SESSION 8C

WEED CONTROL IN FRUIT
AND HARDY ORNAMENTAL
NURSERY STOCK

SESSION
ORGANISER MR G. C. WHITE

RESEARCH REPORTS
(Poster papers) 8C-39 to 8C-48




1985 BRITISH CROP PROTECTION CONFERENCE—WEEDS 8C—-39

A NOVEL MIXTURE OF GLYPHOSATE WITH SIMAZINE FOR THE CONTROL OF ANNUAL AND
PERENNIAL WEEDS IN ORCHARDS

R P GARNETT
Monsanto plc, Thames Tower, Burleys Way, Leicester LET 3TP

SUMMARY

A formulated mixture of glyphosate and simazine has been developed to
overcome the antagonism to glyphosate activity previously noted in tank
mixtures.

Ten trials were carried out between 1983 and 1985 to investigate the
foliar kill and residual activity of the mixture when used in the autumn or
spring. Comparisons were made with common herbicide programmes. Excellent
control of perennial and annual grasses was given by 4.56 kg ai/ha of
glyphosate plus simazine as the formulated product, but good control of
perennial broad-leaved weeds is dependent on correct timing of application.
Residual control of annual weeds has been good except from those normally
tolerant to simazine. No crop phytotoxicity was observed.

INTRODUCTION

This is a formulated mixture of glyphosate salt and simazine (100 +
280 g ai/1) for use in orchards and non-crop areas. In this paper it will
be referred to as the glyphosate/simazine mix (380g ai/1). Both active
ingredients are widely used in orchards and have complementary modes of
action, being foliar and soil acting herbicides, respectively. The
activity of the isopropylamine glyphosate salt is reduced when it is tank

mixed with many soil acting herbicides (Baird et al 1971, Seddon 1974).
This is probably caused by the formulation ingredients of the residual
herbicides which may affect chemical bonding or have a physiological
action, rather than absorbing the glyphosate (Turner, 1984). Currently
growers are recommended to apply a sequential treatment but recently Rival
herbicide has been formulated to minimise this antagonism.

The product has been tested extensively by Monsanto in Europe (David &
Prevotat 1983 - Mattos Coelho, 1984), where it was launched in 1984 in
France for use in vines. This paper reviews trials which were undertaken
to confirm the activity of the product under UK conditions.

MATERIAL AND METHODS

Three small plot trials have been carried out to test a range of doses
of the glyphosate/simazine mix against glyphosate alone and other standard
orchard herbicides. These trials were sprayed using a Van der Weij sprayer
at a volume of 400 1/ha.

A further seven grower-applied trials were undertaken in autumn 1984
and spring 1985, comparing the glyphosate simazine mix with the growers'
standard. The growers were asked to follow the standard glyphosate timing
restrictions in orchards applying the products after leaf-fall in the
autumn and up to green cluster in the spring. The plots were oversprayed
by the growers if they considered it necessary. The site and application
details are summarised in Tables 1 and 2.
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TABLE 1

Site Details.

Site Location Crop Sprayer Type Nozzle Type

Wisbech Pear small plot flat fan

Cottenham Pear small plot flat fan

Cottenham Apple small plot flat fan

Cottenham PTum* small plot flat fan

Chelmsford Apple boom anvil & flat fan

Colchester Apple boom anvil

Chelmsford Pear/ boom anvil & flat fan
Apple

Maidstone Apple boom anvil

Sittingbourne Apple boom flat fan

Herne Bay Apple knapsack anvil

Chelmsford Pear/ boom anvil & flat fan
Apple

* Simazine based products are not recommended on stone fruit.
TABLE 2. Treatment details & dates of application

a) Small plot triais

Treatment (1/ha
B *E C E
4 * 6 4 * 6 22.5 * 4

1983 26/4 22/4 22/4 - 26/4 -- 24/4 - 26/4
10/5 - 27/4 27/4 - 10/5 27/4 - 10/5 ---
10/5 - - 27/4 27/4 - 10/5 27/4 - 10/5

1984 11/5 1t/5 Ll/5 - 11/5 - 21/5 11/5 - 21/5

D> E

!

b) Grower trials

Experimental treatment (1/ha) Grower standard (1/ha)

10/5 * 2375 Db+ 12/11 D¥E * 23/5 D¥ESI
12/11 ; 17/6 F 1/2 E *1}6F
26/11 3 17/4 F 4/6 F

6/4 .0,4. 14/6 G 16/4 D+E+G

26/4 4/6 H 23/4 D+z * 4/6 H

17/4 17/4 J

16/4 17/6 D+F 17/4 D+E+F * 17/7 F




Key to treatments: signifies sequential application

glyphosate/simazine mix

glyphosate

paraquat

amino triazole

simazine

dicamba/MCPA/mecoprop mix
dichlorprop/mecoprop/MCPA/2, 4-D mix
dicamba, 2, 4, 5-T, mecoprop mix
pendimethalin

paraquat/simazine mix
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Detailed records were kept by the growers and visits were also
made by Monsanto staff to assess percent weed control and crop
phytotoxicity.

RESULTS

1. Speed of Action

Symptoms of glyphosate activity on emerged weeds appear most rapidly
when their growth is most vigorous. The glyphosate/simazine mix at 4.56 kg
ai/ha applied in the late autumn took nearly two months longer to give 90%
foliar kill of Elymus repens than similar applications made in early spring
(Fig.1). Control six months after both the treatments was similar.
Activity against perennial broad-leaved weeds is slower than on grasses but
the speed on both groups is similar to Roundup applied alone.

Spring Autumn

(o]
o

o o}

40
% foliar
kill

20

30 60 90 120 150
Days after treatment

Speed of action of the glyphosate/

simazine mix (4.56kg ai/ha) against
the perennial grasses which occured
in all trials.




8C—39

Applications of the glyphosate/simazine mix at 3.8 kg ai/ha or
glyphosate at 1.44 kg ai/ha in early spring (trials 1 - 3) gave poor
control of perennial broad-leaved weeds, with almost complete regrowth one
year after treatment. Applied later in the spring (trial 4) outside the
timing recommendations, the results were improved on some species. A dose
of 4.56 kg ai/ha maintained acceptable control of Calystegia sepium and
Polygonum amphibium at 146 days after treatment (Fig 3). This was superior
to glyphosate applied at a higher dose, 1.75 kg ai/ha, but the glyphosate/
simazine mix gave poorer control of Urtica dioica and Cirsium arvense.

Elymus
100 repens

Calystegia sepium

Polygonum
amphibium

60 ) Urtica
% dioica
Control

. / '
D— . —. 5~
- — v

glyphosate/simazine mix glyphosate

v

1.0 1.25 1.5 1.75
glyphosate (kg ai/ha)

Perennial weed control 146 days after
treatment using the glyphosate/simazine
mix or glyphosate above.

These results were confirmed by the grower trials (trial 5 - 11, Table
3). Although the timing of the sprays was unsuitable for optimum
control of perennial broad-leaved weeds, at 4.56kg ai/ha, applications of
the giyphosate/simazine mix to Cirsium arvense and Urtica dioica gave
particularly poor results. There was a useful suppression of these
species but the growers over-sprayed in all trials where they occurred.
The only perennial broad-leaved species to be well controlled by 4.56kg
ai/ha was Potentilla reptans which was a serious problem in one orchard.
This species maintained green leaves through the autumn and was
particularly well controlled by the Autumn treatment. Foliar kill of all
these species by the growers' standard, aminotriazole, was slightly poorer
for autumn treatments. The growers' spring standards were superior to the
glyphosate/simazine mix, having been designed for their particular
problems.
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2. Control of Perennial Grasses
Most perennial grasses are very susceptible to the glyphosate/simazine

mix at 4.56 kg ai/ha as they are to glyphosate applied alone (Figs 1 - 3,
Table 3). Of those found in the trials, Agrostis stolonifera was the most
susceptible species followed by Elymus repens, then Lolium perenne.

These species were all acceptably controlled one year after treatment but
although Festuca rubra was heavily suppressed by a December treatment, it
regrew in the following summer. Most of these grass weeds maintain some
green foliage through the winter, allowing adequate uptake of glyphosate.

Rate for rate of glyphosate, the addition of simazine to glyphosate in
the formulated mix has little effect on year-long control of perennial
grasses compared to glyphosate alone.

Repens

100
80+
60 1
% foliar 40 {
kill
4
. 4.56 5.7

1.44-3,0 0.8-3.0

i

glyphosate/simazine glyphosate paraquat
simazine simazine

Urtica dioica

Tl

1.44-3.0 0.8-3.0

glyphosate/simazine glyphosate paraquat
simazine simazine

18 days after treatment
31

164
368

FIG. 2 Dose response for the glyphosate/simazine mix with
time after treatment.

3. Control of Perennial Broad-leaved Weeds

Perennial broad-Teaved weeds tend to die back more completely than
grasses over winter and it is more difficult to spray at a suitable weed
growth stage within the crop growth stages.
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TABLE 3

Weed control with the glyphosate/simazine mix (4.56 kg ai/ha) 20 weeks
after treatment

Autum '84 Spring '85 application
No. sites % control No. sites % control

Species:

Poa annua

w
%]

Agrostis stolonifera

Elymus repens
Festuca rubra

L |
1 -

Galium aparine

Polygonum aviculare
Seneci vulgaris
Stellaria media

— =N
o NDw

Cirsium arvense
Convolvulus arvensis
Epilobium angustifolium
Epilobium adenocaulon
Heracleum sphondylum
Plantago major
Potentilla reptans
Ranunculus repens
Trifolium repens

Urtica dioica

LI O I R ]

NI NP HEMND I W
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4. Annual Weed Control

A11 species of emerged, actively growing annual weeds have been
controlled acceptably by the glyphosate/simazine mix at as low as 3.04kg
ai/ha. Control of weeds emerging after application has been more variable.
Poa annua has germinated at the soil surface within 3 months of applying
3.04 or 4.56kg ai/ha. Polygonum aviculare and Galium aparine have proved
particular problems since they are tolerant to simazine. The results have
been similar to simazine applied alone at the equivalent dose alone or in
sequence with glyphosate.

5. Crop Phytotoxicity

Crop damage has been noted at only one site, where the grower applied
the product in an apple orchard with Tow branches which had not completely
lost their leaves (Trial 6). The symptoms were similar to those described
by Atkinson (1984). No damage was noted in the plum trial but the product
will not be recommended in stone fruit due to their susceptibility to
repeated simazine applications.

DISCUSSION

Trials 1 - 3 confirmed the antagonism of glyphosate caused by tank
mixing with simazine (Baird et al 1971, Seddon 1974), although when
formulated together the antagonism to perennial grasses was minimal. The
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major antagonistic effects were seen on perennial broad-Teaved species.
This problem might be overcome by raising the dose of the product but this
could result in a very high dose of simazine and the difficulty in timing
the application may still prevent optimum activity.

The sensitivity of the crop when it is in leaf is the major limitation
to the use of glyphosate in orchards (Atkinson 1985). The weeds are most
susceptible when the crop is most sensitive. Consequently, there is a
Timited time after leaf-fall in the autumn and a short period in spring up
to green cluster when glyphosate can be applied to a reasonable growth of
weeds. Unfortunately, many perennial broad-leaved weeds often have Tittle
green leaf area at these times, resulting in the poor weed control
observed in the trials.

These narrow periods for glyphosate application are not ideal for
simazine activity. Many growers spray simazine during February or early
March when the soil is wet, jie at lTeast two weeks before glyphosate should
be applied. The simazine in the mix is applied later when soils are
beginning to dry out, reducing the activity on emerging weeds.

In conclusion, the present formulation of glyphosate plus simazine
gives the orchard grower the opportunity of combined control of emerged
and emerging weeds over a spectrum of species broader than that of most
other single products.

These results pertain to conditions in southern England and do not
necessarily reflect results in other climates where the product has
performed excellently.
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CONTROL OF ANNUAL AND PERENNIAL GRASSES WITH FLUAZIFOP-BUTYL IN CITRUS

MEGH SINGH AND D. P. H. TUCKER

University of Florida, Institute of Food and Agricultural Sciences, Citrus
Research and Education Center, Lake Alfred FL 33850, U.S.A.

ABSTRACT

Single application of fluazifop-butyl at 0.5 and 1.0 kg/ha was
evaluated to examine the degree and duration of the control of
two annual and four perennial grass species. The grass species
were: Brachiaria mutica, B. pilligera, Cynodon dactylon, Panicum
maximum, P. repens, and Paspalum notatum. Higher rates provided
higher and longer duration weed control than lower rates.
Fluazifop-butyl was more effective in controlling annual grasses
than perennial ones. B. mutica and P. repens were the most
tolerant grasses and the regrowth started 42 days after treatment.
Maximum control was recorded 42 days after treatment and there-
after regrowth started in most of the treatments. The results
were consistent in both years.

INTRODUCTION

Citrus is grown in the subtropical climate of central Florida.
Warmer temperatures throughout the year with rainfall ranging from 1200 to
1500 mm combined with high rate of nutrients provide an ideal environment
for weed growth. Weeds compete with trees for nutrients in both young and
old orchards but this effect is more pronounced on younger trees. Grasses
pose a serious problem in younger trees since they can grow taller than the
trees. Glyphosate and paraquat are the only post-emergence herbicides
registered for the control of emerged grasses. Both of these herbicides
are non-selective and are phytotoxic to citrus trees. Therefore, in a sit-
uation where grasses are growing too close to a tree, glyphosate and
paraquat cannot be used without a risk. In our preliminary studies, we
screened several selective post-emergence herbicides for the control of
both annual and perennial grasses in citrus. The results indicated that
fluazifop-butyl controlled the problem grasses effectively without causing
any phytotoxicity to citrus.

Fluazifop-butyl can be used in several dicotyledonous crops for
satisfactory control of annual and perennial grass at 0.1 to 0.3 kg/ha and
0.3 to1l.1 kg/ha, respectively (Plowman et al. 1980; Robinson et al.1982).
Davidson et al. (1985) and Doll et al. (1983) have reported satisfactory to
excellent control of Elymus repens at rates ranging from 0.25 to 0.36 kg/ha.
Foy and Witt (1983) evaluated fluazifop for the control of Panicum
dichlotomiflorum, Setaria faberi and Echinochloa crus-galli. They reported
that fluazifop-butyl provided complete control of these annual grasses when
applied at the rate of 0.56 kg/ha, 5 or 6 days after the first alfalfa
harvest. Driver and Frans (1982) reported that fluazifop applied at rates
ranging from 0.3 to 0.6 kg/ha provided excellent control of Sorghum
halepense in soybeans. Fluazifop has also been reported to control Eleusine
indica, Brachiaria platyphylla,and Digitaria sanguinalis in cucurbits and
sweet potatoes (Locascio & Stall 1982, Monaco 1982).
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In the present study, we examined the effect of single application of
fluazifop-butyl on the degree and duration of control of annual and peren-
nial grasses in citrus.

MATERIAL AND METHODS

The experimental work was done during 1983 and 1984 in citrus orchards
of central Florida. The orchards were selected with more than 90% target
grass species. Twec annual and four perennial grass species were included in
the study. The details are listed in Table 1. Fluazifop-butyl at 0.56 and
1.12 kg/ha was applied as post-emergence at the grass stages at different
heights mentioned in Table 1. All applications were made using 375 & /ha
spray volume and 0.25% (v/v) non-ionic surfactant Orthe X-77 (trademark of
Chevron Chemical Company, Richmond, CA, U.S.A.). The application pressure
was maintained at 207 kPa. A tractor-mounted boom spraver equipped with
Teejet 8002 (trademark Spraying Systems Company, Wheaten, IL, U.S.A.)
nozzle tips was used for spraying the plots. The tractor speed was main-
tained at 4 km/h. The plot size was 24 m x 3 m. The experiments were laid
out as randomized ccmplete block design with three replications. An untreat-
ed control was maintained in all experiments for comparison. The plots were
assessed at 7, 14, 28, 42, 63, and 84days after treatment application.The data
were analyzed using analysis of variance procedure and treatment means were
compared using least significant difference.

TABLE 1

Grass species included in the study

Height at treatment
Date of Application
Name 3 1933 1984

Brachiaria mutica April May
B. pilligera £ i E Sept Sept
Cynodon dactylon 2 April May
Panicum maximum / April June

P. repens 5 April May

Paspalum notatum 5 April May

a

A = Annual; P = Perennial

RESULTS AND DISCUSSION

The effect of fluazifop-butyl at both rates was visible 7 days after
spraying. Initial symptoms included desiccation and discoloration of
leaves. In most of the cases, maximum control was observed 42 days after

application. B. mutica was more tolerant to fluazifop-tutvl. The highest
control of this species recorded was 75% when treated with 1.22 kg/ha in 1983
(Table 2). 1In 1983, 84 days after treatment, plots treated with fluazifop

butyl at both rates appeared similar to untreated contrcl while in 1984, only
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10 to 40% control was observed. Fluazifop-butyl provided up to 80% control
of B. pilligera at 1.12 kg/ha (Table 3). The duration of control was also
longer as even after 84 days, 40 to 60% control was recorded. C. dactylon
appeared to be sensitive to fluazifop-butyl. The maximum control was up to
90% at 1.12 kg/ha and 85% at 0.56 kg/ha (Table 4). The rate difference at
later dates was pronounced in 1984. At the end of 84 days in 1984, only 10%
control was recorded at 0.56% kg/ha while at 1.12 kg/ha, the control was 80%
The control of P. maximum varied from 25 to 90% kg/ha (Table 5). The con-
trol reached its peak at 42 days after treatment and then it dropped.
Slightly higher control was observed in 1984 than in 1983. P. repens was
relatively tolerant to fluazifop-butyl (Table 6) and its growth was tem-
porarily suppressed. The maximum control was only 75% at 1.12 kg/ha in 1983.
In 1983, the rates of fluazifop-butyl did not affect P. notatum control at
any observation date; however in 1984, 1.12 kg/ha provided significantly
higher control at all observation dates except at 7 days after treatment
(Table 7). At 0.56 kg/ha, significant higher control was obtained in 1983
over 1984. The highest control was 85% at 1.12 kg/ha in 1984 at 63 days
after treatment

TABLE 2

Effect of fluazifop-butyl on control of Brachiaria mutica

Fluazifop-butyl (kg/ha)

0.56

Days after 1983 1984 1983
Treatment

% control
15
20
50
50
30
20
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TABLE 3

Effect of fluazifop-butyl on control of Brachiaria piligera

Fluazifop-butyl (kg/ha)

0.56

Days after 1983 1984 1983
Treatment

% control

10 10
60 40
80 40
70 65
65 70
50 60

TABLE &4

Effect of fluazifop-butyl on control of Cynodon dactylon

Fluazifop-butyl (kg/ha)

0.56

Days afrer j9g3 1984 1983
Treatment

% control
10 15
40 62
70 70
4.3 90
40 80
10 50




TABLE 5

Effect of fluazifop-butyl on control of Panicum maximum

Fluazifop-butyl (kg/ha)

0.56 112

Days after

Treatment 1984 1983

% control
40
50
60
80
70
60

TABLE 6

Effect of fluazifop-butyl on control of Panicum repens

Fluazifop-butyl (kg/ha)

0.56

Days after 1983 1984 1983
Treatment

% control
5
10
50
50
30
(0]
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TAELE 7

Effect of fluazifep-butyl on control of Paspalum notatum

Fluazifop-butyl (kg/ha)

0.56 1.12

Days afterjggy 1984 1983
Treatment

% control
10
40
50
30
10

5

U~~~ O LMo
UL O LU

Fluazifop-butyl was completely safe to young and old citrus trees and
did not cause any phytotoxic sympteoms to foliage. It appears that fluazifop-
butyl controls annusl grasses more effectively than perennial ones. Our
other studies have also indicated that younger grass seedlings are more
susceptible to fluazifop-butyl. Also, repeated application provided com-
plete control of perennial grasses. Additional studies on multiple app-
lication, volume of application, and tank mix with other herbicides are in
progress. We feel that fluazifop-butyl can be successfully used for the
contro! of annual and perennial grasses in tree fruit crops without any
risk.
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GLUFOSINATE-AMMONIUM (HOE 39866): NEW RESULTS ON WEED CONTROL AND CROP
TOLERANCE IN ORCHARDS

P. LANGELUDDEKE, W. BUBL, H.-P. HUFF, U. KOTTER, F. WALLMULLER
Hoechst AG, Frankfurt am Main, Federal Republic of Germany

ABSTRACT

In the years 1982 to 1984 the new non-selective foliar herbi-
cide glufosinate-ammonium was tested under different conditions
in orchards in Germany. A broad spectrum of annual and perennial
weeds were controlled by 1.0 kg ai/ha, some species required
higher rates. Two applications per season were sufficient to
achieve weed control until harvest. A summer application in
many cases was more efficient than a spring application. This
may be explained by weeds being not fully emerged at the time

of early application, or by the influence of higher tempera-
ture. Generally, glufosinate-ammonium controlled annual and
perennial dicot weeds better than paraquat at equal rates. Com-
binations with other herbicides, e.g. simazine or phytohormones
were useful under certain conditions. In bearing and non-bearing
orchards, the crop was fully tolerant to the herbicide. This ap-
plied even where sucker control was obtained with glufosinate-
ammonium.

INTRODUCTION

The new non-selective foliar herbicide" Basta, an aqueous solution con-
taining 200 g/1 glufosinate-ammonium (proposed common name), code number
Hoe 39866, was developed by Hoechst AG for use in orchards and vineyards.
First results were published by Schwerdtle et al (1981), Langeliddeke et al
(1981, 1982), and a more detailed report was given by Langeliddeke & BUbl
(1984) on results on efficacy and crop tolerance in vineyards. Since early
1984, Hoechst AG has a registration in Germany for use in vineyards. Further
registrations were obtained in a number of other countries. In all other
major markets the registration process has been initiated. - The objective
of the further experimentation was to obtain broader data on spectrum, do-
sage rates and on crop tolerance to establish recommendations for practical
use. Tank mixtures especially with simazine were also tested more intensive-

ly.

MATERIALS AND METHODS

The trials were conducted in the years 1982 to 1984 in orchards in
different parts of Germany. Generally two applications were made, the first
in spring (mid April until beginning June), and the second one in summer
(end June until beginning August). The rates used for spring application
were 1.0 or 1.5, and for summer application 1.0 kg a.i./ha of glufosinate-
ammonium. In all trials paraquat was used as standard treatment. All treat-
ments were applied to the tree rows, the plot size ranged from 20 to 100 m?,
and the number of replicates from 2 to 4. The spray volume was 300 to 600 1/
ha, and the nozzles types were Teejet 11002, 11004 or OC 06. Dosage rates
were related to the actual treated area.

Basta: registered trade mark of Hoechst AG
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Assessments of efficacy and crop tolerance were made using the usual
scoring system 0 to 100, 0 indicating no effect, 100 complete kill of the
green plant parts. At the beginning of all trials the coverage of the weed
species was noted, and again prior to second application.

In crop tolerance trials in young plantatiors 5 to 10 trees per treat-
ment were used. The lower part of the trunk was treated as usual in prac-
tice. Suckers of clder trees were treated in the same way as weeds.

TABLE 1

Efficacy (in %) of glufosinate-ammonium and paraquat (both at 1 kg/ha) on
major weeds 2 and 4-6 weeks after application

Weed species Q?mber glufosinate-amm. paraquat

trials 2 4-6 2 4-6

Dactylis glomerata 5 75 88 73
Elymus repens 9 75 83 74
Festuca rubra 6 94 99 93
Holcus lanatus 93 95 96
grasses generally* 74 94 80

Galium aparine 78 66 65

Lamium purpureum 99 98 96

Polygonum aviculare 99 77 69

Senecio vulgaris 98 99 91
Stellaria media 79 93 87
Urtica urens 50 46 39
Veronica hederaefolia 5 99 99 96
Cirsium arvense 82 87 69

Convolvulus arvensis 69 68 56
Glechoma hederacea 73 59 34
Polygonum amphibium-terrestre 1 54 61 37

Ranunculus repens 47 80

Rumex crispus 80 70
Taraxacum officinale 94 74
Urtica dioica 85 57

* Species not identified, mostly mixtures of perennial grasses
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RESULTS

Efficacy trials

In all trials, glufosinate-ammonium showed a good herbicidal efficacy
on weeds within 1 or 2 weeks following application. Detailed results as com-
pared to paraquat are given in tables 1 and 2. In table 1, the effects of
1 kg/ha of both products on the major weeds are compared, and in table 2
the efficacy of both products for spring and summer applications 1S summa-
rized for weed groups.

TABLE 2

Efficacy (in %) of glufosinate-ammonium and paraquat on groups of weeds
after spring (I) and summer (II) application

glufosinate-ammonium paraquat

Niamibizss 1,0 1,5 1,0 kg/ha

Weed groups : of trials 2% 4-6% 2% 4-6* 2% 4_p*

Annual grasses I 10 88 88 96 94 94
7 99 99 - 99 98

Perennial grasses 48 87 77 86 92 81
42 92 82 - 94 86

Annual dicots 59 80 78 83 78 70
44 94 91 - 89 84

Perennial dicots 97 83 72 78 69 51
11 96 86 84 - 80 67

Horsetails (Equi- I 3 83 76 79 37 26
setum arvense) II 7 91 80 - 83 79

Average of I 217 83 75 82 78 65
all weeds 11 196 89 85 - 86 76

* 2 and 4-6 weeks after application

Generallay, the control of grass weeds with 1 kg/ha glufosinate-ammo-
nium was equal to or somewhat weaker than the same rate of paraquat, the
performance of both products being better in summer than in spring. At the
second assessment the effect on many perennial grasses was lower than at
the early assessment, as regrowth had already started. With spring appli-
cations, however, the higher rate of glufosinate-ammonium gave better re-
sults.

Annual and particularly perennial dicots were better controlled by
1 kg/ha glufosinate-ammonium than by 1 kg/ha paraquat; and again the summer
applications of both products perfcrmed better than spring applications.
Clear advantages of glufosinate-ammonium over paraquat were observed for
Galium aparine, Polygonum aviculare, Convolvulus arvensis, Glechoma hedera-
cea, Rumex crispus, Taraxacum officinale and Urtica dioica. However, the
differences between spring and summer applications varied from species to
species as can be seen in table 3: For glufosinate-ammonium, no differences
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could be found with timing on Taraxacum officinale; but Galium aparine was
only well controlied in summer; paraquat showed a similar Tendency. The same
good efficacy of summer treatments of glufosinate-ammonium was found in
Convolvulus arvensis, paraquat being wezker at both application times. The
control of Urtica urens and Polygonum amphibium-terrestre was poorer with
both products, increasing the dosage rate of glufosinate-ammonium in-
creased the efficacy. However, Ranunculus repens could not be efficiently
controlled at 1 or at 1.5 kg/ha glufosinate-ammonium.

TABLE 3

Efficacy (in %) of glufosinate-ammonium and paraguat (both at 1 kg/ha) on
some dicots after spring (I) and summer (II) applications

glufosinate-

ammonium paraquat

Applic.  Number

Weed species time of trials 2% 4-6* 2% 4-6*

Galium aparine I 13 71 64 51 46
11 9 95 98 89 93

Convolvulus arvensis I 7 69 43 46 37
II 16 94 81 78 64

Taraxacum officinale I 20 95 94 70 60
11 18 97 95 79 67

* Assessment 2 and 4-6 weeks after application

In a number of trials glufosinate-ammonium was tank mixed with sima-
zine. A particular orchard was mainly infested with perennial grasses, some
Taraxacum and some annual dicots. Due to the severe infestation with peren-
nials, 3 applications of glufosinate-ammonium were necessary to keep the
tree rows sufficiently clean until harvest. An addition of simazine to the
first or second application improved the glufosinate effect especially on
the grasses so much that only one follow-up application was necessary. In
addition the new emergence of annual dicots was suppressed for a long
period.

In trial sites which were heavily infested with Ranunculus repens,
Equisetum arvense or Polygonum amphibium-terrestre, the effect of glufosi-
nate-ammonium could be improved by the addition of MCPA. In a few trials, a
severe weed infestation was controlled by a mixture of glufosinate-ammonium
(1.5 kg/ha), MCPA (2.0 kg/ha) and simazine (2.5 kg/ha} for a period of 3 to
6 months.

In all efficacy trials, glufosinate-ammonium at normal or increased
rates (1.0 or 1.5 kg/ha, resp.) with 1 or 2 or 3 applications per season
alone or in tank mixtures with simazine or MCPA, was completely tolerated
by the trees.

Crop tolerance trials
Two different types of trials were conducted:

1. Tolerance tests in the year after planting of pome or stone fruits: a
spring application of 1.5 kg/ha, followed by a summer application of
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1.0 kg/ha glufosinate-ammonium were conducted by the German Plant Protec-
tion Service in 1984; in none of these trials phytotoxicity was observed.

. Tolerance tests in bearing orchards especially in stone fruits for sucker
control: Two applications (1.5 followed by 1.0 kg/ha glufosinate-ammoni-
um) were tolerated by the mother trees; but the suckers were successfully
controlled for a certain period. An example of the efficacy is given in
table 4. Similar observations have been made in a 10 years old apple
plantation of 15 different varieties with varying sucker growth; glufosi-
nate-ammonium was applied in spring at 1.5 or 3.0 kg/ha without follow-
up treatments. In these and other trials no damage of the foliage or of
the bark could be observed even in the year following application.

TABLE 4

Effect on plum suckers, efficacy (in %) of glufosinate-ammonium and para-
quat; two applications

days after 1st application
Treatments kg a.i./ha 10 42 52 74*  87*

Untreated (coverage) (50) (50) (53)

Glufosinate-ammonium
Paraquat

Applications May 15 and July 9
* 22 and 35 days after 2nd application

DISCUSSION

Efficacy trials

In the orchard trials for 1982 to 1984 earlier observations on the per-
formance of glufosinate-ammonium (Schwerdtle et al 1981) were confirmed: The
relatively quick initial effect on green plant parts, the rapid kill of
annual weeds and suppression of perennial weeds for some weeks. Generally
2 applications per season will be sufficient to keep the tree rows weed
free until harvest.

The comparison of spring and summer application showed, that the
efficacy of glufosinate-ammonium and of paraquat was better in summer than
in spring. However, species varied: Convolvulus arvensis control in spring
was very poor, as this weed was not sufficiently emerged until mid May. For
Taraxacum officinale there was practically no difference between times.
The summer application was probably more effective due to the higher tempe-
ratures; Donn (1982) was the first to find an influence of temperature, and
the observations of Langeliiddeke & Biibl (1984) showed a similar dependence.

Earlier findings were confirmed that the effect of glufosinate-ammonium
on perennial dicots (as well as on annual dicots) was better and that the
regrowth of these species was suppressed for a longer time than after para-
quat. However, an increase of the rate to 1.5 kg/ha or addition of simazine
could increase the effect especially on perennial grasses and the germina-
tion of new seeds.
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The spectrum covered by glufosinate-ammonium under German conditions
has already been reported by Langellddeke & Bibl (1984). The following spe-
cies can be added:

At 1 kg/ha: Festuca pratensis, Lolium multiflorum, Poa pratensis,
Bellis perennis, Fpilobium adnatum, Matricaria inodora, Veronica agrestis,
Veronica hederaefolia.

At 1.5 kg/ha: Alopecurus pratensis, Bromus mollis, Poa trivialis,
Urtica urens.

Crop tolerance

No phytotoxicity was observed in any of the bearing stone or pome or-
chards. This applied for up to 3 applications per season, and including tank
mixtures with simazine and MCPA. Only leaves which were directly hit by the
spray showed the necrotic symptoms, but no symptoms of translocation were
found. For the specific sucker treatments with 2 applications, the foliage
was scorched but new suckers were healthy, so was the foliage of the mother
tree. These results agree with results from overseas countries on numerous
species. The only report of phytotoxicity to fruit trees was given by Majek
(1985) who observed damages to the bark of bearing peach trees after an
autumn application of a 3.5 % solution of glufosinate-ammonium. However,
this concentration was much higher than that used in our own trials (highest
concentration 0.5 %).

Even young trees treated in the year after planting were generally to-
lerant if the product was applied with care. However, the product should not
be applied to plants with non-lignified bark in young orchards or vineyards.
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ABSTRACT

Early spring treatment with pendimethalin alone
1432, 1.98, 2.64 kg a.i./ha and in mixture with
simazine 1.32+1.00, 16324150, 1.98+1.00,1.98+
150 kg a.i./ha were carried out in field trials
in raspberry plantations. The influence of these
herbicides on yield and quality of fruit, the mean
height of new canes and the total number of canes
per metre length were assessed together with weed
control.

INTRODUCTION

Pendimethalin is a dinitroaniline soil applied herbicide
that is recommended for use on many different crops (Deemes)
1980, Simon 1979, Sprankle 1974). According to Clay (1978)
and Davison (1980) pendimethalin can be used safely in straw-
berries, even though it reduced leaf growth. The objective of
these experiments was to evaluate the tolerance of raspberry
to pendimethalin alone and in combination with simazine.

MATERIALS AND LETHODS

During 1982-84 field trials were carried out at Plant
Protection Institute - Kostinbrod on a leached chernozem-
smolnitsa goil (o.me. 3.58 % and pH 6.2) and at Institute of
Mountain Animal Husbandry on light grey soil (o.m. 1.98 % and
pH 5.3). A two-year old and a six-year old raspberry planta-
tion of cv Shopska Alena were used. The experiment was laid
down after the standard methods of Konstantinov replicated
four times, the area of test plot being 22 sq.m. The interrow
spacing was 2.20 m and the length of each experimental plot -
5 Mme

rendimethalin, 33 % e.c. was applied at 1.32, 1.98 and
2.64 kg a.i./ha alone or in mixture with simazine 50 % WeDs,
at rates - 1¢324+1.00, 1.32+1.50,1.98+1.00, 1.98+1.50 kg
a.ie/ha. Each year the herbicides were applied to the same
area with a Hand Sprayer at a volume rate-600 1/ha. The soil
was well cultivated in advance. All treatments were applied
on 15 April 1982, 7 April 1983 and 16 April 1984.

Weed control was assessed 40 and 80 days after spraying
by counting the individual weed species present in a 1 sQ.m.
area in each plot. Crop tolerance was evaluated visually at
intervals using the EWRS scale 0-9. The height of the young
canes was measured in September and the total number (per

linear metre) was counted in Oktober. The yield and quality
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of the fruit were determined by using standard methods.

RESULTS AND DISCUSSION

Table 1 shows average percentage control of grass and
broad-leaved weeds_in raspberries. Pendimethelin applied alone
at the rate of 1.32 kg a.i./ha provided good weed control more
then 90% for Amaranthus retroflexus, Chenopodium polyspermum
and Setaria viridis, and more than 80% for Chenopodium album,
Polygonum lapathifolium, Stellaria media. The control by
pendimethalin wasnot satisfactory for Galinscga parviflora
and Sinapis arvensise

TABLE 1

Average percentage control of grass and broad-leaved weeds in
raspberries (1982-1984)

Weed species Pendimethalin Pendimethalin
(kg a.ie/ha) + simazine

1432 1498 2.64 1432 1.32 1.98 1.98
+1¢00 +1¢50 4+1.00+1+50

Amaranthus retroflexus 99 99 100 100 100 100 100
Capsella bursa pastoris 79 82 89 99 100 100 100
Chenopodium album 88 90 94 100 100 100 100
Chenopodium polyspermum 92 95 100 100 100 100
Euphorbia peplus 79 81 93 100 95 100
Galinsogz parviflora 72 76 86 99 100 100
Bilderdykia convolvulus 84 85 92 95 93 98
Polygonum Iapathifolium 88 90 96 100 100 100
Setaria viridis 94 97 98 98 100 100
Senecio vulgaris 69 T2 82 92 83 99
Sinapls arvensis 71 75 92 93 94 100
Stellaria media 83 89 99 100 100 100

Mean no. of grass weeds / sq.m. in untreated control 198
Mean no. of broad-leaved weeds/sq.m. in untreated control 227

Pendimethalin in mixture with gsimazine shows an exellent
weed control of both grass and broad-leaved weeds. The results
of the investigations correlated well those of Simon (1979),
who shows that pendimethalin is an exellent addition to
standdd triezine products which may not be fully effective
against annual grass weeds. Thus an applications of 1.32 kg
a.l./ha pendimethalin, in combination with 1.50 kg a.i./ha si-
mazine, provided a full season's weed control in raspberry
plantation.

The effect of pendimethalin, applied alone or in mixture
with simazine om yield of raspberries, height of the new canes
and total number of canes per metre length over the period of
three years of the investigation are presented in Table 2. In
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comparison with the untreated without cultivation control,all
treatments with pendimethalin alone or in combination with
simazine provided a higher yield, but as compared to untreated
‘with cultivation the yield was almost the same. The highest
yield in 1982,1983 and 1984 was obtained from plots treated
wi?h/gendimethalin 1+32 kg asi./ha with simazine 1.50 kg

Sele e

TABLE 2
Fruit and cane records (1982-1984)

Treatments Yield lMean ht (cm) Cane per metre
(t/ha) new canes length

1983 1984 1982 1983 1984 1982 1983 1984

Untreated
without
cultivation 192 184 33 38

Untreated
with
cultivation - 226 216 46 45

Pendimethalin 1.32 216 218 47 42
Pendimethalin 1.98 212 206 46 44
Pendimethalin 2.64 206 207 98 39 42

Pendimethalin 1.32
+ simazine +17.00 4.9 220 223 121 49 49

Pendimethalin 1.32
+ simazine +1.50 5.3 226 230 133 52 56

Pendimethalin 1.98
+ gimazine +1.00 541 218 226 128 44 51

Pendimethalin 1.98
+ gimazine +1.50 4.8 2.4 3.0 216 225 124 39 40

Observations during the period of growing of the rasp-
berries showed that the plants of all plots treated with
pendimethalin alone or in combination with simazine developed
normally. No phytotoxic action of herbicides was observed.
Pendimethalin applied alone at the rate more than 1.98 kg
a.ie/ha slightly inhibited the growth of new canes. In compa-
rison with untreated with cultivation control, the height of
the young canes in a plots treated with pendimethalin alone
at the rate 2.64 kg a.i./ha was reduced by 20 cm (1982), 9 cm
(1983) and by 17 cm (1984). This growth reduction may be du
to the fact that during the spraying in 1982 and 1984, young
canes were 20-25 cm high, and at that stage pendimethalin used
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at high rates inhibits the growth. The best growth of the new
canes were from plots treated with pendimethalin 1.32 kg a.i.
/ha plus simazine - 1.50 kg a.i./ha.

The herbicides did not reduce the total number of new
canes. In plots treated with pendimethalin 1.32 kg a.i./ha
alone and in combination with simazine 1.50 kg a.i./ha, there
were 5 to 11 more than in the cultivated control.

TABLE 3

Quality of the fruits - 1982

Treatments Eate Dry mater Total Titratable Ascorbic
kg content sugar acid acid
a.ie % content (as citric) mg %
/ha % %

Untreated witout
cultivation } 40.48

Untreated with
cultivation - 42 .24

Pendimethalin 132 41.20
Pendimethalin 1.98 41.92
Pendimethalin 2.64 39.90

Pendimethalin 132
+ simazine +1.00 41.12

Pendimethalin 132
+ gimazine +1450 1.72 41.98

Pendimethalin 1.98
+ simazine +1.00 1.69 33,20

Pendimethalin 1.98
+ gimazine +1.50 1473 38.90

The data of Table 3 shows that pendimethalin applied
alone or in combination with simazine did not change the
quality of the fruit as measured by dry mater content, total
sugar, titratable acid and ascorbic acid content.

The resulte of this work has shown that pendimethalin in
combination with simazine is promising herbicide for the
pre-emergence control of annual grass and broad-leaved weeds
in raspberry plantations.
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ABSTRACT

The effects of a range of rates of fluazifop-butyl
assessed on the control of annual and perennial
grasses in strawberries and on its influence on the
growth and cropping of sgtrawberries. Annual grass
weeds were easily controlled with rates of 0.75

kg a.i./ha, but Elymus repens required higher rates.
There were no adverse effect of fluazifop-butyl on
the growth and cropping of strawberries or on the
quality of fruits or leaf pigments.

INTRODUCTION

Fluazifop-butyl (PPO09) is recommended for annual and
perennial grags weed control in broad-leaved crops (Finney &
Sutton 1980, Iwson & Wiseman 1982, Wheeler 1980, Sarpe & Dunu
1980). According to Plowman et al (1980) gtrawberries shown
to be tolerant to fluazifop-butyl by post-emergence gpraying

at rates at least twice those required for effective grass
weed control.

The purpose of this study was to estimate the effect of
fluazifop-butyl on annual and perennial grass weeds and straw-
berry plants.

MATERIALS AND METHODS

Two field trials and one growth room study were carried
out the strawberry cv Pokahontas. The first field trial was
at the experimental field of Plant Protection Institute -
Kostinbrod, on a leached chernosem-smolnitsa soil containing
3.58 % o.m, and pH inK{6,2; the secod one at the Cooperative
Farm near by Botevgrad. The sites were infected by Amaranthus
retroflexus, Chenopodium album and severely with Setaria spp,,
Echinochloa crus-galli and Elymus repens. The treatments were
replicated 4 times on plots 1% square metres., Fluazifop-butyl
was applied at 0.50, 0.75, 1.00, 1,50, 2.00 and 2.50 kg a.i./
ha as a product "Fusilade",

At the time of gspraying the annual grass weeds were at
2-4 leaf stage and at stage of earing, Elymus repens was
10=15 cm high.

Observation on the selectivity of fluazifop-butyl on the
gtrawberry plants and efficiency in weed control were made

using EWRS scale.
In the growth room experiment plants were plased in a
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Hoagland solution containing differents concentrations of
fluazifop-butyl (0, 0.1, 0.5, 1, 2 and 5 ppm) at 20° C, irra-
diated with high pressure mercury Vvapour lamps with fluores-
cent bulbs. A photoperiod of 16 hours light was alternated by
a period of 8 hours of darkness.

The effect of fluazifop-butyl on pigments was measured
by a spectrophotometer using wave lengths of 663, 664 and 452
nm respectively.

RESULTS AND DISCSSION

The effect of fluazifop-butyl on control of annual weeds
is shown in table 1,
TABLE 1

Effect of differsnt rates and application times of
fluazifop-butyl on control of annual grass weeds
in strawberries. (Botevgrad-1980, 1981)

Application Rates Percentage kill
weedg-G.S. kg a.i./ha DAT

20 35 40

Early post-emergence

2-4 leaves (1981) 0450 85 92 g5

0.75 99 100

1.00 100 100

Late post-emergence ’

earing (1980) 0.50 58 69
0.75 64 73
1.00 75 82
Control 0 0

- -

The date frpm table 1 shows clearly that fluazifop-butyl
controls annual grass weeds in stage 2-4 leaves much more
rapidly than the late applications in earing growth stage.
All the annual grass seedlings died 20 days after treatment
with fluazifop-butyl 0.75 kg a.i./ha.

Table 2 provides information about effect of different

rates of fluazifop-butyl on Elz%us repens, grown from undis-
turbed rhizomes in strawberry plantation.

The effect of fluazifop-butyl applied at 0.5 and 1.0
kz a.i./ha is not satisfactory. Elymus repens kill almost
complete at a dose of 2 kg a.i. .

The effect of fluazifop-butyl on growth of strawberry
plants is shown in table 3,
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TABLE 2

Effect of different rates of fluazifop-putyl on control of
Elymus repens - undisturbed rhizomes. (Kostinbrod-1981)

Application=- Rates Score-EWRS scale Plants per 1 sg/m
growth stage kg a.i./ha 60 days after

DAT spraying

15 30 60 90 Number Fresh
weight (g)

Elymus repens 0450 487
15-20 cm height 1.00 388
1.50 353
2.00 331
2450 283
Control 492

EWRS scale: 9 no effect on Elymus repens
1 total withering of Elymus repens plants

TABLE 3

Effect of fluazifop-butyl on growth of strawberry plants

Rate Leaves* Roots*

kg /n Number Number
8ele/M8Number Width Length Fresh Pri- Secon- of of
(em) (em weight mary dary flowWers rooted
(g) root root runners
length deve- as % of
lop- control
ment**

0450 13
1.00 14
1550 13
13
15
13

e o o o
P~ O0WwWHsw

2.00
2.50
Control

[eaYerYerYeaYepToal
NN O WHO
[eeXecNeoNesNes) oo}

e o o o o o

* - Average of 20 plants
**¥ - Rated 1 to 10 as follows : 1=almost no secondary roots
10=very many well branched
roots
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Obgervation were made periodically to determine the
obvious effect of fluazifop-butyl on strawberry plants. No
phytotoxical action of fluazifop-butyl occured. The selecti-
vity of fluazifop-butvl towards strawberry plants is well
established., Fluazifop-butyl, applied during the growing and
also at the flowering stage of the strawberry provide to be
very safe, even at the maximum application rates uo to 2.50
kz a.i./ha. There was no difference in number, width, length
and fresh weight of the leaves of treated plants and untreated
ones. Primary root length of plants spraved with fluazifop-
butyl was the same as that of untreated plants. No effect of
fluazifop-butyl on secondary root development was observed.
The average number of rooted runners and the number of flowers
were not less in anv of the fluazifop-butyl treatments than
in the control.

Mean vield of strawberries and the quality of the fruits
in treated and untreated plants is shown in table 4.

TABLE 4

Effect of fluazifop-butyl on yield of strawberries and
quality of the fruits.

Rate- lean . .
kg a.i./ha yield Quality of the fruits

as % of
control Ascorbic Titrata-
acid ble acid Glucose Sucroge
mgh % as % %
citric

0.50 66.68 0:578
1.00 66,62 04568
1,50 66.65 0.5T1
2.00 66,72 0,579
2.50 66.73 0,573
Control 66.67 0.577

Fluazifop-butyl does not change the quality of the
strawberries.

Growth room trials were carried out to determine the
presence or abcence of any influence of fluazifop-butyl on
the content of the pigments in strawberry plants. Analysis of
the data of table 5 shows that fluazifop-butyl does not exert
any influence on the chlorophyll or carotene contents.,




TABLE 5

Effect of fluazifop-butyl on contents
of pigments in strawberry leaves
mg/1 g fresh wt,

Rate Chlorophyll Carotene
kg a.i./ha

A B

0550 0:447 0.844 1,033
1.00 0.449 0.846 1.029
1.50 0.452 0,842 1:033
2,00 0.448 0:846 1.038
2.50 0.450 0.843 1.034
Control 0.449 0.844 1.034

The results of this work shown thatfluazifop-butyl is a
promising herbicide for post-emergence control of annual grass
weeds and Elymus repens in strawberry plantations.
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THE TOLERANCE OF BLACKCURRANTS TO SHOOT AND ROOT APPLICATIONS OF 30
HERBICIDES

D.V. CLAY
Weed Research Division, Long Ashton Research Station, Bristol BS18 9AF

ABSTRACT

The activity of 30 herbicides was tested on container-grown
blackcurrants using separate applications to the shoots or to the
roots of plants growing in sand culture. Pendimethalin,
alloxydim sodium, fluazifop-butyl and sethoxydim had no
detectable effect in any test. Oxadiazon had no adverse effect
except as an overall spray in spring. Oxyfluorfen sprays in
spring were more damaging. Ethofumesate sprays resulted in
long-term leaf distortion.

Some triazine herbicides with post—-emergence activity were safe
as directed sprays. Apart from trietazine + simazine they were
more toxic than simazine when applied to the roots, but safer
than diuron, a recommended herbicide. Methazole was also much
safer than diuron when applied to shoots or roots. Hexazinone
was very toxic as a shoot or root application as was root
treatment with chlorsulfuron. Benazolin and triclopyr were more
damaging than clopyralid. Overall sprays of phenmedipham,
pyridate and AC 222293 caused initial damage, subsequently
outgrown. Bentazone caused little damage except as an overall
spray in summer. Glufosinate was less damaging than paraquat.

INTRODUCTION

New herbicide treatments have been needed for blackcurrants in the U.K.
because of difficulties in controlling annual weeds resistant to simazine
and for perennial weed control. Field experiments involving large numbers
of herbicides are expensive and results often unreliable because of variable
weather following spraying but pot experiments are an efficient way of
screening the herbicide tolerance of fruit crops (Clay 1980). Experiments
were therefore carried out at the Weed Research Organization, Oxford using
techniques involving separate treatment of shoot and root systems (Clay
1980). With these methods response to new herbicides could be compared to
standard herbicides and promising treatments selected for field testing.

MATERIALS AND METHODS

The blackcurrant cv Baldwin was used in all experiments. All plants
were grown outdoors and received routine applications of pesticides during
the growing season.

Experiment 1 Response to shoot treatments in winter or spring.

1-year-old bushes were potted in John Innes compost in 25 cm diam.
polythene pots in November 1980. Bushes were pruned in December to leave
three or four main shoots 40 cm long. Pots were watered on the soil surface
when necessary. The treatments listed in Table 1-3 were applied on
27 January to dormant shoots, on 12 March at bud burst (most buds up to 1 cm
long with leaves showing) or on 8 April, (new shoots up to 5 cm long, 1-2
expanded leaves/bud). Herbicides were applied using a laboratory pot
sprayer either overall or directed to the basal 10 cm of each bush on one
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side. Herbicide was kept off the soil by temporarily covaring it with
paper. The herbicides used were the sole formulations available in the U.K.
apart from benazolin ethyl ester 10% e.c., chlorsulfuron, 20% w.s.p;
methazole 75% w.p.; cxyfluorfen 247 e.c.; terbuthylazine 80% w.p; clopyralid
10% a.c.; triclopyr zmine salt 36% e.c.

The sprayer was fitted with a Spraying System 8002E Teejet at 210 kPA
pressure to give a volume rate of 370 1/ha for both overall and directed
applications. For phenmedipham treatments the spray targst was lowered to
give a volume rate of 240 1/ha. Pots were returned outside after spraying
but kept for 3 days under a transparent cover for rain protection. There
were three replicates of each treatment and pots were set out in randomised
blocks. Plant response was recorded at intervals by scoring for damage
using a 0-9 scale, 0 = plant dead, 9 = healthiest untreat2d plant. The type
of damage symptoms were recorded. Shoot length and fresh weight were
measured at the end of the experiment.

Experiment 2 Response to shoot treatment in summer

Plants grown as for Experiment 1 were cut down on 19 May and four
shoots allowed to regrow. The herbicides listed in Table 4 were sprayed
overall on 15 July wken most shoots were 30 cm long. Formulation and spray
details as for Experiment l; glufosinate, 20% a.e. and AC 222293, 50% w.p.
were also included. After spraying bushes were protected from rain as above
then set out outside in four randomised blocks. Plant condition was scored
at intervals; shoots were cut off on 19 August and fresh weight recorded.

Experiment 3 Response to root applications

The experimental method followed that described by Clay (1980). In
late March rooted cuttings 15 cm long were transplanted into sand in 25 cm
diam. pots, three per pot and watered with nutrient solution as necessary.
Before herbicide trestment pots were placed in foil saucers outside but with
rain protection. Treatments were applied on 30 April whea most cuttings had
one actively-growing shoot, 3-6 cm long. The formulations used were the
same as in previous experiments. Four doses of each herbicide were used
with three replicates. The appropriate quantity of herbicide in 500 ml of
nutrient solution waec added to the sand surface. Plant condition was scored
at intervals after treatment and final shoot fresh weight recorded.

RESULTS

Experiment 1 Response to shoot treatments in winter or spring

Diuron caused no detectable damage as an overall spray in winter and as
a directed spray in spring (Table 1). Overall spray with 6 kg/ha at bud
burst and 2 and 6 kg/ha in April caused leaf necrosis and growth reduction.
Methazole (2 and 6 kg/ha) applied as an overall spray in April caused some
necrosis. Directed treatments were safe. Ethofumesate applied in winter or
at bud burst caused distortion of some leaves growing out in spring. Leaf
surfaces adhered as leaves expanded causing severe malformation and
stunting. However final shoot weight was unaffected. Pendimethalin (2 and
6 kg/ha) as an overall spray had no adverse effect on leaf growth and final
shoot weight apart from slight leaf stunting with the highest rate applied
in April. Oxadiazon (2 and 6 kg/ha) appeared to be safe as an overall spray
in winter but application at bud burst caused severe necrosis and stunting
of expanding leaves zlthough final shoot weight was unaffacted by the lower
dose. Directed sprays in April also caused necrosis of leaves on treated
shoots. Oxyfluorfen (0.8 and 2.5 ka/ha) as an overall spray at bud burst
caused severe necrosis and stunting of leaves the higher rate leading to
shoot weight reducticn. Directed sprays at bud burst or in April caused
severe necrosis and stunting of leaves on sprayed shoots.
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TABLE 1

The effect of overall (0) and directed (D) applications of residual
herbicides on blackcurrants (Experiment 1)

Application date
27 January 12 March 8 April
Dose Appl. Scoret+ F.wt(g) Score F wt* Scoret F wt.*
Herbicide (kg/ha) method 7 May 19 May 7 May 19 May 21 May 28 May

148 3.07 6.7 2.06
124 2.99 . 1.64
~ 3.10 . 2.08
3.12 2.13

3.12 . 2.12
3.13 . 2.03
3.16 . 2.19
3.16 2.09

3.05
3.01
3.06
3.07

3.14
3.08
3.12
3.09

3.03
2.84
3.03
3.10

2.99
2.83
2.94
3.04

3.12
0.074
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+ Score of plant condition, O = dead, 9 = healthiest control.
* Fresh wt. shoots/plant, Logig (V + 1) - not treated.

Atrazine, cyanazine, terbuthylazine and trietazine + simazine had no
adverse effect as overall sprays at bud burst but in April caused chlorosis
and necrosis of sprayed leaves as did desmetryne (Table 2). The higher dose
of desmetryne as a directed spray caused localised leaf damage. These
symptoms were outgrown and there was no reduction in final shoot weight
except with the higher dose of atrazine. Hexazinone caused leaf damage when
applied overall at bud burst or in April, the April treatments reducing
final shoot weight. Directed sprays caused necrosis of leaves on treated
shoots particularly at the higher dose but shoot weight was unaffected.
Bentazone (1.5 and 4.5 kg/ha) applied overall at bud burst caused no adverse
effects but in April damage was severe. A directed spray was less damaging.
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TABLE 2

The effect cf herbicides applied to blackcurrants at bud burst (12 March)
and first open flower (8 April) (Experiment 1)

Application date 12 March 8 April
Application method Overall Directed Overall Directed
Herbicide Dose Scoret F.wt* Scoret F.wt Scoret F.wt* Scoret+ F.wt
(kg/ha) (0-9) (0-9) (0-9) (0-9)
7 May 19 May 7 May 19 May 21 May 28 May 24 Apr 28 May

2.16
2.08
2.08
2.18
2.09
2.14
2.17
2.08
2.11
2.06
2.14
2.09
2.03
2.04
2.13
2.02
2.13
2.02
2.10
2.12
2.13
2.19
2.09
2.15
2.15
2.15
2.12
2.06
2.10
2.08
1.94
1.81

2.09
1.88
2.10
1.99
2.09
1.98
1.71
1.25
2.12
2.05
2.04
2.06
1.27
1.00
1.92
1.76
2.02
1.78
1.99
1.99
2.08
2.11
2.19
2.13
2.08
2.08
2.03
2.03
2.10
2.09
0.53
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Asulam (1.7 and 5.1 kg/ha) applied in April was very damaging as an overall
spray but there were no adverse effects from directed application.

Chlorsulfuron (0.005 and 0.025 kg/ha) as an overall spray was only damaging
with the higher dose at bud burst but both doses caused severe damage with
April application. Directed treatment at bud burst appeared to be safe but
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in April caused obvious leaf chlorosis which was outgrown. Pentanochlor (2.2
and 6.6 kg/ha) applied overall at bud burst had no adverse effect but April
applications caused leaf damage. With directed treatments in April the
higher dose caused damage to treated shoots which was outgrown.

Alloxydim sodium (1.5 and 4.5 kg/ha), fluazifop-butyl and sethoxydim
(both at 0.75 and 2.25 kg/ha) were not damaging when applied overall in
April. Benazolin, clopyralid and triclopyr all caused severe damage with
overall sprays particularly in April while directed sprays apart from
benazolin at bud burst also caused leaf symptoms with some translocation.
Fresh weight was significantly reduced by all application of triclopyr
except directed sprays at bud burst.

TABLE 3
The effect of overall (0) and directed (D) sprays of foliar acting

herbicides applied to blackcurrants at bud burst (12 March) and first open
flower (8 April) (Experiment 1)

Appl. date 12 March 8 April
Herbicide Dose Appl. Scoret+ F.wt* Scoret
(kg/ha) Method 13 Apr 7 May 19 May 24 Apr 21 May

2.71 = -
2.58 = =
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Glyphosate caused leaf damage even with directed sprays and shoot
weight was reduced by all treatments except directed sprays in March
(Table 3). Digquat (1.0 and 3.0 kg/ha) was less damaging than paraquat (1.0
and 3.0 kg/ha) in March or April. Phenmedipham (1.1 and 3.3 kg/ha) +
adjuvant oil (Actipron) applied overall in April caused severe necrosis of
sprayed leaves which was gradually outgrown. Shoot weight was not reduced.

Experiment 2 Response to shoot treatments in summer

Most of the triazine herbicides caused chlorosis and necrosis of
youngest expanded leaves at spraying but this was outgrown and, apart from
cyanazine, there were no significant reductions in growth (Table 4).
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TABLE 4

The effect of overall zpplication of herbicides on 15 July on blackcurrants
(Experiment 2)

Herbicide Vigour Shoot Herbicide Vigour Shoot
score fresh wt score fresh wt
Dose (0-9) (0-9)
(kg/ha) 14 Aug 19 Aug 14 Aug 19 Aug
% untreated % untreated

94
96
70
29
17

3
98
76
94
83
71
48

100%*

102 Pentan-—

97 ochlor

92 Glufos-
102 inate

92 Paraquat
77

103 Clopyralid
98

99 Benazolin
96

55 Bentazone
29

103 Untreated
100
5 P 109 S.E. + (treated
3. 65 102 v untreated

* actual value 179 g/plant
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AC 222293

Diuron was more toxic than any of the triazine trearments. Pyridate
and pentanochlor caused leaf necrosis after spraying but subsequent growth
was normal. AC 222293 caused chlorosis of sprayed leaves but had no overall
effect on growth. Glufosinate caused less damage to shoots than paraquat at
equivalent doses but damage was still severe. Clopyralid at 0.2 kg/ha
caused leaf and shoot distortion but no effect on shoot weight. The higher
rate reduced growth significantly but was less damaging than benazolin at
the same dose. Bentazone caused severe damage at both doses.

Experiment 3 Response to root application

Alloxydim, sethoxydim, fluazifop-butyl, oxadiazon, pendimethalin and
pentanochlor caused no damage when applied to the sand even at the highest
doses tested (Table 5). High doses of bentazone had little effect. The
degree of damage from doses of asulam, ethofumesate, methazole, propyzamide
and trietazine + simazine was similar to equivalent doses of simazine.
Atrazine, cyanazine, desmetryne, terbuthylazine were more toxic than
simazine but less toxic than diuron. Hexazinone wes appreciably more toxic
than diuron and chlorsulfuron was damaging at very small doses. Benazolin
was less toxic than clopyralid at equivalent doses.

DISCUSSION

Evaluation of the activity of herbicides on perennial crops must take
account of possible toxicity from both shoot and root uptake. Because of
variable response in field experiments pot tests have been found useful for
screening the activity of large numbers of herbicides in other perennial
crops (Clay 1980). This method also gives economies in eost because of the
minimal land use and the speed of response of the plants. The
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interpretation of the results must of course take into account a number of
factors such as dose of herbicide required for weed control in comparison
with standard safe herbicides, likely season of use, acceptability of crop
damage and for sand culture tests, soil availability, mobility and

persistence (Clay 1982).

TABLE 5

The effect of a range of doses of herbicides applied on 1 May to
the roots of blackcurrants grown in sand culture (Experiment 3)

Herbicide

ED50 value*
mg/pot

Herbicide

ED50 value*

mg/pot

Simazine

Atrazine

Cyanazine

Desmetryne
Hexazinone
Terbuthylazine
Trietazine + simazine
Diuron

Methazole

1.87
0.63
0.92
0.84
0.12
0.99
2.33
0.28
1.88

Oxadiazon
Propyzamide
Pentanochlor
Asulam
Chlorsulfuron
Bentazone
Clopyralid
Benazolin
Alloxydim

>32.4
2.16
>32.4
2.03
0.0002
18.5
0.49
0.89
>32.4

Sethoxydim >32.4
Fluazifop-butyl >32.4

Pendimethalin > 32.4
Ethofumesate 1.49

* ED50 value (dose causing 50% growth inhibition) based on score of
plant condition assessed 2 July

Pendimethalin was the safest residual herbicide tested having no
recordable activity from root application and no adverse effect as an
overall spray at a high dose in winter and spring. Subsequent field
experiments have confirmed this tolerance (Clay, unpublished data) and there
is now a recommendation for its use in blackcurrants. Spring applications
of methazole were found to be much safer than diuron, a herbicide
recommended for use in blackcurrants. Methazole was recommended for use in
blackcurrants, in mixtures with simazine but it is no longer available
commercially. Ethofumesate had no adverse effect on shoot weight but the
leaf symptoms resulting from winter and spring use suggest unacceptable
persistence of herbicide effects. Oxadiazon was included as a standard
herbicide. The root activity test confirmed the absence of damage from root
exposure found in other crops (Clay 1980) and the safety of dormant season
treatment. The leaf necrosis and subsequent recovery in growth from later
applications has also been found in field experiments (Clay, unpublished
data). Similarly oxyfluorfen has caused severe leaf damage to young plants
in both pot and field experiments which was subsequently outgrown. However
this herbicide could find a use in dormant established blackcurrants since
it controls weeds resistant to other herbicides. A number of triazine
herbicides with some post—emergence activity on small weeds were tested with
a view to use in spring. While shoot treatment with all except hexazinone
was acceptably safe at bud burst the root activity tests indicated greater
toxicity than simazine. However toxicity of most was less than diuron, a
recommended herbicide, suggesting that field application could be safe.
Trietazine + simazine was found to be the least toxic of this group but,
after bud burst, only directed application would be likely to be safe.
Pentanochlor is a post—emergence herbicide recommended as a directed spray.
This was relatively safe compared with the other post-emergence broad-leaf
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wead herbicides tested although bentazone appeared safe as a spray at bud
burst and showed little activity from root application. However its
activity as a herbicide would not be great early in the spring. Shoot
treatments with chlorsulfuron caused similar symptoms and degree of toxicity
to asulam and was relatively safe as a directed spray. However it was much
more toxic as a root application, even allowing for the very low dose
required.

All three selective grass-weed killers tested were safe whether applied
to roots or shoots and this has been confirmed by field experiments (Plowman
et al 1980). Howaver fluazifop-butyl has caused damage on another
blackcurrant cultivar (Lawson et al 1984) indicating the need to check on
varietal tolerance even with outstandingly safe herbicides. Blackcurrants
showed good recovery from overall and directed spray with clopyralid at
0.2 kg/ha. This has been confirmed in field trials (Clay, unpublished data)
and the herbicide is now recommended for directed use. Triclopyr was very
toxic except as a directed spray at bud burst. A herbicide with this
toxicity could only be useful for careful spot-treatment of otherwise
intractable weeds. Glyphosate was very toxic when applied as an overall
spray in March or a directed spray in April, confirming earlier field
studies (Stott et al 1974). Paraquat was safer but more toxic than
glufosinate as an overall spray in summer. This latter difference may have
been less if the test had continued longer. Phenmedipham, AC 222293 and
pyridate all caus=2d noticeable necrosis or chlorosis of sprayed leaves but
symptoms were subsequently outgrowa. Their use could only be considered in
the crop to contrnl otherwise resistant weeds.
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EVALUATION OF GLUFOSINATE-AMMONIUM AND PACLOBUTRAZOL FOR CONTROL OF CANE
VIGOUR IN RASPBERRY

H.M. LAWSON, J.S. WISEMAN

Scottish Crop Research Institute, Invergowrie, Dundee DD2 5DA

ABSTRACT

Glufosinate-ammonium desiccated the first flush of young canes
much more slowly than the standard dinoseb-in-oil, even at
three times the suggested rate of 0.6 kg a.i./ha. There was
evidence of translocation up the fruiting cane and into the
stool, particularly at the higher rate. Since cane vigour
control depends on rapid contact kill without translocation

or residual effects, glufosinate-ammonium is not considered
suitable for this technique.

Paclobutrazol applied as a growth retardant at 0.25 kg
a.i./ha had no useful effect on young canes. Results with
0.75 kg a.i./ha were variable, with some canes temporarily
retarded and others not; records on total cane length showed
overall results similar to dinoseb-in-oil. More new canes
were produced in the following year on these plots, in the
absence of further treatment, than grew on totally untreated
plots. There was no evidence of residual activity on cane
heights in the second year. The variable effects on treated
canes plus restrictions currently applicable to use in tree
fruits suggest that paclobutrazol has little scope for use in
cane management.

INTRODUCTION

Dinoseb-in-o0il is widely used in raspberry plantations in the United
Kingdom to remove the first flush of vegetative canes of very vigorous
cultivars such as Glen Clova (Lawson & Wiseman 1981). Dinoseb is however
subject to regulations made under the Poisons Act 1972 and is unpleasant to
apply. New contact herbicides and desiccants which show promise for arable
crops are therefore routinely screened at SCRI as possible alternatives to
dinoseb-in-0il for cane desiccation. Many less vigorous cultivars do not
produce adequate replacement growth following cane desiccation, but could
nevertheless benefit from a reduction in the height of young canes and the
concentration of a greater proportion of cropping nodes below tipping
height. This would be best achieved by the temporary regulation of the
growth of first-flush canes.

Glufosinate-ammonium (HOE 39866) appeared promising as a desiccant
treatment in a preliminary screening experiment (Lawson & Wiseman 1983),
while paclobutrazol (PP333) has proved successful in reducing vegetative
growth in tree fruits (Anon. 1983). Both chemicals were examined over two
growing seasons in an established raspberry plantation, to evaluate their
effects on cane and fruit production in comparison with the standard
dinoseb-in-oil.

MATERIALS AND METHODS

The experiment was carried out at Invergowrie in a plantation of rasp-
berry cv Malling Jewel planted in 1974. Plots consisted of single rows
6.6 m long, each of 11 stools. Rows were 1.8 m apart. Plots were arranged
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in randomised blocks with three replicates. Four untreated plots were
included in each replicate. Experimental treatments were applied by an
Oxford Precision Sprayer, using fan jets, to 30 cm bards on either side of
the centre of the crop row, when young canes were 10-15 cn tall. All rasp-
berry foliage below 45 cm, whether fruiting laterals or young canes, was
sprayed using a water volume of 10C0 1/ha (sprayed) to ensure thorough
wetting. Application was made to all treated plots on 18 May 1983 and
repeated on half the plots on 8 May 1984; the half not treated in 1984 will
be termed resting plots.

Treatment Dilution of formulated kg a.i./ha
product in water

Dinoseb-in-oil 1.0% 2.50

.3% 0.60
1

Glufosinate-ammonium 0
0.9% .80
0
1

Paclobutrazol .3% 225

0
.0% 0.75

Records of cane and fruit producticn were co-variad on a uniformity
assessment made prior to the first treatment, to allow for the considerable
plot-to-plot variability typical of a plantation of this age. The planta-
tion was managed without soil cultivation. Weeds were controlled by annual
application of brecmacil at 1.1 kg a.i./ha in March. Raspberry suckers
growing between stools and in the alleys were mechanically removed twice
between late April and early July.

RESULTS

In both years, treatment with dinoseb-in-oil completely desiccated all
young vegetative canes within a few days of application. Glufosinate-
ammonium at the lower rate took two weeks to kill treated leaves, and it was
another two weeks before the treated stems turned black and died. Replace-
ment canes emergec later than on plots treated with dinoseb-in-oil, but
showed no visible evidence of malformation or stunting. At the higher rate,
desiccation occurred more rapidly, although still taking several weeks to
reach completion. Replacement canes were very slow tc emerge, but appeared
normal . Paclobutrazol at the lower rate had no visible effect on sprayed
canes in either year, but the higher rate retarded growth of a proportion of
the treated canes for one-three weeks, after which they started to grow
actively again. Other canes, often immediately adjacent, were apparently
unaffected: so were the few canes emerging after treatment. Canes which had
been retarded tempcrarily with paclobutrazol had shorzer than normal inter-
node distances for 5-8 cm above the height at which they were sprayed. Rate
of cane emergence and growta on plots given no repeat treatment in 1984 were
apparently normal, with no visible evidence of malformation or retardation.

No chemical treatment significantly increased or decreased yield of
fruit in 1983, although they all improved mean berry weight. Both rates of
glufosinate-ammonium decreased numbers of berries produced per metre of
fruiting cane (Table 1).

The lower rafe of paclobutrazol had no effect on any aspect of cane
production recorded at the end of the 1983 growing season (Table 2).
Glufosinate-ammonium, especially at the higher rate, reduced cane numbers as
well as mean height. Dinoseb-in-cil and the higher rate of paclobutrazol




TABLE 1
1983 Fruit production cv Malling Jewel

Treatment Dose Yield Berries/m Mean wt
a.i./ha t/ha of cane g/100 berries

Untreated s 72.4 229
S.E. mean + . .67 3.9
Dinoseb . . L4 247
Glufosinate . 5 ) 258% ¥
265***
Paclobutrazol . . E 243*
2UQg**

D.eD

TABLE 2
1983 Cane production cv Malling Jewel

Treatment Dose Total cane length m/plot No. canes Mean ht/
kg a.i./ha 7 produced/ cane (cm)
Produced Retained plot

Untreated 107.6 837 83.7

S.E. mean 330 3:38 2.31 2.4

Dinoseb . 85. 58. 179 111%%x

Glufosinate " 80. . T3:6% 109*x%
60 98 **x

Paclobutrazol . . . 90. 122

84.1 108 *#%%

S.E. mean + . . 326 3.4

¥ %% ¥%* Significantly different from Untreated at the 5%, 1% or 0.1%
level.
# after removing short (<65 cm) and broken canes and tipping tall canes
at 150 cm.
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TABLE 3
1984 Fruit producticn  cv Malling Jewel

Treatment Dose Years Berries/m Mean wt
kg a.i./ha treated of cane g/100 berries

Untreated 83+84 . 68.4 230
3 7.0
Dinoseb . : 86.
88. 250
Glufosinate . o g 255
2T2*
288 %%
299***
Paclobutrazol g . - 226

257

S.E. mean +

* %% *¥* Significantly different from Untreated at the 5%, 1% or 0.1%
level.
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produced similar results in terms of reducing cane production, despite the
different methods of achieving it. The percentage of total cane production
retained for fruiting ranged from 75% on untreated plots and those given the
lower rate of paclobutrazol to 64-70% on other plots.

Resting plots in 1984 showed no significant differences between
experimental treatments in terms of total yield of fruit (Table 3). Berry
rnumbers per metre of cane were greater in plots originally treated with
dinoseb-in-o0il and the higher rates of glufosinate-ammonium and paclo-
butrazol than on untreated plots. The first two treatments also increased
mean berry weight, but all these effects were offset by the reduced length
of fruiting cane tied in. Repeating the initial treatments in 1984 had
relatively little effect on fruit production in comparison with equivalent
rested plots. Glufosinate-ammonium at the lower rate was the only treatment
to increase both numbers of berries and mean berry weight.

Cane production on resting plots originally treated with dinoseb-in-oil
or the lower rate of glufosinate-ammonium showed no residual effects of 1983
applications (Table 4); cane numbers and therefore total length/plot were,
however, substantially lower on plots treated only in 1983 with the higher
rate of glufosinate-ammonium, in comparison with totally untreated plots.
In contrast, cane numbers were significantly increased on plots given either
rate of paclobutrazol in 1983 and rested in 1984. Repeat treatment with
glufosinate-ammonium, especially at the higher rate, was more detrimental to
cane production than equivalent treatment with dinoseb-in-oil. Neither rate
of paclobutrazol significantly reduced cane numbers, mean height or the
proportion of taller canes in comparison with those on untreated plots. The
plantation was ploughed in after end-of-season cane records were completed.

DISCUSSION

This was an old plantation of Malling Jewel, still producing respect-
able yields, but not one which would be expected to respond positively to
techniques for controlling cane vigour. In addition the experiment was
carried out in two years when very dry summers occurred and cane heights
were below average even on untreated plots. The primary objective was,
however, to evaluate the performance of the new chemicals against that of
dinoseb-in-o0il, to determine whether or not they merited inclusion in a
longer-term cane management experiment on a younger and much more vigorous
plantation. The results suggest that neither glufosinate-ammonium nor
paclobutrazol meet the necessary requirements, for the reasons outlined
below.

The reductions in berry numbers per metre of fruiting cane in 1983 with
both rates of glufosinate-ammonium indicate possible translocation up the
fruiting canes from lower sprayed laterals; the significant reductions in
replacement cane numbers recorded following treatment in 1983 or 1984 also
suggest translocation from treated canes into the stool. Dinoseb-in-oil
acts purely by contact effect and gives results comparable to those achieved
by cutting and removing first-flush canes (Lawson 1980). Translocation up
the fruiting cane or into the stool is undesirable, while slow desiccation
does not encourage rapid emergence of replacement canes. 1In addition there
was a clear dose response to treatment with glufosinate-ammonium, the higher
rate giving the more rapid and effective desiccation, but also the greater
suppression of replacement canes. There would, therefore, be little margin
of safety for accidental overdosing. Experiments at SCRI on seed potato




8C—45

TABLE 4
1984 Cane production cv Malling Jewel

Treatment Dose Years Total cane . Mear ht/ % no.
kg a.i./ha treated length (m) cane canes
produced/ (cm) >120 cm
plot tall

Untreated 98.6 . 52
S.E. mean 3:23 .82 . 3.4

Dinoseb 2 90.1 E 63

83.3¥ : 53

Glufosinate . . . 3 51

Jux : 53

6% : 48

L

Paclobutrazol L 5 63

52

49

41

S.E. mean + . . 1 6.9

x ¥% **¥* Signjficantly different from Untreated at the 5%, 1% or 0.1%
levels
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crops have shown that glufosinate-ammonium applied as a desiccant pre-
harvest is translocated from foliage to tubers and retards the growth of
these tubers when replanted, again with an increased severity at higher
doses (Lawson & Wiseman 1984). The slowness of desiccation in raspberry,
the evidence of translocation in this and other crops and the marked dose
response effectively rule out this chemical as an alternative to dinoseb-
in-oil for cane vigour control. It may be worth further investigation as
a directed treatment for the control of raspberry suckers growing in the
alleys between rows, where a degree of translocation combined with slower
desiccation could possibly suppress regrowth more effectively than is
possible with the purely contact effect of dinoseb-in-oil.

Paclobutrazol at the lower rate had no effect on the growth or final
height of treated canes in 1983 or 1984. At the higher rate, the overall
effect on yield components and cane production of treatment in 1983 and in
1984 was fairly similar to that of dinoseb-in-o0il, considering the quite
different methods employed to reduce cane vigour.

The major drawback with paclobutrazol at this rate was the variation
in response between individual canes within the stool, some showing marked
retardation, others being apparently unaffected. More even effects are
necessary if picker access is to be improved and the amount of tipping of
canes required in winter is to be reduced. A higher rate or later applica-
tion might give more uniform results, but recent recommendations for this
chemical on tree fruits (Anon. 1984) state that the upper limit of dosage
in any orie season is 0.75-1.00 kg a.i./ha and that final treatment should
not take place within six weeks of harvest. If these restrictions were
applied to raspberry, there would be little latitude to alter dose or
timing beyond those used in our experiment. Additionally the tree fruit
recommendations suggest that residual activity of paclobutrazol may reduce
vegetative growth in the year after treatment. This apparently conflicts
with our record of increased raspberry cane numbers when plots treated at
either rate in 1983 were rested in 1984. Finally, removal of the first
flush of vegetative canes with dinoseb-in-o0il alters the phasing of cane
growth in relation to several pest and diseases; replacement canes are less
vulnerable to attack (Lawson 1980). Retardation of growth of first flush
canes may not have the same benefits, particularly if the effect varies from
cane to cane within the stool. This drawback would apply with any growth
regulator, but given the high rate needed to produce the moderate degree of
overall cane retardation cbtained, the uneven effect on individuzl canes at
this rate, restrictions on timing and the increase rather than the expected
decrease in growth of the following season's young canes, it does not appear
that paclobutrazol offers the clear and positive advantages in controlling
vegetative growth in raspberry plantations that it does in tree fruit
orchards. Much more precise information on its activity in raspberry would
be needed before the inclusion of paclobutrazol in long-term experiments
on any other aspect of growth regulation in this crop could be justified.
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EVALUATION OF GLUFOSINATE-AMMONIUM FOR RUNNER CONTROL IN STRAWBERRIES

H.M. LAWSON, J.S. WISEMAN

Scottish Crop Research Institute, Invergowrie, Dundee DD2 5DA

ABSTRACT

Glufosinate-ammonium was evaluated as a possible alternative
to dincseb-in-o0il or paraquat for the control of unwanted
strawberry runners. It acted more slowly than the standard
herbicides, but achieved comparable levels of control and
showed no adverse effects on the growth or yield of the
cropping rows. Further examination of this potential use

is recommended.

INTRODUCTION

Paraquat and dinoseb-in-o0il are currently widely-used in the United
Kingdom for the chemical control of unwanted strawberry runners. These
chemicals, while highly effective, have disadvantages in that they are
both subject to regulations made under the Poisons Act 1972, dinoseb-in-
0il is unpleasant to apply, and paraguat occasionally causes injury to
cropping rows by translocation from treated runners. New contact
herbicides or desiccants which show promise for arable crops are
therefore routinely screened at SCRI for possible use in strawberry
runner control. This paper reports a series of preliminary experiments
with glufosinate-ammonium (HOE 39866) recently developed by Hoechst and
currently being evaluated both as a desiccant and as a contact
herbicide (Anon. 1982).

MATERTALS AND METHODS

Four experiments were carried out at Invergowrie between 1982 and
1984 in four-year-old matted row plantations of cv Cambridge Favourite.
The matted rows were 60 cm wide and the alleys between them were 30 cm
wide. Runners were allowed to root freely in the alleys during the
summer months and runner connections were not severed before spray
application. In the screening trials, plots consisted of single alleys
6.75 m long by 30 cm wide between two matted rows and records were
confined to regular scores of foliage desiccation (0 = unaffected, 10 =
100% foliage kill), together with observations on speed of recovery and
on any spread of herbicide effects into the adjacent matted rows. In
the fourth experiment, each plot comprised two matted rows and three
treated alleys 6.75 m long, to allow assessment of possible effects on
fruit production; records were taken of yield, fruit size and quality.

In all four experiments spray drift to the adjacent matted rows
was prevented by means of weighted plastic shields placed over the crop
row immediately before spraying and removed thereafter. Spray reaching
the shields was channelled to the end of the plot, via guttering.
Treatments were applied by Oxford Precision Sprayer using fan jet
nozzles at 276 kPa pressure in 1000 1 water/sprayed ha. Rates of
application of individual herbicides and timing of treatment are shown
in Tables 1-5. All plots were treated once only and were arranged in
randomised blocks with either three or four replicates.
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RESULTS

Expt I

Treatments w=re applied in warm sunny conditions in early May.
Dinoseb-in-oil achieved virtually complete desiccation within 6 cays
while glufosinate-ammonium was slow to -ake effect, needing over 7
weeks to reach the same degree of desiccation (Table 7). Neither
herbicides showed visible evidence of translocation into adjacent matted
rows. New runner leaves were appearing on plots treated with dinoseb-
in-oil several weeks before regrowth commenced in plots treated with
glufosinate-ammonium. The plantation was ploughed up in August.

TABLE 1

Expt I (1982) Desiccation scores (0-10)

Treatment kg a.i./ha 12 May 20 May 31 May 14 Jure
(6 May)

Dinoseb-in-o0il
Glufosinate

Expt II

Treatments were applied in cold damp weather, followed shortly
afterwards by a heavy rain shower. Nevertheless paraguat gave rapid and
effective desiccation of all treated foliage (Table 2). Dinoseb-in-oil
took considerably longer but eventually achieved comparable results.
Glufosinate—ammonium was very slow-acting, taking six weeks to reach its
maximum effect, showing relatively little response ta increases in rate
of application and failing to achieve as high a degree of foliage kill
as the other two herbicides. There was no visible evidence of
t»anslocation into cropping rows by any herbicide treatment and no
regrowth had occurred by the time the plantation was ploughed up in
early January.

TABLE 2
Expt II (1982) Dessiccatior scores (0-10)

Treatment kg a.i./ha 15 Nov.
(5 Nov.)

Dinoseb-in-o0il
Paraquat
Glufosinate

Expt III

This experiment was identical to Expt II but was sprayed 6 days later
and was followed by several days dry, but cold weather. Dinoseb-in-oil
and paraquat performed very much the same as in the previous experiment,
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but glufosinate-ammonium achieved a higher final level of desiccation
and there was a slightly greater response to increased dosage. Little
or no natural senescence had occurred by 20 December in this or the
above experiment. No regrowth had occurred on any treated plot by the
end of December.

TABLE 3
Expt III (1982) Desiccation scores (0-10)

Treatment kg/a.i./ha 15 Nov. 29 Nov. T Dec.
(11 Nov.)

Dinoseb-in-oil
Paraquat
Glufosinate

Expt IV

Both applications were made in dry sunny weather. Paraquat gave
rapid and very effective desiccation whether applied in the autumn or the
spring (Tables 4 and 5). Glufosinate-ammonium was slower-acting in both
seasons but eventually achieved almost complete kill of treated foliage,
helped in early winter by natural senescence due to a succession of hard
frosts. Records on ground cover by runner foliage in mid May showed
both herbicides maintaining equally effective suppression regardless of
season or treatment. Runner plants were cut and removed from untreated
alleys on 15 May, to avoid any competition with fruiting rows.

TABLE 4

Expt IV Autumn application (1983). Desiccation scores and spring regrowth

Treatment Desiccation (0-10) % cover
(7 Oct.)

kg a.i./ha 13 Det. 3 15 May

Untreated 21
Paraquat . . : = <1
Glufosinate , . 2

TABLE 5

Expt IV Spring application (1984). Desiccation scores and spring regrowth

Treatment Desiccation (0-10) % cover
(25 Apr.)

kg a.i./ha 27 Apr. 30 Apr. 8 May 15 May 15 May

Untreated 0 0 21
Paraquat 5.0 A 9.3 . <1
Glufosinate 0 9.4 . <1
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There was no evidence of translocation into fruiting rows by either
herbicide and yield results (Table 6) gave no indication of adverse
effects of paraquat or glufosinate-ammonium whether applied in autumn or
spring. Low numbers of berries per crown reflected the presence of a
high percentage of small unproductive crowns in the matted row. Despite
this, yields were acceptably high for a plantation in its fifth cropping

year.

TABLE 5

Expt IV Yield reccrds (1984) cv Cambridge Favourite

Treatment kg a.i./ha Yield Berries/
t/ha 10 crowns

Untreated
S.E. mean +

Paraquat
(autumn;
Glufosinate
(autumn)
Paraquat
(spring)
Glufosinate
(spring)

S.E. mean +

Sig. of effects
Paraquat v glufosinate
Spring v autumn

DISCUSSION

Dinoseb-in-0il and paraquat applied at rates recommended for runner
contrcl performed satisfactorily and their relative speed of desiccation
under different weather conditions was similar to that reported in earlier
experiments by Lawson & Wiseman (1980). Glufosinate-ammonium was much
slower-acting than either of the standard chemicals, regardless of dose
or weather conditicns, but it eventually gave acceptable and usually
comparable results. Evidence from Expt III suggested that increasing the
dosage speeded up the rate of desiccation and slightly improved the final
result. This was rot as evident in Expt II where rain shortly after
application may have impaired activity. More work is needed to confirm
the most reliable cosage to suit varying weather and crop conditions, but
both autumn and spring application at 1 kg a.i./ha were as effective as
the standard rate cf paraquat. Evidence from similar research on
raspberry (Lawson & Wiseman 1983, 1985) confirms the much slower, but
eventually equally effective activity of this herbicide in comparison with
dinoseb-in-oil.

In none of the current experiments were weather conditions at and
after application conducive to translocation of paraquat from treated
runners to the adjacent matted row. It was therefore not possible to
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determine whether glufosinate-ammonium behaves similarly, although there
was no evidence that this herbicide translocates in conditions where
paraquat does not. However, suppression of regrowth by treated runners
appeared to be more persistent with glufosinate-ammonium than with
dinoseb-in-o0il and more comparable with the activity of paraquat

(Lawson & Wiseman 1980), which suggests that some degree of translocation
from foliage to runner crowns may take place. Experiments on potato
have shown that glufosinate-ammonium applied as a desiccant pre-harvest
can translocate from foliage to tubers (Lawson & Wiseman 1984). It may
therefore be advisable to make recommendations for discing along the
crop rows prior to treatment, similar to those currently advocated with
paraquat, until information is available from application in seasons
where paraquat causes damage.

More information is needed on dose and spray volume in relation to
crop density and on the persistence of suppression of treated runner
plants. However, if glufosinate-ammonium finds markets in the United
Kingdom for use in major arable crops and growers will accept its
relatively slow speed of action, it should be considered for further
development as a strawberry runner desiccant.
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FURTHER EXPERIMENTS ON THE CONTROL OF EPILOBIUM CILIATUM WITH HERBICIDES

D.V. CLAY, J.A. BAILEY*
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ABSTRACT

A number of herbicides recommended in fruit crops were tested for
control of E. ciliatum in experiments at three sites. Diphenamid
(4.5 kg/ha), napropamide (4.5 kg/ha), oxadiazon (1 kg/ha),
oxyfluorfen (1 kg/ha) and propyzamide (1.6 kg/ha) applied in
winter gave effective pre—emergence control but when applied to
established E. ciliatum, only oxadiazon and oxyfluorfen in spring
were effective. Norflurazon (4.5 kg/ha) was effective on
established plants in winter and spring but paraquat + diquat
(1.1 kg/ha) was generally ineffective. 2,4-D amine in spring
killed the weed. Clopyralid (0.2 kg/ha) severely stunted the
weed at all application dates from December to May. Clopyralid
activity in May was increased by repeated treatment of 0.1 kg/ha
mixed with phenmedipham (0.55 kg/ha) at a 5 day interval.
Post—emergence control with chloroxuron (4.5 kg/ha) in May was
improved by addition of wetter and application as a split dose at
a 5 day interval.

INTRODUCTION

Epilobium ciliatum (American willowherb) has become a serious problem
in perennial crops grown without soil disturbance, where simazine has been
used repeatedly. Seed from such plants has been shown to be resistant to
simazine applied pre-emergence compared with other Epilobium species (Bailey
& Hoogland, 1984) although it was susceptible to other soil-acting
herbicides. Diuron gives effective control of E. ciliatum both pre- and
post—emergence in top and bush fruit but other effective herbicides are
needed particularly for strawberries. A number of soil and foliar-acting
herbicides selective in fruit crops were tested in field experiments on
established and seedling E. ciliatum at sites at Tiptree, Essex; Norwich,
Norfolk and Begbroke, Oxford. At the third site a number of non-selective
herbicides were also evaluated.

MATERIALS AND METHODS

Details of plant material, plot size, replication and spraying for the
six experiments are given in Table 1. The herbicide treatments are shown in
Tables 2-7 the formulations commercially available in the UK being used.
Where wetter was added it was non-ionic (Agral).Adjuvant oil as Actipron was
used in Experiment 3.

Experiment 1

Plots were laid out in established blackcurrants at Tiptree Essex, 1
m“ either side of the bush row being sprayed. The E. ciliatum was present
mainly as rosettes at the base of the previous seasons flowering shoots,
with few seedlings present. Herbicides were applied on 25 October 1983 with
a pressurized knapsack sprayer. Plant no./plot was recorded on 31 May
1984.

* present address: Dale End, Kirkbymoorside, N. Yorkshire
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TABLE 1

Details of the experiments at the different sites

Expt Plant Plot Repli- Spray dates Tee Jet Vol.
No. material size cation No. rate

(m) (1/ha)

Tiptree Natural 25 Oct. 83 6502 370
population

Norwich Natural 29 Nov. 83 6502 330

population 4 Apr. 84

Begbroke Transplanted 3 May 84 6502 373
Octoter 83

Begbroke Transplanted 3,18 May 84 6502 373
Octoter 83

Begbroke Transplanted 18 Dec. 84 8003 330

Octoter 84 27 Mar. 85 " "

19 Apr. 85

16 May 85

Begbroke Natural 19,24 Apr. 240

population 16 May 85 "

Experiment 2
Plots were laid out in established strawberries at Tunstead, Norwich, a

5 m length of two adjacent rows being treated. At spraying on 29 November
large numbers of rosettes and seedlings were present both with 4 to 10

leaves. At spraying on 4 April overwintered plants were similar in size and
appearance to the previous spray date but there were also large numbers of
cotyledon stage seedlings. On 31 May vigour and % cover of seedlings was
assessed and vigour and no./plot of overwintered rosettes.

Experiments 3 and 4

Single plants of Epilobium ciliatum grown from seed from a simazine
resistant population were planted in a sandy loam soil at Begbroke Hill,
Oxford in October 1983, 20 cm apart in single rows. Herbicides were applied
using a hand-held pressurized sprayer when the plants were tillering and
main shoot height was 10-15 cm (3 May) and 15-20 cm (18 May). Vigour was
scored at intervals on a 0-9 scale (0 = dead, 9 = healthiest untreated
plants) and fresh weight of shoots/plot recorded at the end of the
experiment.

Experiment 5
The site, plant source and arrangement and spraying method were the

same as experiments 3 and 4, transplanting being done in October 1984. At
spraying in December plant rosettes were 5 to 7 ecm high and up to 10 cm
diam. On 27 March height was approximately 7 cm and growth was just
beginning. On 19 April plants were 7 to 12 cm high with extension growth
beginning. On 16 May plants were about 20 cm high, growing vigorously and
tillering. Plant vigour was recorded at intervals and maximum shoot height
and shoot fresh weight/plot at the end of the experiment.

Experiment 6

Treatments were applied to a natural population of E. ciliatum
developing from seed in an area where simazine-resistant plants had been
grown the previous year. At the first spraying date (19 April) plants were
mainly 5 to 8 cm high, some were tillering and extension growth was just

1088
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beginning. At the 16 May application spray date plants were 7 to 20 cm tall
and growing vigorously. Assessments were the same as in the previous
experiment but final number of plants/plot was also recorded.

RESULTS

Experiment 1
Simazine (2.0 kg/ha) chlorthal-dimethyl (6.0 kg/ha) and propachlor

(4.0 kg/ha) applied in October had no effect on the numbers of E. ciliatum
plants recorded in May (Table 2). Most of the plants present were spring
germinated seedlings. Lenacil (2.0 kg/ha), propyzamide (1.7 kg/ha) and
diuron (0.9 kg/ha) reduced plant numbers by 85% compared with the control
but diuron (0.5 kg/ha) was less effective. There was no weed on plots
treated with oxadiazon (1.0 kg/ha) and oxyfluorfen (1.0 kg/ha).

TABLE 2

The effect of herbicide treatments applied on 25 October on number of
E. ciliatum (Experiment 1)

Herbicide Dose No./plot Herbicide Dose No./plot.
(kg/ha) 31 May (kg/ha) 31 May

Simazine s.c 2 Propachlor s.c 4.0 43

Propyzamide 1. Chlorthal- 6.0 29
dimethyl w.p

Diuron w.p 0. Oxadiazon .0 0

Diuron w.p 0. Oxyfluorfen .0 0

Lenacil 2. Untreated control 35

* 247 e.c.

Experiment 2

Application of chloroxuron (4.5 kg/ha) in late November or early April
reduced numbers of rosettes present the following May but seedling numbers
and vigour of surviving plants was unaffected (Table 3). Addition of
adjuvant oil to chloroxuron applied in April led to complete kill of
seedlings and increased kill of overwintering rosettes. With other November
treatments, diphenamid (4.5 kg/ha) reduced vigour but not number of
overwintering plants and reduced vigour and % count of seedlings in spring.
Ethofumesate (2.0 kg/ha), propachlor s.c. and w.p. (4.5 kg/ha) and terbacil
(0.6 kg/ha) had no measurable effect when recorded in May. Simazine
(0.5 kg/ha) + propyzamide (0.5 kg/ha), propachlor + chlorthal dimethyl
(6.0 kg/ha) slightly reduced growth of seedlings the following year.
Napropamide had some inhibitory effect on rosette growth at 1.4 kg/ha,
higher rates reduced number and vigour of survivors, and all rates gave
almost complete control of seedlings in spring. With treatments on 4 April
clopyralid (0.2 kg/ha) + phenmedipham (1.1 kg/ha) gave complete kill of
overwintered rosettes and seedlings; phenmedipham alone had no effect on
overwintered plants but reduced ground cover of seedlings considerably.

Experiment 3
Clopyralid (0.2 kg/ha) applied on 3 May to actively growing plants

severely stunted but did not kill the plants (Table 4). There was little or
no increase in activity with added wetter or ad juvant oil. Chloroxuron

(4.5 kg/ha) checked growth but recovery was rapid. Addition of adjuvant oil
slightly increased the initial effect but had no long term effect. Added
wetter (0.5% spray solution) had greater effect which-was not outgrown
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TABLE 3

The effect of herbicide treatments applied to E. ciliatum in strawberries
in winter and spring, assessed on 31 May (Experiment 2)

Overwintered
Seedlings rosettes
Herbicide Dose Appln. Vigour % cover Vigour No/plot
(kg/ha) date (0-9) (0-9)

29 Nov.

39
53
63
86
60
76
42
30
14
94
41
63

~
w
[¥e)
o
o
o

Chloroxuron
Diphenamid
Ethofumesate
Propachlor w.p.
Propachlor s.c.
Terbacil
Napropamide

NN OUUoOoOULUULWONEOWLWWL O WL
.

.

.
.
OWWNNWOOOOoO W

OO WO WNOOOOOo

Propachlor + C*
Simazine
Simazine +
propyzamide
Chloroxurcen
Chloroxurcn
Chloroxuron O
Clopyralid
Phenmedipham

W oSNNS~ OYWYWYOWm
e & o . s s =

WO 000 WHH NWWOWWwWWwH
e o e o e . .« .

o

41
10
7
0
63

78
12.9

o o

o

[@Rlc VeV o]
(=

HoOMPWLWOOOEFEFENHOEEENDS

o W
o o
. .

o W

Untreated

SE+

8
9.
0
0
8.
9.
0.

~

* propachlor s.c. + chlorthal-dimethyl 6.0 kg/ha. T0, plus oil 5 1/ha

although plants survived to produce flowers. 2,4-D amine (2.0 kg/ha) killed
all treated plants. Diuron (0.5 kg/ha) checked growth temporarily but
regrowth was rapid. The 1.0 kg/ha rate gave long-term check although
surviving plants Zlowered. Diphenamid (4.5 kg/ha) stunted plants after
application but plants recovered. Paraquat + diquat caused severe leaf
necrosis after treatment but plants regrew strongly and flowered.

Experiment 4

Applying clopyralid (0.2 kg/ha) and chloroxuron (4.5 kg/ha) as split
doses at a 15 day interval either alone or in mixture generally failed to
increase toxicity to E. ciliatum (Table 5). The least effect was given by
half-doses of the chemicals applied alone or in mixture on 3 May.
Chloroxuron (2.25 kg) followed by clopyralid (0.1 kg/ha) gave an effect
similar to a single full dose of clopyralid but clopyralid (0.1 kg) followed
by chloroxuron (2.25 kg/ha) was virtually no more effective than the
clopyralid alone (data not shown).

Experiment 5
Diphenamid and napropamide applied to established plants of E. ciliatum

in December led to stunting of growth particularly at high doses but no
plants were killed and growth later in spring was vigerous (Table 6).
Diphenamid was more effective than napropamide. Spring applications of
these herbicides were slightly more effective when assessed in June.
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these herbicides were slightly more effective when assessed in June.
Propyzamide applied in December resulted in long-term stunting of growth but
regrowth from the 0.8 kg/ha rate was vigorous. Pyridate applied in
December only had a slight depressing effect on subsequent growth but
mixture with simazine markedly improved control although some plants grew
vigorously (data not shown). Norflurazon (4 kg/ha) applied in December
killed or severely stunted all plants but March treatment was less effective
(Table 6).

TABLE 4

The effect of herbicides applied on 3 May to established
E. ciliatum assessed on 5 July (Experiment 3)

Vigour Fresh Vigour Fresh
Herbicide Dose score weight Herbicide Dose Score weight
(kg/ha) (0-9) shoots® (kg/ha) (0-9) shoots®

Clopyralid 2,4-D amine 0
Clopyralid W*
Clopyralid 0*
Chloroxuron
Chloroxuron W¥
Chloroxuron 0%
Diuron

Diuron

2.0
Diphenamid 4.5 105
Paraquat 1.0 73
+ diquat
Untreated . 100
(606)"

—HO+&~PSPOOOo
.
O NO N WWOW X

O ULttt N
1Oy 00Ul 00 W N W
. e » e o e

S:E. + 0.68 14.8

* W, added wetter 0.5%; 0, plus oil 5 1/ha; ° % untreated; + g/plot
TABLE 5

The effect of herbicide treatments on 3 and 18 May on established
E. ciliatum assessed on 5 July (Experiment 4)

Vigour score Fresh wt. shoots
Herbicide Dose Appl. (0-9) (% untreated)
(kg/ha) date

May
May
May
May
May
May
May
May
May
May
May

Clopyralid
Clopyralid
Clopyralid +
clopyralid
Clopyralid
Chloroxuron
Chloroxuron
Chloroxuron +
chloroxuron
Chloroxuron
Clopyralid +
chloroxuron
Chloroxuron +
clopyralid

May
May

ONNOENNMNPENMNOODOOO
e o s 4 2 e s = e s e e = »
FNNNFURNDOUONN -~ N

Untreated
S.E. +

+ actual value 425 g/plot
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TABLE 6

The effect of herbicides applied in winter and spring on established
E. ciliatum assessed ib 18 June (Experiment 5)

Appl. date 18 December 27 March
Herbicide Dose Vigour Shoot Vigour Shoot
(kg/ha) (0-9) height fresh wt. (0-9) height fresh wt.
% untreated % untreated

75 56
70 64
28 12
78 66
85 107
17 68
72 56
30 8
0 0

60 63
19 4
84
73
67
9
14
- = 0
79 60
74 48
23 4
62 30
37 9
16 3
63 38
81 59
638 24
42 39
21 8
32 25

Applied 17 April Applied 16 May
2.1 36 66 2. 47 60

Diphenamid

.

Napropamide

N
I © O

Norflurazon

M NUnONO O~ O

~

= | O )l @i | e e F

.

| oS UL~ LWL
e o o . .

& & e o < @

WO | &1 ©o I

Oxadiazon

Oxyfluorfen
10

Oxyfluorfen
(+ paraquat/
diquat)*
Paraquat
+ diquat

.
UMF WU WOMNMOO

.

w

Clopyralid

QONHONHONHODNCXJJ-\NCDL\NCO&\N
% o € 8 K & ® s 8 & » ®

ANEFEFNHUOQUOOWOQ
LWWI RS~ OO I W |

[S2]
WNhwwuurE - Wwrwon |
e e s e P PR N

(=]

7
1.6 37 51 ol 93 29
8.2 100 .2 100 100

Untreated

(T4em) (77T (74cm) (777)F
SE + 0.83 13.¢ 15.0 .83 13.4 15.0

* doses of paraquat + diquat in mixture with oxyfluorfen corresponded to
those applied alone. + g/plot

Oxyfluorfen applied in winter severely stunted plants but regrowth was
vigorous except with 2 kg/ha. March treatment was more effective and the
mixture with paraquat + diquat was even more toxic. Ooxadiazon (2 kg/ha)
applied in March also gave virtually complete kill. Paraquat + diquat at
all rates applied ir December killed much leaf growth and reduced subsequent
growth but plants flowered profusely; March treatment was much less
effective. Amitrole (4.4 kg/ha) at both dates gave virtually complete kill;
glyphosate at all rates was ineffective in winter but 1.6 kg/ha in April
gave severe long-term stunting of growth (data not shown). Clopyralid (0.2
kg/ha) in December, April and May resulted in long-term stunting of growth
but surviving plants produced some flowers. March treatment gave virtually

complete kill.
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Experiment 6
Clopyralid (0.2 kg/ha) applied to vigorously-growing plants in April or

May severely stunted growth although plant numbers were not reduced and some
plants still produced a few flowers. The earlier application was somewhat
more effective (Table 7). Split application of the April treatment
separated by 5 days, did not improve control. Addition of phenmedipham

(0.5 kg/ha) to clopyralid applied on 19 April did not improve toxicity but a
split dose of the mixture gave greatly improved effects reducing plant
numbers by 707% and severely stunting the remainder. Chloroxuron (4.5 kg/ha)
only led to slight growth reduction. Addition of wetter (0.5%) to the April
application did not improve effect but there was better effect from a split
application of chloroxuron + wetter; most plants were killed or severely
stunted. 2,4-D amine (2.0 kg/ha) killed all plants. Paraquat + diquat
(1.1 kg/ha) caused severe leaf necrosis but plants largely recovered.

TABLE 7

The effect of herbicides applied in spring to a natural population of
E. ciliatum (Experiment 6)

Herbicide Dose  Appln. Vigour (0-9) Height No. Fresh wt
(kg/ha) date 20 May 18 June tallest plants shoots
(% untreated, 18 June)

19 Apr . 29 73 42
16 May 5 53 100 51
19 Apr £ 23 98 43
24 Apr

19 Apr . . 35 68 33

Clopyralid
Clopyralid
Clopyralid*

Clopyralid +
phenmedipham
Clopyralid +* O.
phenmedipham O.
Chloroxuron
Chloroxuron

+ wetter
Chloroxuron

+ wetter

2,4-D amine
Paraquat +
diquat

Apr 8 26 29 8
Apr

Apr 77 71 53
Apr 73

(S0, |

e
~r

Apr
Apr
Apr
Apr

N wuv

2
2
.1
.1
2
5
0
0
5
5
5
2
5
0
.1

Untreated
SE+ 0.45 8.4

* repeated dose

DISCUSSION

Experiments on E. ciliatum occurring in fruit plantations in autumn
were made less satisfactory because of the natural mortality of plants
during the winter. This affected the experiment at Tiptree and more
particularly at two other sites which had to be abandoned. This mortality
did not occur where the weed was transplanted into plots in October.

Previous pot experiments have shown that there is a big difference in
the response of E. ciliatum to the foliar and soil-acting herbicides used in
fruit crops (Bailey and Hoogland, 1984). These results have been largely
confirmed in the field experiments described in this paper. Diuron,
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diphenamid, napropamide and propyzamide all gave good pre-emergence control
of E. ciliatum when applied in winter but only diuron showed significant
post—emergence activity when applied to established plants. Winter
applications of diphenamid (4.5 kg/ha) and to a lesser extent napropamide
(4.5 kg/ha) reduced growth of established E. ciliatum but control was
inadequate in that the plants recovered to flower profusely.

Safe and effective treatments that could be used in strawberry were
therefore needed. Chloroxuron and clopyralid are both recommended on
strawberries in the UK so the effect of spray timing and additives were
investigated in grzater depth. Clopyralid (0.2 kg/ha) gave the most
effective control of established E. ciliatum if applied when growth was
recommencing in early spring. Plants were severely stunted and largely
prevented from flowering. Treatment in winter and later in spring was
somewhat less effective particularly in preventing flowering of surviving
plants. Addition of wetters, split application and mixture with
phenmedipham failed to improve control significantly but a split dose of
clopyralid/phenmedipham mixture with 5 days between treatment was very
effective in 1985. Addition of extra wetter to chloroxuron (4.5 kg/ha) gave
a marked improvement in effect in 1984 but less in 1985; however a split
dose of chloroxuron + wetter was extremely effective in killing the weed in
1985. These results suggest there may be ways of using herbicides
recommended in strawberries in spring to obtain control of established
E. ciliatum.

For fruit crops where directed applications of herbicides can be made,
a number of other herbicides gave effective control of the emerged weed, in
particular amitrole, 2,4-D amine, oxyfluorfen + paraquat/diquat, oxadiazon
and norflurazon. Paraquat + diquat and glyphosate were generally
ineffective in preventing regrowth and flowering.

This work has therefore confirmed the effectiveness for pre- and
post—emergence control of E. ciliatum of a number of herbicides recommended
in fruit crops in the UK. Further work is needed to confirm the usefulness
and safety of spli: application of clopyralid + phenmedipham and chloroxuron
+ wetter for control of established E. ciliatum in strawberries.
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EVALUATION OF ORYZALIN AND MOGETON FOR WEED CONTROL IN FIELD AND CONTAINER
GROWN HARDY NURSERY STOCK

D. WILSON AND A. HUGHES

Imperial Chemical Industries PLC, Plant Protection Division, Bear Lane,
Farnham, Surrey, GU9 7UB

ABSTRACT

Trials on newly planted field and container-grown hardy nursery
stock have shown that oryzalin provides excellent broad spectrum
weed control, including the most important species on containers,
i.e. Cardamine hirsuta, Epilobium spp, Marchantia polymorpha
(Liverwort), Oxalis corniculata, Poa annua, Senecio vulgaris and
Sonchus oleraceus. Oryzalin did not adversely effect the crop
vigour of approximately 500 woody and 80 herbaceous ornamental
genera/cultivars treated. Slight phytotoxicity and/or vigour
reduction was seen on 9 woody and 6 herbaceous cultivars.

Results also showed that mogeton provides a very high level of
control of both Marchantia polymorpha and Funaria hygrometrica
(Moss) on containers. It did not effect crop vigour or quality

of approximately 400 woody and herbaceous genera/cultivars treated
and was equally safe and effective on crops grown under protection.

The results show that oryzalin or a tank mixture of oryzalin and
mogeton will provide more effective and safer weed control on a
wide range of hardy nursery stock than current commercial
herbicides.

INTRODUCTION

The production of hardy nursery stock, especially in containers (Anon
1985), for amenity and home garden planting is one of the few growth areas
in UK horticulture. However, one of the major limitations to economic and
volume production is the high cost and availability of labour for hand
weeding (Davison and Roberts 1976).

The search for effective and safer herbicides has been increased in
recent years, e.g. the development and 'Approval' of chlorthal-dimethyl,
propachlor and diphenamid, but the wide range of species grown and
different methods of crop husbandry employed in the production of hardy
ornamentals makes these objectives difficult to achieve. A particular
problem in containers which are irrigated frequently is the weed spectrum
that usually occurs, the most troublesome being Cardamine hirsuta,
Epilobium spp., Marchantia polymorpha, Poa annua and Senecio vulgaris
(Carter 1978).

Data from the USA (Anon 1983)had indicated that oryzalin, a residual
herbicide from Eli Lilly & Co., might provide superior weed control with
improved crop tolerance compared to existing products. Trials were laid
down in 1983, 1984 and 1985 on newly planted container and field-grown
trees, shrubs and herbaceous ornamentals.

In addition to annual grasses and broad-leaved weeds, mosses and
liverworts are a serious problem on containers, reducing plant vigour and
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the marketability of the final product. Mogeton, (proposed common name for
2-amino-3-chloro-1,4-naphthoquinone) an algicide from Agro-Kanesho, was
included in the 1984 and 1985 trials on containers for evaluation.

MATERTALS AND METHCDS

A total of 12 trials on newly planted field grown stock were conducted
in the period 1983-85. Details of trials location, soil and crop type,
dates of planting, herbicide application and assessmentsz are shown in
Table 1 below.

TABLE 1
Details of field trials 1983-85

Trial
No

Location

Crop

Planted

Dates
Applied

Assessed

1/83
2/83
1/84
2/84
3/84
1/85
2/85
3/85
4/85
5/85
6/85
7/85

Sandwich, Kent
Bressingham, Suffolk
Fordham, Suffolx
Chobham, Surrey
Bressingham, Suffolk
Pulborough, Sussex
Liss, Hants
Bressingham, Suiffolk
Abingdon, Oxon
Bransford, Worc
Hereford

Hereford

Trees/Shrubs
Herbaceous
Trees
Trees/Shrubs
Herbaceous
Trees/Shrubs
Trees/Shrubs
Herbaceous
Trees
Trees/Shrubs
Trees
Herbaceous

19/5
9/6
1-18/4
1-17/4
16/5
1-15/5
1-28/5
April
1-16/4
1=13/6
April
April

24/5
15/6
19/4
18/4
30/5
16/5
29/5
4/5

17/4
14/6
15/5
15/5

21/7

18/8

18/6, 13/8
23/5, 13/6
23/7

17/6

13/8

18/7

24/5

1217

4/7

4/7

16 trials on newly planted containers were conducted in 1984 and 1985.

Details

TABLE 2
Details

of location and type of compost used are shown in Table 2 below.

of container trials 1984-85

TRIAL N

(0]

Location

Compost

4/84
5/84
6/84
7/84
8/84
8/85
9/85
10/85
11/85
12/85
13/85
14/85
15/85
16/85
17/85
18/85

Pulborough, Sussex
Chobham, Surrey
Woodbridge, Suffolk
Bressingham, Suffolk
Fordham, Suffolk
Chobham, Surrey
Pulborough, Sussex
Warburton, Sussex
Romsey, Hants
Canterbury, Kent
Bressingham, Suffolk
Fordham, Suffolk

Methwold Hythe, Norfolk

St. Albans, Herts
Woburn Sands, Bucks
Bransford, Worcs

Peat
Peat,
Peat

10% loam

Fisons potting
Peat/bark

Peat
Peat
Peat,

10% grit

Peat

Peat, 207% grit
Fisons potting
Peat/bark
Peat/bark

Peat

Peat

Peat
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Trials were of single plot design, with each plot containing a range
of ornamental species. Treatments were applied in 1983 and 1984 using
either an 'AZO' propane gas sprayer regulated at 200 kPa or a CP3 knapsack
regulated at 100 kPa. Both sprayers were fitted with a two metre boom with
cone nozzles. Water volume was 267-333 litre/ha on field-grown stock and
2000 litre/ha on containers. The spray deposit was not washed off the crop
foliage after application. The oxadiazon granules were applied with a
'Moderne' granule applicator.

In 1985 treatments were applied using the commercial spray equipment
used on the nurseries concerned. This ranged from knapsack sprayers to
tractor mounted booms. Water volumes ranged from 270 to 500 litre/ha on
field crops and 2000 to 2500 litre/ha on containers. Herbicide deposit on
crop foliage was not washed off after application.

Treatments applied to field crops are shown in Table 3, and to
containers in Table 4 below.

TABLE 3

Field Treatments

Treatment : Trials

Untreated control All
oryzalin (L 2.16 All

Oryzalin 2.84 1985 only
Oryzalin 3.24 1984 only
Oryzalin 4.32 1983 & 1984
Chlorthal-dimethyl + propachlor 6.75 + 4.32 1983
Chlorthal-dimethyl + dighenamid 4.5 + 3.0 1984
Coumercial Standards (% 1985

Oryzalin was tested as a 75Z ai wettable powder ('Surflan 75W') in
1983 and as a 480 g/litre aqueous suspension in 1984 and 1985
('Surflan').

Commercial Standards included simazine @ 2.2 kg; simazine +
propyzamide @ 0.5 + 0.5 kg; diphenamid @ 3.7 and 6.7 kg and
diphenamid + chlorthal-dimethyl @ 6.0 + 7.5 kg ai/ha.
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TABLE 4

Container Treatments

Spray
Interval
Treatment Rate: kg ai/ha in Weeks Trials

Untreated control = All
Oryzalin ( 2.16 1984
Oryzalin 3.24/3.36(2) 1984 /85
Oryzalin 4.32 1984
Oryzalin + mogeton (3) 3.24/3.36 + 3.5 1984/85
Diphenamid + mogeton 3.75 + 3.5 1984/85
Oxadiazon 2% granules 4.0 1985
Commercial Standards (4) 1985

HIOMES W >

See Note 1, Table 3 above.

Treatment D was increased from 3.24 kg ai/ha oryzalin in 1984 to 3.36
kg ai/ha in 1985.

In 1984 mogeton was tested as a 50% ai wettable powder and in 1985 as
both 50% and 25% ai wettable powders.

Commercial Standards included diphenamid @ 3.5 and 4.5 kg; diphenamid
+ chlorothalonil @ 4.5 + 7.5 kg; oxadiazon @ 4.0 kg; chloroxuron @
2.2 kg ai/ha and quinonamid @ 40 kg product.

Weed control was assessed in 1983 and 1985 as percentage weed cover
and is presented as % weed control. The weed species present were
recorded. In 1984 weeds were counted, by species, on each container or
using a % m“ quadrat on field crops. Moss and Liverwort was assessed as %
cover on containers and sandbeds and is also presented &s 7 control.

Crop tolerance was assessed for each ornamental species using a 0-10
scale, where 10 = full vigour and 0 = plant death.

RESULTS

a) Weed Control on Field Grown Crops

Control of weed species and overall weed control c¢n field grown crops
is presented in Tables 5 and 6. Oryzalin at 2.16 to 3.24 kg ai/ha provided
superior overall weed control compared to the standard treatments.

Oryzalin gave better control of Senecio vulgaris, Viola arvensis and
Cirsium arvense than the standard in 1984, and of Capsella bursa-pastoris,
Chenopodium album, 5olanum nigrum and Matricaria perforata in 1985.




TABLE 5
Field-grown crops
% Control of weed species, 8 weeks after application (1984 trials)

No of Untreated Chlorthal+ Oryzalin
Weed Species Trials (No/m“) diphenamid 2.16 3.24 4.32\%/

Senecio vulgaris . 66 76 76
Stellaria uedia . 100 94 97
Veronica arvensis . 100 93 100
Polygonum aviculare . 96 84 96
Myosotis arvensis . 100 100 100
Viola arvensis . 0 68 64
Chenopodium album . 88 89 78
Cirsium arvense : 79 100 100
Anagallis arvensis 100 100 100
Urtica urens . 100 95 95
Bilderdykia convolvulus 64 27 64

Notes:

(1) Poor control of Viola, Anagallis, Urtica and B. convolvulus by
oryzalin at 4.32 kg/ha was due to very variable weed infestation at
one site.

(2) All treatments also gave complete control of low levels of Capsella
bursa-pastoris, Lamium purpureum, Matricaria perforata, Polygonum
persicaria and Trifolium repens.

TABLE 6
Field-grown crops
% Overall weed control 7-11 weeks after application

1983(1) 1984 1985(3)
Treatment (2 trials) (4 trials) (5 trials)

Standard 79 58 86
Oryzalin . 85 80 94
Oryzalin 93
Oryzalin . 79 -
Oryzalin @ 4. 90 66 (2) -

Notes:

(1) Weeds controlled in 1983 trials were: Anagallis arvensis, Poa annua,
Polygonum aviculare, B. convolvulus, P. persicaria, Senecio vulgaris,
Stellaria media, Matricaria perforata and Veronica arvensis.

(2) See note 1 under Table 5.

(3) The predominant weeds controlled in 1985 were: Matricaria perforata,
Solanum nigrum, Stellaria media, Capsella bursa-pastoris, Sonchus
oleraceus, Polygonum aviculare, Poa annua, Senecio vulgaris and
Chenopodium album. Oryzalin also controlled low levels of Galium
aparine, Kickxia spuria and Chamomilla suaveolens.
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b) Weed Control on Containers

Control of weed species and overall weed control on container—-grown
crops is presented in Tables 7 and 8. Oryzalin at 2.16 kg gave superior
weed control comparsd to diphenamid but was inferior to oxadiazon
granules. However, oryzalin at 3.24 and 3.36 kg was superior to all the
commercial standard treatments. The level of weed control was not improved
when the rate of oryzalin was increased to 4.32 kg ai/hz.

TABLE 7
Container—grown crops
% Control cf weed species, 3 weeks after final application (1984 trials)

No of Untreated Oxadi- Diphen + Oryzalin
Weed Species Trials (No/m*) azon mogetom 2.16 3.24 4.32

Cardamine hirsuta (28.4) 33 54 88
Epilobium spp (21.8) 52 67 93
Senecio vulgaris (L6) 17 18 67
Poa annua (0.4) 100 60
Sonchus oleraceus (2-4) 75 100
Papaver rhoeas (1+3) 84 92
Cirsium arvense (3.4) 100 83
Oxalis coruniculata (1.0) 51 100
Trifolium repens (0.4) 60 40

Note: All treatments also gave complete control of low levels of
Festuca ovina, Holcus lanatus, Juncus conglomeratus and Rumex
acetosella.

TABLE 8
Container—-grown crops
% overall weed control

1984 1985
Treatment (5 trials) (8 trials)

Oxadiazon 77
Diphenamid + mogetcn 53
Oryzalin @ 2.16 63
Oryzalin @ 3.24/3.36 87
Oryzalin @ 4.32 86
Commercial Standards -




8C—48

c) Control of Moss and Liverwort on Containers

The results presented in Table 9 show that in both years of trials a
tank mixture of oryzalin at 3.24 or 3.36 kg plus mogeton at 3.5 kg provided
almost total control of Moss and Liverwort. Mogeton in mixture with
diphenamid, which has little or no algicidal activity, gave complete
control of Liverwort and 72% control of Moss. Oryzalin alone gave rather
similar results of 99% and 637% control respectively. All these treatments
were superior to the standard, oxadiazon.

TABLE 9

%4 Control of Moss (Funaria hygrometrica) and Liverwort (Marchantia
polymorpha)

1984 (4 trials) 1985 (8 trials)
Treatment Moss Liverwort Moss Liverwort

Oxadiazon 37 76
Diphenamid + mogeton 100
Oryzalin @ 3.24/3.36 99
Oryzalin + mogeton 100

d) Crop Tolerance

Oryzalin has been tested on an extensive range of hardy ornamentals,
too many to list in this paper. A summary of genera/cultivars tested is
shown below:-—

Field Grown Container Grown

Trees & Shrubs 65 cv's (48 genera) 450 cv's (118 genera)
Herbaceous Plants 58 cv's (38 genera) 23 cv's ( 23 genera)

There was no damage or vigour reduction on the field-grown trees and
shrubs, except slight leaf scorch on Acer, Aesculus and Sorbus which were
in young leaf at the time of treatment. Subsequent growth was un-affected.
Of the field-grown herbaceous plants only Campanula, Chrysanthemum,
Doronicum, Geum and Helenium were damaged by oryzalin, but these were also
damaged by the commercial standard.

0f the many container—grown trees and shrubs tested, only Berberis,
Cornus, Cotoneaster, Hypericum, Lavandula, Ligustrum, Lonicera, Physocarpus
and Sambucus showed symptoms of slight leaf damage or reduction in vigour,
but this did not effect final plant quality. Chrysanthemum and Doronicum
were also damaged when container-grown, as was Polygonum.

Mogeton was also tested on a wide range of container—grown trees,
shrubs and herbaceous plants, both outdoor and under protection. There was
no damage or vigour reduction on any cultivar treated.




8C—48
DISCUSSION

Results of trials over three years have shown that oryzalin at 2.16 or
2.84 kg ai/ha provides excellent weed control (80-94%) on field-grown
nursery stock. The spectrum of control includes all the important field
species. It is likely that the higher rate of 2.84 kg will only be needed
on the heavier soils or when extended weed control is required e.g. early
season planting or in the second year after planting.

Results also show that oryzalin at 3.26 kg ai/ha applied at 9 week
intervals gives a very high level (87-89%) of weed control on containers,
including the most troublesome species i.e. Cardamine hirsuta, Epilobium
spp and Marchantia polymorpha. However, due to the high value of nursery
stock, crop safety is of even greater importance than herbicidal efficacy.
Oryzalin has shown excellent safety over the extensive range of ornamental
species tested.

Mogeton has also shown exceptional crop safety when applied at 9 week
intervals to containers both outdoors and under protection. 3.5 kg ai/ha
has provided complete control of M. polymorpha and 727 control of Funaria
hygrometrica. Results, not presented here, have shown that at 7.0 kg
ai/ha, mogeton will eradicate established infestation of both
M. polymorpha and F. hygrometrica.

Oryzalin or a tank mixture of oryzalin and mogeton gave more effective
and safer weed control on a wide range of hardy nursery stock than current
commercial herbicides.
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INTRODUCTION

The British Crop Protection Council hold each year a number of
symposia in addition to its major annual conference at Brighton. One
regularly covered topic has been pesticide application and the sixth BCPC
applications symposium, which 1is reviewed here, was held at the
University of Reading in January 1985. Previous applications symposia
have covered research work in pesticide application (London 1970), ULV
methods (Cranfield 1974), granules (Nottingham 1976), Controlled Droplet
Application (Reading 1978) and Spraying Systems for the 1980's (Egham
1980).

These symposia attract an international audience and possibly
because of the small size of the application discipline within crop
protection, a very complete and representative one. They also serve as a
useful regular gathering of those interested in the subject, with perhaps
as much information and experience being exchanged outside the sessions
as during them. It has been the intention of most of these symposia to
appeal to such a wide cross-section by providing a mix of scientific,
technical and practical papers.

PLAN

The theme of the Application & Biology Symposium was to explore the
various relationships between the influences of application systems and
of biological characteristics on the activity and effectiveness of
pesticides. This was known to be a difficult subject area especially
when tackled on a broad front of interests and levels.

Application is clearly critical to the correct and safe performance
of agrochemicals. No matter how good the product its potential will be
severely reduced and the safety to the environment endangered if
incorrectly used. Many proposals have been put forward in recent years
to try to significantly improve the performance of existing methods. It
is not always easy to acquire factual data to support claims of
improvement. It has proved even more difficult to wunderstand why
existing hydraulic nozzle sprays can work at all, if so allegedly
wasteful or why novel techniques with much logical promise of improvement
do not always demonstrate such improvements in practice.

The programme followed a pattern moving from reviews of state of
development of conventional systems, to presentation of new performance
data on newer techniques. The session devoted to the influence of
formulations and adjuvants proved, as expected, to be a great problem in
getting papers on formulation design, particularly from industry. Two
sessions covered the vital area of relationship between the influence of
physical characteristics of nozzles, spray clouds, transport, canopies,
etc and of biological characteristics of the target on the performance of
pesticides. A lengthy general discussion was held at the end to give an
opportunity for further discussion on areas of key interest.
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An exhibition of technical data and equipment Ffor the production,
sampling, sizing of droplets, collection of meteorological data and
topics of related interest to applications was held concurrently.

REVIEW OF PAPERS PRESENTED

Altogether 36 papers were presented from the platform or as posters
and it is impossible to review each one individually. At the risk of
omitting some authors' important results and arguments, I have based this
review on the main topics covered, hoping that readers will refer to the
symposium proceedings for the considerable amounts of data and
conclusions contained in the papers.

Spray formation and movement

The major prcblems still facing application workers trying to define
just what their spray clouds contain was reviewed by B. Young. He
stressed the need to drop the element of competition between different
laser systems used for droplet sizing and use them advisedly with better
understanding. He suggested traversing the beams through multi-nozzle,
overlapping sprays to simulate more closely real conditions. He
considered drop velocity had an important influence on reflection and
penetration of drops and had been underestimated.

H. Goelich discussed the influences on spray clouds, showing how
penetration into and coverage of a canopy are affected by filtering out
of larger drops and by evaporaticn. Coverage can be improved and drift
reduced by the down-draught from air-foils on the boom.

Penetration, retention and deposit

Many of the results presented showed how difficult it is to directly
compare work in different crops, with different techniques and
approaches. N. Western found in cereals that hydraulic sprays with small
drops were captured relatively well and that larger drops deposited
poorly on base of young plants but penetrated well into taller crops.
Rotary atomizers gave generally poor penetration and retention.

Other authors noted that retention could be influenced by drop size,
volume rate, formulation and concentration, plant type, leaf area index
and method of spray production.

B. Cooke pointed out that enhanced retention did not always give
better biological results. J.H. Combellack suggested that variation in
collection efficiency might explain in part differences in crop
tolerances to certain herbicides.

Variation in deposit was clearly an important feature in much of the
work presented. A number of papers showed rotary atomizers giving worse
coefficients of variation of deposit than hydraulic nozzles. J. Bryant
suggested that this could be due to difficulty in getting an even
distribution from a multiple unit boom and the susceptibility of rotary
atomizers to boom movement and spray displacement by wind. Deposit
evenness was found to be influenced by pressure, boom height, nozzle
orientation and formulation. P. Ayres concluded that even with
considerable variation of deposit, uniform biological activity could
still be obtained.

1106
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Dose and volume rate

W. Taylor, reviewing the use of rotary atomizers, stated that dose
and timing of application affected biological performance far more than
volume rate and drop size. Similarly, P. Ayres found that dose and
canopy affected weed control more than volume rate and drop size, or even
application method. P. Herrington found that control of mildew in apples
was better at 500-800 1/ha than at 50 1/ha, even when using systemic
fungicides. She considered that lower volume rates should not be used to
reduce fungicide dosages.

Formulation

The influences of formulation, surfactants and other components of
products, were discussed by several authors, their main problem seemed to
be how to select them. It was noted that surfactants could reduce drop
size, improve penetration of bark, enhance activity and reduce movement
within the plant. J. Zabkiewicz used contact angles of droplets on
target wax extracts to select suitable surfactants.

Comparative performance

Many comments on the influence of spray production on biological
performance were concerned with comparison between hydraulic nozzle and
rotary atomizer spraying equipment; most concluding that hydraulic
nozzles were biologically more effective, although differences were small.

In very specific trials with herbicides at repeated low doses in
sugar-beet, M. May found equivalent performance at volume rates of 80
1/ha and that neither nozzle size, forward speed nor method of
application seemed to influence biological performance.

Electrostatic spraying

It was noted by G. Cayley that higher deposits could be achieved
with a charged rotary atomizer but these did not always increase
performance. Two reports of trials with charged hydraulic nozzle
sprayers showed no significant advantage in performance over similar
uncharged systems.

Non-spray applications

The symposium was dominated by spray application systems but a
number of important points were raised by those reporting on other
methods. D. Harris reviewed many of these pointing out their relevance
in specific situations. He stressed that, perhaps in common with spray
application systems, the advent of newer, more active products and more
highly concentrated formulations required greater accuracy of use and
care in handling. Accuracy of placement of granules was found by D.
Smith to enable reduction of dose, especially in block or module
systems. P. Baughan discussed special coatings for seeds which allowed
higher and more accurate loadings than possible with a conventional
seed-treatment system.

In quite a different area, the use of rope-wick applications with
selective herbicide was found to be better within the canopy than with a
non-selective product above it.
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General points

There were many interesting and important points raised and
discussed during the symposium. I. Rutherford and several other speakers
pointed out that although the hydraulic nozzle sprayer is effective,
versatile, efficient, fast and safe, there is a need for better training,
maintenance, drift control, better codes of practice and guidance on
nozzle selection.

Several speakers called for more care in collecting information on
spray characteristics, partitioning and fate of the spray and on
meteorology. Alsc for more understanding and information on the newer
application technigues.

T. Mabbett called for a multi-disciplinary approach to application
research and pointed out that timing of application must account for
weather, crop growth and pest stage. There were also warnings against
making generalisations, even with such apparently straightforward aspects
such as boom height.

SYMPOSIUM DISCUSSION

Not surprisingly many of the points raised in the presented papers
were also covered in the lengthy discussion period at the end of the
symposium, led by I. Graham-Bryce.

Droplet size

C. Pay asked how optimum droplet size and droplet density on the
target, so often quoted, were derived. Some ADAS results using rotary
atomizers had indicated preferred sizes for certain situations.
Practical physical dimensions of rotary atomizer equipment were found by
E. Bals to determine sizes which cculd be produced.

I. Graham-Bryce noted that several cases had been presented for wide
droplet spectra. There was general agreement Ffor this, E. Hislop
considering that mono-sized sprays needed the objective of using the
absolute minimum spray volume rate. D. Bache felt that a reasonably wide
spectrum was needed when we were 50 uncertain of the relationships
between Lhe spray, its transport and impaction on the target and the
target itself. Considering closely controlled droplet sizes to form a
spray would causz a problem, J. Spillman linked the argument against
mono-size sprays to the large number of and our lack of knowledge of the
targets. There was also concern that there was a conflict between small
droplets needed for better retention and potential drift and also the
danger of drift associated with low volume rates and higher forward
speeds.

Mass balance

A number of contributors mentioned the need to determine the fate of
all components of the spray and that this was missing from many papers.
R. Courshee said that a surprising amount of spray could be found on the
canopy, especially when properly applied. G. Cayley had found that 50%
of chemical can get through to the soil with hydraulic nozzles in cereals
at growth stages 30-32.
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Coverages

In reply to a question about the relationships between coverage and
biological efficacy, G. Matthews said that fundamental studies were
necessary to understand the amount of cover needed. TI. Graham-Bryce said
that work at East Malling Research Station had shown coverage to be
important in interpreting the relationship between droplet density and
biological activity. Once a minimal cover has been achieved biological
control was less dependant on coverage.

Formulation

D. Seaman asked if an ability to predict the selection of
surfactants was any closer. D. Turner said that the surfactant must
interact with application method, environment and biochemistry of the
plant. Surfactants can be biologically active, can increase uptake or
reduce movement within the plant. He felt we had to continue with an
empirical approach and warned against closely correlating work with
glasshouse plants to those in the field.

Controlled release

In a contribution on controlled release systems of pesticide
application, C. Furmidge felt that these were coming back into
perspective. Several control mechanisms were available - diffusion,
leaching, erosion and breakdown, mechanical and physical placement,
encapsulation. Problem areas are cost, timing, secondary pest control,
mixtures, registration and technical competence of users. Despite these,
it should be an exciting subject for specific situations.

SUMMING-UP OF SYMPOSIUM

In his summing up of the conference, I. Graham-Bryce pointed out
that the challenge seems to be getting greater. Comparing DDT,
dimethoate and deltamethrin, there was a 50 fold reduction in dose rate
but a 1000 fold difference in intrinsic activity.

He considered there were two overriding objectives - to apply a just
lethal dose to each damaging organism avoiding unintended recipients and
to ensure ease of use and robustness of performance under varying
conditions. These have to be achieved by specifying the pattern of
concentration of active ingredient in time and space to give optimal
performance and devising the method of achieving that specification.

New techniques were achieving some success but still had quite a way
to go. We must avoid fruitless searches for a 'philosopher's stone' and
avoid generalisations. Methods of application other than spraying and
the influence of formulation need more emphasis.

We should move from physical post-event interpretations to a more
analytical approach to define the specification we need to characterise
target organisms and situations. There is a need for a more
multi-disciplinary approach.

The key missing component in the relationship between application
and biological performance is quantitative knowledge of the biological
requirement.
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CONCLUSIONS

The most notable conclusion is, as often expressed before, that we
are still a long way from being able to adequately relate the variables
affecting performance. Amongst the most notable conclusions of the
Symposium were that dose and timing of application are more influential
than spray characteristics, at least where complex targets are involved.
Volume rate and transport to target seem to be more important than drop
size. Clearly there was much unhappiness with very closely controlled
droplet spectra, 2specially when the target was poorly defined. Many
speakers were worried about poor deposit variability they encountered.

The newer techniques, particularly rotary atomizers and
electrostatic spraying, do not seem to be improving performance as
hoped. Their place however seems assured, particularly as one speaker
mentioned if used as 'horses-for-courses'.

It was a shame that no papers on the influence of formulation design
were presented, but those on adjuvants and surfactants showed that a
great deal more wcrk needs to be done to understand their actions so they
can be predictively selected.

There were many calls for more research work into pesticide
application. The calls for a multi-disciplinary approach were
particularly important underlined by the wide-ranging nature of the
various problem areas discussed. The prospect of legislative control in
the UK must spur on such efforts and also the better and safer use of
application equipment.

It was also a shame that other application methods such as seed
treatments and coatings, granules, controlled release, etc. did not
feature more prominently. Speakers on these topics held great promise
for the future - perhaps the subject for another symposium?
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SUMMARY

The involvement with agricultural aviation of any public agency
will be concentrated on three main subjects. First, regulation
of aerial application operations by supervision of the companies
involved. ©Jecondly, setting and ensuring the maintenance of
standards for individual pilot competence. Thirdly, the super-
vision of aireraft certification and maintenance in this arduous
environment. The last of these three is primarily the concern
he Authority's Alrworthiness Division and will not be dwelt
this paper.

OPERATTONAL CONTROL

Aerial application, whether of pesticides, herbicides, fertilizer or
whatever, has become part of the modern agricultural system. In order that
an aircraft may apply a substance from the air however it must fly at very
low level. Both low flying and the dropping of articles from aircraft have
long been restricted by the air legislation in the United Kingdom. The UK
is a densely populated country and agricultural aviation operations may be
expected to impinge on the general public to a greater extent than in more
spacious countries. The public has a right to expect that any activities
which could adversely affect it if not correctly performed, should be
properly conducted and regulated. Agricultural aviation by its very nature,
contains elements which tend toc alarm the general public. The combination
of low flying and application of substances which are often toxic will
almost certainly be disturbing to the uninitiated observer. At
time the value of derial application to agriculture and thus t
community as a whole has to be recognised. Specifically the 7
aerial application in the UK is exercised through the Ai
1980 (81 1980/1965) as amended. The two articles therein which
most direct impact are Articles 39 and Lo,

Article 39 has two sub sections. The first, Article 39(1) says in effect,
"articles shall not be dropped or permitted to drop from an aircraft in
flight so as to endanger persons or property". There is never any con-
cession from this requirement. The second sub-<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>