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For some years now, one of our lines of research at Wye has been concerned

with the breakdown of certain chemicals of the growth substance type within

plant tissues. Most of the compounds we have studied are related to
established growth promoters such as 2:4"D, MCPA and 2:1,:5-T but they aiffer
structurally in having more than one methylene (CHa) group in the side chain.
They form homologous series of acids starting with the acetic derivative with
one methylene group and in most cases, all homologues up to the octanoic
derivative with seven methylene groups have been prepared and examined.

When the growth-regulating activity of these compounds {is assessed, an alterna~

tion in activity is usually shown as indicated below for the a= (2-methyl-h-

chlorophenoxy) alkylcarboxylic acids.

Behaviour of homologues of 2-methyl-4~chlorophenoxyacetic acid

(C6H3 (CH 3)C10(CH2 )n COOH) in the wheat cylinder elongation, the pea curvature
and the tomato leaf epinasty tests

 

 

 

Derivative n Activity

Acetic ACTIVE
Propionic INACTIVE

Butyric ACTIVE
Valeric INACTIVE

Caproic 5 ACTIVE

Heptanoic 6 INACTIVE

Octanoic 7 ACTIVE

Such an alternation is fully consistent with the breakdown of the, Side chain by

a (oxidation mechanism as suggested by psynerholm and Zimmerman in 1947.

A similar oxidative breakdown of fatty acids is well known to occur in the

aninal body, the molecule being attacked at the 3*position to the carboxyl

group with the loss of two carbon atoms at each stage “99 e.g.,

Ba Ba

RCHpCHoCHaCH»COOH —> RCHpCHpCOOH —> RCOOH

Chemical evidence that Q *oxidation of the side chain of'phenoxyalkylcarboxylic

acids can occur in the flax plant has been obtained at wye(4) and this has

recently been supported by the results of biological and chromatographic

investigations using other series of related compounds 5), Thus, the alter-

nation in growth“regulating activity observed in homologous series is readily

explicable; all acids with an odd number of methylene groups in the side chain

are degraded by roxidation to the active acetic derivative whereas all other

homologues are converted to the parent. phenol, inactive as a growth substance (1).

All our early experiments were in full agreement with such considerations.

However, as the investigations proceeded, exceptional behaviour was found in

certain series where although the expected alternation in activity was exhibited

in the wheat cylinder test, in the pea curvature and tomato leaf epinasty tests
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only the acetic derivative was active. This could only mean that the

Broxidi sing enzyme systems present in pea and tomato tissue were incapable of

degrading the side chain of these particular substituted phenoxy acids though

with other types of ring substitution, they could do so. Further experiments

involving chromatographic investigations, supported these indications that

different plant tissues possess specific B-oxidase enzyme systems whose ability

to operate with particular phenoxy acids depended on the nature and position of
substituents in the ring (526), (Figs1.)

Now all these, you may think, are academic considerations. If, however,

the production of a positive growth response in intact plants is also related

to the capacity of the tissue to degrade the side chain to yield an active

acetic acid, then we have a logical approach to selective weed control based

upon enzyme make up‘,

Our experiments carried out along these lines have given most encouraging

results. Thus we have shown that various Y“phenoxybutyric acids, for example,
will destroy certain plant species owing to their breakdown within the tissues
to the active acetic derivative, On the other hand, plant species not posses~

sing the specific enzyme to bring about this oxidative degradation of the side

chain, are unharmed.

This new approach, which opens up the possibility of controlling weeds Ap

a wider range of crops, has already been discussed in its fundamental aspects 536)
In this paper, some of the more applied results will be considered. The first
experiments on crops and weed were carried out with y~(2:4:5-trichlorophenoxy)
butyric acid (2:4:5°TB). As expected from its inactivity in the pea curvature

test, this acid produced no growth responses when applied as a spray to peas at

a rate equivalent to 2 lbs. of the acid per acre. Furthermore it killed

Annual Nettle and affected certain other weeds. This acid, however, was slow

in action and moreover 1t was without appreciable effect on many weed species.

For this reason, attention was given to the butyric, caproic and octanoic acids
derived from other chlorinated phenols, In particular, the ~chloro-,

2:4=dichloro-, 2-methyl-l-chloro-, 3:4~dichlorom, 3-methyl-l-chloro-, 2:5“dichloro-
and the 2:3:4-trichlorom derivatives of Y~phenoxybutyric acid were studied.

The results obtained leave little doubt that some of these acids, especially

Y~(2-methy1-l-chlorophenoxy) butyric acid (MCPB) and \<(2:4~dichlorophenoxy)
butyric acid (2:4-DB) must be olay considered for use as selective weed
killers in commercial practice q ‘ It must be emphasised, however, that these
compounds will not control as wide a range of weed species as MCPA and 2:l—D

for unless the plant possesses the enzyme system necessary to degrade the side
chain to the acetic derivative, no growth response would be expected
(Fig.II and III).

Our experiments this season with the above butyric and a number of other
acids have necessarily been of a preliminary nature. Nevertheless they have
covered a fairly wide range of crop and weed plants growing in pots in the
glasshouse and, in addition, a number of small scale field trials have been
Carried out. As might be expected certain compounds were found to be more
effective for destroying specific weeds than others and also, the safety margin’
as far as a particular crop is concerned was shown to be dependent on the nature”
and position of the ring substituents,

Some results obtained by Mr. F. Wightman with potted plants this season
are given in Tables1 and 2, Treatment consisted in spraying the young plant
usually 2-" tall, to rin off with a 1,000 p.p.m, solution of the Y“phenoxy~
butyric acid as its ethanolamine salt. In all cases 0.2 per cent. wetter was
present in the spray. Observations were taken for four weeks after treatment.
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TableI. Effectofsprayingcrop plantswith 0.1%solutions
of substituted Y~phenoxybutyric acids
 

Ring substituents
 

Crop plant 2rh:5-|5:h= |p |2:3zho
Cri |Gi= tri=

chloro|chloro ee chloro

2-methyl~

L=chloro
3-methyl-

4~chloro

 

Lactuca_sativa
(Cabbage Lettuce)

Phaseolusvulgaris
(Runner Bean)

Vicia faba
(Broad Bean)

Pisiumsativum
(Garden Pea)

(Garden Strawberry)

Lycopersicon
esculentum
(Tomato)

Solanumtuberosum
(Potato)

Var. Capit
(Cabbage)

B.oleraceavar
botrytis
(Cauliflower)

Raphanus sativus
(Raddi sh)

Zeamays
(Maize)

Linumusitatissimm
(Flax)

Trifoliumrepens
(White Clover)

T. pratense
(Red Clover)

Medicagosativa
(Lucerne)           
  



 Ring BRSmEBTES

Crop plant (2th oti|22h2S"|524" | ye [232 Ie j2:5- |s-nethy-|
di- iL PStrimidim | | trim |di- h-chloro |
chloro urehloro ichloro| chloro |°P°F°|ichloro chloro

Beta vulgaris
 

Ee

(Beetroot) | | | | 0

Daucuscarota
(Carrot)

Pastinaca sativa
(Parsnip)

Allium cepa
(Onion)

Apiumgraveolens
(Celery)   
Curcurbita pepo

(Vegetable Marrow)  Gossypium sp.
{ Cotton) xXx  
XXX Killed or Severely damaged

x Slight effect

 
xx damaged

O No effect

Table 2, Effect of spraying weeds with 0.1% solutions of
substituted Y~phenoxybutyric ae

Ring substituents|
enrn omenein ene

. i . . i . ~_ | . -

Weed Species : o-me thyl~ ashes Bek le [2223:Ie 2:*5
chloro trim ji chloro| trim jdi

chloro {chloro icchloro |chloro

a | j

3-methyl-

chloro

 
Urticaurens
(Annual nettle)

Chenopodium
album \
(Fat Hen) XXX! XXX

Polygonum
aviculare
(Knotgrass) 

| Fumaria

officinalis

| (Fumitory)
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Ring substituents

l2:h— | losk:S | 32h | 2:3:le | 2:5- |

nee lar | 2-methy1> | a is ) a Ge ae |3~methy1-
. chloro| 4-chLoro chloro|ehlor chloro 'cnicro chloro |47chloro

i

'Stellariamedia
| (Chickweed)

|Matricarla
| Matricarioide,
| (Rayless Mayweed)

|Plantagomajor
|(Greater Plantain)

\Mereurialis annua
|(Annual Mereury)

|Veronicaspp.
| (Speedwe 11)

|Lamium_purpureun
_| (Red Dead=nettle)

| Sonchusoleraceus
~, (Sow Thistle)

| (Corn Spurrey)

| Seneciovulgaris
| (Groundsel)

Cirsium arvense
| (Creeping Thistle)  
| (Vipers Bugloss)  \Geraniua spp.
| (Cranesbi11)  |Myosotis arvensis
| (Field Forget-me-
| not)

    | Euphorbia helio
| scopia
| (Sun Spurge)

  
 

xxx Killed or severely damaged xx damaged

x Slight effect O No effect
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It will be noted that some crops and many important pasture and arable weeds

have not yet been studied. Also, the responses of the plants listed in Tables 1
and 2 still require investigation at different stages in growth and with higher
levels of treatment.

In field experiments, control of Annual Nettle, Creeping Thistle, Fumitory
and Fat Hen, has been achieved with MCPB and 2:4-DB applied at 2 lbs. per acre,

As you will hear in a later paper, Mr. K. Carpenter in his more extensive field

trials carried out this season, has successfully controlled a number of important

arable weeds with MCFB without damage to the clover crop. These weeds include

Fat Hen, Charlock (Sinepsisarvensis), Corn Poppy (Papaverrhoeas) and Knot grass
(Polygonum aviculare) treated at the seedling stage and Creeping Thistle and
Perrenial Sowthistle (Sonchusarvensis) as established plants.

At Wye, we have obtained a striking control of Annual Nettle infesting celery
plants in the field with one application of either 2:4~DB or MCFB at 2 lb. per

_ acre, No damage whatever to the crop occurred although 2:4-D and MCPA applied
at a corresponding rate killed the plants outright within three weeks,
(Figs, IV and V)

Carrot, lucerne, flax and clover have also been studied in the field this
season. More detailed information, however, is required on the field perform-
ance of our more promising compounds with a wide range of crops and differing
weed populations,

In summary, the indications from the present season's results may be stated
as follows:-

1, Clover (red and white) and celery are but little affected by MCFB and
2:4-DB applied at rates up to 2 lbs. per acre,

2. Carrot, parsnip, flax and peas are much less damaged by MCFB than by
MCPA or 2:4-D. The use of MCFB as a selective weed killer in these
and other crops should be further investigated in the field.

2:4:5“TB is safe to use on the pea crop at 2 lbs. per acre,

Lucerne is severely damaged by MCPB but to a mich less extent by 2:4=DB.
The latter compound might prove useful for killing weeds in this crop.

A range of important agricultural weeds including Annual Nettle, .
Creeping Thistle, Fumitory, Fat Hen’ and Charlock can be controlled by
MCPB and 2:4-DB. 2:4:5-TB shows less activity as a weed killer than
these two compounds, F

Other phenoxybutyric acids, e.g. the lchloro- and 3:l—dichloro~.
derivative and certain phenoxy~. Caproic and octanoic acids may have
specific uses in selective weed control.

I should like to express thanks to my colleagues at Wye, particularly
« Wightman and Dr. C. H. Fawcett who have been actively concerned with all

aspects of this work and to Dr. K. Gaimster of May and Baker, Ltd., who synthe-
Sised three of the homologous series of phenoxy acids which formed the basis ofthese investigations,

Meo

Thanks are also due to the Agricultural Research Council in whose Unit at
Wye, this work was carried out,
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ICLP,Acetic

Fig.l. Responses of tomato plants 2u hrs. after treating in leaf axil with 2% solutions in lanolin of (top row)y-chlorophenoxy— and (bottom row) 2,4,5-trichlorophenoxy acetic, prorionic, valeric, caproic, heptanoicand octanoic acids control plants on right. 



RED
CLOVER
1O DAYS
AFTER

TREATMENT

 

Fig Il. Top row Red clover plants sprayed with 2,4-D, MCPA and 2,4,5-T and

Bottom row with 2,4-D B, MCPB and 2,4,5-TB witn control plant on right

Spray applications applied at 0.1% acid as sodium salt.

WHITE
CLOVER
1O DAYS

 

Fige-lI1. Top row White clover plants sprayed with 2,4-D, MCPA and 2,4,5-T and

Bottom row with 2,4-DB, MCPB and 2,4%,5-TB with control plant on right.

Spray applications applied at 0.1% acid as sodium salt.
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FigeIV. Effect of spraying MCPB and MCPA at 21b/acre on celery in the field with
a control plant on right. ;

 

Fig.V. Effect of spraying MCPA and MCPB on Annual Nettle and celery plants with
control plants on right. Spray applications applied at 0.1% acid as
ethanolamine salt. Photoaraphed 20 days after treatment. 



ADSORPTIONANDGROWTHREGULATION
R. C. BRIAN,

Imperial Chemical Industries Limited,
Bracknell, Berks.

Summary

The forces {nvolved {n physical adsorptiom are outlined. The extent of
adsorption between two molecular species can be measured with a Langmuir trough.

MCPA (2methyl~lehlorophenoxyasetic acid) was adsorbed tO long-chain compounds
containing a variety of polar groups and also to 4 protein (gliadin), lecithin

and a lipoprotein. To determine the extent of its adsorption to various plant

constituents, a simple technique is described whereby films were produced
directly from a plant.

The extent of MCPA adsorption to constituents from a range of plants is

given. The amount of these constituents in the plants 1s now being determi ned
thus enabling an estimate of total adsorption within these plants to be made.

Preliminary estimates indicate a corre lation with their resistance to MCPA.

Introduction

Plants vary considerably In their susceptibility to 2methyl~l,~chloro~

phenoxyacetic agid (MCPA). Many of the monocotyledons are very resistant,

other plants such as groundsel and mayweed are somewhat less resistart whilst
many species are highly susceptible. In the work desoribed, we have sought to

determine how physidal adsorption of MCPA to various plant constituents contri~

butes to their resistance.

After spraying MCPA on to a growing plant, adsorption might occur at
several stages.

(1) Entry into the plant through the leaf or petiole may well depend on
{ts adsorption (and desorption) to the various cuticular components.

(2) Adsorption to cell membranes may cause permeability changes.

(3) During translocation through the plant MCPA may be adsorbed to various
surfaces as well as to soluble or colloidal components of the plant protoplasm,

(4) Adsorption to a site (possibly an enzyme) that brings about the
observed biological response.

We shall only disouss {n deta{1l the adsorption outlined in item (3).

Adsorption Forces

Forces leading to adsorption may be classified in their order of strength

as follows:-

The strongest association {s that {n which covalent bonds are formed, for

exanple in the adsorption of oxygen or carbon monoxide on certain metals.

This 1s usually an irreversible adsorption and biologically the following are

more Important:~

(a) Salt formation in which positive ions associate with negative fons.
Long range forces are involved and the association is therefore relatively
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normspecific. The complex so formed 1s particularly stable if it is reinforced
by other associations about to be described,
{b) Hydrogen bonds are formed between electronegative atoms such as oxygen
and nitrogen through the medium of a hydrogen atom,
(c) lIon~dipole and dipole=dipole interactions are weaker still and are
formed between molecules having pronounced dipolar properties,
(d) Finally, van der Waals forces exist even between non-polar moleoules
and groups such as “CH, They are very weak indeed but are additive.
Thus the inter~attraction of two “CHo groups is very small but that of
16 “CHa groups as in stearic acid, is relatively large. They are short
range forces and are largely responsible for the highly specific ratura of
some biological reactions. Thus small {irregularities in the shape of a
biological molecule may be suffieient to destroy van der Waals forces in
that region,

We are mainly concerned in this work with fon—ion interactions reinforced
by van der Waals attraction, Thus at pH 4-5, MCPA is almost entirely negatively
charged and interacts readily with the positively charged amino groups of proteins,
Van der Waals forces resulting from the benzene ring and its substituents further
stabil{se the complex.

The Langmuir Trough

Surface reactions may play an important part in the biological activity of
plant cells because mentraneg, macromolecules, colloids,ete. all contribute to
a large surface area within the cell. The Langmuir trough, which permits the
study of surface reactions in vitro, was therefore selected,

This consists of a shallow pyrex trough, divided into three sections by a
glass slide and also a mica barrier, which is part of a surface tension measur=
ing device. The barriers and upper surfaces of the trough are waxedg and the
trough is filled with buffer solution,

A monomolecular film can then be spread on the surface of the solution in
the centre section, Almost all organic compounds containing a water~soluble
group and a suitable non polar group will form a stable monolayer, (e.g.) stearic
acid C47H35 COOH, efcosylami ne Cool),1NH oe cetyl alcohol C45H37CHH y cholesterol,
many proteins, lecithin, etc.

These films were studied by two methods.

(1) Surface Pressure

The film was compressed by means of the giass barrier and correspondi ng
film pressures measured using the torsion device. This assessed the compactness
and orientation of the surface molecules and enabled us to classify the films as
solid, liquid or expanded,

(2) Surface Potential

A rad{oactive electrode enabled us to measure the surface potential of the
films. The circuit comprises a platirtm loop suspended about 1 mm above the
water surface. The air gap thus formed fs made conducting by attaching a
capsule of radioactive mesothorium bromide to the loop. Current then flows
through the water filled trough and a sflver wire constitutes the second electrode.As the currents generated are extremely low, a direct current amplifier is also
used,

The voltage produced which is essertially a contact potential between
Platinum and air, {s modified by the presenoe of a surface film. The extent of
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modification gives {information on the vertical component of the dipole moment
of the film and henoe on its structure,

Surface potential measurements are made in conjunction with those of
surface pressure and deductions can often be made concerning the nature and

disposition of the polar groups in the surface,

The Injection of MCPA

Having so characterised the monolayer spread on pure buffer solution, we
then injected a solution of MCPA, After allowing about an hour for equilibrium
to be established, surface pressure and potential measurements were again made,
The following may then be observed:~

(1) No change in surface pressure or potential, indicating no interaction
between MCPA and the filn,
(2) No change in surface pressure but a significant change In surface
potential. This indicated adsorption of MCPA to the monolayer without

enetrationg presumably by ion=ion forces.
3) A significant change in both surface pressure and potential. This

resulted from adsorption of MCPA by iorf{on forces coupled with film pene~
tration due to large van der Waals attraction between the non=polar portions
of f{1m and MCPA.

Experinental Results

Initially, MCPA was injected beneath monolayers of simple long-chain mole~
cules contalnig a variety of polar groups (e.g.) acids, amines, amides, ketones,
quaternary ammonium salts, etc,

We found strorg interaction between MCPA and amines and quaternary
ammonium salts and weaker interaction with ketones.

+

This suggested a corresponding study with proteins which all contain (Nz)
groups and lecithin cortaining the quaternary ammonium group, Strong inter-
action occurred with MCPA concentrations as low as 1074t010"5M, It did rot
however, interact strongly with a lipoprotein complex consisting of protein and
lecithin, We inferred that the negative phosphatesion of the lecithin molecule
was preventing the MCPA from interacting with the positively charged protein
groups, It was therefore suggested that the lipoidal status of a plant might
influence the biological activity of the growth regulator. This may be involved
in the varying susceptibility of plants to MCPA, :

To determine the extent of adsorption to various plant components, a simple
technique was developed for spreading films directly froma plant. A portion
of the leaf, petiole, stem or root was well bruised and immediately applied to

the surface of the trough. The procedure was repeated until a ff{1m of desired
area was formed. The film was stable and reproducible.

Various parts of the resistant species, = oats, wheat, ryegrass, mayweed

and groundsel were spread in this way and also the susceptible plants ~ rape,
mustard, tomato, cressy Onion, sugar beet and broad bean, Surface pressure and
potential Measurements were first made on the films alone and then after the
injection of MCPA, The extent of adsorption to each film was estimated,

In general, the monocotyledons produced films of higher surface potential
than those of the dicotyledons, and the films were usually more stable. On
injecting MCPA at about 1C™“M, penetration of all the films occurred and there
was a change of surface potential. The extent of the change however, varied
from species to species and the following slide illustrates the relative extents
of adsorption.
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The resistant species, Oats, wheat, ryegrass, mayweed and groundsel all
gave rise to relatively high adsorption. Of the susceptible plants, several
were low adsorbers (¢.g.) tomatdOg oresc, broad bean and sugar beet, but there
were three notable exceptions. Thus rape, mustard and onions which are
susceptible in the field, strongly adsorbed MCPA,

Discussion

Two other factors would influence the total amount of adsorption within
the phant:~

(1) pH
(2) The amount of adsorbing material.

TH

Little precise work was done owirg to the difficulty of measuring pH at
the appropriate adsorbing site in the plant. Overall determinations however,
indicated no significant difference of PH In the range of plants studied.

The amount of Adsorbi ng Material

Hitherto, the extent of MCPA adsorption to a given area of film on the
trough was measured. The total amount of MCPA adsorbed however, is a function
of this and of the amount of the material in the plant.

It is now being measured. A wefghed amount of plant tissue {s homogentsed,
filtered and the juice applied to the surface of the Langmuir trough with an
Agia Microsyringe. The volume of solution required to give a certain area of
film {s noted,

The results so far which are of a preliminary nature indicate that plants
resistant to MCPA contain up to 10 times the amount of material in the suscep~
tible species. Rape, musterd and onion films which adsorbed MCPA strongly,
contain only small amounts of adsorbing material. We may therefore have
obtained a correlation between total adsorption within the plant and its
resistance to MCPA.

Conclusions

The tentative conclusion is drawn that resistance is related to the presence
of material which readily adsorbs the hormone weeckiller thus {mpeding its
translocation to the vulrerable sites within the plant. Under field conditions
therefore higher concentrations of MCPA must be applied to those species having
higher potential adsorption in order to ensure a toxic concentration at the
true site of action, It does not follow however, that compounds of lower
adsorption would be more active since biological activity may ultimately depend
on adsorption to a specific enzyme or membrane surface,
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DISCUSSION ON TWO PREVIOUS PAPERS

Professor G. E. Blackman: It is quite clear that I have not to impress upon you
the importance of Professor Wain's paper. It is particularly pleasing to see

that a purely fundamental approach, an approach which set out to enquire how

changes in the molecule produce changes in toxicity and which led cn to an

analysis of what were the reactions taking place at cell level, has brought to

the world a new series of selective herbicides. I have said from time to time

that we cannot expect the practice of selective weed control to become simpler

but rather that it must become more and more complicated. It is quite clear

from the slides that Professor Wain has shown us that these new compounds hold

out great promise and that the next stage is to investigate them under field

condi tions. I am absolutely appalled at the size of the programme of the

developmental work that this might entail when one considers the number of com

pounds, the number of crops and the number of weeds.

It does not look as if Dr. Eriants results are likely to produce a practical

result in the near future, We have for many years at Oxford been interested in

this balance between the physical and the chemical factors. For example, in

trying to analyse the varying toxicity of oils to plants we have shown that if

you take a whole series of hydrocarbons in the vapour phase it is not the change

in structure that is important, it is the change in physical characteristics.

It is possible to predict from such information which hydrocarbon will, in fact,

kill the leaves of barley but will not kill the leaves of parsnips when they are

exposed to the vapour, This study does not mean that there is going to be a

new selective hydrocarbon because other factors are involved. Nevertheless, it

is this type of fundamental approach which will eventually greatly expand the

field of weed control,

Dr.WarrenC.Shaw: I have one question I would like to ask Professor Wain.

Did I interpret your statement correctly that the 2,4—dichlorophenoxy proprionic

acids were not active in the test you used?

ProfessorReL.Wain; The proprionic acids exist in two forms the qm-substituted

proprionic acids and the B-substituted. In my discussion I have been concerned

solely with the Gderivatives with the side chain ~ O~CHp ~ CHp = COOH, which are

inactive as growth substances. The O~substituted proprionic acids, however,

.
having the side chain 0 ~ CH = COOH, are active and indeed they are optically

active as well because the middle carbon atom is asymmetric, It may interest

you to know that we have worked with such stereo“isomers at Wye: usuallyy one

of them is highly active and the other incctivce

May I say another word about the paper I have just givens It is not my

purpose to stand before you as an expert in weed control. I think we have done

enough at Wye to indicate that there is something in this new approach to selec~

tive weed control and I do hope that Professor Blackman and his colleagues and

others will now take these new chemicals and put them through their proper paceSe

Our results suggest that such further work would not be a waste of time.

Dr. J. T. Martin: We must congratulate Professor Wain on his work, which pro~

videsanexample of results which may be of great practical importance arising

directly from fundamental research. When investigating the biological effect

of chemicals, there is the question of the extent to which they penetrate to the

site of action. I gain the impression from Dr. Briants paper that he assumed

the MCPA went in to the same extent and then was locked up in some plants so that

it cculd not be translocated,
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Dr. R.C.Brian: I shouid have made {t clear that we only consider these surface
phenomena as ope of many possible factors, There is penetration, translocation,
decomposition’ and a host of other factors, At the moment we have only tackled

absorption during translocation.

Unidentifiedspeaker: I have the impression from Professor Wain's slides that
the effect of the chemical on creeping thistle was not so strong or so clear as
on other plants. Possibly there is an explanation for this that Professor Wain

can give us.

Professor R. L. Wain: The photograph of the thistles was not taken at the best
time though it shows the effect quite clearly. There is no doubt that creeping

thistle succumbs to sprays containing alternate homologues of MCPA; the butyric

acid, for instance, has destroyed thistle when applied at rates of 2 lb, per acres
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INVESTIGATIONS INTO THE PRACTICAL VALUE OF MCPB AS A SELECTIVE
 

WEEDKILLER IN LEGUMINOUS CROPS 

by

K. CARPENTER AND MARGERY SOUNDY (May and Baker Ltd.) 

Supplementary paper submitted after the Conference 

SUMMARY.

The herbicidal activity of a number of substituted W({ phenoxy) butyric acids

was tested in the greenhouse early in 1954 and as a result, four:=

W( 4ehlorophenoxy) butyric acid (L=Cl B.)
W( 2:4-dichlorophenoxy) butyric acid (2:4DB)
W( 3:4-dichlorophenoxy) butyric acid (3:4DB)

and W(4-chloro“2-methylphenoxy) butyric acid (MCPB)

were chosen for field evaluation in clover and pea crops. These experiments

led to the choice of MCPB for sommercial development and further experiments on

its crop toxicity were set up.

Details of the results so far available for MCPB are given. Those for ‘the

other acids are summarised where appropriate.

The results show that MCPB offers a safe selective weedkiller for use in

seedling and other clover crops. Much more work is necessary however, before

its potentialities in the pea crop can be properly assessed.

Introduction

In his paper to this Conference! ") and elsewhere! 2), Professor Wain has
described the results of experiments on the growth regulating activity of

homologous series of wX{4-chloro)=, (2:4-dichloro)~, and (2:4:5-trichloro)~
phenoxy aliphatic acids.

Briefly these results indicated that whereas the wheat, pea and tomato

tissues used in these tests were all able to break down, by B-oxidation, the

alternate higher homologues of the 4chlorom and 2:4-dichloro series to the

highly active acetic acids, neither the tomato nor the pea tissue was able to

produce a corresponding degradation in the 2:4:5-trichloro series. Professor

Wain has described! ') how this suggested to him that, if similar or other
differences were shown by intact plants, they might lead to new methods of

obtaining greater or different selectivity in the growth regulator herbicides,
and has outlined the course of his pot and field plot experiments to develop

this idea at Wye College.

A. A, Greenhouse Experiments

As we have already indicated4) , we were aware of these developments

through the contribution of Dr. Ke Gaimster to the synthesis of the key

series ‘!s3), We therefore planned at Ongar a series of greenhouse experiments

on the herbicidal activity of some of these compounds, beginning with

Wm2:4:5-trichlorophenoxy butyric acid (2:u:5-1.Be) as being the simplest member

of what then appeared to be the most interesting series. The activity of this

compound was compared with the corresponding acetic acid on a range of nineteen
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crop and weed species, using the laboratory spraying apparatus deseribed at this
Conference(4), The plants were treated at dose rates equivalent to 1, 2 and
4 lbs./acre in 50 galls. water, with four replicates of each treatment and kept
In greenhouses controlled to a night temperature of 50°F, All were sprayed at
the seedling stage to ensure maximum sensitivity.

The results of these first experiments showed that a number of crop plants
(i.e. clover, peas, carrot and lettuce) were reasonably resistant to 2:4:5-T.B,
but that some important weed or vweed*like species were fairly susceptible
(i.e. charlock, Papaver sp., Chenopodiumspe, Brassicaalba) All were rather
less susceptible tothe butyric than the acetic acid, the differences being most
marked at ilb./acre, much less so at 2lbe, and hardly noticeable at 4lb.

The degree of reaction to the kLutyric acid derivative was highly specific
and unsystematic. For example the four leguminous crops included in the tests,
clover, peas, broad beans and french beans, covered the whole range of possible
reactions. Whereas peas and clover were highly resistant to the butyric acid
even at 41bs./acre but very susceptible to the acetic acid, french beans were
almost equally and rapidly susceptible to both acids even at 11b./acre. Broad
beans were intermediate in their reaction. A similar degree of variation
occurred amongst cruciferous plants although all of these were fairy susceptible.
The most susceptible cruciferous weed, charlock, was relatively much less
susceptible to the butyric acid than poppy and fat hen. At this stage it was
possible to draw the following inferences.

(1) Sinee some general loss in weedkilling power seemed probable it was
advisable to move to ring systems with a greater weedkilling potential than
2:h:5-T. (ieee for herbaceous or annual weeds).

(11) That with the specificity experienced in these tests there was reason=
able hope that the W#2:4-D, and MCP butyric acids might show some useful
Selectivity even though the reactions of the former were quite normal in
Professor Wain's original laboratory tests.

(iii) That with the trend of results so far the leguminous crops offered the
most hopeful field,

As the search for selective weedkillers in leguminous crops was one of the
main objects of our herbicide screening at that time, this lead was followed up
Immediately by a series of greenhouse tests on these linese Other important
arable crops such as beet, kale, linseed, carrot and strawberries, were included.
By the end of April it was clear that the most promising compounds from our point
of view were:~

W( 4chloro=2inethylphenoxy) butyric acid (MCPB)
 (2:4“dichlorophenoxy) butyric acid (2:4~DB.)
W(3:4~dichlorophenoxy) butyric acid (3:4=DB.)
(4-chlorophenoxy) butyric acid (4=C1B.)

All had a reasonable degree of activity against the three test weeds.
Seedling white clover was resistant to MCPB, 2:i=D.B. and 3:4-D.Be, seedling
peas to MCPB, 3:4-D.B. and the 4~Cl.B. compound. Their practical significance
obviously depended on the range of weeds they could control under field condi
tions and on the rates of application at which the control could be achieved,
bearing in mind the probable cost of the materials. Their effectiveness against
perennial weeds, notably creeping thistle seemed to us to be one of the key
questions to be answered.
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Efforts were made, therefore, to prepare sufficient quantities of these
acids for Immediate field tests.

2:4:5-T.B. was included in case it should possess some special activity,
@eZe against perennial weeds. The ethyl esters of MCPB, 2:4—-D.Be and

2:4:5"T.B. were also prepared in case they provided greater activity without

impairing selectivity.

B.FieldExperiments

The first exploratory experiments were begun as soon as preparations were

complete at the beginning of June, with the main aim of finding out which, if
any, of these acids and esters had a practical level of weedkilling activity.

The corresponding acetic acids were therefore not included as this would have

made the experiments too unwieldy, and moreover, ample data on their performance

was available. All treatments were applied to weeds in crops either specialiy

grown or on neighbouring farms, but In the first place it was intended to make

qualitative observations only on crop effects. As the experiments progressed
and the practical possibilities of some of the compounds became more certain,

the numbers of different compounds were decreased and MCPA and 2:4=D. included

in the layouts as far as was practicable.

By the end of July it was fairly clear that the final choice would fall on

a salt of &(4-chloro-2-methylphenoxy) butyric acid (MCPB). Further experiments
were then set up in the greenhouse and field to compare its activity and

particularly its crop toxicity, more systematically with that of MCPA.

As the results of these experiments could not be prepared in time for

presentation at the Conference luse/fy a preliminary note was included in the

research report on the methods used It has been possible, however, to
include the present fuller report in the proceedings.

The full programme has involved observations on about 1,1CO plots and
about 4,000 pot plant assessments. Moreover, many of the experiments are

still incomplete and many of the evaluations can only be regarded as
preliminary. It has not been feasible, therefore, to include in this report
all the results on all the compounds and crops tested. The data on MCPB are

obviously the most complete and these are given in full as far as they are at

present available. The relative activities of the other phenoxy butyric acids

are given in detail for some of the more significant comparisons but are other-

wise considered in the discussion where appropriate.

Results

MaterialsUsed

(a) Formul

In all the original greenhouse comparisons all the acids (butyric and

acetic) were applied as aquecus solutions of the diethanolamine salts of the

pure compounds. The same is true of the butyric acids applied to als the

field experiments except 31/6 and 7 (Tables III & IV), where an approximately
commercial formulation of the sodium salt was used but prepared from acid of

high purity. The MCPA used in the field experiments was a commercial formula-

tion of the potassium salt.

All the ethyl esters were applied as emulsions made up from self~

emulsifiable concentrates in mineral 011 containing 40% w/v acid equivalent and

containing the same emulsifiers throughoute
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(b) Distribution in Experiments

The first two field experiments (49/2, 49/12, Table I), included the full
range of acids and some esters (not given in the table). Following the weed-

killing and crop effects shown in Table I the experiments in undersown cereals

and seedling clover were (except for the first one), confined to a study of the

acids and esters of 2:4-D.B, and MCPB, and the experiments in peas to MCPB,
W-C1.Be, 3:4-D.B. and 2:4:5-T.B. and its ester.

ApplicationMethod

Applications were madegor the experimental field crop sprayer

described at the Conference! 4 Rates of application varied from ¥ to 31lb./

acre according to the compound and the crop, but all were in 15 galls./acre of

water applied at 30 pes.i. pressure.

ExperimentalLayouts

All were in the form of randomised block layouts with four blocks to each

experiment with only two exceptions. Each block contained from 12 to 20 treat~
ments but as the individual plots were 4'6" wide x 12-15! long, reasonably
compact square layouts were possible.

Sites

Unsprayed weedy crops in the right stage of growth were naturally not

readily obtained by the time these experiments began, (early June), and some
had to be specially som. Sites infested with creeping thistle were speclally

sought but the combination of weather conditions and lateness considerably
limited the variety of other species encountered (Table II).

WeatherConditions

Weather conditions after the second week in June were uniformly poor and

only the three earliest sites (49/2, 49/10 and 49/12, Tables I & II), were
sprayed in anything approaching good spraying weather.

Methods of Assessment

(a) Weed Control

Weed populations (Tables I & II), were assessed by plant counts in two
half"square yard quadrats in each plot. The quadrat positions were chosen by
a systematic sampling method. Counts were made 6~8 weeks after spraying and
the degree of control calculated by comparison between treated and control plot
population at that time.

(b) Crop Tolerance

Clover densities (Tables III & IV) were obtained by counts of trifoliate

leaves using a foot square quadrat. Clover population figures in Table V were
obtained by the same method as the weed counts.

Clover hay yields (Table VI ) were taken from the whole plot after
removing a border of discard. The pea yields in Table VII were also whole

plot yields in 47/12, but those in 49/8 & 9 were from two halfsquare yard
quadrats in each plot.

The considerable task of carrying out a full analysis of all the data
obtained has only just begun. It seemed preferable, however, to publish the
results as they stand rather than miss the opportunity of including them in

these proceedings. All the quantitative results given here have been examined

to make sure that variation between replicates is not sufficient to be mis~
leading and confirmatory experiments are included wherever possible.
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TABLE I.

INITIAL FIELD EXPERIMENTS COMPARING THE EFFECT OF RING SUBSTITUTION ON ACTIVITY

% control given by each compound at rates in lb./acre |

Expt Stage of — ——-- Control pop./sde
Species No ° growth at 4-C1,B. 2:44D.B. 5:h=D Be. Rss oat Be M.C.P.B. | yd. & mean ht. '

' * {spraying | i : ; : f i “ at counting

T

Creeping 49/2 115 mone ehuire! | 43 83 91 | 92 | 22 x 33"
Thistle i | | |

, 49/12 | 6" | par joey Tere 4 (20 80 84 100 | 14 x 20"

Knotgrass | 49/2 : | | | | 3 (10 65 | 87 | 10 15"

49/12 | 10 |26| 0] [36 |29 j3hj6h 75 | 28 x 13"

 49/2 ! 76 86 100 1c0 171 |100 115 43 96 196 6 | 7x i

Experiment 49/2 was carried out in barley at the five leaf stage on kth June 1954.
Experiment 9/12 was carried out in peas at 6" high on 14th June 1954.

Abbreviations used as follows:-

l-C1.B. W(4echlorcphenoxy) butyric acid.
2:4-DB. Ww (2:4-dichlorophenoxy) butyric acid.
3:4-DB. W/ 3:4“dichlorophenoxy) butyric acide
2:4H5-TB. W( 2:4:5“trichlorophenoxy) butyric acid.

MCPB. )( ychloro#2=methylphenoxy) butyric acid. 



TABLEIT

SUMMARYOF CONTROL BY MCPB OF WEEDS MOST FREQUENTLY OCCURING.
_EXPERIMENTS

“3 control
Control (dose rates in 1b./a

Species i pop./sasyde. eeeersten Sa cece

and mean ht.
at counting ————..—

 

Creeping (19/2 Barley 22 x 33" | 91
Thistle 49/ Undersown S.Wheat 6x Wy | 83

49/6 | Barley 16 x 220 68
| 49/10 | Direct sown Clover) 14 x 33" | 8h
'u9/12! Peas 14 x 20" | 8h

jSead
i

| Chariock 49/8 Peas 15 x 2at | 9h
49/10} Direct sown Clover, 10 x 34" 100

 

 

Knotgrass 9/2 Barley 10 x 13! ~ 65 87
49/4 Undersown S.Wheat 9 x 1c" 28 61
49/8 Peas ic, 8" 77\ -
49/10} Direct sown Clover kx 14" 43 57
49/121 Peas 28 x 13" 641 75

 

Fat Hen 49/2 Barley 7x 11 96 86
49/10 Direct sown Clover 1% 13" 88 88
49/9 | Peas 6 x 6" 2h} =|

  
  Sowthistle 49/2 Barley 2 x 34" 100 100 |100 !
(Perennial) 49/10| Direct sown Clover 4 x 27" 79; 86 72.           
  

* Exceptionally large thistle population in one replicate - survivors all

badly stunted and distorted.

The following species occurred too spasmodically to be included in the
table, but appeared to be killed or severely damaged by doses of 121bs./acre
of MCPB where they did occur:=

Poppy
Perennial sowthistle

Annual sowthistle
Black bindweed

Seedling curled dock.

seedling plants only.

killed wherever it appeared.

moderate control of small seedlings.

typical stunting as with MCPA,r
e
r
e

Control ofIvy“leaved Speedwell was variable but in two later experiments
where it was sprayed at the twowleaf stage in direct sown Clover a substantial
reduction was obtained.

Groundsel appeared to be almost completely resistant to MCPB.
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COMPARISONOF THE EFFECTON SEEDLINGCLOVER VIGOUR OF MCPB AND MCPA

Table 111. Experiment 31/6

 

Cloverleaf density as percentage of control |

Variety Compound La _{dose rates In 1be/acre)

dap, bs 1s lb. | 2 1b. 3 lbe
erent ennneem =

| Kentish MCPB | mo | 19 | 17 | toy | ty
Wild Write | |

MCPA Teo ee OC att as 30

 ree ra = aeae ae = r = er . 7 a snob ene =

 
 

MCPA L- beet fede 1 2 rh ‘

Sprayed: 16.8.5. at 3-4 leaf stage.

Assessed: 26.11.54. (See also plate I).

Weeds present: Moderate population of creeping thistle killed by all rates

atove 4 lb. Dense population of ivy“leaved speedwell checked

by rates above 3 lb.

Table IV. Experiment 31/7

 

Clovermleaf density as percentage of control

(dose rates in 1b./acre)
Variety Compound

Sip. tab. | te ips 12 ab. |; 13 1b. 2 1b.

‘Kentish | PF oli) OG 6B. |) 67 |” 36o neae
Wild White | | |

| 1. -oer4 3 | 39 | 14

[tate Rea| Mera =|«85«| «(18|)~=«61%6 || (ta |

oo | 98 | ~~100 $.100 | toy 115 144

| 1Oye te. hs Bh

Sprayed: 23.9.5. at 293 leaf stage.

Assessed: 27.11-5h.

Weeds present: Species and degree of control as for Table III, but only

slight infestation.

Very little clover growth after spraying at this late date.

( 22394) 333 



  

Experiment 49/4. Results expressed as percent. of control population.

Compounds and dose in 1b./acre
 

Varieties MCPB | MCPA

$ 1 | 2 3
$j

|S.100 white a 150 125

‘Late red 1 | 100 O.--] 95
j

  

    
Treatments applied on 16th June, clover in Z=leaf stege.
Counts made on 10th August, 1954.

For weed infestation and control see Table II.

TABLE. VI

EFFECT OF MCPB ON HAY AND SEED YIELDS FROM THREE-YEAR LEY.

Experiment 31/5. (All results expressed as percent. of control value)

 

Compounds and doses in 1b./acre

MCPB 2:4-D.B.
 

|
| 4 1 | Pt

|

|

  

Yield of hay 121

Wte S.100 flower heads - | 71

62Wte 5.100 seed

Germination S.100 seed  92    
 

Treatments applied on 2hth June 1954, clover two thirds in flower.
Yields taken 15th — 20th August, 1954.
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TABLE VII

EFFECT OF VARIOUSCOMPOUNDS ON YIELDS OF PEAS
EXPRESSED ASPERCENT.OFCONTROL YIELDS

Experiment, 49/12.
 

Compounds and doses in 1be/acre

Variety | 1 33 leDoB- leC1.8.

| Onward 7 | 8% | 75 | | 71

Harrison's Glory 7 119 87 «67 91 197 89 82

Sprayed on 14th June, peas 6" high.
Onward picked green and shelled on 11th Auguste

Harrison's Glory harvested dry, 2nd September and
threshed 5th ~ 8th Octobere

For weed population end control see Table I. (see also plate III).

Experiments 49/8 & 49/9. (Kelvedon Wonder for deep freezing)

Compounds and doses in 1b./acre

Experiment
Noe MCPB leCl.Be
 

49/8 96 TT | 56

49/9 136 146 107

Experiment 49/8 = Sprayed on 15th June, peas 6" high,
picked green, shelled on 5th Auguste

Experiment 49/9 -- Sprayed on 15th June, peas 7" high,
Picked green and shelled on 12th Auguste
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TABLEVIII

A POT EXPERIMENT ON THE VARIETALRESPONSEOFPEASTOMCPBAND2:h-DBe

 

| Dry weights of each variety expressed as percent. of control,

Compound i taken one month after treatment.
and dose

in 1b./acre
 

| Kelvedon Wonder | Onward | Meteor Harrison! s Glory Rondo
 

120 ya 102 70

108 | 116 68

85 | 87 67

89 | 75 51
 

2:4=D.B. + 69 67 58

i 58 53 60

15 if 57 5

2 i ot 27

 

28

22

13        
 

 

Peas sprayed at two expanded leaf stage.

2:4-D.Be and 2:4=D. applied as diethanolamine salt.

MCPB and MCPA applied as potassium salts.

All in 10 galls. water/acre.
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DISCUSSION

AeWeed Control.

(1) Structureactivityinthe (phenoxy)butyricacidse

The initial comparative experiment (Table I) showed quite clearly that

2:4:5"TB. had negligible activity against creeping thistles (Fig. I). This was
confirmed in three further experiments directed mainly against other weeds. Of
the other compounds MCPB and 2:4=DB. were the most active against this weed

giving good kills in all experiments. Apart from the poorest shoot kill given
by 7:l-DP, and 4~C1.B., the surviving plants from these treatments were only

slightly affected except for blindness in the growing tip. This did not

prevent them making fairly vigorous vegetative growth and presumably replenish=

ing the root systems. Survivors from the 2:4“DB. and MCPB treatments were all
seriously distorted and made little subsequent growth.

The very slight superiority of MCPB over 2:4@DB, shown against creeping

thistle in experiment 49/12 has been confirmed at two out of three other sitese
At the third there was no difference.

As far as annual weeds were concerned, 2:4:5“TB. was again markedly
inferior even against charlock. Charlock and fat hen were roughly equally
susceptible to all the remainder but knotgrass and black bindweed were much less
susceptible to 4-C1.Be and 3:l-DB.

2:i—DB. and MCPB were generally similar in activity, the differences

detected in these experiments being parallel to the differences between 2:l+D,
and MCPA (e.ge control of knotgrass). More exact methods of comparison will
be necessary to evaluate the relative potency of these two compounds accurately.

(11) The activity of MCPB as compared with MCPA

The number of direct comparisons (Table II) was very limited for reasons

already givens If all the evidence from greenhouse experiments and the con”

siderable information we already possessed on the activity of MCFA are taken

{nto account, sore general comparisons can be made.

MCPB appears to have been no less active than MCPA against the shoots of

creeping thistle. The effect on the root system will obviously not be Imow

until next year.

It was less active than MCPA against cruciferous weeds at rates of
application of 4 lbe or less but at rates of 1 1b./acre or above the difference
was negligible, control being virtually complete. MCPB was also very slightly
less active against other annual weeds susceptible to MCPA such as fat hen,

knotgrass and poppy, but these differences were again usually negligible, at

doses of 11b./acre and over. The nature and size of these differences has been
most clearly demonstrated in the pot experiments.

A number of other species which are only moderately affected by MCPA,
ieee ivy*leaved speedwell, black bindweed, pale persicaria and annual sowthistle,

all appeared to respond similarly to MCPB but occurred too infrequently to give

quantitative estimates of kill. Notable excepticns were chickweed, scentless

mayweed and groundsel which were almost completely resistant to MCPB.

More accurate comparisons between the two acids are desirable but the main

purpose of the weed control investigations has been achieved “ that is to show
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that MCPB gives good control of many growth=regulator susceptible weeds at an
economic doserate (1 2 lbs./acre).

Be Crop Toxicitye

(i) Seedlingclover

The first experiment on toxicity to seedling clover was carried out on an

area known to be badly infested with creeping thistle and charlock (Table II)

(49/10). Strips of Kentish wild white, S.100 white, broad red, late red,
Alsike clover and lucerne were drilled with grass and sprayed at the 2—3 leaf

stage with 2:4=DB., MCPB, 2:4:5“1B, and their ethyl esters at 4, 1 and 2 lbs.
15 Ballse/acree The weeds offered only slight cover to the clover at that
time. Weed control was excellent with 2:4-DB. and MCPB and their esters at

the 1 lb. and 2 lb. rates and the young clovers grew very rapidly. At
2 1b./acre some curvature and darkening of red clover leaflets was observed but

the new growth was free from distortion. None of the five clover varieties

seemed to suffer more than a slight temporary check. Lucerne, however, seemed

much less resistant and suffered some reduction in stand and vigour, The
subsequent weed growth in the control plots was so vigorous that clover growth

in them was very largely smothered (Table II, 49/10). The experiment was

therefore valueless for quantitative measurement on direct toxicity to the

clover and none was attempted. The vigour of all varieties eight weeks after

MCPB treatment (Fig. I1) left no doubt that this compound had practical pos~

sibilities not only for use in undersown cereals but for the control of
creeping thistle and possibly other perennial weeds in direct seeded leyse

Four experiments were laid down in undersown cereals but at that late
period good sites were difficult to obtain. Of these four, only two produced

useful information on toxicity to clover. The results for 49/4, which con
tained a comparison with MCPA, are given in Table V. Experiment 49/5 gave
very similar results for MCPB but did not include MCPA,

A field experiment to compare the toxicities of MCPA and MCPB on four

clover varieties was therefore started in late July. Strips of Kentish wild
white, S.100 white, late red and broad red clover were drilled with grasses and
sprayed at the 3-4 leaf stage (Table III).

Wet weather made drilling conditions difficult on our heavy soil and

emergence Of both S.1CO and late red was so patchy that quantitative assessments

of these two varieties could not be madee An even plant of the other two

varieties was obtained and counts of leaf density made later (Table III).
These plots contained a moderate population of creeping thistle and a dense

population of ivy=leaved speedwell. The former was killed and the latter,
which was at the 2-3 leaf stage at the time of spraying, was severely checked
by the three higher doses of both compounds. This check almost certainly
accounts for the much larger densities of wild wiite clover in the MCPB plots
three months after treatment as compared with controls. It was obvious from
our periodic observations that the larger and faster growing red clover was
much better able to cope with speedwell competition than the wild white. The
balance between the two appeared to be fairly delicate, however, and the lower
doses of MCPA had apparently upset it in favour of the weed. The reversal of
the more usual relative susceptibilities of these two varieties to MCPA at the
lower rates of application can be explained by this effect. Photographs taken
Six weeks after treatment (Fig. 1) give a more typical picture.

A further experiment designed to fill the gaps left by failures in the
above was ready for treatment in late September, the clover being rather
younger than before. As the weed population was small, assessments of this
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experiment were more in agreement with the usually accepted susceptibilities of

red and white clover to MCPA (Table IV). The much lower densities of wild
white clover given by all treatments are very probably due to the lateness of
the experiment, which has not allowed this slower growing variety to recover
from Initial check.

Neither of these two experiments can be fully assessed until next yeare

The data obtained so far do demonstrate however, the much lower susceptibility
of red and white clover seedlings, especially the latter, to MCPB as compared
with MCPA. It must be emphasised that these results are based on leaf counts

not plant counts, and are therefore a measure of check to growth and not kille
In a number of pot experiments on S.100 white clover no kill was obtained even

at rates up to 4 lb./acre of MCPB. Susceptibility decreased rapidly with agee
At the 67 leaf stage hardly any visible effect was obtained at 4 lb. beyond
some darkening of the leaves and slight check to growthe Similar results have

been obtained with red cloverse

The results with MCPA in the field experiments are In general agreement
with those of Scragg(5) , Holly(6) and Ochiltree( 7).

There seems little doubt therefore that MCPB can be safely recommended for

use in seedling clovers at the two trifollate leaf stage and above, at rates not

exceeding 141b./acre.

(11) Established clover

One experiment was carried out on a weed“free ley sow in May 1951 and con»

sisting of perennial ryegrass, cocksfoot, timothy, Se 100 white clover and S.123
red clover. MCPB, 2:4=DB. and MCPA were applied in June when the clover was
about twomthirds in flower. The vigour of the S.100 clover was very consider~
ably reduced by MCPA immediately after the treatment and flowering was almost
completely stopped. Recovery was rapid, however, and by the time yields were

taken, eight weeks later, the MCPA treated puts were not much inferior to

those treated with MCPB and 2:4=DB., although the latter had never shown the

slightest sign of check. The general increases in yield after the phenoxy

butyric acid treatments, which were found on all replicates, probably resulted

from changes in the interspecies competition balance. A general view of this

experiment, showing some of the effect on clover vigour, is given in our report

on the techniques used( 4),

Seed yields of Se100 were also taken from the 2 lb. treatments of MCPB,

MCPA and control and showed that although the MCPB had caused some loss this was

very slight when compared with the effect of MCPA.

From this experiment it seems probable that MCPB could be used for the con

trol of perennial weeds in high clover content leys for hay and silage without

yleld reduction and, once the effect of timing has been properly investigated,

in seed production crops also.

The results of field and greenhouse experiments on the response of peas

are given in Tables VII and VIII. The initial screening experiments (using

Kelvedon Wonder) has suggested that MCPB, 3:4=DBe, imC1.Be and 2:4:5~IB, were

all fairly nontoxic. 2:4:5-TB. and later 3:h-DB. were discarded because their

weedkilling power was too low. (Fige TEL)
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The yield results with 4-C1.B. show that this compound 1s somewhat toxic

at weedkilling doses and It does cause some 'fern=leaf' symptoms as well as
loss in yields.

MCPB is clearly the most. promising member of the series. Even this
compound produces some initial check and slight stem deformity but in the

field recovery is rapid. Pot experiments tend to exaggerate this effect

(c.f. Tables VII and VIII), assessments have to be made after about one month,
ie@e before full recovery can be made. The importance Of varietal response is

obvious and the stage of growth probably has some Influence.

These points will have to be more fully investigated before treatment of

this crop can be recommended.

De Other Crops

The only other crops examined in the field were carrots and lettuce which

had both appeared to be fairly tolerant to 2:4=DB., MCPB and 2:4:5-TB. in the

greenhouse tests. Fleld tests with three varieties of lettuce showed that
these were only tolerant to a practical degree to 2:4:5-TB., which was

insufficiently active as a weedkiller. The tops of the two varieties of
carrots used did not react strongly to 2:4-DB. or MCPB although some typical

growth regulator distortion and swelling was observed in the growing point.
Between 70% and 85% of the carrots harvested, however, showed severe malformas
tion of the roots at rates of 1 lb. and 2 1b,/acre.

CONCLUSIONS

1, The evidence on the weedkilling powers of the substituted W( phenoxy)
butyric acids is sufficient to show that MCPB and 2:4=DB, will give good con-

trol of many of the important growth regulator susceptible weeds at cose rates
of 1-2 lbs. per acre In the fleld. The other members of the series are less

efficient in various ways.

2. Both MCPB and 2:4-DB. showed a very low degree of toxicity to clovers in

preliminary experiments. Further experiments comparing MCPA and MCPB show

that the latter could be used with a high degree of safety on red and white
seedling clovers at the twomleaf stage and above, at dose rates of up to

1s lbs. per acre.

3.  MCPB also has a low degree of toxicity towards some varieties of peas but
further work on varietal response and time of application are required before

tentative recommendations can be made, 2:4-DB,. is much more toxic than MCPB

to this crop.

4. For these and certain chemical reasons, MCPB has been chosen by us as
teirg the most promising member of this series for immediate commercial

development.
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Fig. 1. Tolerance of direct sown clover to MCPB and MCPA.
Experiment 31/6. (Table 111).

(a) Wild white clover ley.

MCP3 31b. /acre |
21b./acre 



(b) Early red clover ley.

MCPB 31b./acre MCPA 21b./acre

Clovers sprayed at 2-4 leaf stage on 16.8.54. Photographs taken six weeks
later. Each photograph represents one variety plot, less discards, and
covers an area y° x 3°6". 



Figeti. Control of Charlock by
Experiment 99/10.

Top right - untreated (for weed density see Table ||).
Bottom left — MCPB at ilb./acre.

Crops sprayed at two to three leaf stage. Photographs taken eight weeks later.

Clover in foreground is late red, that in the background S.100 white, containing
uncontrolled groundsel.

This is part of the first field experiment on seedling clovers.
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