
AGRICULTURAL RESEARCH COUNCIL

WEED RESEARCH ORGANISATION

BEGBROKEHILL, KIDLINGTON, OXFORD 



o
S

Sor
e

6

8

8

8

8

8

L

£

i
L
o
O

<
p

ptoeOTTTeseqt:is

4
G

e
d

uopaOn

unTpog—equeot¢

F
O

O
N

L
O
.
G
S
i

e
n

g
e
,
a

ThY\TT.
NOLL

uSUSSeSsefo

uoTyeoTTddefospoyey

q0TdJoezTg

or4Uucg4Seg

eoTArIES

aS5y-
PoPLe

aay
VuAl

SUOTLESTU

€9-6S61TSAWNVHDOUdHOUVASHE.

Oudyetj &

£eamng

NOTLONCOULN

AUVITINS

 



@UTpe4se4 -ee

‘°UyUTpe

°6G6T

yoreeseype

AAdtw
ALDuUsaay

YTNITOOOW
xXxTpucaay

arr

DeONGa

xrpueq

uotzeottddejo

£ATTeBooTjosouez,roduy

SANALNOO

 



aAba;2, )*SINnPLhotasyTo

quouzzedeg‘fmoucasy[equeultaredxgJo4TuQ“g°u°yeuWorypepuooesA[T4eaodmay,

*seTptsqns(fz

suotzeotTdde

ziewe[qoid944

*
zs

azepunpotazedoe

TIOSOT LatwJnot

pue[TetotyyoG40q <

S[TeoTMsyo382y4
Apeyoeeruseq

=TATINAD ALLEY

Zi10AUG

WyIINGf
wOLVJ2

SuoT!ctpouTouyouvesey[eany[Notasy

 



sdarsider
~

0

exten

Onr

xv

0 ©

OMiS¢

Lg

. Com

an

:sas
Cry

2

(43)
O
r

oO

p
coun

some

on

to

1}

1a

ANAS e

rave

ca

1can

orn Uol

1 sp

a

a

can

LSOa

ham

-

pLCiLL

,
-

1
I

Ss

QaiC.

3
3

o
O

ow

We

e A

”

1

ey

b

fat)
Ce

my

tsid

RO
L&

Ss

0

mi

on

1 by

em

ve

ems

mA AY

aL7

D

Vy WOTK

amne

als v

J

p10

iminaryilel

7
Bo

FactoACO

 



eee renee
onomy

h

riz+4Gior;ne

1+ UL Riese cull

w.
aw&ic

9m &
Ulpr

 



pABLE 1

Details of the programmes (1959-1963) of

(a) The A.R.C. Unit of Experimental Agronomy
and the AR.C. Weed Research Org anisation,

t The Edinburgh School of Agriculture and

3 The West of Scotland College of Agriculture.

(a) AeReC. Unit of Lxperimental Agronomy.

(All trials taken ever by the A.R.C, Weed Research Organisation on its formation in April 41960)

ccamvereunatitn toa renameteenamelieasta meeen REN

ttt

neste onareene nr OeCAverRae — ementseesertaemeean

| Dose in 1b/acre4 Date of

faves 0r jacis ys”Y Site My Pp tri remi este ; ;
Year Sit Type of trial Chemicals tested application

esAeaTeA aeraneeTA
LL

Darley Dale, ) 4-CPA (nonyl and 29.6 and 17.9

Derby shire }roe
butyl esters

Castleton,
2, 5 and 10 7 and

Derbyshire PA (nonyl ester)“,

|
{
{

Ruthin,
Denbighsairs

Machynilett!,
Montgomery

Pontesbury,

Shropshire

Leebotwood,

Shrops! ire
Ly dney,
Gloucestershire

Barden,

Yorkshire

Cartmel Fell,
Lancashire

Egglestoiy, At Euston Park only 4-CPA

Durha= (nonyl ester) and dalapon

Capheaton, were tested.

Northumberlaad

alapon3- and amitrole/thio- 4-CPA (invert : and

I * were tested at emul sion )10
and

2 dalapon 10 and 20
PA (butyl ester) tested

nye Ruthin,. Lydney,

Randomized block Eggleston and Capheaton.

dusign. Treatments

replicated three 4-CPA (nonyl ester, invert

times. emulsion) 9+ tested at
Ruthin, Lydney, Barden,

Cartmel Fell, Eggleston

and Capheaton. 
Brutons

Sorerset

BustonFark,  
Sereening trial. se Ay ix Table 2{a) for details

Treatments replicated

tlree times. 



TABLE 1(a) (conté) sheet 2

oe —— ESE eee

Dose in 1b/acre i Date
| (a.e. or ai.) application

iS | Mn maa! |

Chemicals tested

 
1960

1960

Ruthin,
Denbighshire

Machynlleth,
Montgomery

Leebotwood,

he
kshire

Charlbury,
Oxon

Blenheim,
Oxon

Charlbury,
Oxon

Wytham Wood,
Oxon

Finstocl:,.
Oxon

Leebotwond,
a}Shropshire

Barden,

Randomized block

design. Treatments

replicated three
times.

Rendomized block

Cesign. Treatments
replicated three
times.

Rendomized block

Cesign. Treatments

replicated three
times.

Rardomized block

design. Treatments
replicated three

times.

screening trial.

Randomized block
design. Treatments
replicated three
times.

Randomized block

design.

Randomized block

design. Treatments

replicated three

times.

dalapon and amitrole/thio-
cyanate

4-CPA (nonyl ester)

amitrole/thiocyanate

dichlobenil as a 50%.
wettable powder

dichlobenil as a granular
formulation,

See Appendix

4-CPA (nonyl ester) in
Be oll.

4-CPA (nonyl ester) in
"Aromosol H" cil.

amitrole/thiocyanate

4-CPA (

amitrole/thiocyanate

amitrole/thiocyanate
sing agent

5 and 10

5 and 10

10 and 20

5 and 10  

6.7 and 26.7 |
j

7.7 and 26.7

8.7 and 27.7

12.7 and 16.8 |

At approx.
weekly inter-
vals from
28.6 to 13.9

14.3; 31.3,
14.4, 16.5
and 7.6

1960- 25.8,
1.11 and 2.12
1961-At month-
ly intervals
from January
until July.

 



;7?

cyt
Jeon

Cartmel Fel’,
—ancashire

Charlburvy,

dxon

) Sane Woods

A ee »
Rancomrzea

block

design. Treatments

menace tvrice.

x
w
o ©

1)
&

bieck design

nts replicated

t
H
w
i

3 Os
R
y

hi
r
h

Pp

treatments.

plicated
Sinsle frond
Treatments re

ter times.

Randomi
Tyeatme

three ti

block

design.
tments

Various formulations

{nonyl ester) and amitrole
with and without various

wetting agents.

amitrole 5

Date of
application
ee

145.6, 20.7
and 18.8

See Appendix Table 2({a) for details

CC

Sorea
benzoate).

Gibberellic

ester4-CPA
ester) + straw4-CPA

mulch.
amitrole/thiocyanate
amitrole/thiocyanate + straw
mulch.

nonyl
nonyl

+

4-CPA aor ester
4-CPA {nonyl egal + litter
layer removed

amitrole/thiocyanate +
litter layer renoved.

mitrole/thiocyanate
Grktrote(chhincyanate (invert
emul sion)

"Tordon" (4-amino~3,5,6-
trichloropicolinic acid).

2000 p. p.m.
applied to "run-off",|
Treatments include

peatedsingle and re
applications.

10

5

10
5 and 10

1, 2 and 4

112.7, 2.8 and

| 24.8,

2.2 and 24.8

Viet

|

121.6 and at
weekly inter-
vals until

15.7.

(10.7 and 28.8

(12.7 ane 23.6

10.7,and 28.8 



TAPLE 1(a) faont )

Type of trial

Larre plot trial - 9 x 8
yo.
No treatment replication

\Rantomized block
design,

Tre: tments replicated

three times.

Single frond treatments
re}licated four times.

(b) The Edinburgh School of Agriculture

eeee

erent

ANN

NER:

Large plot trial -10 x

10 yd. plots.
Un2 eplicated.

1959 Caeketton Hill,
Midlothian

2eplicated trial

40 sq.yd plots.

Gilmanscleuchy,

Selkirkshire

Backholn,
Roxburg” shire

Carie,
Perthshire.

dicamba-sodiuw

4-CPA (nony?

4-CPA (butyl

dicamba-sodiun

"Tordon"

nonyl ester)
diethanolamine

4-CPA
4-CPA

4-CPA
4—-CPA

4-CPA
dalanon

trole/thiocyanate

nonyl ester
butyl ester
diet:anolarnine

oe)

ester

triocyanate

seesnectnetemas

1 per cent
solution.

Sprayed to "Yun-
orf”.

 

1D5. tO 8nd. 3S
and 5

Applied in 30
gal /acre water
by tractor

sprayer.

 

sheet 4

1

Date of
application

Ste7 > 2oso ene
1709 |
B0e7 5. 25.0 ana
16.9 |

S.7 48nd eo.0

30.7 and: 22.8

1

|30.6 - 23.9 at |
weekly)

intervals.

20 nrNapprox.

4-CPA formula- |
tions applied

1.8. dalapon
and amino-

triazole

applied 1.7.

4-CPA formula-
tions applied

ween 17.8
3.9

lalanon and
wwinotriazole 



Type of trial

igate effects
of application.

To invest

of time
Portmore;
Peeblesshire

Bankfoot,
Perthshire

Ardeonig,
Perthshire

drift spraying.
To investigate effects

of additives to exist-

ing formulations.

Large plot trials.

Lanmernuic Hill To compare various

East Lothian

Ty assess the effect

of varying th ropor
tion of
6-chlero isomer in

MCPA.

To invesTyreed stir,
time of application.Peeblesshire

To investigate effect of

formulatiens of 4-CPA,

2-methyl-

tigate the effec

x :
ana 5

Chemicals tested Dose in

ester)
emulsion of

shanolamine salt) |
Lincyanate

Details unknown

ester, salt, amine, acid,

invert emulsion, and
granular formulations of

4-CPA.
MCPA with the addi

5010 595..07 20;
methyi-6-chloro

5 1D ins

acre.

ion of 0,

of the 2-

isomer.

ils not known.

'

Continuation of trials

Lammermuir Hi ekpik
3 : ius tl i

Tyeedemuir .

Dunkeld, Perth3

aetaATEN

(c) West of Scotland Agsicultural Collegs

en aetna amsenhttOEIOCCLOOM He

block

Treatments
ed three

Randomized

design,
replicate

ti

Dunoon,
South

Balla

North

Argyll

chulish,
rae

AQ cy, NES.

\To compare the nonyl

tyl esters of
4-CPA with contrs!

\ cutting.
Ballachulish,

North Argvli

Development of new trials site

ea

ake

les

i

ialpeenceie:beseboicintn

of trials initiated in 1961.

Details not known,

Ar
4 itrole

(a.e, or 8.15)

Details not

Date of

application
a

lb/acre

kno

400  

 



burn, Lanar':
Luss, Dun Jex wn

Balmaha, Stirling
Port of bonteit i,
Perthstiire

Bender? och, Argyll
Dunoon, Argyl?

iMdingjavie

= acid

PA (nony’

Daiapon

Aritroieschivcyana’e has teen used
2 varts of

carhonats
parts by w

An icovers caw

Type of trial Chemicals

2-CPA
hais:
~CPP

Randomized block
desig Treatments
replicated three times.

1~ohl

(eo

(2
“acie)
2-GPP (2-c'xloropt

onic acia )

(rony’ ester

enoxy-
propi:

4-CPA.
Dich}

RanCesized binck design,| Area sprayed w
replicated formatation of 4

4-CPA
the eyesteor)

riaehiscyan
-CPA/WCPA mixture

Dichlodenil as 50%

powde> or granule

See Appendix Tab

equiva:

ester) wa

as "Dowpoen"

to ture of

thiocyanate

sesquicarne

dennte a

rts of amronium
amitrole and sodium

feedazol

water in oil emulsion as oppased

ras appl ied as "Banvel D",

‘ropnenoxybutyric

chlorophenoxyacetic
|

\4

5, 10 and 20

| |

wettabls

thin

arkVv

armonium
simi!

containing

in water em 
 



«Am

tions. The A.R.C. Unit of Experimental Agronomy, the A.R.C.
a the Edinburgh School of Agriculture, the West of

lege and the National Agricultural Advisory Service

1 Agronomy andA-R.C.
lsSisisla €‘down between 1959andeeeare givena

13 trials of the standardized design agreed upon at
aid down in co-operation with the N.A.A.S. in 12 counties of

site at Euston Park, Suffolk, proved unsuitable and was
ls of the remaining 12 sites are given in Appendix Table

number of potential herbicides, details of which are given in Appendix
were tested at Charlbury, Oxon.

ity Sinai4 at a"hatinea site new ttxhe of the
id down, at four of theexiso sites. This first assessment

i treatment with 4-CPA and amitrole/thiocyanate5%
ermining the daknas of control and two trials

‘ekevarying the time of spraying.

A small trial to test the effectiveness. of -dichlobenil (2.6-dichlorobenzoni-
Nogrile) was also laid dow durin 196C. Treatments were made at monthly intervals

between March and June and on each occasion half of each treated —.was
cleared of bracken litter before spraying. This litter was replaced immediately
after the application had been made. During 1960 those areas which bad been raked
i of litter prior to spraying remained free of bracken for the greater part of

season and to test further this chemical a more cxtensive trial was initiated
gust, 1960.

_ The chief object of the programme was still to define the main factors which
ermine the suscoptibility of bracken to 4-CPA and amitrole/thiocyanate. To

t 5study further the offoct of altoring the timing of application of these two
chemicals a detailed trial was laid down. ho firet treatments were sprawed

the third week of May, befeav ma £ronds had emerged and a succession of plot

were treated at approximately weekly Serceta until the beginning of Octob

which time most fronds had been damaged by autumn frosts.

In previous trials it had been noted that application of the oil emulsionformulation of 4-CPA caused severe scorching of the treated pinnae and it scemed
likely that such damage to the frond tissue would impair translocation of the
chemical. To assess the effects of scorching, inthe above trial, two oil emulsion
formulations of 4-CPA were included as treatments; one containing the phytotoxiccrude oil (K.E.B. oil) and the other formulated with a non-phytotoxic oil
("Aromosol H'').

See Note 4, Table 1. 



Various formulations of 4-CPA, amitrole/thioocyanate and amitrole were
tested in four trials, three at existing sites and one at Odiham, Hants., and
the screening of chemicals continued at the trials site at Charlbury.
(Avvendix Table 2a).

.
It was conside t] : 1gj

h

— 4. +97 } Se
1 type trials ened

ive more fundamO
Y

In any one scason a large proportion of the frond buds on the rhizome system
remain dormant and therefore less susceptible to chemical treatment. In an attempt
to induce these quiescent buds to develop, individual fronds were treated with
gibberellic acid. In June all the selected fronds were sprayed and subsequently,
at weekly intervals, a proportion of these treated fronds was resprayed on one,
two, three, four or five occasions.

In 1961 dicamba-sodium (3, 6-dichloro 2-methoxybenzoate) was applied as a
post-emergence treatment in a screening trial at Charlbury. In the following
year the treatment was sufficiently effective to warrant further investigation and
vilot trials were laid down at three sites.

1963 Experimental results have shom that the bracken at Charlbury is particularly
resistant to chemical treatment whilst at Leebotwood it has proved most susceptible
Examination of soil profiles has revealed that the rhizome system at Charlbury
grows entirely in the soil layer which in turn is covered by a deep layer of
undecomposed litter. At Leebotwood, although the main rhizome system is in the soil
layer, a very high proportion of the frond-bearing rhizomes lie in a relatively
narrow and well decayed litter layer. It is possible that low temperatures, in the
winter following spraying, may increase the efficiency of chemical treatment
where the shallow rhizome system has little surface protection. To gain
information on this aspect of theproblem, a trial was laid down at exch site.
At Gharlbury the undecayed litter was removed from treated plots whilst at
Leebotwood sprayed plots were protected by a straw mulch.

°

Z
as
u

In 1962 Messrs. Dow Agrochemicals, Ltd., Kings lynn, tested 4~amino - 3, 5, 6 -
trichloropicolinic acid ("Tordon") in a number of trials. Results in the
following year were most promising and this chemical was included in a trial at
both Charlbury and Leebotwood. An invert emulsion formulation of amitrole and a
new formulation of the butyl ester of 4-CPA were also included in these trials.
Dicamba-sodium was tested further in a trial at each site.

No results will be available from the trials laid down in 1963 until the
autumn of 1964.

(b) TheEdinburgh SchoolofAgriculture. (D.S.C. Erskine) 1959. The College
undertook a.variety of trials in the five counties of Perthshire, Midlothian,
Peebleshire, Roxburghshire and Selkirk (Table 1b). In three large scale trials
applications of amitrol/thiocyanate and different ester formulations of 4-CPA
(Weedone Brackontrol and Teridox) were made by field sprayer under normal farm
conditions. At three further sites similar trials were put down but due to the
limited areas of bracken available, the plots were smaller and the full range of
herbicides was not applied. At another centre a fully replicated trial was
carried out using a wide ranere of chemicale.- Four prolimi navy, unroplicabad, 



6

screening trials with a variety of chemicals were also included in the College

programme. Demonstration plots were sprayed at seven sites.

1960 At the site in Pacbleskire further trials were laid cown which included

a trial to test the effect of varying the time of application of amitrole/thio-

cyanate and of 4-CPA when applied either as the amine, the nonyl ester or as the

invert emulsion of the nonyl ester. An experimental site was established at

Bankfoot, Perthshire, mainly for work on drift spraying and further trials were

established at Ardeonig, Perthshire, to investigate the effects of various

additives to existing formulations of amitrole/thiocyanate and 4-CPA. Further

field trials were also laid down at one of the existing sites, Carie in

Perthshire.

1961 Trials were laid down at a site in the Lamnermuir Hills, East Lothi

to investigate a variety of formulations of 4-CPA. A trial was also underta

at this site to test the effect on bracken of applications of MCPA and the

2~methyl-6-chloroisomer of MCPA mixed in different proportions. Trials to assess

the effects of varying the timing of application were laid down at a site near

Tweedsmuir, Peebleshire. Work was continued at Ardeonig and Bankfoot.

1962 Anew trial site was developed at Dunkeld, Perthshire and more trials were

carried out at Tweedsmuir and in the Lammermuir Hills.

Details of the College programme during 1963 are not yet known.

(c) West ofScotland AgriculturalCollege (Re C. Kirkwood) 1959 In co-operation

with the AeR.C. Unit of Experimental Agronomy, two trials of the standard type

already described in the Unit's programme were laid down in Argyllshire (Table lc).

In another two trials, also in Argyllshire, oil emulsion formulations of the

nonyl and butyl esters were compared and in one of those trials cutting of the

fronds was included as a treatment. In addition, the County Advisory Staff of

the College set out to their own specifications eight demonstrations with a

butvl ester formulation of 4-—CPA.

1960 4-CPA, 2-CPA, 2-CPB, 2-CPP* and dichlobenil were tested in a trial in

Stirlingshire and a trial was laid down in Argyllshire, to investigate the effect

of both pre and post-spraying management of bracken areas. A number of chemicals

were listed in a screening trial.

1961 To evaluate the influence of environment on the effectiveness of cherical

spraying soven trials were laid down, in co-operation with the County Advisory

Staff of the College, in six counties of Scotland. A variety of chemicals were

again screened (See Appendix Table 2b).

1962 Experiments designed to give information on the penetration and translocation

of herbicides were made in the glasshouse. In these experiments plants derived

fromfragments of rhizome wore studied after treatment with radio active amitrola.

ee aneAAAOCAOL LA CL: CC LLLSI ALA

* 2-CPA = 2=chlorophenoxyacetic acid, 2-CPB = 2-cchlorophenoxybutyric ecid

2-CPP = 2—-chlorophenoxypropionic acid 



Al

In the field a trial was laid down to assess the effects of applying 4-CPA
and amitrole/thiocyanate at various times of year.

1963 The physiological studies on penetration and translocation of herbicides
in bracken were continued but details of the full programme have not yet
been received.

(d) The NationalAgriculturalAdvisory Service Since 1959 the N.A.A.S. have
co-operated with the A.R.C. Unit and with the A.R.C. Weed Research Organisation
in finding suitable trials sites, in laying down the trials and in the field
assessment of the treatments. In some regions, from time to time, demonstration.plots
have been laid down with those chemicals which have appeared to give a commercially
acceptable control.

2. Commercial Organisations. The programmes of the following firms are
describeds- A. H. Marks and Co. Ltd., Mirvale Chemical Co. Ltd., Fisons Pest
Control Ltd and Tow Agrochemicals Ltd.

(a): ie Bs Marks and Co. Ltd., 1959. The Company continued to lay down extensive
trials at their five sites in the West of Scotland and a new trial site was
acquired at Ramsgill in Yorkshire. Several formulations of 4-CPA and MCPA were
tested (Table 2).

To oxamine the effectiveness and feasibility of aerial spraying two
formulations of 4-~CPA wore applicd by helicopter at four sites in Scotland.

1960 All these trials laid down in 1959 were assessed and to gain information
on the effects of repeated apvlications some of the plots were retreated. New
trials were laid down at each site to test various formulations bf 4-CPA and
amitrole/thiocyanate °

As an extention of the work at Oxford on non—phytotoxic carriers 4-CPA was
formulated with seven different oils. he seven formulations were compared in a
trial at Ramsgill. In addition, two trials wore undertaken to examine the
effects of timing of application with 4-CPA and amitrole/thiocyanate. Treatments,
which were the same as those applied at the Scottish sites, were made at
approximately weekly intervals on 13 occasions between the last week in June
and mid-September. Methods of anplication and the effects of applying 4-CPA at
various volume rates were also studied at the Yorkshire site.

1961 4-CPA formulated with cither a phytotoxic or a non-phytotoxic oil as both
the oil in water emulsion and the invert emulsion was tested at cach of the five
sites in the West of Scotland. Treatments were also made with two formulations of
amitrole.

1962 The programme of work was drastically cut in 1962 and only one formulation
of the butyl ester of 4—CPA was tested at two of the Scottish sites. In addition
the owner of each of the five sites in Scotland was given a sufficient quantity
of this material to treat 10 acres of bracken which was lator assessed by the
company«

No details are known of work carriod out. in 1963. 



Details ofAH.|

saneee en ——

[ Site

——_—+
Year Type of trial

1959 | Languwolm,
Dum?~ics

Moffat,
Dumfries

Callander,
Perthshire

iKilwel for Gy

Argy!”
Tobermory;
Arsvll

nreplicated plot trials

Ramsgill,
Yorkshire

Jnreplicated plot trials

eft spraying

Dumfries re blocks

spraying

Locks
Moffes,
Dumfries e b

Airereft spraying

5 acre blocks
Langholm,
Dur’rics

Aircreft spraying
10 acre blocks

Dunkeld,
Perthshire

s & Co.

Chemicals tested

nonyl and butyl

rs)
diethanolamine salt)
invert emulsions of

> nonyl ester)

At Langholm and Callander
only -

MCPA (butyl ester)
MCPA (diethanolamine salt)

)At Moffat and Kilmelford only|
)4-CPP (butyl ester)

4-CPA (nonyl ester)(

PA (invert emulsion of

ei ester)
4-CPA (diethanolamine salt)

4-CPA (butyl ester)
MCPA (butyl ester)
MCPA aeeee salt)
MCPA {invert emulsion)
4-CPP (diethanolamine salt)
4-CPA + ammonium thiocyanate
MCPA (butyl ester) +

ammonium thiocyanate

(invert emulsion)

A (invert emulsion)
nonyl ester)

invert emulsion)
nonyl ester)

(invert emulsion)

S
I
N
N
N
S
N
N
S

O
O

u
n

trials programme 1959-1962

ae eroee

Dose in lb/acre Date of

|
|

(a.e. or Bods)

4S ond, 10
Feo Bnd. 10

Tao 18n0- 40

| 5 and 7.5

Sand 7.5

~ 3 pu ~ u
r

e
U
F
U
I
U
1
0
1
U
1
U
1

5 and 7.5 1b/acre
in 4 gal/acre
total volume

5 and 7.5 1b/acre
in 4 gal/acre
total volume

application

|

~N
n

o
w

m
l

n
N

O
N
O
N
D
N
D
U
W
O
O
P
Y
M
A

°
.
o
F

“
J
e

D
u

s
e

o
m

o
e

e

.
2
.

o
O
O
M
O
M
M
O
C

 



TABL3 2 (conta)

eeaeoeSite Type of trial

ncn! eee eal eneeeSameen

Langholm,

Dumfries
Moffat,
Dur?ries |

Callanter, )Uarepplicated plot trials

Perthshire
Kilmelford, {

Argyli
Tobermory»
frgy11 )

Ramsgill,
Yorkshire -
2 sites

To investigate effects of

spraying at various stages

-f growth.

Raniomised block design -

two veplicates.

Unrep! icated plot trials

duplicated on adjacent

sites.

oe to test spraying

heds - “Motoblo” and

penventional boom,

Langrolm )

Moffat
Catander

Kilm2lford

Tobermory

‘reatments replicated three

times.

Lang holm Not knewn

a
| yse in lb/asere

Chemicals tested Ge, OF ‘au ‘is')

4-CPA (nonyl ester) formulated| 7.5 and 10
with (a) K.E.B. oil, (b)
with "“Aromosol H" oil,
4-CPA (invert emulsion)
formulated with (a) K.2.B.
oil, (b) with "Aromcsol H"
oil.

Anitrole/thiocyanate,

-5 and 10

> veo and, 10

As at Scottish}sites

1

{

4-CPA (invert emulsions
formulated with seven
different oils).

4-CPA (nonyl ester) applied
inoe 20, 50 or 100 gal/
acre total volume.

4-CPA
4-CPA oe ester)

invert emulsion)

eae ester) formulated
with (a) K.E.B. oil, (bd)
"“Aromosol H" oil.

4-CPA (invert emulsion)
mitrole/thiocyanate 10

Amitrole/sesquicarbonate nd 10

and 10

4-CPA (butyl ester)

Date of
application

July and
August.

Approx. weekly
intervals from |
the last week
in June to mid-

September.

22.7

,
July

/

June and July
July
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MirvaleChemicalCo. Itd. As far as is known, the Mirvale Chemical Co.
ot‘otundertaken anynylarge scale research on the control of bracken since 1959

y introduced "Teridox", a formulation of the butyl ester of 4-CPA.
aver, the company has made avaihble sufficient funds to the Hast of Scotilar

e of Agriculture to allow one worker to study the problem as a special

Dr. R. Jacks is engaged on this work and his programme is closely

that previously described for the College.

(c) Fisons PestControl Ltd. In 1958, Fail at Kings College, Newcastle University,
carried out <-rials in which bracken was treated with high doses of MCPA. These
preliminary trials gave encouraging results and to further test the effectiveness
of this chemical, Fisons laid down 21 trials in Northumberland and Scotland in
1960. Treatments were made in July and August with 5 and 10 lb/acre of MCPA.
At one site at Thetford in Norfolk MCPA (applied as Phenoxylene +) was compared
with 4-CPA, dalapon and amitrole. MCPA was applied at 5, 10, 20 and 40 lb/acre,
4-CPA at 10 1lb/a1cre, dalapon at 10, 20 and 40 1b/acre and amitrole at 2, 4 and
8 lb/acre. All these trials were asbessed in 1961.

(a) Dow AgrochemicalsLtd. 1962 Dow agrochemicals Ltd., tested "Tordon" as a
herbicide for bracken inthree small plot trials. To study the chemical under
a variety of environmental conditions one trial was laid down in the dry
Brecklands, another was situated in an area of high rainfall in Scotland and for
the third trial a site wes chosen in the mountainous area of mid-Wales. The
chemical was applied at 4, ty..2>. 4208 3 lb/acre and treatments were made on
three occasions. The first application was made when the fronds had one pair of
pinnae expanded (early to mid-summer). The second treatments were sprayed onto
fronds which were almost fully expanded (mid-to late-summer) and a further
treatment was made in the following spring (1963) while the frond buds were
still approximately 1" to 13" below ground.

1963 Four large scale trials with plots 20 x 20 yd. were laid down. As in the
previous year, the trials sites were chosen to vrovide a wide range of environ-
mental eonditions. A site in Norfolk represented Breckland conditions. A
humid mountain side was selected in mid—- Wales and in Scotland a trial was laid
down in Kirkcudbright in relatively moist and mild conditions. A site in the
Border Uplands of Scotland was chosen for the fourth trial.

Doses of 1, 2, 3 and 4 1b/acre wero applied when the pinnac were almost
fully expanded.

NOTES ON EXPERIMENTAL TECHNIQUE

— ofplot In determining the most desirable area for plots in the ficld
a number of factors had to be considered. Plots are observed for at least

two yeairs after treatment and the encroachment of the surrounding untreated
bracken may mask the true effects of treatment. On the other hand, where a large
number of plots are involved, the total area required for a trial becomes very
great and it is often most difficult to find a uniform stand of bracken of sufficient
areae In deciding the dimensions of plots the width of the sprayed swath must
1lso be taken into consideration. 
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The A.R.C. Unit and the West of Scotland Agricultural College decided on a

plot area of oA Sqe yde with dimensions of 6 x 4 yd- Plots were separated by

paths 1 yd. wide. With a spraying swath of 2 yd. spraying could be carried out

without the operator entering the plot. With this size of plot it was possible

to replicate treatments three times and this aaea was used throughout the

programmes of the A.R.C. Unit and the College with the exception of five tria

In two of the Oxford pilot trials with dichlobenil the plots were reduced in

size to 4 x 4 yd. as the supply of herbicide was restricted and in 1963, in

trials with dicamba-sodium, plots 8 x 9 yd. were treated. In the West of
Scotland, in a trial with dichiobenil, the plots were reduced to 4 x 3 yd.

In practice, 6 x4 yd. plots proved satisfactory. Encroachment from the

margins of the plots was surprisingly small and in trials where the control
measures were successful, the plots retained their shape and size for more than

four years after treatment.

A. H. Marks and Co. eonsidered that encroachment from the untreated areas

surrounding plots was a serious factor and preferred plots with an area of

either 120 sq. yd. or 60 sq. yde The dimensions of these plots were 10° sie y7Ge

or 10x 6 yd. As a goneral rulo the treatments were not replicated.

In the East of Scotland programme the size of plots was varied from trial

to trial and where the dimensions are known they have been recorded in Table lc.

(b) Methods of application Apart from those trials to investigate various
methods of application treatments were made-with the Oxford Precision Sprayer.
Applications were made with a boom 4ft. 6ins. in length equipped with four
00 fan jets giving an effeetive spray swath of 6 ft. With all aqueous and oil in
water formulations spraying was carried out at 30 1b/sa. in. In applying the
more viscous water in oil emulsion (invert. emulsion) formulations pressures had

to be adjusted to deliver-the correct volume of liquid. In general treatments

were applied at a volume rate of 20 gal/acre. Applications. made at other volume
rates are recorded in Table 1.

(ce) Methods of assessment. In trials whore single fronds were treated,
applications were made “with a "Quickmist" hand sprayer. Individual fronds were

sprayed until the point of "run off" was roached. In se most uniform stand of
bracken the distribution of fronds is somewhat asi and it is important to
avoid subjective bias when making frond counts. In the A-R.C. Units and W
Scotland College trials asccecemeste wore made ee a quadrat centrally
within the plot to allow an 18 in. border within the perimeter of the plot Thus
when thesize of the plot was 6 x 4 yd. all those fronds within a 5 x 3 yde "quaaeee
were counted.

est

Where plots were too large to allow the counting of all the fronds on the
area, as in the Marks and Co. trials and many of the East of Scotland College
trials, a number of counts were madewithina 1x 1 yd. quadrat placed at random
within the plot. In tho Marks and Co. trials, it was usual to assess six
quadrats for each plot. To assess the untreated brackcn, six quadrat counts were
mado in the urkreated arenas surrounding the treated plots. 
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EVALUATION OF CHEMICA

Considerable data has now accumulated as a result of
programmes described and it is now possible to evaluate accur
concerned. In this report, in general, the results of the ALR. Co Wee
Organisation's trials will be quoted but the findings of other organisa

Will be given cither to amplify these or where the evidence is conflicti

Chemicals are considered in the following order : dalapon, 4-CPA, amitrole,
aichlobenil, MCPA, dicamba-sodium, "‘brdon" and gibberellic acid.

2) DALAPON The 18 trials carried out in 1957 by the A-R.Ce Unit working in

ollaborationwith the National Agricultural Advisory Service demonstrated
that the results in the year following spraying were very variable (Fryer,
Chancellor and Evans 1959). They ranged from an excellent control at 10_lo/ecre
to negligible control from 20 1b/acre. By 1959 avpreciable control had
maintained at only one or two sites and it was concluded that there was
promise for the existing sodium salt formulation.

(
\

Cc

The results of the series of trials i ed in 1959 by the A-R.C. Uni
fully confirm these earlicr results. de in de 1960, twelve months
after treatment, showed that there was a ve va sri pailin results from
Site to site as well as between treatments a vial site At one site an
early application of 10 1lb/acre gave reduction in frond density
when compared with control plots but at seven hes sites the decrease in
density was less than 30 per cent. Similar anomalies were recorded in each of
the other treatments. The. results of the assossment later in the year (Aug -
Sept. ) showed that the number of fronds had increased greatly on reas plots
and that, whilst the variations from trial to trial were still great, the
difference due to the various treatments was much reduced (Fig. 1-) In general
all treatments caused a reduction in the height of the bracken but in a few
instances: the treatment had had no visible effect on the height of stand. In all
treatments grasses, where present below the bracken, were completely killed,
irrespective of the time of application.

The early counts (June) did indicate that delaying the application of 10 1b/
acre from July until September had increased the effectiveness of the chemical
but where the doso was increasod tn 20 Th/acre the effevts of varying the time
application were far less marked. In the later agsseosment these differences were

rery much reduced. (Fig. 1).

By September 1961, two years after treatment, at ten of the sites, it was
not possible to distinguish between the control plots and those which had been
treated with dalapon. At the other two sites at Darly Dale and Castleton in
Derbyshire the reductions in frond density were 34 per cent and 57 per cent
respectively where the chemical had been applied at 20 tifacha at the end of June
or early July. By 1962 it was not possible to detect any effect of the chemical
on the treated plots at Darly Dale but at Castleton the density of fronds on the
sprayed plots was still only 50 per cent of that on the control areas, and due to
the reduced vigour of the fronds, this gave an effective reduction in the ground
cover provided by tha bracken of approximately (O per cent. Tt is not possible to 
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The results

described (Erskine 1960,

1960, ina sorgeneeg trial,

reported by both Scottish Colle
Kirkwood and Fletcher, 1961).

g£es eement with thoseSOD

earch Organisation

oil in water emulsionthe butyl ester of
an invert emulsion.

inning of August proved to be ineffec
atment«

nd 20 lb/acre at the
in the year following

+ formulation of dalapon at 20 1b/
racken. Although, on occasion,

the main effect of treatment
ee ‘of the dormancy period of the frond buds thus
by three to four weeks. 2S Tepes

in general, by the third season after Eepata
oly disappeared. It would seem now that the only po

for dalapon would be the deve-lopment of a formulation which would indefinitely
proores bud dormancy. Such alternative formulations have reccived little

tion, but there is no evidence to suggest that variations in formulation
significantly increase the mancy period of the frond buds
Slea sente Zave at8°in

esearch in this

apparent that the sodium sa
aretive as a herbici

succeed
effect has cocups+ UMN

iferior to tho

4~CPA.Effects of changin
960

)

practically alltheint
acken herbicide in the United Ki

madi by Ae H. Marks and Co. Ltd.
90 per sane might be expected from ap
ester of 4-—CPA.

ilab

ng came f
Their trials

plications of

DYice sries of trials at thaaa sites in 1960 tho nonyl
formulati nied a sattisfacstory control in the yoar following
At Pobeaitis on the of Mull, the density of fronds was reduéed
cent and at only two ae the five sites was the reduction in density

70 per cent (Joice and Norris 1962).

application.

by 82 per
slightly

below

In comparison with these Scottish trials, the 12 trials
AeReC. Unit inao and by the A.R.C. Weed Researcha
years gave di appeteiting results (Fig. 2). Where 10 lb/ac
of A-—-CPA was end of June and early Jul
reduction in ‘Ollowing year was 67 per
> Sites was the io ‘ cent. At four sites

When the chemiecn)
44 nT»Dar cx 
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