
four out of seven sites, characterised by high Tlevels of volunteer cereals,

Jopecurus myosuroides or Galium aparine. Yield increases were again small
at five sites harvested in 1983 (Orson, 1984), and, at a further nine
sites harvested in 1984, a significant yield increase was found only at
five sites. (Ward & Turner, 1985). Once again high Tevels of volunteer
cereals characterised the improved yield sites. Where the oilseed rape
was well established and populations of grass and broad-leaved weeds were
low, yields were not significantly improved by the use of herbicides.
This has been found by other workers(Lutman, 1984). In some cases yield
reductions were noted. The competitive effect of volunteer cereals has
been documented, and the ability of volunteer cereals, particularly in
late sown or poorly established crops, to reduce yields has been frequently
reported (Orson, 1984; Roebuck, 1984; Lutman & Dixon, 1985). The
competitive effect of high levels of volunteer barley levels has been
noted in Scottish trials (Davies & Wilson, 1987), but many Scottish farmers
plough prior to drilling oilseed rape, which can reduce the problem. Many
Scottish crops are apparently more seriously infested with broad-Teaved
weed species, notably Stellaria media, Veronica spp., Lamium spp., Matricar-
ia spp., Capsella bursa-pastoris, and Myosotis arvensis, and Poa annua.
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Results mentioned previously would indicate that yield responses to the cont-
rol of these species would be small.

This paper reports the results of tests between 1984-7 on a range
of herbicide products on broad-leaved weeds and low levels of volunteer
cereals in south-east Scotland, and of a trial in 1986 in which metazachlor
was used at a range of rates to modify weed levels, in order to determine
the effect on yield.

MATERIALS AND METHODS

Treatments were applied to 2m x 20m plots by Van der Weij knapsack
sprayer calibrated to deliver 200 1/ha volume through Teejet 8003 nozzles
at 210 KPa pressure in all trials. Pre-sowing treatments were incorporated
by a shallow harrow on the drill. Treatments were randomized within three
replicate blocks in each trial. Weed assessments were made by visual
estimation of ground cover on a percentage basis, and weed numbers assessed
in untreated plots by counts with 5 x 0.5m? quadrats. Plots were harvested
by Claas Compact combine harvester, and yield calculated for grain at
9% moisture content.

1984-1987 Harvest Years Trials

A range of herbicide treatments were tested at four yielded sites
in harvest seasons 1984, 1986 and 1987. Details of rates are given in
Table 1; the materials tested alone or in mixture, were:
benazolin/clopyralid, 'Benazalox', 35%WP; carbetamide, 'Carbetamex', 70%;
carbetamide/dimefuron, 'Pradone Plus', 70% WP; cyanazine, 'Fortrol', 50%
SC; metazachlor, 'Butisan S', 50% SC; propyzamide, 'Kerb 50 W', 50% WP;
propyzamide/clopyralid, 'Matrikerb', 47.3% WP; TCA, 'NaTa'. 95% WP; tebutam,
"Comodor', 72% EC; trifluralin, 'Treflan', 48% EC; trifluralin/napropamide,
'"Devrinol T', 24% EC.

The following winter oilseed rape varieties were sown at the sites:

) St Andrews, Fife; cv Bienvenu sown 22 August 1983
) Cupar, Fife; cv Rafal sown 7 September 1985
) Cupar, Fife; cv Rafal sown 27 August 1986

) Chirnside, Border; cv Mikado sown 30 August 1986

(
i
i
i

.i
(ii
(iii
(iv
1986 Metazachlor Trial
Metazachlor was applied at 500, 750 and 1250 g a.i./ha pre-emergence
and post-emergence (growth stages given) (3-4 leaf crop stage) to winter
oilseed rape cv Rafal at Cupar, Fife, sown 7 September 1985. The following
weed species were treated pre-emergence and post-emergence: Stellaria
media 4 leaf-stage (4 cm across); Veronica arvensis 2 leaf-stage; Urtica
urens 2-4 leaf-stage; Lamium purpureum 2 leaf-stage; Volunteer barley
2 leaf-stage.

RESULTS
1984-1987 Harvest years trials

The volunteer barley and broad-leaf weed control at the four sites
is given in Table 1, plus weed populaticns in the untreated plots. Only
at site (ii) were weed populations high and consisted mainly of Stellaria
media. Volunteer barley levels were moderately high at site (i), but
insufficient to have a marked influence on yield (Table 2). Significant
yield increases were noted at site (i) from two of the nine treatments,

but these were not clearly associated with particular Tevels of weed
control. At sites (i17) and (iv) only one treatment out of twenty-two

816
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gave a significant yield improvement to lower levels of weeds, but at

site (ii) no significant yield response was found from control of weeds
reaching 65% ground cover in the spring. Varying the rates of metazachlor
and benazolin/clopyralid mixtures at sites (iii) and (iv) had a small
effect on weed control (Table 1), but no effect on crop yield.

1986 Metazachlor Trial

There was a clear weed control response to the rate and timing of
metazachlor treatment in this trial (Table 3). However, yield responses
did not correspond with the variation in weed control (Table 3), although
all treatments gave improvements at this weedy site.

TABLE 3

Effect of metazachlor rate and treatment timing on weed control in, and
yield at 9% moisture of, a winter oilseed rape; harvest year 1986.

% ground cover
Timing and Rate Vol. S. V. L. Total

Treatment (ga.i./ha) barley media arvensis purpureum weed
cover

Pre-emergence
metazachlor

metazachlor
metazachlor
Post-emergence
metazachlor
metazachlor
metazachlor
Untreated

Weed population/m?
Untreated

SED

DISCUSSION

The results from the 1984-1987 harvest years trials series reflect
reports from earlier ADAS trials (Ward, 1982; Ward & Turner, 1984) that
yield responses to herbicide use in winter oilseed rape are small where
volunteer cereals and certain other weeds are not a problem. Even control
of a 65.8% ground cover of weeds dominated by a high population of S.
media, at one site, failed to give a significant yield increase, although
yields improved a 1little. However, the yield improvements would barely
cover the cost of the treatments tested.

A significant improvement in yield was found in the metazachlor
trial in harvest year 1986, where the weed population reached 249/m? or
78.2% ground cover, again dominated by S. media. However, it made Tittle
difference what rate of metazachlor was used, and at what timing, as a
reduction of weed cover to 1% ground cover by a 1250 g a.i./ha pre-emergence
treatment gave no better yield response than a reduction to 31.8% ground
cover of weeds by 500 g a.i./ha post-emergence treatment. At much Tower
weed populations, varying metazachlor and benazolin/clopyralid mixtures
slightly affected weed control, but had no effect on yield differences
at sites (iii) and (iv).




TABLE 1

Effect of herbicide treatment on weed control in winter oilseed rape; trials in harvest years 1984,6 and 7

“—— e

Timing and
Treatment

Rate
(g a.i./ha)

Bl —— —

Site: (1)
Volunteer
Cereal

— ——

(ii1)
Broad-Tleaf
weeds

——

Weed % ground cover
(1)

Volunteer Broad-leaf
barley weeds

(iv)
Broad-leaf

weeds weeds

Pre-sowing
TCA+trif]
trifl/napropamide

Pre-emergence
TCA+tebutam
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metazachlor

Pre-/post-emergence Seq.

metaz then benaz/
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Post-emergence
metazachlor
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etaz+benaz/clopyr
etazt+benaz/clopyr
metaz+benaz/clo
benaz/clopyr
benaz/clopyr/propyz
benaz/clopyr/carbet
carbet/dimef
cyanazine
cyanazinet+propyz
propyzamide
propyz/clopyr
untreated

(Weed populations/m? untreated)

o — e ——r e

Broad-leaf

1045+1104 g : .9
1680 3 6

1045+3600

3600
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1250
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Key: trifl = trifluralin; benaz = benazolin; clopyr = clopyralid; propyz = propyzamide; carbet = carbetamide




TABLE 2
Effect of herbicide treatment on winter oilseed rape yield at 9% moisture content; trials 1n harvest years 1984,6

and 7/

Oilseed rape yield
t/ha

« e —

Timing Rate
Treatment (g a.i./ha) (1)

J—

Pre-sowing
TEASE T 1045+1104 ; 39
trifl+napropamide 1680 : 4.

Pre-emergence
TCA/tebutam 1045+3600

tebutam 3600
metazachlor 750

metazachlor 1250
Pre/Post-em seq.
metaz then benaz+clopyr 500 t 175
Post-emergence
metazachlor 1250
metaz/benaz+clopyr 375+1/5
metaz/benazt+clopyr 500+175
metaz/benaz+clopyr 500+263
metaz/benaz+clopyr 500+350
metaz/benaz+clopyr 1000+175
benaz+clopyr 350
benaz+clopyr/propyz 350+700
benazt+clopyr/carbet 350+2100
Carbet+dimef 2100
cyanazine 500
cyanazine/propyz 500+700 : -
propyzamide 700 3+ 93 4.
propyz+clopyr /71 2. -
Untreated s

3.8 4.

SED 0.16 0.21 0.14
Key: trifl=trifluralin; metaz=metazachlor; benaz=benazolox; clopyr=clopyralid; propyz=propyzamide;
carbet=carbetamide




8B—2

These resul:s confirm the lack of sensitivity of winter oilseed
rape to high populations of many common weed species. Results from other
sources mentioned earlier do show that certain weeds, such as volunteer
cereals, A. myosuroides and G. aparine, are much more likely to cause
significant yield depressions, but these weeds are not found at significant
levels in all oilseed rape crops. There is apparently scope in many
situations for reduced, or possibly less expensive, herbicide use in winter
oilseed rape.

However, there is 1ittle experimental data and the effect of leaving
such weeds on the costs and practical aspects of harvesting, and on factors
such as disease Tlevels in crops, seed quality, or weed levels in future
crops in the rotation is uncertain. The need for such information is
clear as farmers look to methods of reducing input costs.
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